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ENGINEERING. 





I 





TELEGRAPH ENGINEERING IN 1867. 


Like every other branch of engineering, telegraphic 
engineering has, owing to the utter stagnation in 
speculation and enterprise, been nearly at a stand-still 
p 2a the year. Perhaps, however, when we add u 
all that has been done, the total of telegraphic wor 
will contrast favourably by comparison with the work 
done in the other branches of engineering. 

The most important, though not the greatest, work 
of the year has been the repair of the Atlantic cable 
of 1866, which broke down about the middle of May, 
and was successfully repaired in the steamship Chiltern, 
belonging to the Telegraph Construction and Mainte- 
nance Company, under the superintendence of Mr. H. 
Clifford, CE. The fault proved to be two miles from 
“ Heart’s Content”—as indicated by the tests taken 
by Mr. L. Clark and Mr. Laws—and was evidently 
caused by an iceberg grounding on the cable in 27 
fathoms. ‘The whole operation of repairing only oc- 
cupied forty-eight hours, and reflects great credit on 
Mr. Clifford, who conducted the operations. The 
same cable broke down in the latter end of July, and 
was repaired by Sir Samuel Canning in the Chiltern, 
in September. The fault proved to be, as the tests 
showed, about eighty-seven miles from Newfoundland. 
The repairs occupied from the llth to the 20th of 
September, and about thirteen miles of cable were 
picked up and laid over a better route and in deeper 
water. Arr. J.C. Laws accompanied both these ex- 
peditions on the part of Mr. L. Clark for the Anglo- 
American and Atlantic Telegraph Companies. These 
operations are of importance and interest, as they 
form the first examples of ordinary repair to an At- 
lantic cable, damaged after working for some time, as 
distinguished from the operation of recovering the end 
of a cable lost during the operation of paying out. 
In our summary of 1866 we predicted that two years 
would not pass without an interruption on the Atlantic 
cables, and this has now occurred twice; and, although 
we must of course expect further accidents to the 
cables, the promptitude with which the cables have 
been nw A is very encouraging. The fact that one 
of the cables has never been interrupted since it was 
completed in September, 1866, whilst two-thirds of 
this cable have been submerged ever since August, 
1865, should not be forgotten as a still more encou- 


raging fact when considering the pros and cons. of* 


ocean telegraphs. 

As regards the laying of new cables, the cable laid 
for the New York, Newfoundland, and London Tele- 
graph Company, by the Telegraph Construction Com- 

any, is the most important of the year. This cable 
is laid from Placentia Bay to Lloyd’s Cove, Sydney, and 
touches at the French island of St. Pierre. The main 
or deep-sea cable is (unlike the Atlantic cables) 
sheathed in the ordinary way with iron wires, and 
weighs 2.25 tons per nautical mile. The total length 
laid was about 301 nautical miles, and the shore ends 
weigh 11 tons to the nautical mile. The work was 
conducted under the superintendence of Sir Samuel 
Canning, on the part of the contractors, and Mr. J. 
C. Laws, on the part of Mr. L. Clark, the engineer to 
the New York and Newfoundland Telegraph Com- 
pany. The cable tested perfectly as regards insulation. 
The Government steamer Gulnare, commanded by Staff 
Commander Kerr, R.N., rendered valuable assistance 
in sounding and buoying the route. 

A cable was laid in August between Havanna and 
Key West, Florida, and another from Key West to 
Punta Rossa (Florida), by the India Rubber, Gutta 
Percha, and Telegraph Works Company, for the Inter- 
national Ocean Telegraph Compan , of New York, under 
the superintendence of Mr. F. C. Webb, C.E., on the 
part of the contractors, and Mr. Everett, on the part 
of the Telegraph Company. The Havanna and Key 
West cable was sheathed with iron in the usual way, 
and weighed 2.15 tons per nautical mile, and had 
nothing in its design to facilitate its submergence in 
deep water; the route of this cable passes across the 
strong and variable currents of the Gulf Stream, and 
over depths of 1000 fathoms; the risk of breakage was 
considerable. Owing to a peculiar phenomenon of the 
under currents, the cable assumed over the stern a 
direction apparently indicating that the current was 
running during a part of the passage to the westward 
(a direction in which it had been running during the 
first twenty miles of the passage), whilst it was in 
reality running to the eastward. The contractors’ 
engineer, thus misled by a very unusual exception to 
a rule which gives generally an admirable means of 
ascertaining the direction of the current when other 
sources fail, shaped a course which caused the cable 
intended for this section to run short, and a portion of 
that intended for the Key West and Punta Rossa 





section had to be employed to complete the circuit. 
The total length of this section is 125 miles. 

The Key West and Punta Rossa section was com- 
pleted by the addition—over some mud flats, on which 
the water is scarcely a foot deep—of 4} miles of cable 
originally intended for opens: the Red Sea cable. This 
section is 120 miles in length, and the shallowness 
of the water—there being in no part more than 10 
fathoms—places gutta percha, as an insulator in tro- 
pical climates, to a severe test, the water in shallow parts 
over the mudbanks being frequently at a temperature of 
90°. In such climates the difficulty of protecting 
gutta percha from being melted by the heat of the sun 
1s very great, and adds greatly to the difficulties with 
which the engineer has to contend. The shore ends 
of the Havanna and Key West section cable run out 
on the Havanna coast into 450 fathoms, and on the 
Key West side into 136 fathoms. It is to be regretted, 
however, that this cable is not protected from rust by 
any outer serving. 

The expedition was attacked by the scourge of 
these localities—the yellow fever—and lost four- 
teen of the whole party, including Mr. Medley, of 
London, the electrician to the American company, and 
Mr. P. Crookes, the electrician to the contractors. 
Mr. Medley had been engaged on each of the At- 
lantic expeditions in the electrical department, and 
was much respected by all with whom he was asso- 
ciated. Mr. P. Crookes was formerly a pupil of Mr. 
L. Clark, and had earned a considerable reputation 
amongst those with whom he had worked as a clever 
electrician and mathematician, and was, indeed, ‘a 
young man who promised high scientific attainments. 
Both, it need scarcely be added, were deeply re- 
gretted. 

A cable from the South Foreland to La Panne (in 
Belgium) was laid for the Submarine Telegraph Com- 
pany by Mr. W. T. Henley, of North Woolwich. ° It 
contains four conductors, two of these being formed 
from such portions of the core of the Cromer and 
Emden cable as were recovered from the sea by Mr. 
France, the engineer to the Submarine Telegraph Com- 
pany—the Emden cable being therefore abandoned, we 
suppose, on account of the expense of maintaining so 
light a cable in the North Sea. The La Panne cable 
is 47 miles in length, covered with iron wires, pro- 
tected by Clark’s patent asphalte and serving. 

As regards land lines, little has been done in Eng- 
land, owing to the suspense in which the telegra) 
companies are held as regards the possibility of the 
Government taking the lines into their own hands. 
The Electric and International have, however, com- 
menced systematically to change their old Morse in- 
struments for Siemens and Digney’s ink-printing 
instruments. 

As regards foreign lines, Lieut.-Colonel Robinson, 
the new Director-General of Telegraphs in India, has 
been taking very energetic steps towards the improve- 
ment of the Government lines in India, which, as 
we have often pointed out, required entire revision. 
Large quantities of iron wire, insulators, &c., have 
been, or are being, sent out. Upwards of 40,000 from 
Siemens, and 10,000 iron poles from the same firm, as 
well as some 250 Siemens’s polarised relays, to be 
used with the “sounders,” which are made in India. 
Siemens’s ink-recording instrument and mechanical 
transmitter are also to be introduced. ‘Testing-instru- 
ments for the land lines, &c., have been supplied 
under the direction of Mr. L. Clark. 

A step has been taken towards improving the staff, 
so that these stores may be properly applied. Several 
of the gentlemen in the higher grades have visited 
England during the year, and studied with practical 
telegraph engineers, and a number of newly appointed 
officers have received instruction in electricity and 

ractical telegraphy from Mr. L. Clark and Mr. W. 
i Preece. We hear also that actually the Govern- 
ment have at last determined to employ a few (a very 
few) of the existing experienced young men from Eng- 
land. Three young men, who have had some practical 
experience on English lines, submarine cables, testing, 
&c., are really at last to be employed, instead of 
merely grafting new men on to the existing staff in 
India. This is a step in the right direction, which has 
been urged on the Government for the last fifteen 
years, and particularly by ourselves, in an article on 
the Tadian Telegra h. 

We trust, therefore, that some improvement in the 
Indian telegraphs will really soon be felt ; and, indeed, 
we think that Colonel Robinson has worked very 
bravely and honestly at the cleansing of the Augean 
stables, although much remains to be done to 
remedy the effects of a maladministration of such long 
standing. 

In Persia, a special wire for the loop-line of the Indo- 





European telegraph from Khanakeen to Teheran, and 
from Teheran to Bushire, has been erected by the 
| Government, under the treaty obtained, in 
1865, by Lieutenant-Colonel Goldsmid, Director-Gene- 
ral of the Indo-Euro Telegraph. The materials 
were sent out in 1866, and the line was erected this 
year on the poles of the former line, under the super- 
intendence of Major Smith, R.E., assisted by Captain 
Pierson, R.E., and Captain St. Jean, R.E. This line 
forms an alternative line between ad and Bushire; 
but as the land line from Bag to Bassorah has 
worked on the whole, we believe, very satisfactorily, 
and the cable between Bassorah and Bushire has never 
been interrupted ever since it was laid, in 1864, the 
importance of an alternative line in this particular 
portion of the Indo-European system appears to us no 
ae 3 than on any other portion of the whole line 
rom Constantinople to Kurrachee. It is true that, 
having regard to the Russian line to Teheran, the 
section from Teheran to Bushire as a connecting link 
between the Russian and British telegraphs becomes 
important. By the treaty obtained by Colonel Gold- 
smid, fifty English employés are allowed, and the line 
is therefore worked by English clerks. Would that 
we could get such a concession from the Turks 
through both Turkey in Europe and Asia, but at any 
rate through the latter ! 

As Abyssinia is foremost in the mind of the public, 
we should not forget to mention that all the materials 
and staff for a complete telegraph in Abyssinia were . 
selected and organised by Major Champain, R.E.; 
and Lieutenant St. Jean, R.E., is in charge of 
the expedition. For a “semi-permanent” telegraph 
from Annesley Bay to the final head-quarters, 
wherever that may eventually be, the wire supplied 
is of copper, and is to be suspended to Siemens’s 
insulators attached to bamboos. For a flying tele- 


graph, forty miles of wire, insulated by Hooper’s 
patent covering, have been = his has no 
outer covering or armature of iron to protect it. 


It is wound on drums, and is to be paid out from 

oint to point, being left on the surface of the ground. 
weed are were made in England as to the effect 
of wheels rolling over it, and the passage of a whole 
battery of artillery over it was found to leave the 
covering uninjured, and the insulation as perfect as 
before. Its well-known durability, even when ex- 
posed for — to the solar rays, renders it peculiarly 
adapted for such work. The wire was all tested by 
Mr. L. Clark. According to the Abyssinian corre- 
spondent of the Zimes, the telegraph is looked forward 
to as of great importance, and as a work on which 
many lives will depend. 

As regards mere supply of cable and stores for 
abroad, Messrs. Siemens have sent some thirty 
miles of iron-covered cable to Turkey, principall 
for crossing the Bosphorus, and to the Brasil 
some thirty miles of cable, some with gutta percha 
and some with Hooper’s core. Some of this is dovered 
with iron wires in the ordinary manner, and the rest 
with copper sheathing, according to Siemens’s patent. 

In regard to scientific inventions and discoveries, 
&c., the exhibition of Wilde’s great magnetic electric 
machine at the Royal Society is to be noted. This 
machine, it will be remembered, first shown the pre- 
ceding year, consists in employing a magneto-electric 
current from a small —- machine (with a 
Siemens armature and coil) to excite the electro- 
magnet of what may be termed an electro-magnetic 
electric machine, and the current from the armature 
of this second machine we g employed to excite the 
electro-magnet of a third of still greater dimensions. 
The electro-motive force from the armature of the last 
and largest machine being very great, and the resist- 
ance of the circuit very small, extraordinary effects, 
such as melting bars of iron, a foot long and a quarter 
of an inch diameter, produced much amusement and 
admiration to all who beheld these experiments. 

A still more extraordinary step in the same direc- 
tion consists in employing the current from the arma- 
ture of an electro-magneto-electric machine ¢o excite 
its own electro-magnet, the first feeble current in the 
armature being produced by the current excited by a 
trace of magnetism purposely left in the soft iron of 
the electro-magnet. The current thus produced is 
made to circulate in the circuit of the electro-magnet, 
and increases, of course, the magnetism in the soft 
iron, which increases the current in the armature coil. 
This again, of course, increases the power of the 
electro-magnet, and so on ad infinitum. 

A part or the whole of the current thus produced 
may be made to pass through any desired circuit, and 
produce effects. These machines are, we believe, the 
most perfect examples known of the conversion of 
mechanical power into electricity. 
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Mr. Siemens and Mr. Wheatstone exhibited ma- 
chines on this principle, but differing slightly in con- SHIPBUILDING ON THE CLYDE IN 1867. - : 
struction, arid read papers the same evening at the| The letters in the third column signify “ i” iron; “w,” wood; “‘c,” composite “esc,” or “cc, _composite schooner - 
Royal Society. Under these circumstances, the cutter. In the list of vessels building, *c gb, signifies composite gun-boat ; 8, paddle steamer ; 8s ps, saloon pad le 

iori fi tion in thi tter i delicate _ | Steamer; “sh,” ship; ‘“b,” barge; “s h b,” screw hopper barge; “sd,” steam ger; “ss yt,” screw steam yacht; “s 
priority of invention in this matter is a delicate ques- | schooner yacht; “ec yt,” cutter yacht. The “Tons” are builders’ measurement, and “1.p.,” is horse-power nominal. The 
tion, on which we have not sufficient evidence to pre- following vessels have been launched from the shipbuilding yards on the Clyde during the past year: 
pr to wn any — Tt should be pons ) 
and settled, we think, the council of the Roya : . Tas. | ie 
Society, or, at least, laid in some form before the Bulies. Vetoes sagen. B.M. vay a pee ba 
public for their judgment. | | 

Amonayt scientific instruments, Mr. Siemens has DD 
invented a resistance meter, but of the advantage of gveaunen 
this over the Wheatstone’s bridge, or even a differen- ‘ 

. tial galvanometer, we have very great doubts, not- | Barclay, Curle, and Co.| Islay i | 500) ... Islay Steam Packet Co. ...| Glasgow --+/ Isla 
withstanding that some have been ordered by the ” —_ o| 7 | 200)... ] St. Lawrence 
Electric and International Telegraph Company. The | ®- Napier and Sone ... my ee = ro British Government =—=—«s. Roning 
fact that the instrument has to be adjusted by means | 15, ¢”Glas. Eng. & { {Hollandia "| 4/1000] 250 Maleolmson Bros. *..| London ..|Cattle 
of the bridge seems to speak against its accuracy, Shipbuilding Co. San Francisco ...| i 150| 50/Bahia Steam Nav. Co... South America 
since it may contain the errors of the bridge plus its . —_———__....|_ i | 138) 30 a : a: 
own. _ Mr, Siemens has also perfected a small flashing | Dobie and Co. .- Black Prince w| i | 212) 90'E. Griffiths Bros, and Co. ...|Liverpool ...|Towing 
electric light, which is under trial and the considera- | A and J. Inglis wo Zee : = rr H. A. Hardy, Salto ..|Glasgow —_.,.|South America 
tion, of the Board of Northern Lights, for whom it | panaoizh, Elder, & Co.|Arica “| {| 871| 250|Pacific Steam Nav. Co. ‘..|Liverpool — ... ¥ 
was specially constructed. %y ’ Quito "| G1 871) 250! ¥. oi 

It will be seen, therefore, that during a year in * —_— steel} 382 60/|Indian Government oe Godavery River 
which the scared public have done their utmost, by ” _— ” — 60 " . ve 
keeping their money firmly grasped in the Three per Henderson, Coul, & Co.|Queen of the Boag veel cco | 241 80| Morecambe Co. «+-|Morecambe _ ...|Boag 
Cents., to starve out engineers and contractors, there | Wm, Simons and Co....|Great Western ...| ... | 700 100| Waterford —_...| Milford 
has been something going on in telegraphic engineer- je South of Ireland vo| ae 700} 100) 7 ” sen cap 
ing and electrical science, although we hope that we | T. Wingate and Co. .../Dunoon Castle “| i | 810 90 Rothesay and Glas, Carriers|Glasgow ... |River 
may oat for years to come have to record so small a ” ed 1G pas. i nee mccagtiones PE ey ren 
ist of new works of magnitude as that which forms ” pa 1| 56(Peter Deon ““IGlasgow _... [River 
the list for 1867. 4. Danyei Ge .. etcansina ws i 135 70|lrrawaddy E. & B.S. N.Co. me Irrawaddy 

R. Duncan and Co. ...|Elaine i | 253} 70J. Brymner and Co. -+-|Greenock «.|River . 
Caird and Co. ee _ Uruguay | i s 200 o ——e ose —_ ees oaeere 
1K rene e-| i+ | 700} 200/Trinity House .-.| London ...| Lgt. inspecti 
PORT OF KURRACHEE. a “| ¥'| S50] 150 Campbeltown S. P. Co. “(Campbeltown ‘~|Glasgow 

Norwitustanpine the general depression of the o Cuyaba cvs] i | 524) 108). J. Dos Santos, Esq. ...|Monte Video .../River Plate 
cotton trade in India, it is satisfactory to observe from | Wm. Fife and Sons ... oo} W| 48) ... (A. Brown * pet ppeene 
the Report of Mr. Cole, Collector of Customs at 
Kurrachee, for the year 1866-67, that the trade of | sonprw sTEAMERS. 

Scind continues to increase in a steady and healthy 
manner. Although the actual returns only include | Barclay, Curle, and Co. Austrian pool) one ee 850d. and ‘ Allan Eovepest a poo 
, reata ‘aie 99|Carrcn Co. .../|G@rangemouth ... 

eleven months, the totals have been calculated for a J. and G. Thomson ...|Russia ee} i (8200 b00| Brit. and N. Amer. R.M. Co. Loverpeal «..|United States 
full year, to facilitate a comparison with previous years. Siberia i |2800| 300/Cunard Company ae i re 7 
pore to this calculat ion, there has been an in-|¢ Gonnell and Co. .,./Gulnare x] @ | 264] 90|Captain A. M‘Leod .».| Newfoundland.,./Surve: 
crease of Rs. 45,78,205 in the imports, and a decrease | A. Stephen and Sons,..|Europa we» |1700| 400|Handyside and Henderson..,|Glasgow «|New York 
of Rs. 25,68,519 in the exports. ‘The increase in the an |Hannah Simons ..- |L000} 40|B. Simons and Co. ose] os »./Spain 
imports was in a great measure caused by the large | 8 Napier and Sons a eae wee i or 200 R Nopier and Sour and Co, —, on Lighter 
amounts of treasure imported, although cotton piece Lon. & Glas. Eng. & § |Nyanza . a hs 1854| 150 Dankerley and Co. ove Hall” ...| Mediterranean 
goods, machinery, metals, and sugar have helped to} ~ fron Shipbuild. Co. ) |Cato ses! cc, [2000 100|T. Wilson, Son, and Co. ...| ,, «-.| Baltic 
swell the amount. The decrease in the exports arises | A. and J. Inglis oe.| Decca ... |1660| 300) British India S$. N.Co. _ ..,/Glasgow .../South America 

rincipally from cotton, indigo, and wool ; for there has - Jaquarete eve} ove | 272) 50/Isaac and Samuel, London) ,, “ ” 

en an increase in the exportation of grains, oils, ” Onyx sve] ove | 292 65|H.- vat ioe ~—e a ” 
silk, and seeds. During the year, 113 square-rigged ” eh is commas dl = W. Dalglish PT athe Set bala ad 7 
vessels and 1588 native ships sailed from Kurrachee. | 7.4 ani M'Gregor ...|Sea Horse "| “* | 390) go|Earl of Cardigan :..\Southampton ...| Yachting 
A comparison of the trade of the port for the last ten se —_——. vse] ce | 260} 90|Inman and Co. <“TLiverpest, ...| Lighter 

ears shows that the imports have increased from | Randolph, Elder, & Co./Snipe w+] ove | 432) 70/Pacific Steam Nav. Co ws) ny ...| Pacific 

. 68,56,657 in 1856-57 to Rs. 2,98,71,655 in - Normandy ee 70)D. R. M'Gregor and Co. ...|Leith «| Baltic 
1866-67, and the exports from Rs. 73,45,222 to " Lond wo o01 She] pplOuenn Picheny Ox: Llmdidnenme ~ lunite 
Rs. 2,52,89,893, whilst the Customs duties have |» Wingate and Co. ...|Rob Roy ..| i. | 340} 50/Robinson and Lilly s«-|Melbourne __.../Intercolonial 
risen from Rs. 81,550 to Rs. 4,23,256 during the same Pasig «| i | 825) 60 Glasgow .--| Philippine Island 
period. rs Ossian ee} i | 180) 80 |Campbeltown ...|Coasting 

Aitken and Mansel ...|Garrison see} eae | 800) 100|W. Lang and others .+.|Leith «+-| Baltic 
Crsarea vee! eve | 580} 130|Lon. and South-W. Rail. Co./Southampton .../St. Malo 
RAILWAY TRAFFIC IN MADRAS. ” + wom ad se] ove | 550) 90 Parana Steam Nav. Co. ...|Liverpool _...|River Parana 

Tuk traffic receipts of the South-West line of the Madras ” ve* ee Beet 7. a ca 7 
Railway for the wah ending 2nd November, 1867, amounted | Cor Coulborn, { — tt el a > ‘pe om = — 
for passengers, &e., to Rs. 29,422 49; for goods, &., to re Desmark ao | 793 100 Captain Cail = Baltic 
Rs. 45,194 2 a mebiog r —"" ie 6 10, or an ” Kelpie "1 “" | 408! Qo\J. W. Clayton, Esq. -»-| London .»-| Yachting 
average recei r mile o . . uring the eor- | - od F A > | pal | wee| Ri 
sepenting weak in 1866 the receipts were Rs. 70,982 6 11, T. B. Seath and Co. ... ee hee y her oa Oe Whiston, tog. ne Stans, oss + ic 
or an average receipt per mile of Ks. 14444. The receipts " Albatross "| d10! 20/Captain Kincaid +--/Greenock _,..|River Plate 
of the North-West line for the same week amounted, for ” Eight Small Screws wy 200) 40| River Plate and India ad River 
passengers, &c., to Rs. 4011 9 1; for goods, &e., to Rs. 997972: | aoa Swan Palermo ** | 400| 47\J- E. Swan and others... Glasgow ++. | Coasting 
making together Rs. 13,991 9 3, or an average receipt per | ** “leiel Aeiens ...| | San 47H. Andrews +++ Belfast cool 99 
mile of Rs. 9171. During the corresponding week in 1866 " Diemcad 1" | d00! 30|W- Robertson ++. /|Glasgow ee em 
the receipts were Rs. 12,903 7 9, or an average receipt per Wm: Denny Brothers {Sumatra 9202| 500|Peninsular and Oriental Co./London «.| Mail service 
mile of Ks.84149. The traffic receipts, for the week ending , y Bangalore | Ty }2068 500 * mt oes ” 
26th October, 1867, of the Great Southern of India Railway * Ceres wi i 11760! 500} Austrian Lloyd’s S, N. Co.|Trieste «..| Mediterranean 
amounted, for passengers, &e., to Rs. 6852 1 0; and for lug- L. Hill cea Co Annetta a i 109 30| Monte Video eee River Plate 

ge, figs &e., to Rs, 6816 9 0; making together | pia-kwood and Gordon |Leith Pel 1401) 900|D. R. M‘Gregor -»-| Leith -+.| Russia 

. 12,668 10 0, or an average receipt per mile of Rs. 88. Blonde ; 282| 40| Weatherly and Mead «+ London ...| Dankirk 
During the corresponding week in 1866 the receipts were ~ Res | Gg | 410| 95/A- Laird and Co. .+-|Glasgow ... Londonderry 
Rs. 15,362 10 0, or an average receipt per mile of a Royalist "| ¢ | 993! 40/Sir J. Brooke «..|London «».| Borneo 
Be.'160 90. Robt. Duncan and Co. |Grecian owt 800) 96) Robert Little, Greenock ...|Glasgow ...| Mediterranean 

= ; 7 ” eee ” ‘ 
= te wd i ore bo 'Risso and others ...|Monte Video .../South America 

Francre-Josspa Rartway.—A deal of attention is | 77, Murray and Co. Union i | 90} 16 M‘Donald and Co. -+-|Millport -.| Coasting 
now being devoted in Austria to this line, which is divided "| Corsair ) i | 100! 18/3. and J. M‘Farlan ++» Glasgow _—...| Highlands 
into five sections, viz., from Pilsen to Budweis, from Budweis * Cawara "| i | 180! 26/Malcolm M‘Intyre woo} 99 one ” 
to Eggenburg, from Eggenb to Vienna, from Pilsen to - Jessie 1 i | 100) 20 P- Dixon veo] 99 -..| Coasting 
Eger, and from Gmiinden to e; making altogether a “3 No. 6 “| i | 80! 16- Howden and Co. .--|Alexandria _...| Water ; 
total distance of 856 German miles. The cost of construction * Pedro Jama “! = | 40) 20'M‘Lean and Hope -+-|Leith ...|South America 
is estimated at 8,160,000/., including interest on capital | Caird and Co. ...{Cimbria ***| + lo900! 500 Hamb’g and Amer. §.N.Co.|Hamburg __ ...| New York 
during the execution of the works. A net receipt of 4900/. "| Weser "|... (2900! 500\North German Lloyd’s _.,.| Bremen ae 
per German mile per annum will enable the company to S Baltimore vee} ace (2000) 300) - ” ---| Baltimore 
provide interest on its shares and obligations, without having - Berlin eee! eee (2000) 300) ” ’ Te) 
recourse to any aid from the State. The new line, which is | M‘Nab’and Co. ...| Galvanic see! ave | 700) 170,Belfast S. S. Co. a Belfast .--| Liverpool 
also expected to have the effect of opening up some important ee aa oe 700| 170! ” ” pooh i 
bearings of coal and iron, will abridge , 8 German miles | Robertson and Co... nef eco, 90} 18! [Buenos Ayres... River Plate 
the distance between Vienna and Prague, and by 13 German | Wm. Fife and Sons ...|——— sel i | Zl ose Re Crawford eos] For pleasure 
miles, the distance between Vienna and Leipsic. , 
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SHIPBUILDING ON THE CLYDE—continued. VESSELS ON HAND. 
= i sete ane are > er and orders on hand at 
Builders. Vessel’s Name. mi | HP. Owners. ‘ is date, classed under the names e various builders: 
wd, | , BM. | er Porte Trade, Barciay, CurRLE, AND Co.— 
| No returns. 
| 
SCREW } | J. AnD G. THomPson— tons. h. 
STEAMERS. | For Cunard Co. wee on ss 3000 
Donald and M‘Farlane | Three Sisters coal yo ae Anderson od » G ~ J. Burns... on 8s poe a 
—_—-— ee | | ” 0. eee eee ps 50 00 
a Atlas "| c.. | 100) 25\J. M‘Donald ...|Glasgow _... Isle of Man i ee s ss 1200 170 
“ — LJdit te » British Government ove gb 500 
James Norman and Co.| Water Lily oil das 8) 5 » A. G. Kidston and Co. se ish 1200 
|Giraffe ave 8 ere | aaa gpetene 
” as 
6 7700 1020 
MISCELLANEOUS. | A. STEPHEN AND Sons— 
T. Wingate and Co. ...|Screw hopperbarge...| i | 400) 40/Tyne Commissioners eee Dredging For —— irm, Glasgow oe ec 900 
oa : soo] soe | 400) 40) lg é- ” Liverpool oe i 700 
Wm. Simons al ms w+e| eee | 200) 40/Carlingford Loch Commis. r ” Do. do. woe e 600 
” oo a ” eos), ooo | ae = ” ” ” _ m Cc BR 
Le vee] ove | 700 ” 0. lasgow po i 1300 
. * reo] see | 100) 35) M. York, Greenock -  ., “ ” Liverpool om i 850 
A. M'Millan and Sons |Steam dredger ...| ... | 200/ 30! Dumbarton Commissioners... pe ” Do. do. on ce 700 
” Do. do. ide ec 700 
SAILING cos 
VESSELS. 8 6550 
Barclay, Curle, mo Co.|City of Glasgow i |1200) ... |G. Smith and Sons «++ | Glasgow -»-|East India Lonpon AND GLASGOW ENGINEERING 
y: 
‘ts ~|Gity of Delhi i |1200| ... * jo aia rs Company. 
at .|Carnarvon Castle ...| i |1200) ... |D. Currie and Co. «..| Liverpool eee rs de ove ove ss 2000 300 
ae .. Benvenue i | 998) .,. |Watson Brothers ...|Glasgow eco ‘ ——e ove ose om ps 1000 350 
= .|Derwent «| i | 600) ... |— Tindal ses South America —_- —— 
..|Berkshire | i 1420) e-. |G. Marshall .--| London +++| East India 2 38000 650 
A. Stephen and Sons ...|Abeona | i {1054) ... |J. and A. Allan ...| Glasgow -..|Canadian C. ConnELL AND Co.— 
rs ...|Anne Story ..| i | 620) .., |R. and G. Sharp +.|Liverpool _.../ Valparaiso For R. and J. Craig, Glasgow... esh 1164 
” «| Forward Ho «| © 1050) ... |R. Catto and Sons .-.|Aberdeen _...|China » G. Smith and ons, G jasgow ie ish 1303 
* «+| Humboldt --| i | 750) ... R. Solomon -|Hamburg _...| New York » London Firm aoe sei css 778 100 
“a ee “as | i | 750) .. " ” oe ” pa Do. a ae css 778 100 
i .-|Limari «| i | 650) .,. |Captain T. Connell «».| Glasgow «+-|South America — ee Soe 
9 ;.|Rona | © | 650) ... |Sandback and Co. --.|Liverpool _...| West India 4 4028 200 
* ...| Grace Gibson oe] oe 600! .-. {Captain Hewett ...| Glasgow «| Valparaiso Dosiz anp Co.— 
ne ...| Annie Main ee| ove | 559) ... |T. Skinner and Co, os ...| East India For Howard, Dixon and Co., Liverpool ish 500 
nd «| Pacific w+] oe | 500) ... |H. Bath and Sons +..| Swansea +++| Valparaiso T. H. I d Co., Li 
5 pai 99 smay and Co., a ose ” 800 
- «++ Janette eee| eve | 140) ... |Wm. Couper and Co, ++ | Glasgow -..| African Captain J. Gambles, Liver 800 
C. Connell and Co. ...|Spindrift --| ¢@ |1819) ,., |J. Finlay, Kilbirnie ee] 9 «(China }) Hargrove, Fergusson and i "1050 
m ne =r : — i “4 G. Smith and Sons oS --|East India we Denaldomn Brothers, Glasgow os » 600 
4 ""|Kinfauns Castle ...| ¢ |1029| ... |T. Skinner and Co. nee “ ad : = ns Hng., elaeag “ey e. —" 
‘. .-.|County of Elgin...) ¢ | 878 ... |R. and J. Craig ooo] 99 ee 6 4550 
<0 igh eoe|Ulva a i 57| .. |J. Kelso, jun. cool 99 eee . f B. Newren ann Some 55 
Dobie and Co eee — oe) : po | + |Donaldson Brothers ee] on --./South America For —_ Government (2 eed ss 7550 1600 
99 ove oe | eee ” ’ oes 5 
a ...|River Boyne «| i | 500) ,,, |Hargrove, Ferguson, and Co. Liverpool és : ne @ &) ba a: 
; ...|River Hooghly .../ i | 500) ... * 
oS -+-|Ellen Lamb «| i | 500) ... |Doward, Dickson, and Co... . oa . A LI ah artatalareed 
i .--| Balearra o.| i | 500) ... 'D. and J. Sproat, ‘Kirkeudbt. ws ee ‘i jo — 
‘i ase , rg | i | 400) .. |A. andJ. Rae ‘ad as a8 se ve eee as ove fo ol = 
J. G. Laurie ..| Leicester ...| i 11440) ,,. |Merchant Shipping Co. ...|London .».| East India ate nee . 
. “il cledae “| ot nee no "| China » J. and A. Allan, Glasgow os ss 2800 350 
W. Simons and Co. .,,/Lake Leman ie | J. and R. Young -».|Glasgow --.|East India By >. ee 
T. B. Seath and Co. .,.|Jouil on 75) . |Captain Batty .--| Liverpool ...|River Plate 4 8 4203 660 
~ «+»| Joelie A oe ee as me ss Si ” Ranpotru, ELDER, AND Co.— 
J. and R. Swan ..|Content «| w | 180) ... |Cooper and Keith --|Glasgow -..| Coasting For London, Belgian, Brazil, and 
Scott and M‘Gill ..| Westward «| w {| 90)... |D.M‘Arthur cok: oe enh Te R.P.S.S. Co. ave ee ss 1420 250 
A. M‘Millan and Sons |Gerant e |1100| ... John M‘Cunn, Esq. «Greenock __...|East India ” Do. oo one ss 1839 250 
es ...|Alceste ce | 72 0| ... |Pattens and Co. mei A '...| West India », African Mail Co. ., ha ss 1239 250 
‘ a aro w | 720) ... John Kerr, Esq. ol - fee x ” Aberdeen La, Leith - “ ss 1063 150 
. ...| Barbadian ce | 780) ... | ne i 9 rdeen, Leith, an i eS. o. ss 687 150 
a ...|Skerryvore w| 39)... IN. Lighthouse Commiss. ... Z “s » — Co. ns ss 591 70 
John Reid and Co. __...|Cairsmore | i 7 975) ... |Nicholson and M‘Gill ---| Liverpool ...| East India ” eee ss 591 70 
” “oo Aiken ..| i | 960) ... |M‘Dermid and Greenshields| a ee : » Her Majesty's Navy oe ss 465 120 
“ ..|Cordelia 1 4 | 600) ... |C. T. Bowring and Co. ... es pa South America ” oy ping Firm, Glasgow ase ish 1610 
L. Hill and Co. ‘IE. de Chile § 1618) .. \Captain Rollo ++-| Glasgow sei ok ¢ kinner and Co. and ish 1073 
R. Duncan and Co. ~-| Elisabeth Fleming ...| i | 800 .,, |Albion Shipping Co. wel «is ...| East India ” Pacific Mail Co. il 166 
i Helen Burns oot 3 1 On ws ” ‘ Asi rs ” 06 eee il 166 
...|Jane Davie i | 900) ... ” ” ove ” . a sey 
Kirkpatrick, M‘ In- ¢ |River Ganges i | 590) ... |Hargrove, Ferguson, and Co.|Liverpool «s.|South America 12 10510 1810 
tyre, and Co. |Lake Constantine ...} i | 590) ... |J. and R. Young and Co. ...|Glasgow .»»| East India T. B. SearH AND Co. 2 Rae 
R. Stele and Co. .| Pomona i |1195| .., |J. and A. Allan om .-.| Montreal River Plate .. saa ts —_ — 
n ..| Ardgowan i |1282/ .., |G. Adam, Esq. «--|Greenock -..|East India Do. am sae ob ts — — 
= ..|La Loo c | 799) ... |A. Rodgers, Esq. «»-|Glasgow «..|China Do. eve oes ove tse — — 
i. .| Fleetwood i | 650] ... |J. Richardson and Co. ol. . 3 ---|East India Penang os eve ove cyt —- — 
...|Parejero c | 362) .., |R. Brown -+-|Liverpool _x..| Brazil Glasgow... ‘se aoe iy -—- — 
se :.:| Douro ...| w | 195] ... |W. Grieve ..-(Greenock  ...| Newfoundland Do. bit a pe iy — = 
Robertson and Co. ...| Jasper «| i | 850] ... |M‘Arthur Brothers .».|Glasgow .+.| Liverpool > 
wnat i 30}... |Vicente, Cosurvs, and Sons|Buenos Ayres...|River Plate Tonnage not given os 6 
Troon Shi building Co.|F leetwing --| w | 145) ... |C. Samson and Co. «».| Irvine ...| Mediterranean J. AnD R. Swan, sill 
Barr and Shearer _...|Strat hlev en w | 520| ... |James Ewing and Co. __.../Glasgow «..| West India Coasting Trade ew. weseh 125 
R. M‘Lea, Rothesay ...|Rosneath w | 98 ... |James Campbell .».{Roseneath _.,.| Coasting Canal Trade hie tip wb 90 
“ ...| Annie Fisher w| 93) ... |J. Fisher and Co. .-.| Barrow os o ee 
‘ .--| Lochryan w]| 70)... |T. M‘Caig (Stranraer =, » 2 215 
i -»-| Margaret Mitchell ...) w | 50| ... |A. Mitchell «| Tarbert dsol -.*-9 T. WINGATE AND Co., Whiteinch— 
For Renfrew Ferry stm 100 10 
YACHTS. ‘ . 3) J+ Proudfoot - Co., “River Plate ss 181 50 
Robert Steele and Co. |Nyanza .-|8 sc} 225] .,. |Earl of Werton ...|Southampton ...| Yachting Do. oak ss 182 40 
pa .».|Oimara «| ©@| 170) ... |C. J, Tennent, Esq. -++| Glasgow col Do. ae tes 92 30 
Wm. Fife and Sons ...| Persis | W8| 72) ... |T. Stevens, Esq. ath so i Do do. ~ = 2S 
me «| Lena on] WC 43] ... |W. Lang, Esq. oe same: om * yy Irvine Harbour Trustees isé ad 8 165 
Ps .»-|Maria ee] yy | . 35] .. [N. B. Stewart, Esq. on soo] pp », Brown and Rennie, Kilsyth ... 1 65 10 
. .-./Seaward eve! 99 | 15) ... |H. L. Tennent, Esq. oe/Greenock aus] 9p — 
“i «+»|Mora . . 15] ... |W. Blackwood Price ove at eine 7 716 175 
URIE— 
BARGES. For British Government ... ove b «6464 «120 
R. Napier and Sons ...| 8 Barges -| i | 320) .., |British Government ore] as +-| Troop boats », Australia be os . 850 90 
Lon, and Glas. S.E. Co.) : 9. «| i | 280) ... |Customs Authorities on eee 0. pe $06 ss 1000 100 
Po ee o 1. - evo] i A. ~ .. |Bahia S. N. Co. «+-| Bahia «| South America » London House (itieeennnan) pa ss 1250 150 
an D ooo oe} i [1196] ... Do. 0. ove ss 1250 150 
J. and B. Swan os 7 2 «| i | 980) .,. |Canal and River ove ; ot omnes comite 
ooo] 2 oe] i | 180) .. ’ ove ‘ 5 4314 610 
Randolph, Elder, & Co.| 6 : .-./Steel| 510) ... |Indian Government nen Godavery River AITKEN AND MANSEL— 
” ooo] 3 gp «| i | 446! ,,. |Pacific Mail Co. ove Panama For Glasgow and Newcastle §.Co. ... ss 500 180 
A. Denny and Co. ...)2 w-| i | 100) .,.° |Steven, Bush and Co. Rio de Janeiro Do. do. wae ss 820 100 
” i ao sof 3 1 SEOP ccs Irrawaddy F. & B. S.N. Co. Irrawaddy amt, ‘cunieniy eitiind 
| 2 1820 200 
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VESSELS ON HAND—continued, 


HENDERson, CouLBorn and Co., Renfrew— 








For Japan and India, 88 
» H. L. Seligman, Glasgow 88 
Do. 8s 
» Canal Service ove _ ps 
» London Firm oe ish 
» Liverpool Firm ae 88 
6 
Wx. Stmons axp Co.— 

For Bristol Chanue) _.., d 
® iow Megose Berges” : 
; American” Trade ose 8s 

6 
Wx. Denxy B Dumbarton— 

For Viceroy of Canton .,. ove egb 
Do. ove e gb 
» Austrian Lloyd’s 8S 
oe 8s 
88 
An Armour-clad tss 
» British India S.N. Co. 8s 
Do. 8s 
8 

A. M‘Mrtian axp Sors— ’ 

For Stewart and Douglas ove ish 
» John Kerr, Greenock ons csh 
» East India Trade ,,, ose tsh 
» Mediterranean Trade e. Wseh 

4 
J. Rem anp Co., Port-Glasgow— 

For British Government ,.. eco egb 
» Wm. Lindsa eee ove ish 
» M‘Kinnon, Frew and Co. ow ish 

"8 
L. Hr anp Co.— 

For Calcutta ... ose ese ish 
» Sale ose coe 8s 
» Sale ove ose eve 88 

8 
BLACKWwoop Ayp Gorpox— 
For Sale eve 8s 


» Mr. Martin Orme, Giasgow  “” 


Rosrrt Duncan anv Co.— 
For J. Brymner and Co., Greenock ... ps 
n Albion Shipping Co., Glasgow... ish 


Krrxpatrick M‘Inryre axp Co.— ; 
For George Stanton and Co. one ish 


Henry Murray anv Co.— 


For Templeton Hunter, Millport pas t ss 


Mxssrs. Carrp anp Co.— 

For Royal West India Mail Co, 
» Hamburg and American Co. 
% Do, do. 
» North German Lloyd's 
” Do. 


a Do. 


Messrs. Steere anp Co.— 
For R. Shankland, Greenock ese 
» Baine and Johnson, Greenock ... 
o & eosin and ~ Glasgow ... 
0. 


S J. and W. Stewart, Greenock 
» Marquis of Drogheda 





Roperrson axp Co.— 
For Captain Williamson (river) ove 


en 
r | BSEEREE olggeeee 





» Glasgow and Greenock Ship Co... tps 
»» Don Ada Costa Silvaira . Sps 
» D. Bruce, Esq. (S. America) ... sps 
» Campbeltown and Glas. S. P, Co. 8s 
x 
M‘Nas anv Co.— 
aed eve eee ps 
ove o. 88 
Ws. Frre anp Sons— 
a ae “iq eee ove sch 
P . Tr, le ese ove ” 
» @. Dunlop ie a = 
® a ove Esq ove ove cut 
» F. Ferguson, Esq. ... exe 
» Fishing... ese eve 
M'‘Lea, Roth . 
R. M‘Lza, esa 
For James M'Master, Fort-William ..  w 
Trooy Sarpsurprve Co.— 
ForSale oe ovo w 


No. Tons. 
830° 100 | Paddle Steamers (ron) - 2% 9,150 
967 100 Do. Composite) ° 1 267 
26 29 | Screw Hopper Barges (Iron ° 4 1,200 
988 100 | Sailing Vessels Tron 44 84,116 
pirate Do, Composite) 9 7,969 
Yachts (Wood and Composite) 9 625 
ove 5 176 
700 30 | Barees tie = wae 
800 100 Total Vessels and Tonnage launched 
ome a vig rare eee yt 
dette: ‘citinas COMPARISON OF THE LAST FIVE YEARS. 
4100 680 1863. 1864, 1865. 
—_ - 2 
800 60 No. Tons. No. Tons, No. Tons, 
Rams ~- 1 1246 8 11,900 1 4200 
oO 8 | Treen ten ——- -— x 
1760 250| 5h Seemers — 7 7 9 
760 400 | Paddle do. 88 26,147 80 57,000 47 29,000 
pa Goo | Screw do. 69 53,980 85 67/340 120 88.000 
sone 300 | Sailing vessels 49 36,457 52 47:760 75 35/000 
1100 150| Barges... 13 6,170 ps aS Vinee 25 2,100 
1100 150 170 124,000 220 184,000 267 158,300 
por 1866. 1867. 
10520 1970 el f 
No. Tons. No. Tons. 
1600 Rams ,., <= es 
780 Troop steamers... _ zee _-_ — 
1100 Paddle do. 35 13,602 ... 26 9510 
130 Screw do. ee 121 75,559 eos 2 53,673 
— Sailing vessels 57 32,787 ra 75 45,753 
3610 Barges ... eee 382 3,868, 58 5,462 
464 247 129,989 241 114,598 
960 ORDERS ON HAND. 
1500 Ves, Tons. 
— Gun Boats... on bis we «iC 2,028 
2924 Screw Armour Clads wns ~- 5 11,886 
Paddle Steamers oon pa eee 11 4,778 
1050 Screw do. ... . 57 61,791 
545 125] Steam Dredgers oa ~ 8 1,585 
400 70 | Sailing Vessels (Iron) eee ooo §6=286 26,650 
— —— Do, (Composite) ... o 2 5,224 
1995 195 Do. (Wood) ese ee ll 900 
Barges (Iron) ove ont 2 332 
20 — 
poe Total orders on hand, 1867 . .,, 130 115,124 
870 180 Total orders on hand, 1866 ... 106 78,000 
809 90 Total orders on hand, 1865... 180 130,000 
Ponca Total orders on hand, 1864... 120 100,000 
1239 90 SSS SS 
1260 TUNNELLING THE TEES. 
To THe Eprtor or ENGINEERING. 
229 30} Srr,—Having just returned home after a month’s absence, 
100 18] my attention has been-directed to two articles on the subject 
—— — | of tunnelling old father Tees, one of which appeared in En- 
829 48]| GINEERING of the 6th instant, and the other in the Iron 
Trade Review of about ‘the same date. As this has been 
83000 650 | rather a pet idea of my own for the last ten years, I may be 
8000 600 | excused for saying something about my own theories; and if 
3000 600 | the reiteration of a subject is any indication of the robability 
3000 600 | of its being started de Sacto, we may hope some ay to wit- 
3000 600 | ness the accomplishment of this much-needed project. At any 
8000 600 | rate, it may be taken as an au that our enterprising 
—- — | Cleveland friends are being tinal was in the direction of their 
18000 $600 | interests. It may be within the recollection of many of your 
readers that in ENGINEERING of the 9th of Novem T, 1866, 
1280 was published an account of a novel method of hydraulic 
899 tunnelling, by which I Proposed putting a railway tube, 
835 formed in segments, under the bed of the TTees in reference 
835 to which I read a paper, accompanied by illustrations, some 
1280 two years » before the Cleveland Institute of Engi eers, 
170 held at Stockton, and subsequently at Middlesboro’, the idea 
290 of working out such a system having first occurred to me in 
—_— the year ’57, during the Admiralty inquiry held at Stockton. 
5589 In the paper which I read I assumed the total length of 
the tube to be 500 ft., with a sectional area of 17ft. b 
800 90] 10 ft. 6in., the length of tube varying according to the size 
179 50 | selected, and other circumstances therewith connected. If 
27 50 | even it should extend to four times 500 ft., there would be no 
290 110 | difficulty in panning the same mode of operation therein 
484 90] proposed. e size of tunnel would be ciently large to 
—— ——| admit of the traffic being worked through by ordinary loco- 
1480 390 | motives on the gradients which could be obtained. I pro 
two independent tubes for working the traffic both Ways, so 
290 120] that in case of anything going wrong with one the other 
400 50] might be used for working both ways during repairs. 
—_ — onsiderable discussion took Place on the reading of this 
690 170| paper, and many objections were raised, but all seemed 
agreed that the tunnel was vastly ahead of any project of 
125 bridging. One s gestion was made by a member ( 
59 Gauntlett), that tubes might be lined with brick and 
61 cement internally, which would add much to their strength 
85 and durability. “Mr. Head, in his Paper, appears to have 
15 followed up the pathway thus pointed out two years ago, 
13 anaes by preference wrought-iron tubes and other means 
— of placement, whilst the correspondent of the Iron Trade 
808 Review pro & cast-iron tube. As a detailed account of | the Ba 
my method already appeared in your columns, it is un- 
60 necessary to do more refer to it. Of its practibility I 
have no doubt, and that it would be better than anything yet 
suggested. There would be no interruption to the navigation, 
187 an the tube would be so far beneath the bed of the river ag 

















GENERAL RESULTS. 














52,206 | Eas 





to be unaffected by ships dragging their anchors. However, 
the idea as thrown out I believe to be worth the earnest at- 
tention of the Cleveland manufacturers as well as the North- 
tern Railway Company. 

T am, yours respectfully, 


Rospert Morro. 
Alliance-chambers, Borough, London, Dec. 27, 1867. 


=———__——. 
WATER SUPPLY IN ABYSSINIA. 


From the very commencement of the expedition, a 
scarcity of water has been the one great apprehended 
drawback, and thus far those fears have been proved 
not to have been altogether groundless; for, as we 
have already in previous notices remarked, great diffi- 
culties have been experienced in furnishing proper 
supplies to the pioneer force. The camp of thi 
advance guard of the expedition has been established 
at Mulkuttoo, about a mile and a half from the sea. 
In its vicinity, some sixty wells were found in the d 
bed of the Haddas, of which, however, only a dozen or 
so yielded any water at all, and that little brackish, 
and the remainder have, therefore, been abandoned. 

Regarding the supplies to be found more inland, 
Colonel Merewether in an official despatch of 15th of 
October last states as follows : 

“It was found that, besides Weea, a few miles to 
the left and south of it another running stream existed, 
giving even a fuller supply. This is called Hadoda ; 
and about fifteen miles from the sea-shore again, a 
little further to the left, but only about twelve miles 
from the shore, there is plenty of water in wells at 8 ft, 
from: the surface, at the mouth of the Goomeylee pass, 
Weea is three and a quarter miles from Hadoda, 
and Goomeylee wells about five from Hadoda—an easy 
distance from the coast, where any quantity of good 
Water may be obtained for an unlimited number of 
cattle. This is a most important point satisfactorily 








cleared. Weea is on the road from Zoula by the 
Aligady to Kinquor ; Hadoda is on the line of the 
Haddas for Halai and Tekonda; and the Goomeylee 
pass leads to Senafie ; so that, having possession of these 
three points, we command the three easiest and most 
direct roads into Abyssinia proper. At present there 
is a great absence of forage in these places; but the 
dry season is only just over, and directly rain falls 
regularly, as it is expected to do, grass will grow up 








everywhere, and jowaree fields be cultivated. The 
people have already commenced loughing in antici- 
pation. On the 13th and 14th, Colonel Phayre pro- 
ceeded with M. Munzinger and surveyed the Goomeylee 
pass. At the entrance, about twelve miles from the 
shore, there were two wells having a plentiful supply of 
goodwater; more might be sunk quickly, if required. At 
about eight miles from the Goomeylee pass he came toa 
harrow gorge having a running stream through it, 
extending for a distance of two and a half miles, and 
having perpendicular cliffs on either side.” 

Whilst these investigations have been going on, it 
has appeared only too ee that, even with the aid of 
condensers, the water supply on the coast would be 
insufficient ; and now, although at a somewhat late 
hour, a telegram has been received requesting that 
eighteen miles of 4 in. pipes might be sent out at once. 
We do not know for what precise object these pipes 
are required, but conclude that they must be intended 
to convey a supply of water from the wells at the foot 
of the Goomeylee pass to the camp of Mulkutto, on 
the coast. If these pipes are to be of any real use, 
they must, of course, be sent out at once, and the 
should be obtained from several different firms, pom | 
sent out by special steamers. With a view to facili- 


yy | tating and opting their being placed in position on 


arrival, it will be very important that they should all 
have turned joints, which would not require skilled 
labour to fit together. It is highly improbable that 
any quantity of the required sized pipes will be pro- 
curable ready made, and some little time must, there- 
fore, elapse before the whole quantity can be supplied. 
There must be, however, a camp maintained on the 
coast, and a proper water supply for it is indispensable. 
At the end of the expedition it might be found de- 
sirable further to utilise these pipes, and no doubt a 
ready market for them would be found, if not at Aden, 


Mr. | certainly at Bombay. 











ANoTHER AMERICAN STEAM Liyz.—The Hambur, 
New York Steam Packet Com y has decided on estab 


and 
lish- 
ing a direct line between Ham urg and New Orleans. The 


service, which‘ will be a monthly one, has been inaugurated by 
tavia. 

ERRatumM.—The firm of the Kinning Park Foundry, Glas- 
w, whose mineral oil plant we illustrated in our last num- 
Tr, is not James Benney and Co., as erroneously printed, 





but Messrs. George Bennie and Co., Kinning Park Foundry, 
Paisley-road, Glasgow. ? : 
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Inch, would connect the Stirling and Dunfermline line at Alloa 
station with the South Alloa branch of the Caledonian Railway. 
The bridge would be of moderate elevation, with a headway of 
174 ft. above high water; but to afford the means of transit for 
any vessel which might possibly requiré to pass beyond Alloa, 
it is pro to provide a swing bridge with two spans of 100 ft. 
each. The length of the proposed railway would be 3 miles, 
and its cost would be about 50,0001,+but the capital would be 
fixed at 55,0002. 

Blowing up Bridges on the Caledonian Railway on Sundays. 
—The religious susceptibilities of 4» number of the prominent 
Sabbatarians of Kdinburgh—the “unco guid”—have been 
offended by the conduct of some of the Caledonian Railway 
officials, so much so, indeed, that they lately went in a body to 
the lord advocate to lay their complaint before him. It seems 
that in April last a bridge was removed, near Bridge of Allan, 
on a Sunday, and another near Grove-street, Edinburgh, in No- 
vember, also on a Sunday. In the latter case gunpowder was 
used, and a loud explosion ensued. The visit of the deputation 
to the lord advocate was for the purpose of drawing bis lord- 
ship’s attention to the matter, a finding out whether or not 
such Sunday work is within the bounds of the law. What with 
“ bearing ” on the stock, reduction of dividends, and threatened 
law proceedings for Sabbath desecration, the Caledonian di- 
rectors have their hands full of work. 

Progress of Works on the Oban Railway.—The southern half 
of the celebrated Pass of Glenogle has for some time back been 
the scene of active operations in connexion with the Oban Rail- 
way, at present in course of construction there. The length of 
this section, which runs along the western face—where, for 
sundry reasons, it remains—to the upper part of the Glen, is 
three miles. The working staff have as yet directed their efforts 
mainly to three parts—top, middle (Cairntual), and lower end 
of the Glen. ‘The heavier works are situated around Cairntval, 
where, besides the prosecution of embankments and heavy 
cuttings through the solid rock, a large viaduct, eight of whose 
piers are all but finished, is being built, and where also, to facili- 
tate the transport of material from the highway opposite, a 
service road crosses the ravine. The workings at the top were 
only commenced the other day, and are some two miles distant 
trom Killin, while those carried on lower down, at the opening 
or mouth of the Glen, are a continuation of the workings from 
the rest of the line, which is in a more forward state. ‘The Pass 
of Glenogle, when the present enterprise is finished, will display 
a rare eight—no fewer than four sets of roads all nearly parallel, 
and presenting in succession a series rising in order of merit as 
well as position—the oldest and lowest being the famous road 
constructed by General Wade. 


STEEL RAILS. 

Tus following remarks by Mr. George Berkley, 

Consulting Engineer to the Great Indian Peninsula 
Railway, were made on the occasion of the discussion 
of Mr. Price Williams’s paper “On the Maintenance 
and Renewal of Permanent Way,” read at the Institu- 
tion of Civil Engineers in March, 1866. At the pre- 
sent time when facts as to the great superiority of steel 
over iron are so attentively examined, we feel that 
their republication will be welcome here. 
' Mr. Berkley said that the author had been content to suggest 
those poiuts which were material for discussion. There were 
three puints which seemed to him to be prominent. The first 
he took to be the life of the rail. Now they were very apt to 
regard life as a period of years; practically he thought the 
author had regarded it in the true way. The value of life was 
represented by the work done; the author had, therefore, in the 
appendix to the paper, tried to show what amount of work each 
rail had done, what amount of abrasion it had received, and, at 
the same time, the circumstances which would help, or detract 
from, the power of that rail to withstand that abrasion were 
stated. That seemed to be a philosophical way of dealing with 
the subject ; end great credit was due to Mr. Williams for the 
care taken in arriving at these facts, which were of peculiar 
value, as enabling a comparison to be instituted between iron 
rails and those made of Bessemer steel. 

The first case given was that of the iron rails on the Great 
Northern at Barnet, the life of which was three years, with a 
work represented by 13,484,661 tons passing over them. Another 
case was that of rails which bore the passage over them of 
12,451,780 tons of traffic, and attention was then drawn to the 
fact, that this was on an incline where the traffic was of a heavy 
character, travelling at a comparatively high speed. On the 
line where the rails were not subject to the same abrasion, and 
where the speed was much less, the rails bore the passage of 
above double the tonnage of trains passing over them. Taking 
that advantageous case of the 38,803,028 tons, and comparing 
it with the instance of the steel rail, it would be found that the 
steel rail, which was not yet more than half worn out, had 
already borne 95,577,240 tons passing over it. He should have 
been gladto have heard what the ballast was, and what the 
whole circumstances were, the form of sleepers, length of bearing, 
&c., in each case. 

The next point the author remarked upon was as to the form 
of the rail. No opinion was given as to what was considered to 
be the best form, bat it was suggested that the best form sbould 
be determined and be universally adopted. Now he was not an 
advocate for fixed rules; engineers must exercise a discretion, 
and under the circumstances presented in each particular case, 
must determine what was the best ferm of rail to lay down. 
The opinion was, no doubt, based upon the great variety of 
strains which rails of different sections had, by experiment, 
shown themselves capable of bearing; but he thought it should 
be considered, that rails were designed to meet different circum- 
stances; for instance, with longitudinal bearings a rail was re- 
quired which gave a large surface on the longitudinal bearer, and 
which was not called upon to act as a girder. This was a 
shallow rail, and, if not supported by the longitudinal timber, 
would appear inferior to the double-headed or the Vignoles’ rail, 
which were more adapted to act as girders supported between 
the points of bearing. The statistics of the Great Western 


Railway showed that rails of that form, which gave an inferior 
result when tested as girders, had yet borne the traffic just as 
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He had also, in order to 
pieces cut out of the rail refe 
tested, to show what the tensile strength of the metal was. 
The strength of iron was considered satisfactory if it bore a | ing that 
a tensile strain of 21 or 22 tons on the square inch. A piece | this material, so made 
cut out of the web of this rail bore 50 tons per square inch H 
tensile strain without breaking. A piece cut out of the top of | metal be so in practice 
the same rail bore a load of 47 tons, Other experiments gave | by a firm of eminence, whic 
int where elongation was supposed to commence, and the | a strain of more than 16 tons to the inch, and he rej 

tensile strength of the Bessemer steel of other rails. He must | » and he rejected them. 
say he thought the strains where elongation commenced were 
The delicacy of the instrument was not sufficient to en- 
= the first movement to be tested. The following were the | manufacturers, he did not think 
results : 











* 18 Experiments. 
Greatest strain rail bore=64.5 tons.1 
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30t.::1:; 
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9 $8 
35 t. 3: 

” 
He thought that no one could fail to be struck with the cir- | 
cumstance of the large proportion of strength there was in the | Secon . ‘ Bs 
steel rail, when ain paaire was not put upon it, though the d blow, axle turned over, fall 10¢t. 6 in., brought the 
strain was much larger than anything it would be subjected to 
The material was evidently superior, and it would | 
be found to give a better result, under ordinary circumstances | 
of practice, than the ultimate test seemed to indicate. 
satisfy himself on this subject, had 

a to as bearing 64} tons, and 





” 


86 lb. sec.68 lb. sec. 


well as other forms of rail. Therefore he did not think one 
form was necessarily preferable to another, neither was it ad- 
missible to say, “ This or that was the best form of rail, and 
ought to be adopted under all circumstances. 
He had looked carefully through the appendix, with the view 
of ascertaining if he coald discover sufficient evidence of the 
trength of the Bessemer rails, aad, if so, in what de- 
gree they possessed it? | He had: found only one instance where 
there wasrthe sumetsection’of rail made of iron and of steel. 
Where that was the case, the test, seemed to him to be, as a 
comparative test, a fair gue." ‘Phat Was'so with the Crewe new 
Crewe hew ruil; tested oii 3 ft. bearings, bore a strain 
of 10,453 lb., when made. of Bessemer, steel, while the same 
section of Crewe new, iron rail bore only 6245 |b. 
this a manifest advantage in the strengtlt of the Bessemer steel 
like 70 per cent. 
from nu 
the following average results: 
Experments wirn [now 


There was in 


experiments made for him 


3.45 | 38.7 bearings 3 ft. apart. 


| a — | am 
2s 13+ 
oe | Maker's Name.’ | 20 Tons, |:30 Tons. | l= Sp 
— | 2°e 
=s | o= 
Ib. | in. | in. | ip. | in. | in. | in. |tons. 
68 |J. Brown and Co.* 82; (05 $1.72 |1.20 |3.87 
* 45 Experiments. 
Greatest straiu rail bore=50} tons. 
Experments wrrit Tton, Rams. 
=| Maker's Name. | 25 Tons. 35 Tons. 
Bs | 
Ib. | in. | in. | in, | in. 
85 |Patent Shaft Co.*} .64}.51 /2.17 l1.92 
»» |Ebbw Vale Co...) 056 | 40 1.45 |1.23 
—— meee | ee 
2)/1.20 | .91 |3.62 |3.15 
Se OS See 
Average | -60 | .45 [2,81 (1.57 
* 24 Experiments. 
+ 8 ditto. 
EXPERIMENTS Witn Street Raixs. 
PAPERS COLO ES WS MT AG -_ 
is | 
= Maker’s Name. | 25 Tons. | 35°Tons. 
=o 
Ss | 
Ib. | in. | in. | in. | in. | in. tons. 
86 |J. Brown and Co.* .26) .10 }1.03} .79 |3.82 |3.45] 45 


' A piece of the same rail was experimented on, and one square 
inch area of the web bore 50.5 tons per square inch tension, 





TeNSILE StreNGTH Or Bessemer STEEL 1x Rats, 
Elongation 


commenced. Broke. 
Tons per Tons per 
F : 8q. in. 8q. in. 
Piece. takeu from web of rail (86 lb.) ) 991 ~ 
(Brown and Co.) __... eve 224 454 
Piece taken trom head of same rail... 264 442 
Piece taken from web of rail (86 lb.) ) ° on 
(Camel and Co. we 244 455 
jece taken from web of rail (86 lb. ol 
(Cammell and Co. ... ° )} 22 33} 
Piece taken from head __,, se oan 243 42% 
Pieces from web—3 experiments, 
Average breaking weight 414 
Pieces from head—2 experiments. ¥ 
Average breaking weight 434 


The following Table showed the results of some experiments 
on the tensile strength of Bessemer steel in plates: 
TENSILE Strenetu or Bessemer Srecw in Puarss. 
Elongation 


commenced. Broke. 
Tons per Tons per 
als a - ‘ sq. in. sq. in. 
Section=,625 x 1.55=.813 sq. inch 243 46 
Section=.59 X1.68=.96 sq. inch ... 204 43 
Section=.54 x .55=.73 sq. inch ... 204 44.7 
Section=.58 x 1.55=.899 sq. inch 224 44.5 


From these tests elongation began at an average of 
22 tons per square inch. 

The pieces broke at an average of 
44} tons per square inch. 

Some plates, tested by Samuda Brothers, broke at=43} tons 
per square inch. ‘ 

Average of four experiments on steel tried in Holland? 

The breaking weight was=42 tons. 

Average of twenty-eight experiments at Chatham on steel 
plates for Belleropon: 

Breaking weight= 39.807 tons per square inch, 

Average of the whole number (thirty-seven) of experiments: 

. Breaking weight=42 tons per square inch. 

He would mention a further experiment which was made 
upon axles, Having heard that some cast-steel axles were being 
tested in an extraordinary manner, he thought he would try 
| Bessemer steel axles by the same test, not supposing they 

would stand so extraordinary a force. The axles were 3% in. 

diameter in the middle, and 7 ft. 5 in. long, and were placed on 
i He subjected them to a series of blows 
from a 15ewt. ball, fulling through 5, 10, 15, 20, and 35 ft. 





EXPERIMENTAL Tests oF Bessemer STKEL AXLES, AT THE 
ATLAS STEEL AND Ikon Works, SHEFFIELD, 
JANUARY 91H, 1866. 

: Carriage Azles. 
The axle to be tested was placed upon bearings 3 ft. apart; 
| the falling ‘tup’ weighed 14 ewt. 3 qrs. - , 
| Experiment No. 1. 


First blow, fall 5 ft., bent the axle 17 in. 

Second aera | eee » 3%,, total 5}in. 

Third ” » 10 » OF 9 » 105 ,, 

Fourth ,, 20,5, » » 63,, » 17 ,, 
; : 


” 
Fifth ” ” 30 ” ” ” 83 ” ” 255 ” 
This axle could not be bent any further by a falling weight ; 
there was not the least sign of any fracture. ' 
. Experiment No. 2. 
First blow, fall 10 ft., bent the axle 44 in. 
_ turned over, and the 
Second blow, tall 15 ft., bent the axle to 13 in. beyond straight. 
The axle was then nicked in the centre with a cold chisel for 
the purpose of breaking it; and the 
Third blow, fall 35 ft., broke the axle and caused the ends to 
ascend a considerable height, one part falling 55 ft. away from 
where it was struck by the tup. 


This axle was then 





EXPERIMENTS AT THE CycLops STEEL Works, SHEFFIELD, 
JANUARY 3lsr, 1866. 
Experiment No. 1. 
Weight of tup 14ewt., axie placed on bearings 3 ft. apart. 


First blow, fall 11 ft. Gin., bent the axle 5} in. 
Second ,, ,, 17 fitz" ms » gin. total 12} in. 
Third ,, 23 ft.6in.  ,, » Sgin.  ,, 20hin. 


Fourth ,, ,, 36 ft., broke the axle. 
viiis tion's Experiment No. 2. 
— 7 - 30 ft., bent the axle 123 in., when it was turned 
Second blow, fall 30 ft., broke it. 
y Experiment No. 3. 
First blow, fall 5 ft. 3 in., bent the axle 2 in. 


Second ,, ,, 10 ft. 6 in, 4, » 9 in. total 7 in. 
Phird » » 15% 9m. ,, » 6din. 13h in 
Fourth ,, 21 ft 63 i ” 903 in, 
Fitth ” 30 “ ” n OFin. ,, 203 im. 

» 9 OU Tt. Gf in. , 27 in. 


3 ” ” 
No sign whatever of any fracture. 
= Experiment No. 4. 

First blow, fall 10 ft. 6 in., bent the axle 4} in. 





axle back straight. It was afterwards nicked’ wi 
le - I ’ ed with a cold 
chisel, and a blow, with a fall of 25 ft., broke it into Pe 
" mae - oe Nasa. out of the middle. 
wo readily imagined that onl § 
| supported hy dy ig ly good metal could have 
| 8 to uniformity, if a good article either in iron or steel 
wanted, undoubtedly there must be a good material to stant with, 
and the conversion must be made with proper judgment. Grant- 
then, there seemed a doubt on many minds whether 
ade, would be of uniform strength. It would 
not be perfectly uniform, neither would would iron or any other 
Some boiler plates of iron, supplied 
h be recently tested, would not bear 


He had tested boiler plates with 26 tons to the inch: therefore 
uniformity did not seem to exist in iron. When there was a 
difference of 35 or 40 per cent. in the iron sent out by the best 
man t that uniformity could be looked 
for in Bessemer steel or in any other material But the ex- 
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periment, as far as they went, showed that as much uniformity 
might be relied upon in that material as in others. 

He had given the best information he had on this subject, but 
it was not that which the member ought to be satisfied with. 
These facts, together with those which had been brought for- 
ward in the paper, only showed the necessity of getting to- 
gether a larger number of similar facts, and from that larger 
number to arrive at some approximation to the truth, With 
this view, he suggested that a series of experiments should be 
organised by the coune 1 of the Institution, and should be car- 
ried out on such a correct. and comprehensive scale, that they 
should command something like authority. By that means he 
thought great good might be done, aud that the introduction of 
Bessemer steel into the strietures of art of this country might 
be shown to be advantageous. He begged to place. his services 
entirely at the disposul of the Institution for that dhjeats > 

Mr. Richard Johnson, the’ permanent way engineer? to the 
Great Northern Railway, felt, as thé railway with whieh he was 
connected had been mentioned*itt'a prominent manhtier in the 
paper, it might not be improper ‘inhim to say a few words. He 
could confirm the statements in the paper with reference to the 
durability of the rails on the Great Northern line, atid he might 
say that for the last five years’ he had been more oMéss con- 
sidering the advisability of recommending to his ‘diteetors the 
use of steel rails. At the present moment they had in use, in 
round numbers, about 2000: tons, namely, through the Peter- 
borough station for 2 miles, which had been in ‘work about 
eighteen months, also through ‘the Doncaster station, and about 
500 tons at the London end of the line. He had'been engaged 
during the last few weeks in preparing a caleulation (vide 
Appendix to the paper, Table 14) to show at what point it 
became economical to use steel rails, —for that seettiédito be the 
object which they wanted to arrive at; and he found, taking 
steel rails at 14/. per ton, they were cheaper year ‘by year, con- 
sidering the period of twenty years’ duration, than guaranteed 
iron rails at 9/., with a wear of eight years. Whem-he said 
guaranteed, it had for some time past been the custom of the 
Great Northern Company to buy rails with a guarantee: the 
traffic being heavy, the directors thought it wise to ask for 
a guarantee from the makers; and for the last five years they 
—_ had a five or a seven years’ guarantee with most of their 
rails. 

The calculations he had prepared went to show, that steel 
rails at 14d. per ton were cheaper year by year, as before stated, 
than iron rails at 9/. per ton. They were cheaper in the first 
instance, he might say. Dealing with a single mile of rails, 
he found, after adding interest on the outlay, that the cost of 
a single mile of steel rails for the first vear was 1487. 19s. 6d., 
as compared with 152/. 17s. 1d., the cost of iron rails guaran- 
teed for seven years, and supposed to wear eight years; and, 
similarly, that throughout the whole of the period of twenty 
years the outlay for steel rails would be much less than for 
iron. But there wasa further view of this subject, to which, 
owing to its great importance, he was anxious to direct atten- 
tion. Taking the main dine of the Great Northern Railway 
from London to Doncaster, the Leeds, Bradford, and Halifax, 
the West Yorkshire, and the West Riding divisions, also the 
Nottingham line—all of which the company now maintained— 
they had something like 243 miles of double line, or 486 miles 
of single line. Taking the life of an iron rail-ateight years 
(by supposing it to live one year beyond the seven years’ 
guarantee), he found that about 61 miles of single line would 
have to be relaid every year; that was to say, the whole 486 
miles of single line in eight years; and the cost of that, if iron 
rails were used, would be 85,4001. per annum. Now caine the 
question, how would the account be affected if steel rails were 
adopted? It came out, that for steel rails at 141. per ton, the 
expenditure would be 110,837/ per annum for the eight years, 
till every part of the line had been relaid with steel rails. 
The result was, that during those eight years the steel 
rails would exceed the cost of iron rails (reckoning interest 
on the outlay) by 255,046/.; but, having relaid the whole 
with steel, a period was then arrived at when he presumed 
there would be a little rest. For the next twelve years, he re- 
peated, there would be a state of comparative rest; but then 
this, what he might call debt, of 255,000/. would have to be 
paid; and he found that, in addition to the paying off of this 
debt, the question of re-sleepering the steel rails would have to 
be considered. The sleepers would last about ten years. He 
calculated that for re-sleepering each portion of the 486 miles 
at the end of abou ten years, the yearly cost would be 21,0202 
Now, at the end of eight years there was a debt of 255,000 ; 
to pay off which it would be necessary to expend something 
like 27,240/. per year; but in: addition there would be the 
further sum of 21,020/,a year for re-sleepering, making an 
annual outlay for twelve years of 48,4602 It would easily be 
seen that during this period the advantage of having used steel 
rails was becoming apparent, for had iron been employed the 
outlay would have been 85,4002 a year; therefore, when once 
the period of eight years was passed, there was a difference in 
favour of steel over the whole line of something like 36,9402 
per annum. ‘These figures had astonished him. Taking into 
consideration all the expenses, he had charged the steel rails 
with 5192. per mile for re-sleepering, allowing for a proper pro- 
portion of broken chairs, keys, and the like. The result was 
that there was a balance, after the eighth year, in fayour of 
steel, of 36,940/.; on which annual excess, for the purpgses of 
comparison, interest also should, of course, be reckoned. © With 
regard to his own experience in the maintenance of varibus 
kinds of permanent-way, he was in favour of the double- 
headed section of rail. There were on the Great Northern 
many miles of flat-bottomed rails on longitudinal sleepers, but 
after being in work for twelve years they required to, be xelaid. 
The rails of the double-headed section on the Lone line, 
seventy-two miles in length, which was opened in. 1848, were 
72 lb. to the yard; these rails had been in use eighteen years. 
and, with the exception of the renewal of four miles, they were 
in very fair working order. 


Frencn Ratiways. Although about 3000 miles of con- 
ceded railways still remain to be executed ih my itis 





understood that the Government proposes shortly ta gubmit 
to the Corps Législatif a bill for the concession at tional 
sections. : 
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TEA-PREPARING MACHINERY. 

We lately had an opportunity of inspecting, at the works 
of Messrs. John and Henry Gwynne, of the Hammersmith 
Ironworks, a very complete set of machinery for preparing 
tea, which has just been completed by that firm for use in 
Japan. The machinery in question, of which we give en- 
gravings on the next page was designed by Mr. ‘Thomas 
Waters, of Nagasaki, Japan, and it has been constructed by 
Messrs. Gwynne, to the order of Mr. Albert Robinson. The 
set includes machinery for sorting the tea, a “tea-firing” 
machine, and a colouring machine; and these machines we 
shall describe in the order in which they are used, referring 
for that purpose to.the figures on the following page. 

The tea, having been picked and dried in the sun, is 
placed in the hopper shown on the right-hand side of the 
upper part of Fig. 1, ‘which hopper is fitted with a valve 
which regulates the quantity of tea delivered on to the upper 
sorting-sieve.. A portion of the tea delivered on this sieve 
of course s through it, and the remainder is delivered 
at the lower end of the sieve on to the lower sorting-sieve, 
which is placed as shown in Fig. 1. The frames of the sieves 
are of seasoned pitch pine, dovetailed together, and covered 
with rolled brass on’ the tops, sides, and ends, the brass being 
secured to the frames by brass screws. To the brass plating 
is sewed the brass woven wire gauze which forms the sieves, 
this gauze being of six different degrees of coarseness, and 
being arranged so that the finest meshes are next the hopper 
and the edarsest at ‘the lower end of the lower sieve. The 
brass gauze is passed between smooth steel rollers, the pres- 
sure of which is so regulated that, whilst the strength of the 
gauze is not impaired, the wires forming it are flattened, so 
that they do not injure the leaves of tea. The sorting-sieves 
are each carried on six rocking-levers and shafts working in 
suitable bearings on the main framing, this framing being 
made of pitch pine, and being carried by cast-iron standards, 
which are fixed to longitudinal timbers, as shown in the en- 
gravings. The standards just mentioned also’ support the 
shafts from which the sieves are driven, these shafts being 
each provided with fast and loose pulleys and eccentrics, from 
which rods are led to stud-plates on the sides of the sieves. 
Each sieve is provided with two sets of tension bars and 
bolts for giving the requisite amount of tension to the gauze. 

Beneath the sorting-sieves, and carried by the main fram- 
ing, are six separators, with their pipes, made of seasoned 
mahogany, the separators being disposed so that they receive 
the tea sorted by the six different. degrees of fineness of the 
wire gauze of the sieves. Connected with the six pipes lead- 
ing from the hoppers of the separator, and with that of the 
hopper at the lower end of the lower sorting-sieve, are seven 
three-division shoots or spouts, each provided with a blast- 
chamber and regulating valve, by which the amount of blast 
admitted from the longitudinal blast-pipe can be governed. 
The blast is supplied by a fan placed at the end of the longi- 
tudinal pipe, and driven by the engine, as shown in Figs. 1, 
2,and 8. The tea, in passing down the pipe connected to 
each of the hoppers placed below the sorting-sieves, is acted 
upon as it falls by a carefully regulated blast; so that the 
heavier tea falls in the nearest division of the three division 
shoots, the lighter tea in the next division, and the lightest 
or dust in the outside division. The heaviest tea, after 
having passed down the first division, is received in a second 
sieve, termed the hyson sieve; this sieve is similar in every 
respect to the sorting-sieve, but shorter. There are seven 
of these sieves, one to each division-spout or shoot, and each 
of these sieves is made of brass gauze, of a different degree 
of fineness, the finest mesh being the same as at the upper 
end of the sorting-sieves, and the coarsest the same.as at the 
lower end of those sieves. The finer portions of thetea pass 
through the second set of s:eves into hoppers placed below 
them, whilst the larger tea passes over the ends of the sieves. 
The second set of sieves are supported on guide-brackets, 
there being correspondi.g steel plates on the under side of 
the sieve, and each sieve is provided with a driving-shaft, 
having a crank forged on it at each end, for giving the 
motion and travel to the sieve. These shafts, Y, are also 
provided with fast and loose pulleys. The hyson sieves are 
provided with brass plating, tension bars, bolts, &ec. 

After having passed the sieves, the tea is ready for the 
curling and colouring operations, which are performed in 
separate machines, called the tea-firing and the colouring 
machines. 

The tea-firing machine, shown in Figs. 4, 5, and 7, isa semi- 
jacketted cylinder, or trough, heated by the exhaust steam 
from the engine. The machine is fed by a hopper, placed 
at one end, as shown in the figures, and from this hopper a 
shaft, carrying a series of screw arms or blades, runs the 
entire length of the machine. The shaft is driven by a belt 
from the engine, and as it revolves the arms feed the tea 
towards the delivery end of the machine. The blades are 
arranged so that their angle can be increased or ditninislied 
as required, so as to regulate the speed at which 
the tea is passed through the machine. In addition to the 
spiral arms the central shaft carries sets of _—— which are 
pieces of mahogany placed longitudinally, and connected to 
the shaft by arms of spring steel, These wipers clistribute 
the tea equally over the heating surfaee of the machine, the 
thickness of the layer being regulated by varying the spring 
arms. Through the spiral blades are run longitudinal wires, 
and to these are attached triangular pieces of canvas, which 
effect the most difficult part of the process, that of curling 
the tea. 

The tea-colouring machine consists of an apparatus for 
delivering a certain quantity of the colouring matter into the 
firing-machine, where it is mixed with the tea. The colour- 
ing inachine is placed close to the hopper of the firing-machine, 
and it consists of a tripod stand, carrying a cannister with a 

rforated bottom. This cannister is raised and allowed to 
‘all suddenly by the action of a cam on a cam-shaft placed 
below it, this shaft’being driven by a cord from the central 
shaft of the firing-machine. The speed at which the ¢am- 
shaft is worked, and ‘consequently, the amount of colourin 
matter delivered from the cannister, is regulated by a speed-: 


} pulley earried by the cam-shaft, the slack of the-eord, when 





the latter is running on the smaller part of the cone-pulley 
being taken up by a counterweight. ‘ 

The machinery, which. we have described, appears admir- 
ably adapted for carrying out the processes which it is in- 
tended to perform ; and it is probable that it will very largely 
replace the hand labour now so extensively em Loved in 
effecting the preparation of tea. The plant, which has just 
been completed by Messrs. John and Henry Gwynne, is, we 
believe, to be set to work in the neighbourhood of Nagasaki; 
and it seems most probable that there will be an extensive 
demand for similar sets of machinery for other districts in 
Japan and China, 








THE ELECTRICAL ANTI-INCRUSTATOR. 
To tux Epitor or ENGINEERING. 

Srr,—Thank you for referring me to your article at p. 163, 
which was not to be found quickly without index. 

The experiments referred to prove, as I expected, the 
absence of static electricity ; not its presence, as sagaciously 
assumed by “Treble X,” amid a haze of “clectrical poten- 
tials” and other such wonders. 

The article mentions “a galvanometer”’ as though one of 
ordinary construction. Now when a current of static elec- 
tricity passes round an ordinary galvanometer no effect is 
produced on the needle; and this'is also the case, I expect, 
with all possiblé’ needle galvanometers, beeatise if the wires 
be far'enough apart it will be impossible to have enough of 
them. “I have myself tried a few with the fecblest currents 
Ic ould maintain. 

It will be evident to most that, as the ordinary boiler is 
not, so far as we know, a hydro-electrical machine, Mr. 
Sabine’s theory really rested on the assumed conversion or 
completion by the addition of Baker’s apparatus, not only on 
the existence of currents of electricity uncontrolled. But the 
existence of these currents (of the nature supposed) is dis- 

roved. 
, The slight deflexion named is clearly due to a small 
current of voltaic electricity, and may not this be generated * 
entirely by the metal of the anti-incrustator? 

As for the gradual increase in force of current, may not 
that be due to the liquid, which would quickly cover the in- 
strument, having become more saturated with salts accident- 
ally present in water, or even to increased heat, as feeble 
acids act more strongly when warm ? 

I confess I am quite at a loss to imagine how this current 
can do what we hefr of it, and must ask your indulgence for 
destroying without attempting to rebuild. 

In conclusion, Sir, allow me to point out to your corre- 
spondent, “ Boiler,” that though the public would be ex- 
ceedingly glad to.hear him, he has, on this occasion, utterly 
deprived his: communications of value by omitting his name 
and address—thé first things required of a witness to facts. 

J am, yours respectfully, 

Dec. 26, 1867. 





To Tug Epitor or ENGINEERING. 


Srr,—I am quite prepared to endorse all that “ Boiler’ 
says in your paper of the 20th relative to Baker’s patent 
anti-incrustator, except the unparliamentary language of 
which Messrs. Kitson and Co. and your correspondent 
“Vulcan” complain. 

Whether “ Boiler” writes from interested motives I cannot 
say; I should judge not. 1 think “ Vulcan” should have 
been more careful in imputing unworthy motives to any one, 
seeing that he is closely connected with and interested in the 
sale of these articles, and I have also reason to believe that 
his assumption of experience in the matter is very mythical. 

My own experience is, that much as I was in favour of it 
at one time, I fortunately made careful inquiries before 1 
ventured to recommend it when consulted, and the result 
was, I found that when fixed properly and faithfully it was 
not to be relied on, as. the most various and even whimsical 
results have been noted, while in others no result has been 
found. ‘ 

The action of the electrical current, which is generated by 
the passage of steam past the points, is not understood ; and 
I have little hesitation in saying that, notwithstanding the 
numerous theories advanced, we have no reliable data to 
prove that any one is correct ; consequently, until this action 
can be traced to, and regulated by, some well-known funda- 
mental laws, the result to be obtained from the use of this 
simple contrivance is likely to be as unsatisfactory as it is 
uncertain, 

Of the hundreds of things which have been tried, I know 
of nothing which will remove or prevent incrustation without 
damaging the plates of the boiler, in fact, which is a perfect 
solvent for all salts, and at the same time an anti-corrosive 
agent in all kinds of feed-water, and which can, at the same 
time, be purchased at a price which makes its adoption very 
evidently worth the while of owners of steam power. 

If, therefore, the difficulties and uncertainties which un- 
doubtedly exist in Baker’s patent can be mastered, and the 
results traced to known Jaws, and if the platinum points 
now being introduced are found to stand and wear well, I 
have no doubt it will prove invaluable for all boilers, except 
locomotive and marine with brass or copper tubes, fireboxes, &c., 
in either of which cases I fully expect experience will prove 
it will cause. rapid corrosion of the plates of the different metals 
where in contact with each other and with the water. The 
whole thing is so worth ventilating and experimenting upon 
that it would answer the purposes of our boiler associations 
to combine and get such professional assistance and advice 
from some noted electricians and chemists as will result in a 
full investigation. For my own part, I have given you the 
result of my dwn careful inquiries and experience, and, after 
trespassing much on your space, I shall not be prepared again 
to come forward on this subject until some experiments I am 
now¢onducting have led to a definite and satisfactory result. 


Yours respectfi uly 


i apf i ? 
Frat Justitia. 
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MACHINERY FOR THE PREPARATION 


DESIGNED BY MR, THOMAS WATERS, NAGASAKI, AND CONSTRUCTED BY MESSRS. JOHN AND HENRY GWYNNE, HAMMERSMITH IRONWORKS. 


(For Description, see preceding Page.) 
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TWISTED RAIL AND BAR OF BESSEMER STEEL. 





WE give, herewith, copies from photographs from a Besse- 
mer steel rail twisted cold, and of a bar of Bessemer steel, 
4 in. square, twisted hot. Both these specimens were exhi- 
bited in Mr. Bessemer’s display at the International Exhi- 


office, No. 4, Queen-street-place, Cannon-street, E.C. The 
rail was twisted to an augur blade. It now measures 5 ft. 8} in. 
in length. Twisted cold, and without the least flaw, the head 
measures 7 ft. 54 in. following the spiral, the stretch being 
1 ft. 89 in. 

p The square bar was twisted hot by being coupled to the 
shaft of arolling-mill engine. It was originally 4 in. square, 
and the test which it has undergone can only be compared 
with that of a sample of toffy candy when very hot and very 
tenacious. The bar was twisted around until its four edges 
were reduced to a four-threaded screw of a minimum pitch 
of 1}in., the separate corners of the bar being so twisted that 
they approached each other within 3 in. 








EDITORIAL EDUCATION. 

Ovr brief remarks on this topic, suggested by the lamenta- 
tions of Cambridge men perplexed by easy equations, have 
been curiously illustrated. There is a periodical called 
ENGINEERING, and in its columns we find two letters 
accusing us of giving an inaccurate solution of the second 
pair of equations which we noticed. The writers, one of 
whom is so courteous as to call this journal “confident and 
censorious,” failed entirely to see our meaning. We did not 
solve the equations ; any schoolboy should be able todo that ; 
we merely showed that they were exercises in language, and 
translated them. Thus 


Ve /F—11=7; 


a2--y=7. 

Of course an infantile algebraist like Mr. Birckel deems it 
necessary to work out the whole thing at length, with substi- 
tutions of a and b. Still, it is rather puzzling to understand 
how anybody with the merest elementary knowledge could 
have failed to perctive our meaning. But that it was co is a 
proof that our criticism was not misapplied; and another 
weed is furnished by Mr. Birckel’s ingenuous confession that 

1e thinks an engineer should learn “a little algebra.” Very 
little will suffice, apparently.— Echoes from the Clubs. 


STERNW’S PNEUMATIC BUFFERS. 
To THE Epitor or ENGINEERING. 

Srr,—Having seen in the last number of your journal an 
account of my pneumatic buffers and draw-springs as the 
have been applied to the carriages on the Metropoktan Rail- 
way, I may perhaps be allowed to state that the credit of the 
arrangement illustrated is chiefly due to Mr. Robert H. 
Burnett, my part in the matter a been to supply 
the pneumatic springs themselves. may add that I am 
now making the intermediate plates of my springs of steel, 
instead of brass, as formerly. 

I am, Sir, yours truly, 
3, Great Queen-street, Westminster, Lovis STERNE. 
January 2, 1868. 
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Gas 1n Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas amounted in the first 
eleven months of 1867 to 1,158,7921., as compared with 
1,048,4087. in the corresponding period of 1866, showing an 
increase of no less than 110,384/. This increase in the com- 
pany’s receipts to November 30 last year was thus at the rate 
of 10.63 per cent. 
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STEELOPHOBIA. 
Tue Pyrrhonists, or sceptical philosophers, a sect 
founded by Pyrrho, maintained that no certain in- 
ferences can be drawn from the senses, and they 





sceptical philosophers now, and there are sceptics also 
professing to be engineers, whose scheme of philosophy 
denies the certainty of any knowledge respecting the 
phenomena of nature. Scepticism, however, is not so 
much honest doubt as the pretence of doubting. 
Fifteen years ago there might have been very reason- 
able doubts of the safety and durability of steel for 
railway axles, tyres, &c. We had been previously 
familiar with only the harder and more brittle kinds 
of steel, such as had been long used for cutlery, files, 
&c. All honest doubts cans bosianen, shortly set at 
rest by Krupp, who has produced many thousand tons 
of steel, at once far tougher and far more durable than 
the very best iron before known. Nothing is now 
better known than that steel axles, steel tyres, steel 
connecting and piston rods, crank pins, &c., mean 
safety, where iron, in the same situations, means com- 
parative danger. Mr. Bessemer’s discovery, —_ 
from 1855, appears to have been practically perfecte 
only six years afterwards, or in 186], aad this new 
mode of making steel was, even for some time subse- 
quently, the subject of considerable and conscientious 
oubt. Jt was fairly doubted whether it was equal to 
the already well tested “ pot steel,” of which there 
could be no real doubt at all. Mr. Ramsbottom, of 
the London and North-Western Railway, and occupy- 
ing the very first position as a locomotive superin- 
tendent in the kingdom, undertook to thoroughly 
examine the matter ; and so satisfied was he with the 
result of the tests to which he put 500 tons of Bes- 
semer steel, rolled by himself from steel blooms de- 
livered to him at the then remarkably low price of 117. 
per ton, that he soon afterwards recommended his 
directors, who at once adopted his recommendation, to 
erect Bessemer steel works of their own, at a cost of 
about 100,0007.; and these works are capable of 
making 300 tons of steel for rails weekly, and this 
quantity, equal to nearly 3 miles of single line, is 
rolled weekly, if required so fast—as it often is—for 
replacing iron rails in the line. If we can judge of 
the decision of other railway engineers from the fact 
of their adopting steel rails upon the lines under their 
charge, we may add that the engineers of all the prin- 
cipal lines in the kingdom, and those of many of the 
most important lines upon the Continent and in 
America, have adopted steel rails to a large extent, 
or wherever iron rails of fair quality are found to wear 
out in less than six or eight fyears—many, indeed, 
wearing out in as many months, or even in still less 
time. Among English engineers, Mr. Fowler has 
adopted steel rails largely. Mr. Hawkshaw has re- 
marked, in a discussion at the Institution of Civil 
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Engineers, that “ with regard to steel rails, he thought 
“ their use was only a question of time, and that they 
“ would be adopted as steel tyres had been. It was a 
*‘ better material, and the difference in cost was not 
“ very great.” Mr. W. H. Barlow has adopted them 
largely on the new Midland extension to London, au 
extension which will have four lines all the way to 
Bedford. Mr. T. E. Harrison, of the North-Eastern 
Railway, observed, with regard to those portions of 
the line upon which there was great traffic, “ that 
“‘ where ordinary rails would not last more than three 
“ or four years, from his own experience of steel rails 
“there was three or four times the wear of ordinary 
“rails with absolute certainty. The price of steel 
“ rails—as was the case with all new manufactures— 
“ had béen rather high, but he found it was gradually 
“ going down. He had recently contracted for 500 tons 
* of steel rails at 12/. 10s. per ton, which was getting 
“ towards a more moderate price, and as that went on 
“he had no doubt the use of these rails would be ex- 
“tended. He recollected having paid as much as 17/. 
“per ton for rails made of refined iron by a special 
“ process.” Mr. Richard Johnson, engineer of the 
Great Northern Railway, had, after an experience with 
2000 tons of stee? rails, or, say, 10,000 individual 
rails, béen able to say that their use upon that line 
would effect a decided and definite economy. 

Of all the railway engineers, however, who have taken 
up the subject of steel rails, Mr. Berkley, of the Great 
Indiay Peninsula Ryjway, has made the most careful 
experiments, and these with the best success. We 
reprint his lengthy and most valuable observations on 
another page. 

Three, four, or five years ago the question of steel 
as compared with iron rails was attended with some 
degree of doubt. But this doubt has now been well 
removed. More than half a million steel rails are 
now in use in England alone, and these have shown 
wearing qualities far beyond anything before known of 
iron rails. In some few cases steel rails have been 
made too hard—and it is almost as easy to spoil a steel 
as an iron rail in the making—but very few breakages 
have ever been reported, and no steel rail has, in 
breaking, ever caused an accident to a passenger or 
goods train. Made with proper care, no steel rail 
would ever break in ordinary service, and, with the 
same qualification, the same might possibly be said of 
wrought iron, 

In 1867, however, or from three to six years after 
Mr. Fowler, Mr. Hawkshaw, Mr. W. H. Barlow, Mr. 
Ramsbottom, Mr. Berkley, Mr. Richard Johnson, of 
the Great Northern, Mr. Ashcroft, of the South- 
Eastern, Mr. Harrison, of the North-Eastern, the 
engineer of the Lancashire and Yorkshire, Mr. Sacré, 
of the Manchester, {Sheffield, and Lincolnshire, Mr. 
Deas, of the North British, and nearly all other first. 
class railway men had made up their minds as to steel 
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rails, and all of whom are now striving to substitute 
them as far as possible in place of iron, we have 
become aware of a new disease—steelophobia—which 
has only lately broken out in the Strand (No. 163), 
and attacked a young and unacclimated Irishman 
there with most virulent symptoms. This disease, 
although characterised by the most striking pecu- 
liarities, is neither contagious nor infectious. It will, 
we feel assured, not go “beyond the three-pair back 
within which ¢he engineer is hatched weekly. This 
malady appears to have begun with shivering fits of 
strong “doubt” as to steel, and to have rapidly pro- 
grdssed to a stage of pyrexia, or fever, in which the 
utterances of the patient, in respect of steel, are in- 
coherent, and, oh tome + of course, fearfully opposed 
to honest truth. The word lye is of such alkaline 
strength, and alkalies are so unfebrific, that we must 
not term these untruthful utterances “lies,” but 
whoppers, or thumpers, or crammers. 
the disorder are much too violent to warrant the sup- 
yosition that the youthful Kilkennian is merely a 
’vrrhonist, or habitual doubter of everything. We 
have watched the case with a medical interest, and we 
know the patient well. He came from Kilkenny to 
London, for the first time, in 1862, and saw a steel 
rail, for the first time, in July of that year, at Mr. 
Bessemer’s “stand” in the International Exhibition. 
‘The present writer was indeed the same who pointed 
out to him this sample of steel, and the writer did not 
then observe any symptoms of shuddering, or of that 
other nervons constriction which we now recognise as 
steelophobia. There were two of these rails, each of 
the great length of 35 ft., and they were laid, in the 
same year, in the up line of the London and North- 
Western Railway, a little south of Crewe station. 
We may add that they were rolled at Crewe, from 
steel blooms taken at random from a lot of 500 tons, 
supplied by Mr. Bessemer at the enormous and wholly 
unprecedented price of 11/. (e/even pounds !) per ton. 
Of these rails Captain Webb, then of Crewe, but now 
of the Bolton Iron and Steel Company, remarked at 
the Institution of Civil Engineers, in the spring of 
1866: “He had examined the two rails which were 
** made in 1862, and were shown in the International 
“ Exhibition by Mr. Bessemer. ‘They were 35 ft. in 
“length, and were laid on the departure side of the 
“Crewe station, on the up-line, on the ]0th March, 
“1863. There had passed over these rails 18} million 
“ions, and the wear of the rails had been ,3,nds of 
“an inch.” These or one of these two Exhibition 
rails was, we repeat, the /irs¢ steel rail which our 
young Kilkennian sufferer—who, by the way, is no 
engineer—had ever seen, and it was, probably, the first 
of which he had even heard. 

The symptoms of this attack of steelophobia ap- 
peared, last April, in ¢he engineer, in a positive state- 
ment that the Bessemer steel bridge, of 82 ft. span, 
under the Quai d’Orsay, Paris, had sunk three inches 
at the crown! The statement was untrue, but attri- 
butable to the disordered imagination of the patient. 
Of course it has never been corrected. It was next 
stated that the famous Chalk Farm steel rail, which, 
although never turned, had withstood considerably 
mcre than 100,000,000 tons of traflic, or much more 
than twice that of any iron rail, worn on 4o// heads, 
ever known, had broken, and behaved exactly as an 
iron rail worth 5/. per ton would have behaved! We 
of course showed that the rail had been broken by 
great violence, in a collision between heavy engines, 
as all steel rails might be broken. But the patient was 
unusually feverish and wandering, and began to rave 
about “ molecular deterioration,” with violent frothing 
at the mouth and involuntary twitching of the edi- 
torial pen, symptoms which hve been happily re- 
moved, at last, by the plentifui application of wet 
blankets by Mr. Robert Mushet, our respected friend 
Carapax Cancer, Esq., C.E., of Crustacean-chambers, 
E.C., and sundry other sympathisers. So much has 
this madness been quelled, that the engineer of last 
week states that, “it must not be forgotten that Bes- 
*‘semer bars must be cheaper in the long run, all 
“things considered, than iron at 5/. or 6/. per ton.” 
This, of course, is not thorough sens», but it is not 
absolute madness ; and the improved .one of the pa- 
tient is calculated to encourage strong hope. Another 
instance of wandering, however, is that of the con- 
tinual repetition of the words, “the Bessemer royalty 
“is 2/. per ton; the Bessemer royalty is 2/. per ton; 
“the Bessemer royalty is 2/. per ton; 20. per ton; 
“27. per ton!” This is repeated weekly and weakly, 
yet the hallucination will no doubt disappear in time. 
Of course we need not say that there is a royalty on 
Bessemer rails, but, as every one knows, it is 1/., and 
not 2. per ton. Another unfortunate symptom, al- 


The phases of 





though not more dangerous than the others, is that 
the sufferer, having been lately allowed to read Captain 
Tyler’s Report upon the Grand Trunk Railway—a rail- 
way which, by the captain’s showing, has lost 125,000/. 
directly, ‘and enormously more indirectly, from the 
villanous quality of the iron rails with which that un- 
fortunate thoroughfare was originally laid, and has 
been since relaid—the sufferer, we repeat, has insisted 
that this, the captain’s report, amounted to tremen- 
dous evidence in favour of iron and against steel rails. 
A further instance of the cerebral pyrexia attending 
steelophobia, and, we may add, the amaurosis which 
also adds to the list of its distressing characteristics, 
is the manner in which our young patient from Bally- 
earron, Kilkenny, raves over the report of Mr. Ash- 
croft’s tests of iron and steel rails. Says that suffer- 
ing Irishman, in the last number of the engineer : 


“ As a further proof—should one be wanted—we may point 
out that Mr. Ashcroft, of the South-Eastern, has recently pub- 
lished some extracts from the results of his tests under the 
monkey of steel and iron rails, which are of no value whatever 
to engineers, as not one syllable is said as to the relative cost of 
the various samples tried.” 


Mr. Ashcroft has published no extracts from his 
tests, but has entrusted to us the records of all his 
rail tests, which we have published without selection 
or exclusion. The prices of the rails certainly were 
not published, but we have no doubt that they could 
be easily obtained. ‘They were rails tendered by first- 
class iron-making firms to a first-class railway com- 
pany, over whose line the queen and many royal per- 
sonages frequently travel; and they would run, we 
believe, from 6/. to 8/. per ton. They were the ordi- 
nary iron rails of commerce, such as nearly all railway 
companies have had occasion to buy and lay down; 
and at least. one sample tested, and found “ coarse and 
unsatisfactory,” bore the relatively high price of 
77. 18s. per ton. The price of iron rails is not a 
matter of much secresy, but is about as well known 
as that of beef or beer; and the prices of the scores 
of inferior samples of iron rails tested by Mr. Ash- 
croft were not, at any rate, below those which first- 
class houses would offer to a first-class railway 
company. 

A further symptom of this new disease—steel- 
ophobia—is afforded by the observation that steel 
rails cannot be made, “at a profit,” at less than 15/. 
or 16/. per ton. In these matters it is best to leave 
manufacturers to judge for themselves of the price at 
which they can make rails “at a profit.’ We only 
know that many orders are now being executed at 
12/. 10s ; and we were lately present when one of the 
first steel-makers in the kingdom offered to furnish 
steel rails at 11/. 10s. per ton, delivered, free on board, 
at a shipping port. Nobody would now think of pay- 
ing more than 13/. or, at the utmost, 14/. for steel 
rails, made to any specification, the price being for 
delivery at the mill. 

Another thumper—for we must not employ the 
alkaline term (lye)—is that iron rails have withstood 
heavy traflic for twenty years. The sufferer here shows 
method in his madness, for anything above half an 
ounce may be considered as “heavy.” But really 
“heavy” railway traflic is measurable, not in years, 
any more than in miles, or in degrees of temperature, 
or in inches upon the barometer, or by the British 
standard yard, or by the time upon the clock on the 
Houses of Parliament, but by the tonnage over the 
line, taken in consideration with the weight of engines, 
speed of trains, and other contingent circumstances. 
It would be nothing for a rail to last for five hundred 
years, if a train went over it but once in a year, or even 
once in a week. No iron rail ever made has ever 
borne what we now understand as really heavy tratflic 
for twenty years, nor for ten neither, notwithstanding 
that there are iron rails now down in certain main 
lines which have actually worn for nearly twenty 
years. ‘The Great Northern Company have long paid 
92. per ton for iron rails guaranteed for seven years, 
yet on portions of their line these wear out in ¢hree 
years, and that where ordinary iron rails would hardly 
ast as many months. 

Another symptom of the new disease—steelophobia 
—is that contained in the declaration, last week, that 
steel has no more useful hardness than iron ; in other 
words, that the moment it is made harder than iron it 
breaks. The best answer to this is afforded by the use 
of steel tyres. They are of the same material as steel 
rails, and they wear nearly twice as long as iron tyres 
under the same engines, and break but very seldom 
indeed. 

This case is, upon the whole, one of the most re- 
markable in medical experience. It is not, as we have 
said, either contagious or infectious, but it is the cause 











of most distressing ravings to the sufferer himself. It 
is sincerely to be hoped that he is unconscious of what 
he writes, and that when he recovers no one will re- 
peat to him what he has written. 








RAILS. 
To Tug Evrror or ENGINEERING. 

Srr,—The writer on this subject in last’ week’s Engineer 
complains that makers of steel rails will neither say what one 
steel rail will cost, nor how ten iron rails have been made. 
He then goes on to state what is only too true, viz., that iron 
rails, hardly if at all superior to cast iron, are in the market 
in quantity, and against this (as he correctly terms it) 
“rubbish,” he affirms that steel rails costing no one knows 
how much have been tested; and he expresses his belief 
that a good steel rail cannot be made to profit at a less cost 
than 15/. or 16/. per ton. He next intimates that we may 
replace steel rails with such irons as Marshall’s at 26/7. per 
ton, and likewise with Bowling, Lowmoor, and Lord Ward’s 
irons, and he makes a strong point by using the phrase “low 
priced Bessemer rails.” Now, if this writer would take the 
trouble of informing himself sufficiently respecting the 
practical details of the iron and steel trade manufacture, he 
would learn to avoid making a bad case worse by the use of 
untenable arguments. Steel rails can be manufactured, in- 
cluding the royalty, for 97. 10s. per ton, and for 87. at works, 
where the pig iron is used direct from the blast furnace, and 
the quality will be equally good, whether 11/7. or 167. be paid 
for a ton of such rails; for it is one of the best characteristics 
of the Bessemer process, that it is as easy and as cheap to 
produce a good rail as to produce a bad one. Therefore, 
there is neither motive nor necessity for debasing the'product, 
as is constantly done in the manufacture of iron rails. 

I can easily understand how ten bad iron rails have been 
made, but why they should be bought and laid down is a 
question not casy to answer, when steel rails at less than 
double their cost can be had, each one of which will outlast 
ten or more of such iron rails. The Engineer writer evi- 
dently thinks that just as iron can be made of all qualitiey 
from the very worst up to the very best, so in like manner, 
Bessemer steel rails can be made of all shades of quality ; and 
this is a great error, for Bessemer steel rails are all made 
from a first-class pig iron, practically free from phosphorus 
and sulphur. 

The quality therefore of these rails is practically uniform, 
and uniformly good. Now best iron rails can only be made 
from best pig irons, so in each case first-class pig irons are 
used; but in the one instance homogeneous steel rails are 
produced, and in the other case best iron rails are the result, 
not, however, homogeneous, and moreover subject, as the 
writer remarks, to have hollows pounded in them by the 
lurching of heavy engines. But no such hollows are 
pounded into steel rails. 

The idea of resorting to Marshall’s iron at 267. per ton, 
or to similar irons, in place of using Bessemer steel for rails, 
isa most orignal idea, indicating a terrible lack of sound 
argument on the side of the anti-steel rail party. We are 
told that good iron rails have lasted twenty years. 

So they have under a certain amount of traffic; but are 
there many, or are there any, whole lines actually laid wholly 
with such iron rails? I believe not, and, on a very moderate 
computation, I think it will be found that at least one iron 
rail out of every ten is more or less defective, whilst not one 
steel rail out of each thousand has any defect worthy of the 
appellation. Low-priced Bessemer steel rails imply, not that 
the quality is other than excellent, but simply that the 
manufacturer fis content with a smaller profit, or has a 
cheaper pig iron than his rival, who exacts a higher price for 
his steel rails. I am quite willing to assert, and equally con- 
fident that my assertion will be borne out hereafter, viz., 
that Bessemer steel rails moderately hard, and yet tough 
enough to be perfectly safe, will last 100 years, where a full 
average amount of traffic has to pass over them. The En- 
gineer writer has forgotten to observe that when an iron 
rail is worn out, it is merely scrap iron of inferior quality ; 
but Bessemer rails, when worn. out, or rather when any of 
them shall have become worn out, which will not be yet awhile, 
ean be rolled and forged into smaller sizes, and applied to a 
thousand useful purposes. For instance, they can be rolled 
into ship-bolts, and, when free from seams, into tinplate 
superior to any made at present from charcoal iron. There 
is another consideration in favour of steel rails. The fric- 
tion of the wheels upon the rails is prebably four times 
greater when iron is employed than when steel is used for 
the rails—a most important consideration—even though the 
bite of the driving-wheels is lessened ; for the bite of only 
one, two, or three pairs of wheels, as the case may be, is 
lessened, whilst the friction of all the other wheels of the whole 
train is diminished. The Engineer tells us that the iron- 
masters have made villanous rails. 

A strong statement is this, coming as it does from their 
staunch advocate ; but it is far from being the worst feature 
in the case, for these rails, so ably characterised, have been 
laid down, and the unconscious public are whirled over them 
at the peril of their lives. Railway companies will, however, 
have cheap rails, and ironmasters are not to blame for doing 
what they were compelled to do, by the short-sighted economy 
of railway boards. Railway companies will also have cheap 
Bessemer steel rails, but in this case, fortunately, a low price 
for rails does not indicate a low quality at all, for steel rails 
can only be made from first class irons, and this, as these rails 
are homogeneous, is a sure guarantee for their uniform ex- 
cellence. On the other hand, there is no species of iron so 
vile, but it can be put into a rail, partially, at all events. 
It is not necessary that steel should be ten times as good 
iron to render its adoption in place of iron for rails essential to 
the welfare of railway companies and the safety of the public. 
If only twice as good as iron, that ought to suffice to insure 
its adoption on every main line of railway. 

Cheltenham, December 30, 1867. Rogt. Mususrt. 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 


Sor this paper. 


Le bureau @ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEaU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 





MEETING NEXT WEEK. 

CrvIL AND Mecuanicat Enoinerers’ Socrety.—Wednes- 
day, the 8th inst., at8 p.m. Adjourned discussion of Mr. 
Bancroft’s paper, “On the Preservation of Timber ;” and, 
if’ time permits, a paper*will be read by Mr. G. W. Will- 
cocks, “ On the Sea-wall on Teignmouth Beach, South Devon 
Railway.” 
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OURSELVES. 

In commencing the fifth volume of EncingERrincG 
it affords us sincere satisfaction to record the remark- 
able success which has attended it from the first. It 
was avowedly established as the representative journal 
of the engineering profession, and it occupies that 
position even more completely now than ever before. 
This is proved not more by its contents than by the 
fact that its circulation is now larger than that, collec- 
tively, of all the other engineering and mechanical 
journals published weekly in London, excepting one 
only, published at twopence, and circulating chiefly 
among workmen. ‘The rapidity with which this great 
circulation has been attained, with a steady rate of 
increase of more than one hundred copies weekly, is 
remarkable in the experience of technical journalism, 
the more so as, in the instances of a very great num- 
ber of readers, ENGINEERING has not merely made a 
position for itself, but has displaced other journals 
which had been before considered to occupy a similar’ 
position. It was indeed felt, at the commencement of 
EnGInEgninG, that there was no room for it, unless 
it could at once take rank as the leading journal of the 
profession, and it has been steadily conducted in this 
conviction. It has aimed to record the best practice 
of the time, and to indicate the best directions and 
means of improvement ; and in this the Editor has been 
assisted in a thousand ways by gentlemen of the very 
first eminence in every branch of engineering, not in 
England alone, but in nearly every civilised country. 
It has been the aim withal to reflect true and high 
English feeling, and notwithstanding that strong pre- 
judices have been occasionally encountered, the success 
with which a conscientiously independent course has 
been pursued affords but another proof that only such 
a course can ever be really successful. 

Our advertising friends should know that they can- 





not now reach the profession, at home and abroad, so 


completely as through our advertising pages. This 
journal now reaches the principal official departments 
of war, navy, public works, and agriculture of nearly 
every country in the world; it is received by the largest 
Continental firms of manufacturers and engineers, and 
by many large proprietors of landed estates. The 
number and variety of its Indian articles, prepared 
from official and exclusive sources, has gained for 
ENGINEERING a very large circulation in India, both 
among military men and civilians, and among not a 
few of the native princes, as well as the great Parsee 
merchants of Bombay. So far is this the case, that the 
conductor of one of the Indian professional journals 
has written us to say that Eneineertne has virtually 
supplied the want of his own in one of the largest 
presidencies. In Austria and Hungary ENGINEERING 
is also largely read, and an eminent engineer in Vienna 
has even applied to us for co-operation in the repro- 
duction of a German translation of this journal in that 
capital. Already, indeed, a very large number of the 
German technical journals copy a very considerable 
proportion of the contents of our pages. In Russia, 
where we have an extensive personal correspondence, 
this journal is to be found in every scene of pro- 
fessional labour, and nowhere in a greater number of 
hands than among the officers and staff of the great 
Russian railways. In America ENGINEERING has a 
circulation far larger than that of any other English 
journal not devoted to politics, general news, or 
literature, and we also maintain a most extensive and 
intimate personal correspondence with that country. 

The singular and exceptional value of ENGINEERING 
as an advertising medium is best attested by the 
following extract from a letter from one of the largest 
and most successful advertising firms, Messrs. Tangye 
Brothers, of Birmingham : 


“We are happy to inform you that we have just received 
an order from the Costa Rica Government for goods to the 
value of £—,—, and, in their order, their agents expressly 
refer to our advertisement in ENGINEERING. We may also 
state that the India Office, last year, gave us orders to the 
value of £—,—, and their inspecting engineer, an officer in 
the Royal Engineers, expressly told us our advertisement in 
ENGINEERING first brought their attention tous. We might 
mention many instances, and we may state as a fact, that we 
have traced more orders to our advertisement in ENGINEERING 
than to all the other papers put together.” 


The great and increasing success of ENGINEERING 
enables us to still further improve its contents, and 
we have in preparation many matters of high value, 
and many illustrations of a higher degree of excellence 
than anything that has yet appeared in our columns. 

We regret to announce that Volumes I., II., and III. 
are now out of print, and that but about fifty of the 
seventy-eight separate numbers which compose them 
can now be supplied. Nos. 2, 3, and 4 have been 
repeatedly advertised for by more recent subscribers 
at prices of from 2s. 6d. to 10s. each, but without 
success. The demand is insufficient, however, to justify 
us in reprinting the paper, unless at a disproportionate 
price. 








THE NEW YEAR. 


Tue soda-water of 1868, like that of 1867 and 1866, 
still succeeds the stimulating imbibitions of 1865. 
The suggestion may not be an agreeable one, but it is 
past question that we were all intoxicated with the 
fancied commercial prosperity of three or four years 
ago. And yet our exports of the produce and manu- 
factures of the United Kingdom to countries abroad 
have been greater in the last year by nearly one-eighth 
than they were in 1865, In the first eleven months 
of 1867 we exported nearly 168,000,000/. worth of 
goods, or at the rate of 183,000,000/. yearly, an amount 
only 34 per cent. less than that of last year’s exports, 
but much beyond that of any previous return. The 
railway traffic receipts too, which afford a good index 
to the trade of the country, have steadily, although 
not largely, increased, and they will amount to more 
than one-half of the national revenue, which, this year, 
is 68,663,516/., against 68,785,662/. last year. 

Yet these are not tokens of average prosperity. 
As was observed in the leader of Wednesday’s Times, 

“Our trades’ unions have lately suffered disgraceful expo- 
sures and signal reverses ; but the ogielt nantinn ant Gase 





is not a branch of enterprise that is not endangered by it. 
Every day brings new proofs of the advance made by our 
foreign rivals, while our masters are e’ in internecine 
feuds with their men. For this and similar evils we might 
look for relief to improved education, amended law, higher 
commercial morality, and a sounder state of trade. But here 
are the very tasks which seem only to grow as we gaze at 
them, and elude our grasp when we would handle them. 
He must be a very sanguine man who expects: to see before 
he dies a ah hes | education which, without offending class 
prejudices and violating religious scruples, shall reach all 
the children of industry, and really prepare them to do their 
duty in their station of life. Can we expect even an earnest 
of such a measure this year ?” 


The heart, and life, and soul of British enterprise is 
to be found in the supremacy—if that be maintained 


—of British industry and British commerce. Never 
was our industry in a more critical state. Labour, 


among us, is cursed with waste, misunderstanding 
with masters, strikes, and secret trades-union plot- 
ting. We are losing ground daily, because of the 
cheaper labour upon ‘the Continent. The so-called 
technical education, of which so much is said and 
heard, as prevailing in such perfection abroad, has 
really little, if anything, to do with the vis viva of 
foreign competition. Our workmen need education, 
not in the art of working, but in that ‘of living; and 
here masters must come to an understanding with 
them, or go to the wall. We are not speaking of what 
we have lost by foreign competition, but of what we 

et must lose if we do not recover our advantages. 

his year we are exporting largely ; but we may in five 
years find France, Belgium, and Germany outstripping 
us in their grand totals of exports, just as they are 
now doing in a considerable number of moderate con- 
tracts with foreign railway companies and mill-owners, 
Our salvation must lie in a better understanding 
between capital and labour, and in such arrangements 
by capital as shall enable labour to live, so to speak, 
at prime cost, and that more comfortably, happily, and 
with far better provision for the future than at present: 
At present the cost of labour is greater in England 
than on the Continent, because of the extortions to 
which labour is subjected by landlords, shopkeepers, and 
middle men, who, in so many ways, so greatly increase 
the cost of living. mployers, if they would once co- 
operate with workmen in a spirit of kindness and 
equality, could enable them to live better than at pre- 
sent, at much less than the present cost, and the work- 
man would thus be enabled to compete with the 
cheapest and most contented labour abroad. 

Something—much, indeed—must be allowed for the 
combustible and explosive nature of foreign politics, 
for that state of armed doubt which has led to the 
hoarding of 40,600,000/. of gold in the Bank of 
France, and of 21,941,047/. in the Bank of England. 
Our own railway enterprise has lost its spring, and it 
is most unlikely that many railway works will be under- 
taken in England during the next five years. Yet there 
are new lines which must be made, and connecting links 
which must be completed. We must have a more 
direct route from South Wales to London, and there 
is no doubt that, like the estuaries and channels of 
the Solway, the Menai, the Tamar, and the Wye, those 
of the Severn, the Humber, ve Forth must yet be 
bridged for railway traflic. So far, the Aéronautical 
Society makes no sign. They are aiding science by 
reading “ papers,” but no one has taken the 100/. 
offered by the Duke of Sutherland to the first one who 
will fly, by mechanical means, to the top of Stafford 
House. it the aérial gentlemen would manage it for 
us, we would move our goods and passenger trains 
through the air, with no charges for Parliamentary ex- 

enses, right of way, nor compensation, except as red- 

ot coals or parcels of luggage might be accidentally 
dropped upon unsuspecting earthlings, or upon fragile 
property ; and we should hear nothing of permanent- 
way accounts and renewals, any more than we do of 
the eternal ways of the trackless sea. 

Really, what is now wanted is some great inven- 
tion, the more revolutionary—so that it is beneficial— 
the better. We want an invention such as was Watt’s 
steam-engine, or Symington’s steamboat, or Stephen- 
son’s passenger locomotive, or Cooke and Wheatstone’s 
telegraph. ren another discovery like Neilson’s or 
Bessemer’s would not come amiss. But from whence 
is such an invention to come? Science, that self- 
sufficient old dame, affects to have analysed every- 
thing, and to have proved that great inventions must 
henceforth spring, not from accident or unexpected 
impulse, but from logical induction. We do not be- 
lieve this. The test lights in science would have 
scouted Bessemer’s dodge of blowing cold air through 
melted iron, and we know how strong was the belief 
in Mr. Fowler’s grand system of underground rail- 
ways, and less than eighteen months ago we listened 
to the opinion of one of the first telegraph engineers in 
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England, that it would be impossible to grapple and 
raise, in two miles of water, the broken Atlantic cable 
of 1865. True science is infallible, but great fallibility 
attaches to much of what we accept as science. And 
so it is impossible to say where another great, a really 
great, invention is to come from. We cannot yet 
convert the waters of the globe, rich as they are in 
hydrogen, into fuel, nor carbon, so universally diffused, 
into food: yet we do not know what science may yet 
discover, any more than our grandfathers knew sixty 
years ago. 

We have the promise of a reformed agriculture, 
one of the greatest essentials to cheap and comfortable 
living. The steam plough has not yet begun to do its 
work, except by conviction upon the minds of un- 
believing farmers, any more than had the locomotive 
in 1835. There were then afew who thought the latter 
was a successful innovation, and that it might gradually 
rise to the dignity of successful competition with the old 
coaches, but we believe that Mr. ‘Tony Weller demon- 
strated the contrary, to the satisfaction of himself and 
friends. ‘The steam plough has been criticised in the 
same manner by the Hodges and Wapshotts of the 
shires, but it is too well established to be thrown 
overboard now. 


Ten years ago the general drainage of London was 


hardly thought possible, sewage irrigation was out of 
the question, and the interception of town sewage 
from the rivers was regarded as unnatural. Now all 
this is being done, and the engineer will be called 
upon to execute most important drainage and irriga- 
tion works in scores of large towns. 

Abroad we have no very wide prospects, unless it 
be in India. But there is little internal spirit of en- 
terprise there, and the country is cursed to the full 
with beaurocracy and official interference. Still a 
good start has been made, and something must come 
of it. Great numbers of young engineers will be 
wanted, although they are not likely to gain riches or 
long life from their appointments. In Canada we 


have the important undertakings of the Intercolonial | 


Railway and the Ontario and Huron Canal, the 
former to cost four and the latter eight millions, and 
both to be carried out by first-class English engineers. 

In steam shipping we hope to witness the con- 
struction of larger steamers with flat floors, light 
draught, and without masts, and to be propelled by 
improved engines of great power, working the ship to 
a high speed with a moderate consumption of fuel. In 
this respect we expect nothing from the four-wheeled 


steamship, nor from hydraulic propulsion, and but | 


little, if anything, from liquid fuel, which, thus far, 
has given little promise of commercial economy. 

But, with all the possible sources of prosperity, the 
suppression of sedition at home, the security, of which 
we may barely hope, of peace abroad, a better harvest, 
and improved contidence, the real key of our future 
position must be in an improved condition of labour. 


The heartburnings which now exist, beyond all dispute, | 


between masters and men must be removed as far as 
possible, and mutual confidence established. This can- 
not be done this year, nor possibly in ten; but a right 
spirit of forbearance and conciliation, such as has been 
already exhibited in the working of the “ Board of 
Conciliation” at Nottingham, will be productive of 


muecnse wood, 


OUR COMPETITORS ABROAD. 
ENGLISHMEN are not in the making 
national comparisons, except to show the inferiority 
of other nations. Gradually, however, we have found 
that locomotives, good encugh for any English lines, 
can be made in France, and at less cost than here, and 
that the Continental ironmasters can undersell us in 


habit of 


many classes of manufactured iron. 
once woke up, since the opening of the French Exhi- 
bition, to a knowledge of the really good workmanship 
and economical management of workshops which pre- 


vails abroad ; and, curiously, we have all of us shown | 


a general disposition to attribute the present phase of 
foreign competition with ourselves tb the better system 
of technical education which prevails in France and 
Germany. And hence we have had speech upon 
speech, and endless newspaper articles upon “ the 
lesson of the year”—technical education; but 
technical education which has struck us so much has 
been that merely which has enabled foreign workmen 
and managers to copy ws. It has not given them, that 
we know of, any improved machinery or processes 
whatever. To apply the same system of technical 
education here might be, practically, to teach our 
managers and workmen what they know already. Yet 
this class of education possesses a real importance 
which we have no desire to undervalue ; but we must 


| 
| 


judge it by its fruits abroad, and recollect also that, | 
if a new and thorough system of technical education | 
was really essential to the maintenance of our position, 
the Continental nations would be already nearly a 
generation ahead of us in this respect. 

The whole secret of successful foreign competition 
is contained in the two words, not “ technical te | 
cation,” but “cheap labour.” If we are ever to com- | 
pete successfully with them throughout the markets of | 
the world, we must lessen the. present relatively high 
cost of British labour, and that without lessening in 
any way the real comfort, independence, and means of 
improvement of the workmen. 

Mr. Abram 8. Hewitt, a large ironmaster of the 
United States, and American commissioner to the Paris 
Exhibition, was at Creusot last summer, and obtained 
the details of the wages paid for nearly every class of 
work. He gave evidence afterwards before the Trades 
Union Commission, and we give some of the prices 
herewith. We have converted them from franes per 
day to shillings per week, at the current rate of ex- 
25 francs 10 centimes to the pound. 


change of 
There are 9950 workpeople emploved at Creusot 
There are 9950 workpeople employed at Creusot 





| to be making no money by the iron trade in France. 


We have all at | 


the ) 


in all branches of work. ‘Ihe ore-miners earn an 
average of 15s. 1lld. per week, the coal - miners 
15s. 7d., and the average of the earnings of all the 
| men employed around the blast furnaces is 14s. 1d., 
that of all men employed in and about the rolling- 
mills 18s. 3d., and that of the men in the fitting-shops 
l6s. 3d. ‘The average wages of the whole 9950 work- 
men, of all kinds, is 16s. 6d. per week. Puddlers 
earn 6s..44d. per day; common labourers, 2s.; and 
puddle-bar rollers and shinglers, 4s. per day. 

‘These low prices of labour are not maintained so 
much at the expense of the comforts of the workmen 
as by the cheapness of living. House rent for a work- 
man’s family, and including a small garden, is but 
ls. 3d. per week, or 3l. 5s. per year. Beef is 63d. 
| per lb., mutton, pork, and veal 7}d., wheat bread 24d. 
per lb., butter 94d. per lb., eggs from 5d. to 9$d. per 
dozen, chickens from 94d. to 2s., a goose 2s. 6d., 
ordinary wine 4d. per quart, beer 24d. per quart, &e. 

In his evidence, Mr. Hewitt went on to say, that 


' 


Masters are said 
The 
| men do quite as much for their money as in England or 
| America. 


The men have meat only once a week. 


At Creusot, for puddling rails, white iron is used ; 
| they make eleven heats per day, or 2} tons in the furnace, 
| with one puddler and two helpers. There is nothing peculiar 
in the furnace. The puddler gets 8 francs a day, the first 
helper gets 53 franes a day, and second helper gets 3} francs 
}aday. The material and workmanship both excellent. The 
| great bulk of the ore used at Creusot comes from Elba and 

Algeria. The puddler at Sireuil, who was earning 8 francs 
per day, said he had meat every day, and was able to save 
| half his wages. ‘Trades’ unions are not known amongst the 
| ironworkers in France. A sum of 2} per cont. is levied at 
Creusot upon the workmen for making a fund for benefit of 
workmen, but administered by the principal. No strikes 
| have occurred at Creusot. The proprietor partly accounts 
| for this by the operation of the “livret.” A French work- 
man cannot be received by any employer in France unless 
his livret is endorsed by his last employer, and that if any 
wages are due from the workman to the employer, it must 
be endorsed upon the livret; and it seems to operate as a 
kind of mortgage or lien upon him, following him wherever 
he may go. This is a regular statute law in France. The 
better class of French workmen appear to be comfortable 
| and intelligent, which is as much as can be said for any class 
of workmen anywhere. Their dress is inexpensive, and their 
habits are comparatively simple. Men are generally sober. 
The supervision and tools in France are equal fo any in the 
| world. The ironstone at Creusot is carried from the coast, 
at the rate of one halfpenny per ton per mile. The price of 
railway iron at Creusot is about 20s. per ton above the corre- 
sponding price in England. The witness admitted that, as 
the French ironmasters are now making no profits, and the 
lower classes of workmen are under fed and depressed in 
appearance, this state of things cannot goon. He thought 
unlimited competition is the cause of thi# state of matters. 
He considers that the statements which have been made to 
the effect that English ironworkers’ wages will go further 
than those of Americans were untrue. 


No technical education can avert from us the conse- 
quences of such cheap and contented labour, where 
trades’ unions and strikes are practically unknown, 
and men can live comfortably for less than two-thirds 
what they must pay for rent, living, and clothing 
here. 

As we have so often repeated before, only a new and 
better understanding between capital and labour can 
bring down the present disproportionate cost of living, 
a cost made up much more of the gains of landlords, 
speculators, and shopkeepers than of the prime cost 
of the goods supplied. ‘The Food Committee of the 
Society of Arts may do some good by showing how 
much the eost of food, and of all the necessaries of 
life, is enhaneed by ramified and excessive shop- 
keeping, itself one of the great curses of British 








labour. 





NITRO-GLYCERINE. 

Art the present time, when the recent lamentable 
accident at Newcastle has drawn the attention of the 
public somewhat prominently to nitro-glycerine, it 
may not be uninteresting if we lay before our readers 
a few facts concerning tle material and its mode of 
manufacture. Nitro-glycerine was discovered as long 
ago as 1847, by M. Sobrero, a pupil of M. Pelouze, 
who found that glycerine when subjected to the action 
of nitric acid became converted into a highly explosive 
substance, to which he gave the name of nitro- 
glycerine. This substance is an oily fluid of a light 
yellow colour, and of a density greater than that of 
water, its specific gravity being 1.525 to 1.6. It 
becomes solid at a temperature of 40° Fah., and it is 
soluble in alcohol, wood-naphtha, and ether, but in- 
soluble in water. If touched with flame without being 
contined, it simply burns; but-.if heated, it explodes more 
or less violently. Its powerfully explosive effects 
when ignited in a confined space are well known, its 
power being estimated as being ten times as great as 
that of gunpowder. Nitro-glycerine, we may add, de- 
composes at a temperature of 160° Centigrade, 
(320° Fah.) ; and if heated to 360° Fah. in a confined 
space, explosionensues. It is inodorous, has a sweet, 
pungent, aromatic taste, and is highly poisonous. 

Nitro-glycerine may be prepared by adding glycerine 
gradually to a mixture of one part, by bulk, of nitric 
acid, of a specific gravity 1.43, and two parts of sul- 
phuric acid, of a specific gravity 1.83, the mixed acids 
being contained in a vessel immersed in a freezing mix- 
ture. The nitro-glycerine thus formed is separated 
from the acids by pouring the latter into water, in 
which, as we have stated, nitro-glycerine is insoluble. 
As in the manufacture of gun-cotton, the sulphuric 
acid in the mixture just mentioned merely intensifies 
the action of the nitric acid by combining with the 
water contained in the latter. ‘Ihe nitric acid is the 
real oxidising agent, and it is to its action on the 
glycerine that the explosive qualities imparted to the 
latter are due. The system of manufacture recom- 
mended by Dr. de Vr¥ is as follows: 200 cubic centi- 
metres of nitric acid, of a density 1.52, are to be 
placed ina vessel immersed in a freezing mixture, and 
to this acid are to be gradually added 100 gramuies of 
syrup of glycerine, of a specific gravity 1.262. ‘The 
mixture is to be continually stirred, and after a por- 
tion of the glycerine has been added the temperature, 
which is never to be let to rise above the freezing- 
point of water, is to be allowed to fall to—10° Centi- 
grade before a further quantity of glycerine is put in. 
After the glycerine has been thoroughly mixed with 
the acid in this way, 200 cubic centimetres of strong 
sulphuric acid are to be added, the low temperature 
of the mixture being still maintained. A portion of 
the nitro-glycerine, produced by the above process, 
floats on the surface of the acid liquor, and can be 
drawn off from it, whilst a further quantity can be 
separated from the liquor by diluting the latter with 
water. The purification of the nitro-glycerine is to be 
effected by dissolving it in the smallest possible quantity 
of ether, and repeatedly shaking the solution with water 
until the latter is incapable of reddening litmus. 
Finally, the ether is to be evaporated, and the remain- 
ing nitro-glycerine heated over a water bath until its 
weight remains éonstant. 

Although, as we have stated, nitro-glycerine has 
been known to the scientific world for more than 
twenty years, little, if any, attention appears to have; 
been paid to its qualities with a view to its practica 
employment for blasting purposes, until M. Nobel, a 
Swedish engineer, commenced expcrimenting with it 
in 1864. Since that time M. Nobel has conducted 
numerous experiments with it, and during the last few 
years he has taken up its manufacture on an extensive 
scale. ‘The nitro-glycerine is rendered transportable 
by dissolving it in wood-naphtha or methylated spirit, 
from which liquids it can be separated by the addition 
of water. At present, however, grave doubts appear 
to exist as to the safety with which it can be stored or 
transported from place to place, notwithstanding that 
M. Nobel insists that, with due care, there is but a 
remote chance of accident. 








—=__.2 

Tue Crevetand Iron Trapg.—This trade has remained 
without much animation. The stocks of pig in the Midples- 
boro’ stores are computed to be, rather below 70,000 tons. 
There appears to be an indisposition just at present for new 
home or foreign engagements. The foreign deliveries of pig 
are comparatively moderate. In pipes, railway chairs, and 
other castings there is not much doing. _ The North-Eastern 
Railway Company is, however, asking for tenders for the 
supply of a few thousand tons of chairs. As regards manu- 
factured iron, the trade in bars and plates continue dull, and 
without much prospect of improvement. Some fears had 
been entertained of a wages difliculty ; but they have proved 
groundless. 
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SMOKE INSPECTION. 

Mr. Sanpison, the Government inspector under the 
Smoke Nuisance Act, has been busy lately, and we 
have read of several summary convictions which have 
been brought about through his intervention. On the 
21st ult., however, a case which he brought before 
Mr. Paget, sitting magistrate, broke down in a manner 
anything but creditable to. the inspector’s practical 
knowledge of smoke-prevention, or to his disposition 
to fairness. Mr, Ludbrook, of: Bancroft-place, Mile 
End-road, was summoned for having had in use, on 
the 23rd October last, a'fernace $0 constructed as not 
to consume its own smoke. Mr, Sandison, the smoke 
inspector, attended by his faithfulinspector of police, 
presented himself at Mr. Ludbrook’s works, where, 
according to the evidence of both the worthy in- 
spectors, no smoke was to be seen. Mr. Sandison, 
however, found the furnace door of the boiler ajar, and 
he promptly shut it im his official capacity as her 
Majesty’s inspector under the Smoke Nuisance Act. 
The result was satisfactory, inasmuch as smoke was 
produced directly. Lh was for this smoke, thus neatly 
manufactured by the official inspector, for which Mr. 
Ludbrook was summoned. While, however, Mr. 
Sandison was getting his ease up, or, rather, had just 
got it up, an inconsiderate boy went to the stoke-hole 
and again opened the furnace door. ‘The smoke ceased 
—and we are quoting from Mr.; Sandison’s and his 
policeman’s own evidence —had it remained open 
there would have been no case, and nothing would 
have been more unofficial, more uninspectorly. It 
was clearly the duty of the eminent.ironmonger who 
fills the important) post of smoke inspector to correct 
the inadvertence of the boy who was so perversely 
bent upon preventing instead of making smoke. Mr. 
Sandison was equal to the occasion, and, with the true 
instinct of official power, he at once, and for the 
second time, closed the furnace door, which, no doubt, 
should have been padlocked from the first, and was 
immediately rewarded for his pains and discrimination 
by the production of a satisfactory amount of smoke, 
suflicient to establish a case- against Mr. Ludbrook. 
Mr. Sandison, in his examination before Mr. Paget, 
readily admitted that when the furnace door was open, 
and when, therefore, there was a direct admission of 
air over the fire, no smoke was produced; but he 
maintained that it was then impossible to keep up the 
steam, a matter which, we had previously supposed, 
was no concern of the smoke inspector. 


Mr. Paget said he should not callon the defenee. All they 
had proved was, that Mr. Sandison went and made a smoke, 
and Mr. Turner witnessed it. 

The counsel submitted that they had proved it was an im- 
proper furnace. 

Mr. Paget: No; you have only proved that it is improper 
when in the hands of Mr. Sandison. This is a most improper 
proceeding, that persons should be brought here at consider- 
able expense and inconvenience to answer such a charge. I 
repeat that it is a most improper proceeding. 

Mr. Ludbrook said he should like to make an observation. 

Mr. Paget: You have nothing to answer, and need not say 
a word. 

Mr. Ludbrook said he should like to.say that, if he made 
a smoke or did anything to amnoy his neighbours, there was 
nothing he would shrink from to remedy the evil. But he 
did not make a smoke, and the stoker had orders that under 
no circumstances was he to shut the fire-door. Mr. Sandison 
had stated that it was impossible to keep up the steam with 
the door open. He could only say that they did keep the 
steam well up, and that they never shut the door. 


Mr. Sandison’s apparently plenary powers in de- 
ciding as to what furnaces ‘are “so made as to con- 
sume their own smoke” are, happily, subject to a 
magistrate’s revision, ‘and in this case Mr. Paget 
clearly exercised a wise diseretion. Almost any fur- 
nace will work without,smoke, if carefully fired and 
the door be kept a little open. Mr. Sandison, who is a 
retail ironmonger, and possibly.an engineer, should 
from his official position be aware of this fact. 








_ THE LATE Accrpent IN Messrs. Carrp’s Sutprurnpine 
Yakp.—An announcement was made by a Greenock paper 
on Saturday last, relative to an amicable arrangement having 
been come to with the relatives of the four men killed by the 
accident in this yard. This is at least premature, no com- 
pensation having been as yet offered, and, consequently, 
could not have been accepted. As "to 'the other statement, 
that Crown counsel had exonerated Messrs. Caird and Co., 
the Crown agent ih Greenock disavows having given any 
such information; and the secretary of the Shipwrights’ 
Association on Saturday last received a communication, stat- 
ing that the Lord Advocate had sent the memorial forwarded 
to him by the'Shipwrights’ Society to the Crown agent for a 
report. It is to be hoped, however, that Messrs. Caird and 
Co. will act in a liberal and generous Spirit towards the 
widows and orphans that have now to lament the death of 
their bread-winners. 





FAIR SHIPS. 

[r is indispensable to the good qualities of a ship 
that her lines, both longitudinal and transverse, should 
be fair, without sudden protuberances or indentations, 
to the end that the volume of the body may gradually 
increase from the bow, and gradually diminish towards 
the stern, whereby the water will be parted and re- 
united without impact, by which head would be gene- 
rated and ‘power lost. At present, in designing ships, 
the fairness of the model is judged by the fairness of 
the different lines. But it is exceedingly difficult so to 
combine all these’ different lines in the eye as t6 enable 
a confident judgment to be arrived at, whether a per- 
fectly fair form has been strick out or not, ot one of 
which the different parts, even if fair, are congruous, 
seeing that the rate of divergence of the water 
at the bow, and of convergence at the stern; should 
be about equal in the same vessel. To determine 
with certainty whether a ship is fair or not, the best 
course is to translate each successive cross-section 
into a cross-section of the same area, but of rectan- 
gular outline. ‘Thus, if at the water-line, and each 
successive foot of depth, the width of the vessel at 
the first vertical section be taken-on‘a’strip: of paper, 
then the mean width, or the total length of these ac- 
cumulated widths divided by the number of them, 
may be used as an ordinate with which to fix the 
first point in a new water-line ; and by similarly tak- 
ing the mean width at each successive stage or frame, 
all the other ordinates necessary to construct the new 
or trial. water-line will be obtained. It will at once 
be seen by an inspection of this water-line whether 
there are angles in it, or whether the areas of the 
corresponding frames in the fore and after bodies are 
the same. . If the test water-line be fair, then the ship 
is fair; and if the volumes of the fore and after bodies 
are equal, or increase and diminish in the same ratio, 
then the ship is congruous, or is consistent with itself. 
This method proceeds on the supposition of construct- 
Ing a ship with the same area of cross-section at each 
successive frame, and consequently with the same dis- 
placing action upon the water, but with a rectangular 
cross-section, since such a ship-will have only one 
water-line, and by the attention being limited to it 
we shall at once be able to see whether thie ship is fair 
or not. Of course, this does not determine the proper 
form of the water-lines ; for.a ship may be fair and well 
balanced, and yet her lines may not be good. How the 
water-lines should be found we. shall explain next 
week, 

Tux Larrps.—Messrs. Laird Brothers, of Birkenhead, have 
lately launched a paddle-steamer of 450 tons and,100 horse 
power. They are getting on well with the armour-plated 
turret ship, the Captain, of 4272 tons burthen and 900 horse 
power; and with a gunboat, named the’ Teazer, which they 
are building for the English Admiralty. Messrs. Laird have 
also on hand an armour-plated ram of 1300 tons and 300 
horse power, and two armour-plated monitors, each about 
1400 tons burthen and 140 horse power, besides a paddle- 
steamer of 700 tons, all for foreign Governments. Finally, 
we may note that Messrs. Laird have entered into a contract 
with the English Government, for the construction of an /iron- 
clad of 3770 tons burthen and 880 horse power, to be named 
the Vanguard. 

Tue Suzz Canat—It was calculated. by the engineers of 
the Isthmus of Suez Canal Company that at the close of 
November, 1867, 32,562,631 cubic metres of earth, &e,, had 
been raised, out of a total of 74,112,130 cubic metres to be 
extracted, leaving 41,549,499 cubic metres still to be ex- 
tracted. The number of dredgers at work at the close of 
November was 39, and 21 others remained to be set to work. 
It was expected that all these would be im operation by the 
close of December or the commencement of the current 
month. The number of workmen‘ employed at the close of 
November was 8340, of whom 6980 were engaged in the 
Suez division, which comprises the east 28 miles ot the canal. 
Five of the dredgers were at work in the Port, Said basin, 6 
in the Port Said division of the canal, 14 in the El-Guisr 
division, 10 in tle Ismailia division, and four in a basin 
which is being formed at Suez. “ 

Rattway Viapuct Across tHE Sotway.—Action of 
Damages.—Au_ interesting‘ and '‘importatit action—North v. 
Waring Brothers and Eckersley—has just been tried in the Court 
of Session, Edinburgh, in connexion with thebuildinget thisbridge. 
Mr. North was appointed resident engineer-on the viaduct hnader 
Mr. James ra ty C.E., London, who is the chief engineer on 
the Solway Junction Railway. Messrs. Waring Brothers and 
Eckersley, London, the contractors for the railway, became 
dissatisfied with Mr. North on account of what they regarded as 
want of professional ability, and discharged him from their 
service. Mr. North raised the action of damages against the 
contractors, claiming 5000/. as injury to character and feelings, 
inasmuch as he was wrongfully dismissed from service. ‘The 
importance of the case from a professional point of view may be 
judged of when it is mentioned that the trial lasted over eight 
days, and that many well-known civil engineers were examined 
both for the pursuer and the defenders. ‘Ihe;verdict was for Mr. 
North, granting salary up to the date of dismissal, 5261. 6s. 3d., 
with interest from 12th of October, 1866, and also three months’ 
salary with interest from 31st of October, 1866. 





SIR JOHN BROWN. 


Str Jonn Brown opened his career, in 1844, with the 
manufacture of cast steel in Sheffield, and, in 1847, he com- 
menced the spring trade, in which he soon became noted for 
the invention and manufacture of the conical spring, which 
became so extensively used on home and foreign railways. 
In 1855 he introduced into Sheffield the manufacture of bar 
iron for conversion into steel, and subsequently he com- 
menced the manufacture of the “ Atlas” boiler-plates, which 
are recognised by our Government as being equal in quality 
to those supplied by the Lowmoor and Bowling companies. 

Having followed up his iron operations to so satisfactory a 

int, he turned his attention to a more important produc- 
tion of steel, and Mr. Bessemer, who was at that time work- 
ing out his marvellous invention, found him willing to put 
down the plant necessary for carrying out the process on a 
more extensive scale. After many preliminary trials and 
experiments, involving great outlay, Mr. Brown had the 
satisfaction of being the first to turn out Bessemer steel rails 
and plates. At present 700 tons of Bessemer metal are made 
weekly at the Atlas Works for manufacturing rails, tyres, 
btidgework, shot, &c., & 

‘" By far the most important service, however, which Sir 
John Brown has rendered his town and country is the pro- 
duction of rolled armour-plates for the protection of ships 

d forts. As early as 1858, when it was problematical 

ether any efficient protection could be given to ships 
against the improved ordnance of Sir William Armstrong, 
then engineer for the War Department of, rifled ordnance, 
Mr. Brown succeeded in rolling armour-plates of a very 
superior character. Up to that period no plates had been rolled 
thicker than 4}in., and finding these were insuflicient to 
resist the increasingly powerful guns of the day, Sir John 
volunteered to supply the Admiralty with plates 5}, 6}, and 
7 in. thick, and, notwithstanding the immense strides made 
in modern ordnance, he has always been able to deliver plates 
of a proportionate resisting capability, having now rolled 
them up to 15 in. thick. 

Sir John Brown is now chairman of one of the largest esta- 
blishments in the world, the Atlas Works, covering 30 acres 
of land, and giving employment to 4000 workmen ; and he 
presents to us a most striking example of the untiring energy 
atid perseverance by which some few men, during the pre- 
sent generation, have been distinguished. 

In local affairs Sir John Brown stands in the highest 
esteem, and he has successively been elected to all the offices 
of thé’ borough. He has been twice mayor of Sheflield, and 
twice Master of the Cutlers’ Company, and is now both a 
borough and county magistrate, besides being one of the 
deputy-lieutenants for the West Riding of Yorkshire. Hav- 
ing in all these’ various capacities shown the greatest libe- 
rality and good spirit, together with a wish to promote 
the welfare of his workmen, the distinguished acknow- 
ledgment which he has received from her Majesty the Queen, 
is regarded by his fellow-townsmen as a well merited reward 
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Launcn oF A Greek Ironciap.—On Saturday the 
Thames’ Ironworks, Shipbuilding, Engineering, and Dry 
Dock Company (Limited) launched from their dockyard 
at Blackwall an ironclad vessel of war for the Greek Go- 
vernment. The vessel was named by Miss Spartali, daughter 
of the Greek Consul- General in London. The Greek 
Minister, Mr. Spartali, and other members of his family, 
together with the officers of the Greek Government, were 
present. They were received by Mr. Rolt, the chairman; 
Captain Ford, the managing director, with other direc- 
tors, and the principal officers of the company, and partook 
of a déjeiner in the board-room after the launch. This 
vessel was designed by the company to carry out the special 
objects of the Greek Government, conveyed through the Con- 
sul-General, Mr. Spartali, the principal points being to com- 
bine with the smallest tonnage and lightest draught of water 
a high rate of speed, very great protection, and a powerful 
armament. The vessel was also to be built as soon as pos- 
sible. These objects, we believe, the company have fully 
obtained, her keel having been laid less than five months 
ago; the vessel was launched in a great state of forward- 
ness, was immediately placed under the company’s shears, 
and began to receive her boilers on board, the engines being, 
as; well as the ship, manufactured by the company. The 
greater portion of her armour-plates are already bolted to 
het sides, the whole having been manufactured at the Thames 
Works. The dimensions of the vessel are as follows: 
length between perpendiculars, 200ft.; breadth, 33 ft.; depth, 
20, it.; draught of water, 16 {t.6in.; burden, 1045 tons, B.M. ; 
engines, 300 horse power; speed, 14 knots; armament, two 
12,ton Armstrong guns. ‘The vessel is completely armour- 
plated from stem to stern, her armour-plates being 7 in. 
thick amidships, on 10 in. of teak backing, and extending 
from the gunwale 3 ft. 6in. below the load line; they are 
reduced, as usual, at the ends of the ship, and her sides are 
strengthened by longitudinal iron girders, extending from 
end toend. The plates on the stem are solid forgings, in 
the form of a Y, clasping the wood backing and stem, and 
in the event of running down an enemy receiving support 
from the whole range of armour-plates on her sides. ‘The 
two large 12-ton guns which she will carry are placed in a 
central hexagonal casemate or battery of the same struc- 
ture as the ship, with 6-inch armour-plates on 10-inches 
of teak backing. The port-sills are 6 ft. 6in. above the water, 
and the ports are so placed that they can both be fired as 
broadside guns or right fore and aft. She is fitted with a 
double bottom, with provision for water ballast, and her 
upper deck is iron-plated. She will be schooner-rigged, and 
her bulwarks are of iron carried to the stem and stern from 
the middle line edge of the ports, leaving a midship space 
20 ft. broad for working the ship. She will be by far the 
most formidable of her tonnage afloat, and will be able to 
cope with ships very far exceeding her in size ; she will be 
ready for sea early in February. 
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HOISTING MACHINERY AT THE WAREHOUSE OF THE M. S. AND L. Ry. Co., MANCHESTER. 
CONSTRUCTED BY MESSRS. TANGYE BROTHERS, ENGINEERS, BIRMINGHAM. 
(For Description, see opposite page.) 
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BLOWING ENGINE AT THE PARKHEAD FORGE, GLASGOW. 
DESIGNED BY MR. A, KIRK, AND CONSTRUCTED BY MESSRS. J. AITKEN AND CO., GLAS GOW. 
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WE give, above, engravings of a blowing-engine of novel 
construction, which has been designed by Mr. Alexander 
Kirk, and constructed by Messrs. James Aitken and Co., of 
Glasgow, for the Parkhead Forge, where it is being employed 
to furnish a supply of air for the Richardson process, which 
is now being carried out at those works. The blowing- 
engine in question has a horizontal cylinder 24in. in dia- 
meter and 18in. stroke, and it is worked by its piston being 
connected direct to that of an ordinary horizontal engine. 
In most horizontal blowing-engines worked at anything like 
a high speed, much trouble has been experienced from the 
friction of the piston on the lower side of the cylinder, the 
surfaces being only lubricated with plumbago mixed with a 
little water. To avoid this rubbing of the piston on the 
bottom of the cylinder, Mr. Kirk has, in his engine, pro- 
vided the piston with a cast-iron hollow rod of large dia- 
meter, this rod working in long stuffing-boxes on the two 
cylinder-covers, and being sufficiently stiff to carry the 
piston steadily. As will be seen by the engravings, the 
stuffing-boxes, which are lined for the lower halves of their 
circumferences with white metal, give ample bearing sur- 
face for the rod; but in large engines Mr. Kirk proposes to 
supplement them by guides, on which the guide-blocks of 
crossheads, attached one to each end of the piston rod, would 








work.. The plan of carrying the piston of a horizontal 
blowing-engine by a cast-iron rod of large diameter has also 
been adopted in America by Mr. Robert P. Parrott, of the 
West Point Foundry, one of whose engines we illustrated in 
our number for the 13th of September last; but the piston 
rod used by Mr. Kirk is of a much larger proportionate 
diameter than those employed by Mr. Parrott, and is, in 
fact, of sufficient size to form the air-inlét pipe. Thus, by 
referring to our illustrations, it will be seen that the bore of 
the piston rod communicates with the interior of the hollow 
piston by a series of openings, shown in the longitudinal 
section, the rod being strengthened by internal feathers at 
the point where these openings occur. 

The inlet valves are fitted to the two sides of the piston 
itself, and the delivery-valves are carried by the inner 
cylinder covers, which covers are kepi in place by the outer 
covers carrying the stuffing-boxes. All the valves are india- 
rubber disc-valves working on brass grids, and they are 
arranged as shown in the transverse sections. The piston 
and stuffing-boxes are packed with cupped leathers, and the 
joints of the cylinder covers are made with india-rubber rings, 
these rings being so placed that the pressure of the air against 
their interiors tends to spread them in the grooves in which 
they are placed, and thus tightens the joints. The cylinder 


is surrounded by a water-jacket in order to absorb any heat 
eo during the compression of the air, this jacket 

aving been applied on account of its having been at first 
supposed that the Richardson process would require blast at 
a much higher pressure than has actually been found 
necessary. 

The engine at the Parkhead Forge has been found to 
work in a most satisfactory manner, it having been run at a 
speed of 120 double strokes per minute, whilst delivering air 
at a pressure of 15 lb. per square inch, without inconvenience 
of any kind. It is usually, however, worked at a much lower 
pressure, as well as a slower speed. The arrangement of the 
engine has the advantage of leaving the whole sectional area 
of the cylinder available both for the inlet and delivery 
valves, an important consideration when the engine is worked 
at a high speed; and the very small amount of clearance re- 
quired at each end of the stroke also renders it well adapted 
for delivering air under a high pressure. Our engravings 
have been prepared from a tracing with which we have 
been kindly furnished by Mr. Kirk. 








TANGYE’S HOISTING MACHINERY. 


THE new goods warehouse Sgr erected at Manchester by 
the Manchester, Sheffield, and Lincolnshire Railway Com- 
pany, and to which the hoisting machinery, of which we give 
engravings on the opposite page, has been applied, is a lofty 
and substantial building, seven stories high, constructed on 
the fireproof principle. Each floor is provided with eighteen 
hatchways, through which goods can be raised or lowered, 
these hatchways being arranged in three rows of six 
each. The hoists—one of which is represented by Figs. 1, 
2, and 8, on the opposite page—are erected on columns, which 
are bolted to the top-floor girders, and each row of six is 
driven by a line shaft, which is carried by the hoists them- 
selves, independently of any other support. 

The hoisting gear, which has been manufactured by Messrs. 
Tangye Brothers, of Birmingham, consists of a winding- 
barrel and large bevel wheel, carried by two girders fixed on 
the top of columns, a bevel pinion working into the wheel 
just mentioned, and being driven by geared wheels through 
the medium of Weston’s patent frictional clutch. On the 
opposite side of the bevel wheel another pinion is geared into 
it, which is. connected by a spindle with a Weston’s patent 
frictional brake ; this spindle also drives a governor, which, 
by means of levers, actitates the brake when lowering. « 

The frictional clutch patented by Mr. T. A. Weston, and 
of which Messrs. Tangye Brothers are the manufacturers, 
consists of an alternate series of discs of wood and iron, ar- 
ranged as shown ‘in Figs. land 6. The iron discs have 
square holes in their centres, and fit loosely on the bevel 
pinion spindle, which is squared down to receive them. The 
wood dises have notches cut in their circumference, which 
fit feathers in a hollow cylinder cast on to the spur-wheel, 
and their centres are bored out to clear the spindle. The 
spur-wheel carrying the wooden discs (and which is driven 
by a wheel on the line shaft) runs loosely on the bevel pinion 
spindle, but as soon as pressure is applied, so as to squeeze 
the,wood and iron dises together, the friction between their 
ssurfaces causes the spindle to revolve with the wheel. The 
,pindle is hollow at one end, and, a rod being fitted into it, 
Pressure is applied to the end iron dise by means of a slot key 

nd loose yr as shown in Fig. 5. The other end of the 
spindle is steeled, and bears against a steel pin, which is 
kept lubricated by a ring revolving in a small cistern of oil. 

The frictional brake is very similar in construction to the 
frictional clutch, but in this case the cylinder carrying the 
wooden discs is fixed to a bracket, and the iron discs revolve 
loosely with the spindle. Spiral springs are applied between 
the iron discs to separate them quickly, as soon as the pres- 
sure is removed. 

The machinery is started and stopped by means of the 
cord pulley, &c., shown in Figs. 1 and 2, the action being as 
follows: When it is desired to hoist, the left-hand cord is 
pulled, and the pulley wheel being thus turned a short dis- 
tance, a double crank and connecting-rods attached to it 
puts a pressure on the frictional clutch, and at the same 
time takes the pressure off the lowering brake. On releasing 
the hand chain, the pressure is removed from the hoisting 
clutch, and at the same moment comes upon the lowering 
brake which holds the weight suspended. 

When it is required to lower, the right-hand chain is pulled, 
which, by revolving the — wheel and double crank in the 
opposite direction, releases the brake, and the governor at 
once comes into action and prevents the weight from running 
down too fast. 

The governor employed is of very simple construction. 
Two square weights slide in and out of a T-shaped casting 
fixed to the top of a spindle. These weights are attached by 
small chains passing over pulleys to the governor-slide, whic 
is in its turn connected to the brake levers. 

One great feature in these hoists is that all the gearing is 
attached to one girder, so that no strain can be thrown upon 
the spindles by unequal settlement of the bearings, &c., and 
the admirable frictional clutch of Mr. Weston enables them 
to be thrown into gear without the slightest shock on the 
wheels. There is also a great advantage in the brake being 
always on, except when hoisting ; and, when lowering, the 
weight is always under the control of the governor and brake. 
Altcgether the hoists are of a class which will probably come 
into very extensive use. 








Coat 1n Betaium.—The production of coal in Belgium 
amounted in 1865 to 12,774,000 tons, of which 9,851,000 
tons were contributed by the province of Hainaut, 359,000 
tons by the —— of Namur, and 2,564,000 tons by the 
province of Liége. In 1866, the exports of coal from Bel- 
gium amounted to 4,762,000 tons, and the interior consump- 
tion of coal in Belgium to 7,842,000 tons, of which 787,000 
tons were imported. In 1865, the internal consumption was 





7,506,000 tons. 
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OUR ROADS. 


Tue unsatisfactory state of our roads has recently 
suggested themes for several leading articles in the 
daily journals, and a general impression appears to 
prevail that a certain amount of obloquy attaches to 
our profession because we are not prepared with some 
wonderful panacea for the many disagreeables which 
undoubtediy now appertain to road traffic in the 
metropolis. 

We maintain this is a most unwarranted deduction 
from existing facts. Engineers are thoroughly con- 
versant with the theory and practice of good road- 
making, and that our roads, in the majority of in- 
stances, present such a woe-begone appearance, is due 
to the parsimony of the authorities, and not to the 
want of sound principles upon which to proceed. 
There are, of course, exceptions to this as to every 
other rule, and we have no hesitation in asserting 
that many pieces of metropolitan road might be pointed 
out to contest with which, as far as regards endurance 
and lightness of draught, few, if any, of the much 
vaunted Parisian roads could presume to enter the 
lists. As a case in point, we may cite that portion of 
the Marylebone-road, under which the Metropolitan 
Railway was carried, where, as the money was forth- 
coming from the railway company, the parochial mind 
became suddenly illuminated, and an unquestionably 
fine road was the result. The hardest and toughest 
stone obtainable, shaped into uniform blocks of the 
most desirable size, bonded together and grouted as 
carefully as a brick pier, forms the working surface of 
the road, and the foundation is of concrete. 

The endurance of such a road is limited but by the 
proper detrition of the stone, and no harder material 
can be employed ; the draught is reduced to a minimum, 
the foothold is good, unless in slippery weather, and 
even then should a horse go down he would very rarely 
cut himself. 

For light traflic, there could hardly be desired a 
pleasanter system than a perfectly maintained Macadam- 
ised road. If any one doubts this assertion, let him 
in bowling out of Oxford-street, or Piccadilly into 
Hyde Park, note the almost railroad uniformity of 
swing which supersedes the previous hammering and 
jolting. If ever the subdued noise of the traffic should 
be found to affect injuriously the patrician nerves of 
the park frequenters, the engineers will be found quite 
equal to the emergency ; they would simply lay down 
asphalte roads, slip india-rubber tyres on the wheels, 
and shoe the horses on the improved “ band” system. 
A few silver bells would, of course, be attached to the 
horses to signal their approach; and to intensify the 
“ubor efflorescens” of the picture, it would be well, 
perhaps, to “get up” the park-keepers as shepherds, 
and to arm them with crooks (which would doubtless 
be willingly supplied gratuitously by the Humane 
Society) to hold back the inevitable deaf old lady, 
who, even in Arcadia, would attempt to cross the road 
just as something was coming. 

Seriously speaking, we have already ample data to 
show that such a system would work well under the 
heaviest traflic ; it is only a question of diameter of 
wheels, and width, and thickness of tyres. It is, how- 
ever, useless to anticipate the realisation of any ex- 
tensive alterations in ‘the present system ; so it only 
remains for the public to express to the authorities its 
final determination to rest satisfied with nothing less 
than the best result attainable. 

With paved roads the. defect commonly lies not in 
the working surface but in the foundation, which is of 
so soft a nature as to work up readily between the 
joints of the stones. This presents a noteworthy 
analogy to the absurd system, common on English 
railways, of supporting steel rails on soft spongy 
sleepers, the obvious consequence of which is, that the 
rail very soon jumps itself from half an inch to an 
inch into the body of the sleeper. 

With Macadamised roads the first step is to return 
to the original plan of using small stones with a slight 
sprinkling of gravel, and the next step is to avail our- 
selves of the services of heavy steam-rollers. 

Another important consideration is\ the watering 
and cleansing of our roads, and we are glad to find 
that at least one serious attempt will be made in the 
ensuing spring to institute animproved state of affairs 
in those respects. It must have been noticed by most 
persons that under certain hygrometric states of the 
atmosphere the roads maintain an unusually firm 
surface, without the presence either of mud or dust. 
Now, a Mr. Cooper has been working a considerable 
period with the aim of attaining these desirable 
conditions, even when the atmosphere is in its driest 
condition, and he believes that he has succeeded in 
the attempt through the agency of a solution of certain 





salts, possessing a powerful affinity to moisture, with 
which he proposes to water our roads. 

Experiments have been conducted on a practical 
scale in the parish of St. George’s, Hanover-square ; 
and, on the authority of the parish surveyor, it would 
appear the miracle 9f.,Gideon’s fleece was there re- 
peated every day for about a fortniglt—the portion of 
road which had been once watered with the solution 
and not meddled with afterwards, remaining damp 
whilst the surrounding portions soon became dry, 
although watered two or ce times a day. The. road 
surface, we are told, sympathised in a remarkable 
manner with the state of the atmosphere; even heavy 
clouds passing over it perceptibly altered its hue; 
but of course the difference was most marked on the 
morning following a hot day : 


“ Exigua, tantum gelidus ros note reponet ; 
superat tener omnibus humor.” 


As there are sound chemical reasons why the solution 
must possess many advantages over pure water, the 
success of the system is a purely commercial question, 
and we understand the inventor is sufliciently sanguine 
of that that to undertake himself the watering of any 
parish in London at a reduction of 50 per cent. on the 
ordinary estimates. 

One thing atleast is certain, and that is that the 
public will no longer submit to the blinding dust, the 
laming of horses, and the destruction of carriages, and 
the numerous other ills: which must now be encountered 
in journeying through many an ill-managed district. 


THE METROPOLITAN DISTRICT 
RAILWAY. 


(Continued from page 572.) 

Tur Warwick-road is carried over the branch of the 
district lines which joins the. West London Railway 
by a bridge 52 ft. 4.1m. wide, of wrought-iron girders 
2 ft. 6 in. deep, and,8 ft. apart, with brick arches three 
rings thick turned. between them. The’ girders are 
continuous over a central pier, and bear at the ends 
upon bed-plates Jaid on abutments of the ordinary con- 
struction, of brick. with concrete backing, strengthened 
with counterforts 2ft. wide under each girder. At 
this place, the Counter’s Creek sewer, which was tem- 
porarily intercepted, is now reconstructed, and is a 
good example of the method employed by Mr. Fowler 
in dealing with sewers which cross beneath the rail- 
way. ‘The Counter’s Creek follows the course of the 
Warwick-road, and replaces the old Kensington Canal, 
which was a natural. stream, widened and improved, 
running into the Thames a little west of Cremorne 
Gardens. At the point of the railway crossing, the 
sewer was almost circular in section, being 8 ft. wide 
and 8 ft. Gin. high ;, butit was necessary to reduce the 
headway to 7 ft., and.eoustruct within the narrowest 
limits, in order thatthe rail level, and consequently 
the level of the Warwick-road, might not be dis- 
turbed. But to make up for the reduced area of the 
sewer crossing, which has been reconstructed with a 
semicirculav.inyert. 8 ft. in diameter, the sides are built 
up perpendicular, almost to the underside of the rails, 
which ave carried..in, wrought-iron trough girders on 
longitudinal timbers, and the sewer is covered with 
wrought-iron plates, ‘stiffened with tee and angle irons, 
fastened to the side walls, of the sewer by holding- 
down bolts. 

From Warwick-road to the. southern junction with 
the West London Railway at West Brompton station, 
about 600 yards. of the line are constructed in open 
cutting, with. side Slopes, This length of the work 
includes'a crossing beneath the Riehmond-road, which: 
is carried over the railway by a bridge, 40 ft., of the 
ordinary type of girder-covered way, cast-iron girders 
18 in. deep and 6 ft. apart being used, with 9 in. brick 
arches turned between them, asphalted and covered 
with metalling a foot deep. The junction with the 
West London Railway is complete, and the signals 
are in place; but the station which is to be constructed 
there is not yet in hand. 

The Metropolitan District Railway terminates in 
the joint station at the Kensington-road ; the Metro- 
politan Extension Railway commences in the joint 
station, Brompton, at Alfred-place West, so that three 
stations are common to both lines, the intermediate 
one being at Gloucester-road, as previously mentioned. 
The Kensington station, which is nearly completed, is 
180 ft. long, 93 ft. wide, with a station-yard, 660 ft. 
long between retaining walls. The arrangements and 
general accommodation of this station have been fully 
described in a previous volume of ENGINEERING. 
From here forward 220 yards of covered way are con- 
structed strong enough to carry buildings, which 





it is intended shall be subsequently built. ‘The 
strengthened section has eight rings of brickwork in 
the arch, with 3 ft. 6in. side walls, and a brick invert 
18in. thick. This extra section is succeeded by about 
70 yards of ordinary covered way, without invert, and 
by the only length of tunnel on the railway, a distance 
of 410 yards, semicircular in section, six rings of brick- 
work, and 18 in. invert. About midway between Ken- 
sington and Notting-hill, in the length of tunnel just 
referred to, a signal station has been constructed, in 
open cutting, between retaining walls, at a point where 
the rail level is 45 ft: below the string course of thie 
surrounding parapet. ‘The tunnel ends at the north 
side of Bedford-place, Camden-hill. 

Forward to Notting-hill Station, which is situated 
on the south side of High-street, Notting-hill, the 
railway is constructed between retaining walls, dimi- 
uishing in height from 45 ft..at the tunnel-mouth to 
23 ft. at the station. That part of the wall which is 
more than 30 ft. in ¢height from rail-level to string 
course is strutted with two rows of cast-iron struts. 

The wall is built in 11 ft. bays, with $ ft. 3 in. arched 
openings, and 3 ft. piers. The section is very light, 
it being only 8 ft. 3in. thick at the footings, with a 
perpendicular face for a height of 14ft. above that 
level to the parapet string course; the face has a bat- 
ter of 1 in 8, which reduces. the thickness at top to 
5 ft.6in. The first.row of;struts is put in 14 ft. 6 in. 
above rails, the second 13 ft. higher, and both rows 
are braced together longitudinally along the centre 
with light. wrought-iron ties. 

The Notting-hill Station is intersected by Uxbridge- 
street, which cuts through the roof over the platforms, 
at the back of the booking-offices. The appearance of 
the station is greatly marred by this; but it is in- 
tended to apply for powers to stop and remove the 
street, that the roof may be made complete. 

For about half a mile forward the railway is made in 
ordinary covered way, without an invert, with short 
lengths of open here, and there to. secure ventilation, 
and a signal-station at Chapel-side, Bayswater. The 
Bayswater Station (Queen’s-road) is of the ordinary 
type, with two platforms 308 ft. long, covered in with 
alight arehedroof. ‘The rails here are about 24 ft. 
below street level. Beyond Queen’s-road, as far as 
Leinster-terrace, the railway is im covered way, made 
strong enough to carry buildings. The works are com- 
pleted up to Inverness-terrace. Between Inverness-ter- 
race and Craven-hill much delay has been experienced in 
obtaining property, and several hundred yards of the line 
are untouched. From the east side of Craven-hill 80 yards 
of ordinary arching and 250 yards of girder-covered way 
are complete, including another crossing of the Kane- 
lagh sewer at Gloucester-road. The invert of this 
sewer lies sufficiently low to allow of a construction 
exactly similar to the crossing of the Counter’s Creek 
sewer at Warwick-road. Beyond Gloucester-road to 
Spring-street, Paddington, ‘is ordinary covered way, 
except a short length with a strengthened ‘section of 
nine rings, over which extensive shops and warehouses 
are to be erected. At Spring-street is the Paddington 
station, opposite the Great Western Railway Hotel, 
and a low-level communication will be opened between 
the Metropolitan Extension Station and the arrival and 
departure platforms ofthe terminus. About fifty yards 
more of covered way, anda bell-mouthed junction with 
the existing Metropolitan at South Wharf-road, Pad- 
dington, complete the works of the Extension Railway 
now in hand. It is intended ultimately to make the 
pone junction with the Metropolitan at Edgware- 
road. 


SHIPBUILDING ON THE MERSEY 
DURING 1867. 

THE great depression in trade which has been such a marked 
feature of the past year has shown itself in an especial manaer 
in the shipbuilding trade of the kingdom. On the Clyde, the 
Thames, the Mersey, and elsewhere, there has been an amount 
of dulness and depression hitherto almost unprecedented. 
Thousands of skilled artisans have been thrown out of employ- 
ment and reduced to semi-starvation. In Liverpool and Birken- 
head there are at present about 5000 shipwrights, exclusive of 
boiler-makers, platers, &c., and of these scarcely more than 
one-fourth have had regular employment since the commence- 
ment of the year. The Liverpool builders complain that theic 
operations have been checked by purely local causes, such as the 
high rate of wages the heavy cost of coal and iron in Liverpool as 
compared with that of the northern and eastern ports, and the 
exorbitant rents for the yards impo-ed by the Mersey Docks 
and Harbour Board. Notwithstanding all these drawbacks, 
however, there has been in the aggregate a considerable 
amount of shipbuilding carried on, as the following results 
will show. $ 

On the Lancashire side of the Mersey the most important 
operations have been carried on at the building-yard of Messrs. 
Royden and Son. Indeed, it may be said that the customary 
activity at their establishment bas been but little, if at all, 
diminished by the prevailing depression. Employment has 
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been given to nearly the ordinary number of hands throughout 
the year, and no fewer than nine vessels have been built’ and 
launched, six of them being ships of large tonnage—the France, 
a magnificent screw-steamer of 3571 tons, for the National 
Steamship Company, Limited, and forming one of their fleet of 
New York passenger steamers; the British Statesman, of 
1262 tons. for the British Shipowners’ Company; the St. Mar- 
nock, 1257 tons, and the St. Magnus, 1260 tons, for the 
eminent firm of Messrs. Rankin, Gilmour, and Co.; the Lord 
Strathnairn, 1267 tons, and the Lord Canning, 1420 tons, for 
Messrs. Farnworth and Jardine—all intended for the East 
India trade. Also three composite schooners, of 125 tons each, 
for the pilotage service of the Bombay Harbour Board. The 
total tonnage of the above amounts to 10,487 tons. In addition 
to the vessels actually built and launched by the Messrs. Royden 
during the year, the following iron vessels are on the stocks, and 
all in an advanced state; a vessel of 1457 tons register, for 
Messrs. Rankin, Gilmour, and Co. ; two of 607 tons register, for 
Messrs. C.T. Bowring and Co. and Messrs. Royden; one of 
1264 tons, for Messrs McDiarmid and Greenshields; and one 
large ship of 1467 tons, just in frame. In addition to these vessels 
in course of actual construction, Messrs. Royden have entered 
into several contracts for other new ships, which will be im- 
mediately put in hand—two ships of 600 tons burthen each, one 
of 1100 tons, and one of 1400 tons. 

At the yard of the Liverpool Shipbuilding Company, Limited 
—formerly Messrs. Joues, Quiggin and Co.—one of the largest 
on the Liverpool side of the Mersey, the operations of the past 
year have been confined chiefly to the construction of thirty- 
five barges, from 82 ft. to 100 ft. in length, for the Suez Canal 
Company. ‘These were forwarded to their destination in pieces, 
but were so constructed as to be easily put together. ‘They 
have also launched during the year a screw steamer of 700 
tons, a steel screw tender for the Greek war steamer Amphri- 
tite, a steel screw tender for the Great Eastern steamship, a 
paddle-steamer, of 170 tons, for the Grand Trunk Railway Com- 
pany, and a steam collier, of 713 tons, to ply between Cardiff 
aud Rouen. ‘The company have also completed the greater 
portion of the repairs to the Great Eastern. ‘They have now on 
the stocks an iron barque, of 541 tons, and an iron screw- 
steamer for the Siamese Government. 

Messrs. Bradley, Day and Co., who now occupy the old 
building-yard of Messrs. Vernon and Son, have built and launched 
during the year a paddle-steamer, of 500 tons, for the West 
Coast trade, and another small small paddle-steamer, of 100 
tons, called the St. Nicholas. Messrs. R. and J. Evans have 
built at their yard the ship Compadre, of 800 tons, for Messrs. 
F. and H. Ismay, for the South American trade; the barque 
Harlech Castle, 600 tons, and the Rhuddlan Castle, 600 tons, 
for Messrs. Richard Mills and Co. ‘The latter vessel left the 
Mersey on Saturday, on her first voyage to San Francisco. 
Messrs. Evans have at present on the stocks two barques, of 
600 and 700 tons respectively, for Messrs. Mills and Co., and 
intended for the West Coast trade. The yards of Messrs. Vernon 
and Son and Messrs. Cato, Miller and Co. are at present closed. 
The latter is now in possession of the Liverpool Forge Company, 
who confine their operations at present to forging and repairs. 
Messrs. W. Potter and Co. bave built and launched during the 
yoar a screw-steamer, of 400 tons, for the Mediterranean trade, 
and a steam tug of 180 tons. Messrs. Potter are now chiefly 
engaged in the repairing of vessels, and at present they are re- 
fitting the troop-ship Clyde, which has been purchased by Mr. 
Edward Bates for conversion into a merchant-shippiog vessel. 

On the Cheshire side of the Mersey, the shipbuilding has 
been chiefly confined to Messrs. Laird Brothers, Messrs. Bowdler, 
Chaffers and Co., and Messrs. Clover and Co. At the yard of 
the last named, at Woodside, there have been launched, during 
the year, the Choluli, of 1100 tons, for Messrs. Willis and Co., 
the Bacchus, 1300 tons, for Messrs, G. H. Fletcher and Co., 
both for the Fast India trade, and a small composite vessel of 
80 tons. They have at present on the stocks, and in a forward 
state, a vessel of 1300 tons for Messrs. Clint and Co., and also 
another vessel of similar tonnage in frame. 

There have been ten launches from the yard of Messrs. 
Sowdler, Chaffer and Co., at Seacombe—the screw steamer 
Bristol, 700 tons; the Lancaster, ss., 900 tons; the sailing 
vessels Globe, 500 tons; the Mira Flores, 500 tons; Cambrian, 
700 tons; the Rivulet, 200 tons; the Sarah Jane, 200 tons; the 
Lampo, 60 tons; the Valdivia, 200 tons; and the small paddle- 
steamer, May Flower, 100 tons, ‘There ure also on the stocks 
at the same yard three sailing vessels and one steamer, and 
Messrs. Bowdler have entered into contracts for the construc- 
tion of several other vessels. 

Messrs. Laird Brothers’ establishment, it is needless to say, 
is the most important on the banks of the Mersey, and the 
operations carried on by them are always of the most extensiva 
character. During the present year they have completed the 
troopship Euphrates, 4200 tons (a description of which has 
already appeared in ENGINEERING); also the armour-plated 
turret ship Prins Hendrik, of 2100 tons burthen, for the Dutch 
Government. ‘The other work turned out by Messrs. Laird 
during the year comprises the paddle-steamer Kildare, for the 
Liverpool and Dublin cattle trade of the City of Dublin Steam 
Packet Company ; « paddle-steamer of 450 tons and 100 horse 
power has been launched, and will be shortly completed. Con- 
siderable progress has also been made with the armour-plated 
turret ship Captain, of 4272 tons burthen and 900 horse power; 
and the composite gunboat Teazer, of 460 tons. Messrs. Laird 


have also in an advanced stage two armour-plated monitors of 


1400 tons burthen each, and 180 horse power, They have also 
entered into a contract with her. Majesty’s Government for the 
construction of an ironclad broadside ship of 3770 tons and 800 
horse power, to be named the Vanguard, and preparations are 
being made for the speedy commencement of this large vessel. 


Frencu TRANSATLANTIC NaviGaTion.—The French 
Transatlantic Steam Navigation Company is engaged in the 
transformation of its vessels—the Washington and the La 
Fayette—into screws, with engines of 900 horse power. Itis 
hoped that the transformed ships will attain a high rate of 
speed, and that a considerable saving of combustible will also 
be effected. 








THE RANDALL FOUR-WHEELED 
STEAMSHIP. . 
To tHe EpiTor oF ENGINEERING. 

S1r,—I cannot concur with your correspondent, Mr. Camp- 
bell Ross, in regarding the four-wheeled steamship, of which 
you gave a drawing last week, as the “ Ship of the Future,” 
by which, I take it, is meant that it will supersede other 
forms of large steamers for the navigation of the sea. I 
suppose the structure is intended to be of wood, and if the 
hull is shallow it may be advisable, in such case, to raise up 
an are in the centre, to stiffen the vessel longitudinally. But 
in the case of sea-going steamers of the ordinary proportions, 
it will be sufficient to make the deck very strong, so as to 
balance the bottom, and so convert the structure into a great 
hollow tubular structure. In all vessels, whether of wood or 
iron, the day for diagonal ribs and bracings has gone by. Sir 
R. Seppings adopted that plan in his ships to give longi- 
tudinal strength. But the desired end would have been much 
better attained had he strengthened the upper deck. 

It has been already explained in your pages that for vessels 
of large size a screw at the stern is a much more efficient pro- 
peller than paddle-wheels at the sides, inasmuch as the serew 
works in the column of water which is put into forward 
motion by the friction of the bottom, whereby a portion of 
the power expended in overcoming this friction is recovered. 
It is consequently found, in the case of large vessels, that 
the screw gives as much more speed than the best paddles as 
could otherwise be obtained only by one-third more power, 
or, in other words, that the screw vessel will maintain the 
same speed with one-third less coal. Paddle vessels of any 
kind are, consequently, not likely to be “ships of the future” 
for navigating the sea. But if paddles are used, four paddles 
are worse than two, as the hinder paddles, where there are 
four, must work in water already put into motion in a direc- 
tion opposite to that of the ship. No doubt the same pressure 
may be put upon each float of the hind wheel as is put 
on each float of the fore wheel by rotating the hind 
wheel more rapidly, or by giving it an increased diameter. 
But in such case, while the pressure is the same, there is a 
great aggravation of the loss by slip. When paddle-wheels 
are rotated in the water, the chip is propelled forward, and 
the water is propelled backward. But as the propulsion of 
the ship is the object sought to be attained, the more the ship 
is driven forward, and the less the water is driven backward, 
the better will be the result. Water cannot be put into 
motion except at the expense of power; and if the water 
leaves the ship with much motion in it, the waste of power 
will be very great. We may easily double the velocity of 
rotation of a paddle-wheel by reducing the area of the floats, 
and in such case twice the strain will be expended in a given 
time, and twice the power will be exerted; but the forward 
thrust of the paddle will only be the same as before, since it 
will always balance the pressure on the piston, and the vessel 
will be propelled at only the same speed. The water, how- 
ever, will be driven back from the wheel at an increased 
velocity, and in this operation the whole of the additional 
power generated will be consumed. Now, it does not much 
signify whether the increased velocity of recession is given 
by reducing the area or increasing the pressure on the floats 
of a single wheel, or by adding a second wheel, which, 
moving with a greater velocity, shall give an increased velo- 
city to the receding water. In either case, the water goes 
away with a large proportion of the power, and consequently 
an action is established that is a wasteful one. It may in- 
deed be maintained that the wheels are intended to be we hone 
so far apart that the motion given to the water by the fore 
wheels will be lost before the hind wheels reach it. But this 
would be a very unsafe dependence in cases where large 
volumes of water are moved. If, then, paddle-wheels of any 
kind are inexpedient in large vessels navigating the sea, and 
if four wheels are worse than two, what inducement can 
there be to adopt a plan in which there is no novelty, and 
that comprehends both evils? The Comet—the first steamer 
that was commercially successful in this country—was fitted, 
at the outset, with four paddle-wheels, and the same arrange- 
ment has often since been tried or projected; but except in 
one or two exceptional cases, where special limits had to be 
surmounted, and where a loss was permissible to realise 
other objects, the system has always been abandoned. One 
ease in which four paddle-wheels have been successfully em- 
ployed is in the case of the light-draught vessels constructed 
by Messrs. Blyth to ascend the rapid on the Danube known 
as the Iron Gates, and one inducement for such an arrange- 
ment in this case was the necessity of distributing the weight 
in consequence of the extreme thinness of the plates indis- 
pensable to the prescribed lightness of draught. But in sea- 
going steamers there are no such limitations; and in the 
case of such vessels no inducement can be presented for the 
multiplication of the wheels, which would involve not only 
increased consumption, but increased complication. 

Tam, &e., 
Joun Bourne. 








JERSEY HARBOUR IMPROVEMENTS. 
To tue Epitor oF ENGINEERING. 

Str,—I am glad to see by your paper of the 20th inst., 
which, through some mischance, did not reach me until yes- 
terday, that we are in perfect accord as to “the desirability of 
“adopting the western side of the harbour of St. Helier, 
“ Jersey, and the shelter of the Hermitage and Castle Rocks, 
“as the proper position for the quays and landing-stage” of 
a packet harbour. 

This conclusion is the more satisfactory, as it has been 
arrived at without our having had any previous communica- 
tion of any kind on the subject, beyond those letters which I 
addressed to you some short time since, and to which you 
were good enough to give a place in the columns of your 
journal. 

With your permission, I will now offer a few remarks on 
the other points referred to in your leader, and thus enable 
yourself and readers to judge of the soundness of the reasons 





which have prompted me to recommend, in the design under 
notice, the particular features in question. 

The first point of difference, and “on which you are pre- 
pared stoutly to maintain your opinion,” has reference to the 
position of the terminating head of the western breakwater, 
which you consider should be on the Platte Rocks, and you 
give asa reason, that “from the corner where my break- 
* water is deflected inward to these rocks, the soundings 
“ show a ridge, along which it must be much cheaper to 
* construct the works, besides adding to the area of the har- 
“ bour a considerable extent of the deepest water.” I fear from 
this remark that you have judged my design from insufficient 
data, and have not been in a position to examine closely 
Commander Richards’s excellent chart of the roadstead, which 
I now enclose for your inspection, having shown thereon in 
contour lines the several gradations of soundings over the 
bay, and also an outline of the works I have propesed. By 
this you will perceive that I have most carefully considered 
the character of the ground which I have selected as the site 
for this important work, as the “ point of deflection” for the 
return arm of my western breakwater, at the “corner” you 
refer to, is precisely where the shoal water commences, and 
its alignment is continued along the shallow and rocky 
plateau, which extends in an easterly direction towards the 
small roads, and covers a considerable portion of its area. 

The outer wall of my breakwater is shown to extend for a 
length of 300 ft. along this plateau, in soundings ranging 
from 8 to 10 ft. at low water, with here and there projecting 
“heads” of rock, with only 4 and 6 ft. of water upon tHe. 

The inner wall or quay is also designed to extend along the 
same plateau for a length of 480 ft., in soundings ranging 
from 9 to 3, 4, 6, and 7 ft. 

Thus my breakwater, by its position and area, excludes 
from the harbour more than half of the shallowest portion of 
the plateau, and leaves but ‘a few rocky patches projecting 
within the enclosure. These, I propose, should be removed. 
It will also be seen that the form and extent of my break- 
water is as sufficient to cover in and thoroughly protect the 
mouth of the old harbour as if it had been terminated on the 
“ Platte Rock,” as that point, my breakwater head, and the 
present harbour entrance, all range in a continuous straight 
line. 

As regards the area I propose to enclose, I am of opinion 
that it will be amply suflicient for the ae ag of a packet 
harbour, such as is required for the island trade, being 10 acres 
in extent, with soundings ranging from 10 to 16 ft. through- 
out its entire area at the lowest tides, and having 1770 ft. of 
available quayage, well sheltered in all winds and weather, 
and provided with easily approached steam-packet berths. 

Had I adopted your view and continued the breakwater in 
a straight line towards the Platte shoal, instead of deflecting 
it as I have done, it would have involved the crossing of a 
“deep” or channel 250 ft. in width, and from 15 to 18 ft. in 
depth, besides other channels of similar length and depth, 
before reaching the “ Platte Heads.” Thus, the total extent 
of deepwater to be traversed to reach those rocks would, 
by your plan, be precisely the same as that.traversed by my 
breakwater, while the length of your arm would be greater 
by 250 ft. than that I have designed, that is, assuming the 
work to be carried out in a manner that would admit of the 
best advantage being taken of the natural features of the 
outer shoal. Your plan would also, I presume, involve the 
costly process of removing the whole of the large (two-acre) 
shoal, upon which I propose to found my breakwater, for if 
allowed to remain in the middle of the harbour, it must be 
greatly tothe detriment and danger of shipping at low water, 
the very period when its berths would be most required; be- 
sides which, I am of opinion that the further the breakwater 
in question is extended seaward, the greater will be the 
“run” along its quays and wnquiet within the harbour, by 
reason of the recoil seas or “back lash” from the opposite 
shore, in gales ranging from west round by south. Mhhis, I 
need hardly remark, would be fatal to its convenient use by 
steamers. 

You next differ with me as to the proper position for the 
viaduct, and you ask, “ Why carry the communication with 
“ the shore to such a distance, so as to sever the direct con- 
“ nexion between the outer quays and landing-stages with 
“ the new north pier and inner harbour, which, by the addi- 
“ tion of locks and gates, can so easily be turned into excel- 
“ lent floating docks, with 20 to 251t. of water?” and you 
go on to say, “ Facility of communication between the diffe- 
“vent quays is a great point in any port, and as good 
“ foundations can be obtained for an iron viaduct skirting 
the edge of low-water mark, and in a direct line from the 
rew north pier to the Hermitage Quays, the cost of such, 
irrespective of other advantages, would, we think, be found 
uot to exceed that of the longer though shallower route 
“‘ by the shoal known as the Castle Bridge.” 

When first called in by the Chamber of Commerce at 
Jersey, to consider the question of harbour improvement, my 
ideas on the subject of the position for the viaduct were 
closely similar to the views you have above enunciated, and, 
in fact, I prepared sketches for a design of that character ; 
these, after careful consideration, I abandoned as inadmis- 
sible, and concluded that the “ Castle Ridge” was the proper 
site for such a construction, for it is not the longest route, as 
you say, and is a straight line for the shore, and forms a 
direct communication with the new, wide, and handsome 
roadway which commences at the Parade and leads into the 
heart of the town, as well as to allits most important suburbs. 
It is also the nearest way to the-town of St. Aubin, and the 
rapidly improving intervening district. 

By constructing a viaduct along its site, the deep sandy 
bay extending to the Albert Pier, and from the Parade to the 
line of low water, would be included within what might be 
termed the arms of the outer harbour, and thus an area of no 
less than 140 acres would be secured, well adapted for partial 
reclamation, with valuable town frontage, ps conveniently 
situated for dock extension in connexion with that already 
suggested, also well suited for the formation of shipbuilding 

and such-like business premises. 

The “Castle Ridge” is, further, very favourable to the 


“ 


“ 


“ 


“ 








18 





ENGINEERING. 


[Jan. 3, 1868. 








ion of a viaduct, its surface 


facile and 
and its mass com of com- 


being 17 ft. above low water, an 
ee gravel and clay ; its position is also well protected by 

lizabeth Castle and the surrounding bluff rocks from most 
of the prevailing winds and heaviest seas. 

As a general maxim I quite endorse your statement that 
“ facility of communication between the different quays is a 
“ great point in any ” and could the design under notice 
have been so arranged as to have admitted the quays of the 
packet harbour to be in direct communication with those of 
the old harbour and proposed dock without disturbing other 
more important considerations, I should have been the first 
to have recommended so desirable an arrangement. But 
every general rule has its exception, and that under notice, 
in my mind, does not admit of a moment’s doubt. For were 
the viaduct to be carried across the bay, “skirting the edge 
“ of low water mark,” and joined “to the present north pier,” 
as you suggest, no advantage would be gained as regards 
distance, for the road to the shore would be rather longer than 
by the plan I have designed, but—and which is a point of far 





greater importance—the whole of the deep bay reaching to 
the Je, which I include within the arms of my harbour, 
would be cut off and rendered useless by the viaduct, and 
thus the only available area for future harbour extension 
would be sacrificed to an idea. 

There are yet other objections which I may be permitted 
briefly to touch upon. e first of these is, that a viaduct so 
placed would more or less cramp the bay, and prevent vessels 
working out in on-shore winds, for any craft missing stays | 
would not only be likely to damage herself by fouling it, but | 
might also—and which is a more serious consideration— 
carry away a portion of the structure, and thus cut off all | 
communication with the shore, and enhance the cost of 
maintenance. I am also of opinion that as the greater por- | 
tion of such a construction would be exposed to the direct 


a ae 


: 


action of south-westerly gales, it would, during such periods, 
be a matter of some difficulty to carry the traflic over it with 
any degree of convenience. I further consider that a much 
stronger and heavier class of work than that I have recom- 
mended would be involved, as the foundations would be 
chiefly in fine sand, with a substratum of peat of no holding 
capacity ; in addition to which the piers would stand 17 ft. 
further out of the ground, and thus the superstructure would 
offer great leverage to the broadside seas. These matters, 
however, are of minor consideration, and could be readily 
dealt with in construction. 

Next, as regards the Albert Pier, I am decidedly of opinion 
that it would be muc’ too narrow to admit of the traffic from 
the packet harbour and dock to be carried along it, as its 
total clear width of roadway is not more than 53 f{t., which is 
insufficient for even the purposes of an ordinary dock quay. 
To widen it would involve the reconstruction of the entire 
of the east wall, which, as the foundations are very bad, 
would be a most costly undertaking. As an illustration of 
my views, I may state that the best class of sheds lately con- 
structed on the margins of dock quays at Liverpool range 
from 60 to 80 ft. in width, exclusive of the outer roadway, 
and these are considered the true type of shed for business 

s. You can judge therefore of the state of confusion 
and inconvenience a heterogeneous mass of cattle, carts, 
carriages, omnibuses. and foot-passengers would cause on a 
quay way 53 ft. wide, when the ordinary process of loading | 
and discharging should be constantly proceeding. 

As regards the necessity for the “ groyne” to spring from | 
Castle Breakwater, and extend to the Pe geo rocks,” to 
which you allude as ingeniously suggested on one of the 
plans, as well as the desirability of forming the whole of the 
present harbour into a floating dock, which I hear is also 
recommended, I may be permitted to remark that, though 

uite prepared to uss most fully the merits of my own 





gn as against those suggestions, I consider it would be 


discourteous and unprofessional in me, at the t time, 
to call in question any features that are embodied on any of 
thé competition plans, nor, indeed, would I now write as I 
dete alinee at my design were it not that I take it to be 
my duty to explain, to best of my ability, the merits of 

ose im t features which have been thus publicly 
called in — by your leader. 

In conclusion, I have to apologise for the great length of 
this communication, and hope you will be good enough to 
give it a place in your columns. 

I am, Sir, your obedient Servant, 
Geroree Fossrery Lystsr, C.E. 
Dockyard, Liverpool, Dec. 28, 1867. 





To tue EpiTor or ENGINEERING. 

S1z,—Will you allow me to offer one or two remarks upon 
the article on the above — which ap in your last ? 
I know the port of St. ie ier’s well, have seen all the 
plans. The result of my inspection has been anything but 
reassuring as to the capabilities of the large majority of the 
thirty-seven competitors. With few exceptions, the plans, 
emanating as they do in many instances from amateurs, are 
quite worthless, many absolutely ludicrous. Costly piers are 
projected with reckless prodigality into the deepest water, the 
present anchorage is in most cases cut up and destroyed, in- 
genious wave-traps are designed for the instant destruction of 
any vessels which could find their way into them, the de- 
molition of existing piers is recommended with ruthless 
vengeance, narrow entrances are designed which none but 
steam-vessels could possibly smuggle into, detached break- 
waters and large “ emplacements” are picturesquely dabbed 
in all over the Little Roads, and acres of ground are fouled 


by mountains of pierre perdue choking up the roadstead, 
and, in short, as brilliant a tissue of absurdities has been 


perpetrated as if they had originated at Colney Hatch. In 
the face of all this, it appears to me that the Harbours Com- | 
mittee have an easy task before them. The chaff being so easy | 


to discard, it is not difficult to pick out the few remaining 
ins of wheat. The question as to whether the new land- 


is no doubt a subject deserving of discussion. For m 
t, I cannot advocate transferring the steamboat traf 
far the largest and most important in the island, to such an 
exposed and out-of-the-way region as the neighbourhood of 
the Hermitage rocks, nor can Tegee with you in your ob- 
jections to the eastern side on the score of the alleged im- 
possibility of steamers lying there in safety, although pro- 
tected by a western breakwater. Upon this point, however, 
I do not propose to enlarge ; I a = wish to endorse your 


verdict in favour of a breakwater from the Hermitage to the | 7 F 
| ture that may be necessary is to be provided out of capital. 


Platte Rock. No breakwater, stopping short of the latter 
point, can possibly be said to enclose and shelter the whole 
of the present anchorage. 


voluntary competitors of standing in the profession, go either 
directly on to the Platte or slightly within it. The smallest 


study of the chart, and a moment’s use of the parallel ruler, | 


will suffice to prove that such a breakwater would afford the 
most complete protection both to the anchorage and to the 
present harbour mouth consistent with the non-obstruction 
of the approaches to the port. It would shelter everythin 


of S.W. and S., as may be seen by the accompanying sketch. 
This breakwater, I submit, should be the ating wind of 
the Jersey works, and, while it is in course of construction, 
ample opportunity would be afforded of judging how far it 


would be likely to shelter any works constructed on the | comple - 
the Central Wales line, 


eastern side. 





Ta 
| December 24, 1867. 
ings should be on the eastern or western side of the roadstead | 


own 
ic, by 
| a circular s 
| India Council as res 


] J Three out of the four eminent | 
a specially consulted by the committee, and several | 


| of 107. per mile opened, accum 





to sever the direct connexion between the outer quays and 
with the new north pier and inner harbour?” and you 
further —_— “a viaduct in a direct line from the new 
north (or ) pier to the Hermi quays.” Theanswer 
to this is very simple. Sailing vessels entering the port at 
high water in certain winds now fetch right across the 
harbour mouth, and I have often seen them tacking about 
over the site of the viaduct, you and others propose on the 
zigzag lines euteay indicated on the sketch. Such a 
viaduct, therefore, would prove an intolerable impediment to 
a harbour already by no means easy of access, and would 
not only be in constant peril of destruction, but would be a 
source of continual danger to vessels themselves. If a via- 


duct is , destroying, as it must in any case, the 
passage Se wos round Renae, now constantly made use 
of, that proposed by Mr. Lyster is in my humble opinion un- 
uestionably the right one. You will find, on measuring, 
t Mr. Lyster’s route to the town is no longer than yours 
would be, while his viaduct at all events does not interfere 
with vessels entering the harbour from the south. Let us 
hope, however, that no viaduct will be required at all. 

As to the docks and inner works, these are of secondary 
importance at present, though, no doubt, they will ultimately 
require very ul consideration. What is wanted in 
Jersey is either a small dock with pen-gates, or a large dock 

iving plenty of lockage water to a roomy lock long and 

road enough to receive the largest steamers trading to, or 
likely to trade to, the port of St. Heliers. No plans that do not 
fulfil these simple conditions are worth considering any more 
than the fancy schemes for turning the whole of the old and 
new harbour into one huge dock to its total destruction as a 
tidal harbour, and the consequent exclusion of the numerous 
class of small vessels which take the ground and do not re- 
quire floating accommodation. 

The subject is one of great interest in the profession, and 







the prominence which you have already given to it in your 


| columns leads me to hope that you will not be disinclined to 


ventilate it still further through the same valuable medium. 
m, Sir, your obedient Servant, 
A Non-COMPETITOR. 








Tue Great Inpian Peninsvuta Rartway.—The directors 
of the Great Indian Peninsula Railway Company have issued, 
ifically describing the arrangement with the 
ts the incidence of the heavy expendi- 
ture to be incurred in the restoration and, where necessary, 
in the complete reconstruction of the defective works of the 
line. Under this arrangement the surplus profit of the half 
year ended the 30th of June last, amountin: to 66,0571., is 
to be applied to the purpose, but all the additional expendi- 


No charge, therefore, except the interest on the capital thus 
applied, will fall on receipts of the current or future half 
years. It has also been determined that, from the Ist of 
January, 1869, a fund should be established by transfers 
from the income of each half year of such a percentage as 
may be a between the company’s consulting engineer 
oa the Government consulting engineer, sufficient for the 
ordinary renewal of the permanent way, and likewise a sum 
ulating to not more than 


250,000/., to provide for extraordinary casualties to works of 


| in the little roads and the harbour mouth from winds north | the line, the former percentage to be subject to adjustment 


from time to time as the results may require. 
Wetsn Rartways.—The Swansea section of the Llanelly 


Railway was opened for passenger traffic throughout on Jan. 1. 


By the opening of this section, the narrow gauge has been 
from Swansea to Carmarthen, and by means of 
the London and North-Western 


With regard to a viaduct connecting the Hermitage with | system will now have direct access to the :ports of Swansea 





the mainland, you ask, “ Why carry it to such a distance as | and Llanelly. 
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LOCOMOTIVE 


Hy 
LUA EEE 


Fumeancr. 


WE give, above, a side elevation of the locomotive crane 
recently designed by Mr. Dubs, and now in course of con- 
struction at the Glasgow Locomotive Works, and to which 
we referred in our recent description of that establishment on 
page 474 of the last volume. The plans, sections, and details 
of this machine will follow at an early date, and we therefore 
confine ourselves at present to a few descriptive remarks 
about the crane. The whole is mounted upon a four-wheeled 
tank engine, with all its wheels coupled, and outside cylin- 
ders. The engine is provided with a complete working and 
reversing gear, brake, injector, &c., so as to form a small 
locomotive engine, suitable for hauling and shunting wagons 
singly, or in trains all over the sidings in the works, or upon 
the main lines outside. The boiler is surrounded at its 
central part by a stout wrought-iron ring, which carries the 
hollow pillar or vertical column of the crane. The crane jib 
is shown on the drawing as — just over the chimney, 
which is, however, it is scarcely necessary to say, not its 
usual position. The jibis me | of two wrought-iron plates, 
stiffened, and connected crossways, and it carries the usual 
crane chain and gearing, worked by reversing engines. The 
crane can be turned by steam power all round its vertical 
axis, so as to reach over at either side of the line, and pick 
up or lay down an article as required. Both self-acting 
movements can be controlled by the workman standing at 
the platform, a valve, shown upon the drawing, con- 
trolling the steam for the crane engines. . The connexion 
cannot be seen upon the present drawing, and we defer its 
explanation until we are able to lay the detailed sections 
before our readers. 











LETTERS FOR ABYSSINIA. 


It may be interesting to many of our readers to learn the 
following regulations which have been laid down with refer- 
ence to postal communication with the Abyssinian =— 
All letters, &., which may be posted, divected 
serving in the expedition, will, when not otherwise ‘ad » 
be forwarded by each mail despatched to Suez, for convey- 
ance thence 4 the mail packets proceeding to Bombay or 
—— which will be oe on their pi e to Aden. 
Correspondence intended to be yoo must be 
specially superscribed “ Field Force, Abyssinia,” and it will 
be liable to the same rates of postage and the same regula- 
tions as correspondence addressed to Aden. These rates are 
as follows: 

Letters. — Vid Southampton, not ex $ 02., 6d. ; is 02., 
Is. ; +} vid Marseilles, not exceeding } oz., mags $o2., Is. 8d 

Newspapers.—Vid Southampton, 2d. ; vid "Marseilles, 3d. 

Book Packets.—Vid Southampton, 4d. per 31b.; vid "Mar- 
seilles, 6d. per } Ib. 

All correspondence addressed to persons on board ships of 


sent in these 


CRANE AT THE GLASGOW LOCOMOTIVE 


‘DESIGNED AND CONSTRUCTED BY MESSRS. DUBS AND CO. 


ti = 
Hall Pel 











THE LATE INDIAN ENGINEER 
EXAMINATION. 


Te examination of candidates for appointments in 
in the Indian Public Works Department, advertised in 
the columns of ENGINEERING, and other papers, to take 

lace during the past month, ‘occurred the week before 
ast at the new India Offices, in Charles-street, West- 
minster. Although there were twenty-five appoint- 
ments offered for competition, only twenty-two candi- 
dates presented themselves before the examiners. 
Fourteen of these had been up at the former ex- 
amination in July last, so that there were in reality 
but eight fresh candidates. Only sixteen succeeded 
in obtaining the required minimum number of marks, 
and that number only have received appointments. 
Their names and the number of marks obtained by them 
in each subject are as follows: 





























Civil 
Mathe- Sur- 

No. Name. matics-| — 4 veying. Total. 
1 | Mr. R. W. Everett-Green| 274 | 335 | 157 | 766 
2] , H.Lyon ... | 269 | 830 | 181 | 730 
3| , JN. Grain er 837 | 260 | 121 | 718 
4| ,, F. Brickwe 254 | 335 | 125 | 714 
5 | 4 E. Le Lievre 224 | 385 | 145 | 704 
6| ,, W. Eckstein 229 | 330 | 105 | 664 
71 y S.F.Cox wa. 214 | 835 | 106 | 655 
8| ,, . V. Maclvor 256 | 295 | 102 | 653 
9| ,, J. W. Johnson 226 | 285 | 121 | 632 
10 | ,, C. Dunscombe 254 | 245 | 125 | 624 
11| ,, A.H. Tyndall 274 | 245 | 100 | 619 
12| |, R. Ewing ... 239 | 265 | 107 | 611 
13| ,, R.Wallnott ... 200 | 300 | 110 | 610 
14| ,, J. W. Martin «| 205 | 285 | 116 | 606 
15 | ,, D.F. Martin 234 | 265 | 106 | 605 
16 | ,, J. M. Bell... 210 | 293 | 101 604 
The examiners on the present occasion were the 


Rev. J. Cape, A.M., F.R.S., George Preston White, 
Esq., C.E., and Captain G. Newmarch, R.E. 

Mr. Cape’ 8 examination-questions consisted of four 
papers, on arithmetic, trigonometry, and mensuration, 
algebra, Euclid, mechanics, and hydrostatics. We 
have on former occasions remarked on some of Pro- 
fessor Cape’s questions as being somewhat out of place, 
considering the nature of these examinations; but, 





war or transports engaged in this expedition will be sent to 
Aden, and will also be liable to the foregoing rates. 


after carefully going through the questions given at 
this last examination, we have every reason to be well 
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pleased with them, as being of a thoroughly useful and 
practical character. 

It must be a matter of no little difficulty for Mr. 
White so to vary his questions in civil and mechanical 
engineering as to avoid repeating some that have been 
given on former occasions, and after nine years, over 
which these competitive examinations have now ex- 
tended, during the whole of which time Mr. White 
has been the examiner in civil engineering—the most 
important branch of the examination—it must be no 
easy thing for him to find fresh subjects to include in 
his papers. Those who have gone through, and care- 
full eo | examined the papers given on previous occasions 

of which have been printed in the form of Par- 

liamentary papers, with the exception of those given in 
July last, but which we may expect daily to be issued 
from the Parliamentary press, as they were returned 
to Parliament last month, at the desire of Mr. Adam, 
and have been ordered to be printed—cannot fail to 
be struck with the great diversity of subjects treated 
of in Mr. White’s papers at each different examination. 
Last week the questions in civil engineering embraced 
architecture, building materials, and construction, in 
which questions on Ransome’s patent stone, the 
characteristics of good bricks, the best time for felling 
timber, the use of steel in place of iron, and on the 
subject of cements were introductd. Next came a 
paper on lighthouses and constructions in iron, which 
was accompanied by an admirably executed woodcut 
of the Buda iron lighthouse, designed by his Excel- 
lency Don Lucio del Vallé, ‘for ra Spanish Govern- 
ment, and erected at the mouth of the Ebro. This 
was followed by one on iron roofs, accompanied by a 
woodcut representing an iron roof, of 40 ft.. span, 
manufactured in England for Calcutta. In this, as 
well as in the former xp mF the questions embrace 
almost every particular ee ing structures of the 
character represented by the illustrations, incl 

the use of cast and wrought iron for their sev 
cele estimates for their cost, their proportions and 
imensions, and the effect of wind on them, with the- 
best means of construction so as to resist, in the best 
possible manner, and with the greatest effect, its pres~ 
sure upon them. A most important ager with refe- 
rence to India is fully and ably treated in a third 
on irrigation, drainage, water supply, &. It is un- 
necessary here to say anything further on this subject; 
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its importance must commend itself to every one inte- 
rested in India, and Mr. White has done well in giving 
a large share of attention to it in his questions. An 
entirely novel style of paper—at least at these engineer 
examinations—given by Mr. White, as a portion of 
his examination, treats entirely on physical maps, and 
it is one, we fully believe, calculated to be of the 
greatest interest and importance, as directing attention 
to that mode of describing a country, and, as is truly 
stated by Mr. White, in a foot-note, ‘‘ Physical maps 
* are capable of being applied to many other subjects 
** not hitherto used, and may be most usefully employed 
* to illustrate reports. I therefore wish particularly 
“ to direct your attention to this interesting subject.” 
At the back of this last paper is printed a portion of 
Mr. Fowler’s address, as President of the fastitution 
of Civil Engineers, to which the careful attention and 
study of candidates is.directed. 

Captain Newmarch’s examination also comprised 
four sets of examination papers. The first consists of 
a series of questions on surveying. The second is 
headed “ Examination in Surveying,” and is accom- 


waste heat or by the burning of gases unconsumed in manufac- 
turing processes. As it is the object of this investigation to 
determine that area of safety-valve needed to ensure safety, it 
is proper to give so great an excess above the absolute demand 
for the sectional area of the vein of steam escaping from a boiler 
under any given pressure as will be sure to cover the emergency 
of extraordinary rapidity of combustion during any short period 
of time, and also to include the coefficient of resistance to dis- 
charge through a passage offering as much resistance as the one 
formed by lifting a disc-valve of the ordinary construction from 
a flat seat. 

We here notice that there may be so large an excess of area 
that the opening of the valve may, by its sudden relief of pres- 
sure and discharge of steam, especially in boilers with limited 
water-surface for the elimination of the steam from the water, 
dangerously disturb the equilibrium of circulation of water 
within the boiler; and also that the safety-valve may be so 
badly formed, in regard to shape of disc and seat, that, after 
lifting a little without any change of load upon the valve, the 
pressure within the boiler may dangerously increase, while a small 
quantity of steam only is discharged. In both of these points of dif- 
ficulty we will refer to the practice of engineers, only saying here 
that the ratio of excess which we assume, when applied to the case 
of the gradual rising of temperature and pressure which occurs in a 
boiler containing a mass of water, and only admitting the 
gradual opening of the valve, is much below any dangerous 
condition, and our assumed excess is really additional safety. 





— by an ordnance survey map of a portion of the 
rish coast and Valencia harbour. A foot-note to this 

aper states that a portion of the afternoon would also 
be given to a vivd voce examination of the candidates 
in the practical use and adjustment of instruments. 
Then follow questions on levelling and practical sur- 
veying ; and, lastly, an examination in plotting and 
plan-drawing. 

Great inconvenienceand disappointment are, we have 
been informed, often felt by young men preparing them- 
selves forsome future examination for the Indian service, 
in consequence of the Parliamentary papers from 
which alone can be obtained the questious given at 

t examinations being all out of print (with the ex- 
ception of those relating to July last, which are not yet 
issued to the public). We are not aware of the 
existence of any rules regulating the reprint of Parlia- 
mentary returns, but, should there be no public 

rounds for objecting to such a course, it would, we 
eel certain, be accepted as a great boon by many, if a 
fresh edition of those papers were printed; and, even 
if sold at an enhanced price, there can be little doubt 
they would all soon find purchasers. 














SAFETY-VALVES AND STEAM-GAUGES. 

We republish from the Journal of the Franklin Institute the 
report of the committee appointed by the Franklin Institute, to 
consider the legal requirements which should be made for safety- 
valves and pressure-guages upon steam-bvilers. 

REPORT. 

Considering, first, the subject of safety-valves— 

We do not find there has been acknowledged in American or 
English practice of engineers or boiler-makers any general rule | 
of dimensions of safety-valves, relating to other dimensions of 
boilers, or to the pressures of steam, or the rates of combustion 
of fuel, meme such relationship is admitted by the assump- 
tion and use of different constructors without any definite rule. 

Neither have those writers in our language, whose works are | 
regarded as authoritative upon the subject of steam and the 
steam-engine, nor has American or English legislation estab- | 
lished or stated suitable proportions and requirements for the ' 
various conditions. On the other hand, the laws of France and | 
of other continental nations have been framed with an evident | 
appreciation of the essential demands; and establish areas of 
valve-openings for all sizes of, and pressures of steam in, boilers, 
go that it has only remained for the committee to translate into | 
English measures to modify the ratios by using as the surface of | 
comparison with the safety-valve area the grate surface, in place | 
of that adopted by the French—the boiler surface, and to make | 
a further correction by embracing in the rule the differing rates 
of combustion upon the grate-surface. 

The committee have not found, nor have they sought very | 
carefully, the reasoning upon which the French rule or formula | 
has been based, and wili say that they reached the same con- 
clusion independently, and were not a little surprised by the 
coincidence after their own investigation. We proceed to give, 
as briefly as possible, those considerations which control or in- 
fluence this question of area of safety-vaives, A safety-valve is 
a loaded valve covering an orifice opening outwards from a 
boiler, which valve is intended to lift whevever the pressure of 
steam within the boiler rises above that to which the valve has | 
been loaded, and the opening thus produced ought to discharge | 
the steam of the boiler in such quantities that the pressure | 
within shall not exceed, to any considerable degree, or beyond | 
some fixed limit, the defined presruré at which the valve 
opened. Vi ee 

Upon this proposition, it is evident that a safety-valve may | 
sometimes be required to discharge all the steam, which, under | 
the most favourable conditions, may be formed by evaporation | 
in any given time. As the rapidity of evaporation of water is 
evidently the result of rapidity of combustion of fuel, which | 
itself refers to extent of grate-surface and strength of draft or 
blast. (supply of air), we take the grate-surface or area as that | 
element of a steam-boiler preseniing the most readily measured | 
surface for comparison with the required area of the opening 
or least section of the aperture or channel of discharge of an 
opened safety-valve. We can assume that the draft or supply 
of air to the fuel being burned under any given steam-boiler is, 
on the ave that existing in ordinary stationary steam- 
boilers with chimney draft, and afterwards correct our propor- 
tions for forced draft or blast and more active combustion. In 
like manner, we can modify the results based on this assum 
tion to suit the conditions of boilers which are heated by the 











The assumption of considerable excess also allows us, when in 
our theoretical examination we fihd considerations of obviously 
very small value, to reach, in a practical form, a perfectly satis- 
factory general result. Proceeding on these ee therefore, 
let us take the average combustion of a well set or arranged 
boiler at 8 lb. of coal (or fuel equivalent) per square foot of grate 

r hour, and that the maximum combustion, when the fire is 
in the best condition, and is evolving heat most rapidly, can be 
taken at three times that of the average. That is, for a por- 
tion of time we must assume the rate of burning will be 24 lb. 
of coal per square foot of grate per hour. We can estimate 
with the slow rate of average {combustion assumed, and with 
ee heating surface to the boiler, which surface shall be in 
good working order, both within and without, that there will be 

rated about 9 lb. of water to each pound of coal consumed. 
bis gives a maximum rate of evaporation of 216 lb. of water 
ad square foot of grate per hour, or 0.06 lb. of water per square 
oot of grate per second. 

On the grounds stated in a preceding paragraph, we may 
neglect the increase of heat demanded for the evaporation of 
water at higher temperatures than 212°, and assume within our 
limits of 20 1b. to 1201b. above the atmosphere the weight of 
water evaporated or quantity-of steam produced by the combus- 
tion of a given quantity of fuel to be constant. 

Whatever error there is, from takinga larger quantity of steam 
at the higher pressures than is actually produced in the result 
only adds to the dimensions of the safety-valve of such higher 
pressures, and is an error in a safe direction, as well as a very 
small one. 

When we come to the discussion of how great an allowance of 
excess of size over absolute requirement is to be made, we take, 
first, the coefficient of friction, as found by experiments on the 
flow of liquids through apertures and passages of a character 
similar to the passages of safety-valves, Ag—1.5 a, where Aj is 
the area of absolute requirement sought, and g'the sectional area 
of vein of fluid, supposing no resistance from’ the mouth of dis- 


eva 


charge to exist. And, secondly, the practical’ coefficient em- 
ployed to give adequate excess of area of valve for all contin- 
gencies. 


This last has been taken at eight times the area of absolute 
requirement, or A=8A,=12a, where A is the area of the valve 
sought, and a, as before, the values of Ay, A and a being taken 
in square inches. 

The most simple equation expressing the relation of volumes 
of steam to water applicable to our purpose is that given as the 


result of experiment by Fairbairn and Tate. 
8R9 


Oe 
U e=pypi5o5at?4l, 
where Up =the volume of 1 lb. steam in cubic feet, under any 
nominal pressure=P per square inch above the atmosphere. 
Whence we have 


389 . 
U =0.00( sy isusy tol )=entic feet of 
steam formed, under our supposition, per second. 

The height of column to effect the discharge of steam under 
any pressure P (per square inch) is evidently equal to the volume 
of P pounds of steam multiplied by 144. 

A=1441 (sit 1 , 
and the theoretical velocity of discharge in feet per second=V 
=8.025V h. 


a v=8.0254] 144P a 
P+15.002 


The size of the vein a (in square feet), which will convey the 
volume U at the velocity V per second, is 


889 





+041 





; __ 389 __ 4.0.41 
U _ 0.06 P+15.052 
£,°°° 3x —a.—— CCS; 
yp ( epi5.052t 1 )i 
but l44a,=a, and 12a=A. ,*, A=1728a,. 
Q Ly <j eeT, 
«1728 0.06 P+i5.092+ #1 ) 
oo A= To “3.005 ,| | “389 


P( pzisasst tt ) 


1 1 
Ps A=21.23/ P (Fries + 0.00105 ). 
We will now compare this with the legal formula of France, 


which reads 


A (in centimetres) =0.00053 S(in_metres) 
n—UAl2 ; 




















where A=area of safety-valve, S=heating surface of boiler in 
square metres, and m=absolute pressure of steam in atmo- 
spheres. We can safely take the French practice in construc- 
tion of their boilers at twenty units of boiler surface to each 
unit of grate-surface, as the boilers in general use in France 
assimilate in these ratios to those of our long-cylinder or two- 
flued forms, when the proportions generally correspond. Sub- 
stituting this value and taking 14.7 pounds for the atmospheric 
pressure, deducting one atmosphere of constant pressure, and 
sotusteg the whole to American weights and measures, we 
ve: 

22.5 
P+8.62 
valve per square foot of grate-surface. 

The results of the two formulas are given below: 


» Where A=area in square inches of safety- 
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This coincidence of result could only have existed from 


having the same basis, and the difference of form of the two 
second terms can only have arisen from the using some other 
and more tractable empirical tormula for the voiume of steam 
by those who originated the French rule. 

The divergence below 201b. we do not consider essential, 
whether the calculated formula gives too large values, or the 
French one gives too small, and we would recommend for adop- 

4 , 22.5 
tion the more simple formula A= Peer 


It next remains to show the results of this formula when 
applied to practical cases, so as to see how nearly it is corro- 
borated by the use of our American stationary-boiler makers. 

We give tables of two pressures, 50 lb. and 80 Ib. per square 
inch, and for areas of grates from 4 to 25 square feet of grate 
as below. 

Areas of safety-valves for boilers with 80 1b. pressure (A= 
0.254), and with grates of different dimensions: 





Surface of grate in ‘ | ¢ 95 
square feet agi * 18 ° seal fan ” - 
Estimated area of Fyn Pe ee | © hate 
safety-valve ... ... 1/15 |225, 8 | #) 5 |e 
Estimated diameter of | | | 
safety-valve in near- 14/13) 13) 2 | 22 | 3/ 8 
| 
| | 


est whole numbers 
or quarters of inches 


Areas of safety-valves for boilers with 50 Ib. pressure “(am 
0.384), and with grates of different dimensions: 





Surface of grate in 
square feet... 
Estimated area 
safety-valve ... 

Estimated diameter of 
safety-valve in near- 
est whole numbers 
or quarters of inches ) | 


We think these dimensions correspond very nearly to the 
practice of all experienced constructors, and exhibit at once the 
usual size of safety-valve, and that of the main steam-pipe 
generally employed. 


4\6 | 9 | 12 | 16 | 20 | 25 


1.52) 2.28) 3.42) 4.56/ 6.08) 7.60) 8.50 


of 





14 | 13 | 23 | 23 | 32 | 33 








(To be continued.) 








Curna.—A rich gold-field has recently been discovered near 
Passiette, a Russian settlement on the Manichurian coast, 
which is jealously guarded by Russian artillery from the too 
close investigations of intruders. The Labuan coal-fields are, 
it is said, to be wrought more vigorously. Pekin coal is not so 
favourably thought of for commercial pu: as was formerly 
the case. Coal of an inferior quality from Saghalien has been 
offered for sale at Shanghai. 
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SHIPBUILDING ON THE CLYDE. 


Tuanxs to the energy and enterprise of our 
Glasgow contemporary, Zhe Morning Journal, we are 
enabled to place before the notice of our readers in 
to-day’s issue of ENGINEERING an amount of detailed 
information regarding the great national industry 
practised on the Clyde, such as rarely comes within 
the reach of newspaper readers in general, and ship- 
builders and marine engineers in particular. It is the 
annual tabular statement of the shipbuilding on the 
Clyde for the year 1867, and is one of a series which 
our northern contemporary has been giving for some 
years. Following so closely upon our imperfect sketch 
of the life of Robert ey. say who may most appro- 
priately be regarded as “the father” of the important 
industries of shipbuilding and marine engineering on 
the Clyde, this tabular summary of the year’s work 
done in the shipbuilding yards and marine-engine shops 
of Glasgow and its associated ports in the vale of 
Clyde acquires a peculiar interest for our readers. In 
publishing this elaborate Table we are performing a 
duty that we owe to our profession, and for which 
many of our readers will heartily thank us. For a 
considerable time we have been in the habit of giving 
regular monthly statements of the Clyde shipbuildin 
in our “ Notes from the North,”’ besides the occasiox 
notes which have appeared in our correspondence re- 

arding the progress and extent, and other pecu- 
jarities, of that important branch of industry. Our 
work would be incomplete, however, if we did not 
permit our pages to be the medium for conveying this 
valuable annual summary into scores of shipbuilding 
and shipping ports, and into the hands of thousands of 
a that we can scarcely expect would be reached 

y a local or provincial paper, such as our Glasgow 
contemporary. It may reach the ports and persons 
just referred to, but EncinEERING must reach them. 
People engaged in the industrial arts under notice are 
necessitated to make and maintain our acquaintance, if 
they want the freshest, fullest, and most trustworthy 
information that is obtainable regarding the extent to 
which these arts are practised in this country, and the 
progress which is almost daily being made in them. 

Let us now glance briefly at some of the most 
striking features of the Table under notice, and give 
our readers the benefit of our reflexions upon the 


me. 

One of the first things to which our attention 
is drawn is the great number of firms engaged in 
naval architecture on the Clyde. From the Table we 
find that there are now no fewer than thirty-seven such 
firms. This is an increase of six since the year 1864, 
when there were thirty-one, of which thirteen had 
sprung into existence during the three years imme- 
diately preceding. It is almost surprising to note the 
extent to which the art of applying steam power to 
ships has risen. during the fifty-five years that have 
elapsed since Henry Bell launched his little steamer, 
the classical Comet, as is indicated by the details in 
the Table. Yet it is but meet that, the district which 
gave birth to that tiny steamer should have attained the 
= pre-eminence of being the greatest seat of ship- 

uilding in this or in any other country. Glasgow, 
**the Metropolis of Mechanics,” as a competent 
anthority has termed it, is in the very heart of one of 
the most important coal-mining and iron-making dis- 
tricts in the world, and is with easy communication, 
by means of its noble river and by railway, with Gree- 
nock and all the other shipbuilding ports. The raw ma- 
terial, therefore, is of necessity cheap. Then, again, there 
are the great ene skill, the industry, energy, 
enterprise, and practical knowledge possessed by the 
heads of the firms named in our Table—the Napiers, 
Cairds, Dennys, Steeles, Duncans, Elders, Randolphs, 
Thomsons, Lauries—names, indeed, which are known 
wherever a British ship carries aloft the British flag ; 
and, lastly, there is the hard-fisted and hard-headed 
character of the northern handicraftsmen, which is 
always ready to second the efforts of the employers to 
supply ships and engines of the soundest workman- 
ship and most finished neatness. Both the employers 
and employed in those shipyards and engine-shops on 
the banks of the Clyde have aimed at and courted 
success; they have won it, and well do they deserve 
it. They seem determined likewise to retain their pre- 
eminence. Let us hope that the Thames, Tyne, Wear, 
Dee, Mersey, &c., do not grudge to their sister Clyde 
thé honours she has won in the race of competitive 
skill and industry. 

If we inspect the Table a little scrutinisingly, we 
cannot help noticing that the peculiar trade of the 
Clyde has not suffered any very extraordinary falling 

in the year just closed, when we consider the great 
dulness which has prevailed very generally over the 





whole country, not in one, but in many branches of 
trade and manufacture. The year 1864 was purely an 
exceptional one, as regards shipbuilding. It was in 
that year that such extraordinary demands were made 
for blockade-runners on account of the American war; 
it was in that year, also, that steam-rams were launched 
to the extent of no less than 11,900 tons, say 12,000 
in round numbers. That of itself forms an important 
item in the production of 1864, but in the year just 
terminated there was not a single ram launched. The 
relation of the total tonnage launched during the two 
or in question is that of 17 to 10, as nearly as may 

e, or, in other words, the tonnage of 1867 was rather 
more than one-third less than that of 1864. Itis evident 
that the crisis in Clyde shipbuilding has been passed, 
for in the summary of the “ orders on hand” it will be 
seen that already for the present year orders have 
been received for a greater tonnage than was launched 
during the whole of last year, and more orders are 
daily expected. Indeed, it is expected by some hope- 
ful spirits that 1868 will equal, if it do not even 
surpass, the production of 1864. If we compare the 
numbers indicative of the work done in 1867 with 
that which is already ordered for 1868, a very striking 
fact presents itself to our notice. While there is only 
about 500 or 600 tons difference in favour of 1868 in 
the grand total, it will be observed that the tonnage 
in steam-propelled vessels stands already between 
18,000 and 19,000 tons greater than that of 1867. 
The comparison is shown : 


1867. 1868. 








Steam ...63,723 tons 82,018 tons Increase 18,295 tons 
Sailing...50,517 ,, 33,106 ,, Decrease 17,411 ,, 
Total...114,240 tons 115,124 tons 


In respect of the destinations and trades of the 
vessels included in the launches for 1867, some in- 
teresting facts crop out of the table. Out of a total 
of 241 vessels launched during the past year, as many 
as 44, more than a sixth of the whole, were built for 
South America. This is a hopeful sign in a variety of 
ways. It means more political quietness for the South 
American States; it means the construction of piers, 
harbours, docks, and railways, and the opening of 
boundless acres of fertile territory to the art of agri- 
culture, as practised in this country ; it means cheaper 
food, an increase of mineral wealth, and a draining of 
the population from overpeopled countries like our 
own; and, to the workman at home, it means an 
increase of wages, and necessarily an increase of 
domestic comfort. We observe a number of instances 
of the fact that must be well known to our readers, 
namely, that strenuous efforts are being made to 
develop the illimitable natural resources of our Indian 
empire. In addition to the numerous clipper vessels 
built for the India and China trades by Steele, Duncan, 
Connell, Laurie, Barclay, Curle and Co., there are no 
fewer than three steel-plate paddle-steamers and six 
steel-plate barges built by Messrs. Randolph, Elder 
and Company, to the order of the Indian Government, 
for the navigation of the Godavery river. There are 
also two vessels for the navigation of the Irawaddy. 
The Table would, of course, be incomplete if it did not 
include mention of a number of those famous crack 
Clyde-built yachts. We observe the Nyanza and 
Oimara, built by Messrs. Steele and Company, two 
yachts which have, during the yachting season of the 
past year, carried almost everything before them. 
Then there is the famous yacht Sea Horse, built for 
the Earl of Cardigan by Messrs. Tod and McGregor, 
a firm which has had a long and honourable eareer, 
but which is now about to pass into the list of 
things that were, if it has not even already ceased to 
exist. The pate yacht-builder living, Fife, of 
Fairlie, naturally figures very prominently in the Table, 
both for the past and the present year. 

While glancing at this interesting Table it occurs to 
us that the press in other shipbuilding districts through- 
out the kingdom might worthily follow the example set 
by our Glasgow contemporary. Why should not we 
have some permanent and sreidwerty record of the 
work done annually by the shipbuilders on the Thames, 


Mersey, Tyne, &c., as well as of that which is done on | ad 


the Clyde? Welearn from The Morning Journal that, 
out of the thirty-seven firms named in the Table, the 
statistical information asked was refused in one in- 
stance, but in one only. Messrs, Barclay, Curle and 
Co. ay agg declined to supply the information 
applied for. Why it was declined we cannot say. We 
regret, however, that such an eminent firm should render 
itself conspicuous by such conduct. Corn-growers, 
mine-owners, and other contributors to the national 
wealth and fame supply any information which is 





conga required for estimating the progress of the 
nation, It is sincerely to be hoped that “ old fogey” 


conservatism is notabout to enter into theconsiderations 
of a profession which has good claims to be regarded 
as one of the most liberalising and civilising agencies 
of the time. 

In the tabular summary as given by The Morning 
Journal, the information is not complete in all its de- 
tails. Through the kind assistance of one of the most 
skilful and accomplished members of our profession in 
Glasgow—himself named in the Table—we are enabled 
to supplement the details in a very important parti- 
cular, namely, in respect of the money value of the 
work done during 1867, and that of the work for which 
contracts have already been made for the year on which 
we have just entered. Taking the prices at from 12/, 
per ton to 50/. per ton, we find that the work finished 
inthe past year represents a money value of about 
2,604,915/. ; and the work embraced under the head 
of “ Orders on Hand,” calculated at the present low 
prices, will, when finished, represent an increase of 
upwards of 400,000/. on the sum just mentioned, the 
amount in full being 3,071,209/., or a grand total of 
5,676,124/.! Ifthere is any interruption in the pro- 
gress of the nation it certainly is not, and will not be, 
the fault of the shipbuilders and engineers on the banks 
of the Clyde. We are told over and over again that 
the ironmasters and engineers of the Continent are 
taking our trade from us; this Table, together with 
our supplementary details, gives no indication of the 
fact, if fact it be, of which we are not yet convinced. 

It would be a desirable thing to have summed up in 
a similar manner, if that were possible, the triumphs 
of genius and skill which have been made in connexion 
with the construction of the 241 vessels launched 
during 1867, and the engines or other machinery with 
which they were fitted. As the rule-of-thumb system 
holds no recognised place in the creed of shipbuilders 
and engineers, there must have been hundreds of im- 
provements made in the course of the year, having for 
their object the increase of speed, the increase of cargo 
space, the economy of fuel and other materials, the 
greater safety of the vessels at sea, &c. Could these 
be intelligently tabulated, or otherwise summarised, at 
this stock-taking season, the general stock of know- 
ledge would be very materially increased. 








THE RUSSIANS IN CENTRAL ASIA, 


Tue all-absorbing topic in India at the present time 
is the rapid progress of Russia towards our north- 
western frontier. There are in both England and 
India alarmists who think that they discover in such 
advances cause for fears regarding the safety of our 
position in the East; others assert that the indepen- 
dence of China is threatened ; while others again view 
the Muscovite annexations as nothing more than the 
natural consequences of an endeavour to push her 
trade through Persia towards Hindustan, much in the 
same manner as British commercial enterprise led to 
our conquest of India. The history of Russian ad- 
vances and conquests in Asia may be reckoned from 
a very early date, and it may also be divided into 
three distinct stages. 

Russia proper is separated from Asia by the Ural 
mountains, the Khirgiz steppes, and the Caspian. 
The first rebound of Tartar emigration back into Asia 
was across the Urals in 1584. From that time to the 
treaty of Nerchinsk, in 1689, Russia was occupied 
in the annexation of all Asia north of the steppes, 
Lake Baikal, Kiakhta, and the Amour to the Sea of 
Okhotsk. This may be called the first or Siberian 
stage. In 1714, from Orenburg, on the very frontier 
of Kuropean Russia, as a base, she spread south-east 
over the Khirgiz steppes, seizing the northern halves 
of the Caspian and Aral seas, and even the Chinese 
province of Ili. This may be styled the second or 
Orenburg stage. From 1863 to the present time she 
has overrun Khokand, and formed the valley of the 
Syr-Daria into a governor-generalship. She has now 
entered upon the fourth stage of annexing the valley 
of the Amou-Daria preliminary to crossing the Hindoo 
Koosh; and this in truth is believed to have been her 
original object in the second or Orenburg stage of her 
vance. 

Whether the first motives which prompted the ad- 
vances of Russia into Asia were for purposes of trade 
we are unable at this distance of time definitively to de- 
termine. True it is that Russian commerce with 
Persia sustained a very severe check in the early part 
of the present century, owing to the competition of 
England through her Indian possessions. Thus we 
find that Russia’s annual exports of woollen goods 
across the Caspian to Persia rose between 1824 and 
1829 from 150,000 to nearly 1,000,000 roubles, and 
then fell again rapidly to 140,000 roubles a year. The 





sale of the same to the nomade tribes rose from 700,000 










i 
| 
t 
{ 
i 
| 








22 


ENGINEERING. 





[Jan. 3, 1868. 








roubles in 1824 gradually to 3,000,000 roubles; but 
they had sunk again in 1834 to 2,200,000 roubles. 
Of silk goods across the Caspian she disposed, in 1834, 
only to the amount of 50,000 roubles, and by Georgia 
considerably less. The Turcomans and Khirghis, 
who in 1828 bought to the extent of 700,000 roubles, 
had at the above date sunk down below 100,000 roubles. 
The linen purchased by the hordes formerly amounted 
from 250,000 roubles to 400,000 roubles; but it fell 
by the year 1834 to only 100,000 roubles. Iron sent 
across the Caspian in the above interval increased from 
70,000 poods to 258,000 poods in 1829, and 276,000 
poods in 1830; in 1834 it had declined to 244,000 
ds. Tronware by the same route amounted to 
87,000 roubles in 1829, but subsequently declined 
one-half. Comparing the trade between the two 
countries, we find that Russia in 1833-4 exported to 
all Asia goods to the amount of 17,000,000 roubles, 
or 2,750,000/. sterling —1,000,000/. of which was for 
woollens. Great Britain in 1832 exported to Asia, 
exclusive of China, goods to the amount of 3,700,000/., 
one-half of which was woollens. Thus Russian goods 
sank before the English ; and it may be, as is asserted 
by some, that the present advances of Russia are 
solely with a view to recover these lost commercial 
advantages. Be that, however, as it may, and whatever 
be the ultimate object of these conquests, it is pretty 
certain that the trading community will not be slow 
to take advantage of the openings made for them by 
the Muscovite arms. The commercial firm of Khludof 
was foremost in despatching a large consignment of 
goods to Tashkent, immediately after the acquisition 
of the Province of Turkestan, while military operations 
were still in progress. The agents of Khludof were 
the first Europeans who had openly appeared in Kokan 
and Bokhara. The result of their trading operations, 
according to information supplied to the Jnvalide Russe, 
exceeded all expectations ; the profits, in fact, were so 
great that it is impossible to expect that similar 
returns could be realised in any regular European 
trade. Following M. Khludof’s example, other manu- 
facturers sent Russian goods to Central Asia to a con- 
siderable amount. The commercial activity whieh has 
sprung up lately is opening a direct channel for the 
disposal of Russian manufactures, not only in Bokhara 
a Kokan, but also in Western China—a region num- 
bering, as M. Khludof observes, a population of 58 
millions, and almost entirely inaccessible to English 
ods. M. Khludof truly says that a large demand 
for Russian goods is to be expected, not from Ceptral 
Asia—that is, Tashkent, Khiva, Bokhara, and Kokan, 
whose population only amounts to 3 millions of souls, 
with requirements only slightly developed—but from 
the conterminous region of Western China, known 
under the general name of Chinese Turkestan. In 
Kokan, Khludof traded with greater success than in 
Bokhara, just because there was a large demand for 
ds for the neighbouring country of China, in spite 
of the political disturbances prevailing there. On this 
account, therefore, the newly acquired province of 
Turkistan is of special importance to Russia. “This 
“territory,” says the Moscow Gazette, of 9th July 
** (N. S.), “ should not be regarded as an integral part 
“of Russia. It should only belong to Russia on the 
“ footing of a colonial dependancy. Thus, let the 
* natives administer their own justice, attend to irriga- 
“tion, &c. &c. Our part should only consist in in- 
“ citing them to a proper discharge of these duties, 
“and in punishing the guilty to the palpable benefit 
“of the whole native population. Our mission in 
“ Central Asia is not to disturb forcibly the local order 
“of life. This transformation must take place of its 
“own accord, without violence. Let the natives live 
“as they have done hitherto, and our interference be 
* confined to the suppression of violence and injustice. 
**A Russian administration and Russian troops in 
“Central Asia can have no other mission than that 
** of guarding the peace and protecting Russian traders 
“ and commercial enterprise. Their presence in the 
“country should serve as a eee me for general 
“ security, by which the natives themselves will benefit. 
“ More than ever should each step taken now by us 
“ in Central Asia be carefully weighed and considered, 
*‘in proportion as it affects the interests of Russia. 
** No one would wish to see such a system introduced 
“in Central Asia by which the money of the State 
* would be cupendel on this new country, instead of 
all the expenses being defrayed out of the local re- 
* sources. This, of course, cannot take place as lon 
“as administrative interference in the customs an 
* habits of the natives be prohibited.” 

If the above truly and faithfully represent the actual 
policy of Russia in Central Asia, no one could for a 
one moment venture to raise a complaint against it; 
and a trading country like England could not con- 





scientiously utter one word against its principles. 
That conquest follows as a matter of course upon the 
establishment of trade by force of arms we have only 
too good reason to know. What, however, it may 
be asked, should now be England’s policy in the East ? 
The whole Indian army, we are told, are just now thirst- 
ing for war, and in the absence of any other enemy 
naturally look to the advances of Russia towards 
our Indian frontier, and desire to be led forth 
in order to check the further advance of Musco- 
vite encroaches. But the calm deliberation of 
statesmen refuses to see in such advance any hostile 
intent towards ourselves; and probably in this they 
discern rightly. What, however, might be our position 
in the event of Russian and English possessions in the 
East meeting, with only an imaginary geographical line 
to separate the two territories? The inactivity of our 
— governor-general refuses, apparently, to look 
eyond the immediate present. Russia is yet some 
hundreds of miles off, and we are therefore safe from 
her ambitious attacks for many years to come. Be it 
so; but should we not, nevertheless, by adoption of 
the principle, “Forewarned is forearmed,” so strengthen 
our present boundaries as to effectually guard against 
any ambitious designs that might hereafter be enter- 
tained, when further Asiatic conquests become unpro- 
fitable? What now is the protection which we possess 
against possible invasion through the Punjab. We 
have, truly, the military station of Peshawar on our 
frontier ; but reinforcements, in the case of an over- 
whelming attack, must be brought from a distance 
across a country unprovided with even properly 
finished roads, wanting at least in bridges across those 
large rivers from which the Punjab takes its name. 
In the cause of humanity, no less than in the cause of 
civilisation and political and military interests, the 
Government of India must not cease to consolidate 
her power, and advance the prosperity and well-being 
of its subjects, by the advancement of those works of 
peace and industry which, above all others, bring con- 
tentment and wealth to a nation, and consolidate the 
power of the ruling authorities. The Jhelum, Chenab, 
Ravee, Sutlej, and Indus should be bridged, and the 
Delhi and Punjab Railway extended to our frontier at 
Peshawur, thus giving direct railway communication 
from Calcutta to the extreme north-western frontier of 
British¥India. At the same time the Indus Valley Rail- 
way, if completed, would open up the shortest possible 
route between England and the same point vid Kurra- 
chee. Then, and not till then, will the harbour of 
Kurrachee become a reality, and prove, probably, one 
of the most thriving and important commercial har- 
bours in the whole of India. What would be a few hun- 
dred thousand a year spent in guaranteed interest for 
the next few years, compared with the all-important 
interests that such works must ultimately, directl 
and indirectly, return to the State? Every mile of rail- 
way constructed in India is equivalent to so many 
more troops added to the Indian army, and thus, as 
the works of peace advance, the expenditure for 
military establishments may proportionately be dimi- 
nished. With the advancement of railways, irrigation 
works should also be encouraged and fostered as the 
best means of affording peaceful employment to the | 
population, and increasing the natugal resources of | 
the soil. The population of Sindh is at present but | 
small; but the land, though originally supposed to be | 
a barren sand, is now known to require only a plentiful | 
supply of water to make it a garden of fertility. | 
What of the land, too, intersected by the five great | 
rivers of the Punjab? is there no source of wealth 
in their waters to be obtained by judicious] diverting | 
them from their present channels to the lands lying | 
between them? Much has already been accomplished | 
in other parts of India by such means, and we maintain 
that similar works would unquestionably prove the | 
best and safest check to any ambitious designs of 
hostile neighbours. It has always hitherto been 
found that, by the means of irrigation works, an un- 
settled and warlike people have been imperceptibly | 
converted into a peaceful and settled population—a | 
strength to the Government instead of a source of 
trouble—a tax-paying community, in the place of a 
disaffected and turbulent race, necessitating military 
establishments to overawe and subdue them. 

Whilst on this subject, we may briefly refer also to 
the present policy pursued with respect to the oppo- 
site end of the empire. If it can be shown that the 
trade with Western China is so profitable as to justify 
the continued advances of Russia in the direction in 
the interests of her trading community, how much 
greater must it also be to the advantage of British 
trade that a direct means of communication should 
be opened between Eastern Bengal and that vast but 
hitherto little known country which numbers its popu- 











jation by millions? The various lines of possible com- 
munication have now, as we have before stated, been 
ordered to be surveyed, not at present with any speci- 
fied intention of facilitating commerce by the construc- 
tion of means of communication, but principally, we 
are told, with regard to the interests of science. The 
Russians are endeavouring to open up a trade with 
China to our north, and a French expedition is simi- 
larly trying the ground, through Burmah, from the 
south. It is impossible for a civilising nation like our 
own to stand still. Having territories in the East, our 
important mission is to advance, and not to “ rest and 
be thankful.” There is absolutely no limit to civilisa- 
tion, and that Government which fails to act up to its 
important mission in that respect has already begun 
to take a retrogressive step. The interests of Eng- 
land and of her manufactures demand that the step 
should be taken ; and the interests of India also fully 
justify the adoption of a bold forward policy, not for the 
purpose of acquiring fresh territory, but with a view to 
establishing order, good government, and commerce, 
which alone are the true signs of peace and prosperity. 








NOTES FROM INDIA. 

Bengal.—It is stated that Mr. Von Clair, superintendent of 
forests and mines to the Maharajah of Rewah, has discovered a 
lead mine at Urguddee, and a copper mine at Koorsa, in the 
Rewah district. Work bas been commenced at both these 
places, and the mines are said to be good and extensive. 
Chinchona-cultivation at Darjeeling is flourishing with great 
vigour; the gardens have now no less than 1,064,758 plants, 
seedlings, and cuttings of various sizes. 

Madras.—Amongst the coming public events, the opening 
of a further section of the Great Southern of India Railway, 
from Caroor to Erode, on the Madras Railway, is promised 
early in January. The attempts to stock the streams and lakes 
on the Neilgherries with suitable fish has been rather more 
successful of late than formerly, Dr. Day, on behalf of Govern- 
ment, having just introduced six gouramies into the Ooty Lake. 
The gouramy is a perch-like fish, and it is said to grow to 
thirty pounds weight and upwards, to be of a delicate flavour, 
far superior to that of any Indian freshwater fish, and to be 
peculiarly adapted to tropical climates. The specimens now in 
Ooty were brought from the Mauritus, where they have been 
acclimatised by the French, who brought them, in the first 
iastance, from China. The success of the cultivation of Caro- 
lina rice in Southern India continues to be reported. Review- 
ing the latest results in South Canara, the Madras Govern- 
ment remarks: ‘Such extraordinary success has attended the 
experimental cultivation in widely separated localities, that it 
seems evident that only an appropriate method of culture is 
needed to ensure equally valuable results everywhere.” One 
cultivator, who sowed the seed on June 27th, harvested his crop 
on October 13th, in three and a half months, and the outturn 
was fifty-six fold. From Cochin it is announced that the sea 
has lately been showing annexation proclivities, and an in- 
clination to rectify its frontier at the cost of that place. ‘The 
master attendant reports that on the 2nd of June there was-a 
space of two hundred and fifty yards between the sea and the 
ramparts; but that on the 20th of August this space was 
diminished to ten yards. One public road had been washed 
away, and the existence of a newly erected lighthouse threatened. 
A public works engineer had also reported on the subject; and 
the inhabitants had urged the Government to adopt some 
measure to check the invasion; but the expenditure of 
3000 rupees for the construction of a sea wall is the only con- 
servative proceeding to which, so far as is known, the autho- 
rities have as yet committed themselves. 

Burmah.—Apprehensions are again entertained of a great 
scarcity of rice in Upper Burmah. This scarcity is said to be 
due to the country having been overrun by the Mingoon Prince 
and bis adherents. oe was den under foot. The 
agriculturists had to quit their homes to go and fight on one side 
or the other, and thus the whole season was lost. If it were 
not for the large quantities which have gone up from Pegu, a 
dreadful famine would now be prevailing all over Upper 
Burmah. The Government of India has ado the recom- 
mendation of the Chief Commissioner of British Burmah, to send 
an exploring party to open out the commercial route from 
Bhamo, on the Irrawaddy, to Western China. The will 
consist of our agent at Mandalay, an engineer, and a doctor 
familiar with Burmese. These will be accompanied by an 
escort of a dozen sepoys, and be absent for about five months. 
This is the oldest and most frequented commercial route. 
Leaving Bhamo, it runs ina north-eastern direction to Talifoo, 
the present capital of Western Yunan, passing in its course over 
the Khakyen hills, then through a narrow belt of Shan States, 
and so reaching the border town of Yunan, Momien or Maing- 
ton, whence by Yanchan, the centre of the trade in Western 
Yunan, it proceeds to Taiifoo. 

China and Japan.—A “ great discovery” of gold is reported 
to have been made not far from Chefoo, at a place where a mine 


| had been profitably worked fitteen years ago. The circumstance 


has given rise to some speculation as to the ences of an 
irruption of foreign gold-di among the Chinese. The 
sanitary condition of Shanghai according to recent statistics, 
guty improved. Another freshet has occurred in the river 
ankow, and fears were entertained of a complete inundation. 
The water is, however, now subsiding. The Colonial Govern- 
ment of Hong Kong and the marine lot-holders on the Praya 
are at issue on the question of who shall bear the expense of 
maintaining and repairing the damage done to the sea wall and 
Praya. The Government plead poverty, and the Jot-holders say 
they have no right to bear such expense. Arrangements for 
opening the port of Osaka are ing sati y; 3 
large British fleet is assembling at Nagasaki, as a matter of pre- 
caution. A native line of steamers between Yokobama and © 
has been established by a Japanese, and another native daimio has 
established a power-loom factory with 100 looms at Yokohama. 
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QUARTERING-MACHINE AT THE GLASGOW LOCOMOTIVE WORKS. 


DESIGNED AND CONSTRUCTED BY MESSRS. DUBS AND CO. 
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We have much pleasure in laying before our readers an en- 
graving of the quartering-machine designed by Mr. H. Dubs, 
and made at the Glasgow Locomotive Works. We referred to 
this machine in our description of these works on page 519 of 
our last volume, and we therefore have to add very few 
additional explanations to the drawings shown. The machine 
holds the axles between centres, and great precaution is 
therefore taken to maintain these centres true and correct 
to the form of the bearings from which, as we have already 
stated, the wheels and tyres are turned. The centres are, of 
course, the same from which the bearings of the axle are 
turned first of all, and in order to preserve these centres 
during the subsequent operations when the bearings are used 
instead of the centres for turning the wheels and tyres from, 
the ends of the axles are packed up with filling pieces in 
front of the lathe centres, so as to bring no strain nor 
pressure — the original centres drilled into the ends of 
the axle. en the wheels are placed in the quartering-ma- 
chine, they are supported from below by the movable blocks, 
mm, and this makes it possible to adjust them between 
the centres of the quartering-machine to a great nicety. One 
of the headstocks of the quartering-machine can be traversed 
upon the horizontal foundation plate by means of a rack and 
pinion to suit the gauge of the railway wheels; and the 
supports can also be shifted as required. The boring-bar is 
placed in a headstock shown in the end view, and the 
whole is mounted upon a carriage placed at the exact angle 
of 45° to the vertical, so as to make a right angle with the 
other inclined side. The two sides are truly scraped planes 
got up by the aid of Mr. Whitworth’s surface-plates, and the 
truth of the angle is correct within the closest limits which the 
refinement of the modern measurement and workmanship 
will permit. A boring-head can be fitted to either side as 
required, each headstock carrying one boring-bar. Mr. Dubs 
has also favoured us with a sketch of a quartering-machine, 
designed and made by him in the year 1846, and this 
we also sangre by Figs. 3 and 4. This is a duplex 
boring-machine, carrying both boring-bars upon the same 
frame, which latter is carried upon'the bearings of the drivin 
axle. This machine, although very suitable for the poner | 
ar for which it was then intended, is far less complete, 

ut also considerably less costly, than the quartering-machine 
now at work in the Glasgow Locomotive Works. 





A Fovur-wHerLep Streamsuip.—Mr. Sedley, of Conduit- 
street, has left with us a good-sized and well-made model of 
8 four-wheel steamship, designed by him upwards of twelve 
ee ago, the model having been made at that time. The 

der wheels are about one-half larger than the forward pair. 
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WHAT IS STEEL? 

THERE was a time—now past by more than a cen- 
tury—when the definition or steel was given in the 
terms, “steel is iron which will harden, temper, and 
weld.” This characteristic applied to the highest 
qualities of charcoal steel Pe made in Styria, 
Sweden, and in Spain, and to the sword-blades of 
Damascus. Such steel, although still in the market, 
is comparatively rare in our days. The samples of 
Styrian Bessemer steel in the Paris Exhibition in- 
cluded some specimens of the kind; the Toledo sword- 
blades from Spain, and some specimens of crucible 
steel made in Sweden, were the only other represen- 
tatives of this class of steel brought before the public, 
and this now exceptionally high quality of steel has in 
some Continental markets obtained the name “ noble 
steel,” i.¢., steel which will both harden and weld. 
When the manufacture of cast steel in this country 
commenced, the original definition of steel required 
modification, since it was not in the character of 
British cast steel to stand a welding heat. This, par- 
ticularly in the earlier stages of the old steel process, 
was due to the great quantity of carbon contained in 
the steel, or to the hardness of the British cast steel. 
Chemistry then provided another definition, and the 
name steel was understood to belong to iron combined 
with one per cent. of carbon. The harder kinds of 
cast steel come very near to that percentage, and so 
the definition held good in spite of the subsequent inven- 
tion of puddle steel, and of the production of softer kinds 
of crucible steel, which were brought into existence so 
soon as steelmasters had learned to work their furnaces 
at higher heats than had formerly been thought prac- 
ticable. These soft kinds of steel, not comin up to 
the definition, were excluded from that denomination, 
and new names had to be invented for them. We need 
only name the “ homogeneous metal” of Messrs. Short- 
ridge and Howell, of Sheffield, and the “ close-grain 
iron” of the Mersey forge as examples illustrating this 
point. As the — of steel making advanced, the 
varieties of steel became more numerous, and the boun- 








dary line more difficult to draw, the strict percentage of 
1 per cent. of carbon was then abandoned, and an arbi- 
trary margin from 4 per cent. to 1}, maintaining the old 
standard as the medium, was then adopted. Then came 
the Bessemer process, and with it the knowledge and 
the certainty of graduating the contents of carbon at will 
from a percentage exceeding 1} per cent. to a degree so 
closely approaching zero as almost to fall within the 
limits of practical analysis. It then became obvious that 
there was no boundary line existing in reality, and that 
the contents of carbon could be decreased by the 
slightest shades gradually, so as to form a continuous 
series between cast iron on one side and wrought iron 
on the other, and that there was no cause nor possi- 
bility for taking out any particular part of this con- 
tinuous gradation and distinguishing it with the name 
of steel. Nor was this all. M. Frémy astonished the 
French Academy by a statement that he had found 
nitrogen in steel. Mr. Robert Mushet made “ cya- 
nogen steel,” or a combination of iron with the com- 
pound element, cyanogen, consisting of both carbon 
and nitrogen. A German chemist aor tungsten 
steel, in which carbon is partly replaced by wolfram or 
tungsten. Still later, steel has been made by alloying 
iron with tin. M. Caron has found that steel can be 
made of iron and silicium ; some steel, we believe, has 
been made of iron and boron; last, but not least, we 
have Mr. Mushet’s titanium steel and chrome steel. 
He would be a bold man indeed who, looking at this 
list, would attempt to produce a precise and pregnant 
definition of wo j Yet something like a definition is 
wanted, and this should include all these variations 
and modifications, since it is now proved that they all 
form an indivisible group, without boundary lines, 
within those long and — series with which 
each quality can pass or blend into every other kind 
or composition of steel. The only method we can see 
for getting out of the present difficulty is to convert 
the word steel into a more general term—to call every 
combination of iron with a limited quantity of another 
chemical element “a steel,” and to distinguish be- 
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anaes 
tween the varieties of steel both with regard to 
qualitative and quantitative differences of composition. 
We would then speak of silicium steel of greater or 
less degree of hardness, and we would distinguish 
the common steel of former generations by the name 
carbon steel, whenever we desire to speak with par- 
ticular precision. ‘The present nomenclature of the 
different kinds of steel now known has, in fact, very 
nearly come to the precise position which we here in- 
dicate. We already speak of tungstenor chrome steel in 
exactly the same sense in which we ought to speak of 
all the other combinations of iron with other elements. 
In the widest sense which we now desire to give 
to the word steel, there would be such a thing 
as sulphur steel and phosphorus steel; and when 
we once overcome the first aversion against 
these two noxious elements, we find that sulphur 
steel and phosphorus steel are very valuable 
substances indeed. Sulphur steel is the celebrated 
compound used in the Swedish gun-factories for cast- 
ing their heavy iron cannons, The great strength of 
these castings, and their extraordinary power of 
endurance, are solely ascribed to the contents of sulphur 
in this otherwise very pure metal. In fact, it is un- 
derstood that sulphurous iron is purposely added to 
purer kinds of charcoal iron in order to produce this 
superior strength. Phosphorus steel is the material 
of the Berlin castings. An iron free from all other 
impurities, and containing a considerable percentage 
of phosphorus, is extremely liquid at a comparatively 
low heat ; it fills the finest cavities of the moulds, and 
can be cast into the most delicate forms. This ma- 
terial is brittle, and of small cohesive power when cold, 
and so it virtually has the very opposite properties to 
sulphur steel. It is obvious, therefore, that a mixture 
of these two kinds of steel will give no good results. 
The liquidity of the phosphorus steel is spoiled by the 
opposite qualities of the sulphur compound, and the 
strength of the latter when cold is impaired by the 
brittleness due to the phosphorus. In this manner 
we arrive at the definition of crude iron asa compound 
of “different kinds of steel, the properties of which are 
discordant with each other.” The different processes 
of refining eliminate some of the elements in the crude 
iron, and leave only one—according to the choice of 
the steel-maker, and to the mode of his operation ; 
this remaining element gives the character to the new 
compound, or steel, so formed. It is obvious that 
elements which resemble each other in their general 
chemical bearing will be most likely to produce similar 
results in replacing each other when forming the 
different steels. Carbon, silicon, and boron are such 
elements of great resemblance. We may therefore, 
& priori, suppose—although these conclusions by 
Chemical analogy are mere guesses at probability 

we may suppose that boron and silicon will produce 
hard kinds of steel, melting at low temperatures, with 
great tensile and compressive strength, but little 
malleability or flexibility; we may even guess that 
selenium, if combined with iron, may produce a steel 
somewhat similar to those kinds just named. We 
know that the thin layer of steel produced upon the 
surface of wrought iron in the process of case- 
hardening is due to the action of nitrogeneous 
compounds, which form the essential parts of 
the case-hardening composition. It may be either 
nitrogen or cyanogen, since both these substances are 
present, the former being one constituent of the latter. 
Case-hardening, therefore, is a cementation process, 
using nitrogen instead of carbon. The cementation 
with nitrogen is quicker, and takes place at a lower 
temperature than that with carbon; and this fact to a 
certain extent justifies the supposition that nitrogen 
steel or cyanogen steel is likely to melt at lower tem- 
peratures, and to be harder than carbon steel ; in fact, 
nitrogen steel would stand somewhere between carbon 
steel and phosphorus steel. ‘Tungsten steel is said to 
possess a remarkable fineness of grain, and great 
elasticity. It has been stated, however, by great 
authorities that the best specimens of “ tungsten 
steel” in the market contained no tungsten at all, and 
therefore, in the absence of any precise information on 
this subject, we cannot ‘enture to say much more, nor 
are we as yet enabled to judge of the influence of 
titanium and some other elements proposed for steel- 
making at more recent dates. There remains one in- 
teresting group of elements yet to be considered. 
This is the group of metals represented by manganese. 
The nearest relation to manganese are chrome and 
molybdanium. We know the effects of manganese, 
and we are inclined to suppose that those of chrome 
will be analogous. Manganese induces crystallisation 
in large crystals divided by smooth cleavage planes, 
such as characterise the spiegeleisen and ferro 
manganese. ‘The presence of manganese in steel is 











therefore noxious, and far from being a cause of 
ductility or softness of that material, as has been 
frequently supposed. The addition of manganese, 
which is supposed to give Bessemer stecl its softness 
and ductility, has another meaning and purpose 
altogether, and Bessemer steel does not contain any 
sensible quantity of manganese. In this case the 
manganese is added only for the purpose of removing 
any surplus oxygen from the de ociadenl hematite 
iron. ‘This iron, with its surplus oxygen, which has 
the quality of red-shortness, we would be almost 
tempted to call “ oxygen steel,” in strict analogy to 
our general term. ‘The addition of spiegeleisen to 
this latter substance converts it into carbon steel by 
taking out the oxygen, which, in combination with the 
manganese, goes into the slag, and replacing the 
oxygen by carbon. Ferro-manganese has the same 
effect, only the quantity of carbon contained in it, and 
given by it to the steel, is smaller, and therefore the 
carbon steel so produced is of a softer kind. 


TECHNICAL EDUCATION. 

For all those who are interested in that subject of 
paramount national importance, upon which the future 
greatness of this country and its position in the civi- 
lised world are now recognised to depend—for all those 
who are speaking, and writing, and working for the 
spread of technical education in this country—we 
have gratifying news. The trustees of Owens College, 
in Manchester, are advertising for an able-bodied man- 
servant to act as performing professor of engineering 
for the rising generation in the metropolis of mecha- 
nical engineering, at the liberal rate of wages of thir- 
teen shillings and eightpence per day. 

What a stir this grand opening will create in the 
scientific world! The greatest men of Great George- 
street will close their offices and compete with each 
other ; M. Fiachat, Professor Conche, Baron Burg, and 
Professor Riihlmann will leave their respective coun- 
tries and professors’ chairs; men like Rankine, Scott 
Russell, and Clausius will gather in long processions 
in the streets of Manchester, and vie with each other 
to answer the call in the newspapers. ‘Thirteen and 
eightpence and a proportion of the fees paid by 
students (and perhaps the free loan of a sewing- 
machine for the professor’s wife to earn a little extra) 
are worth applying for in a country where the 
income of the head master at Eton is estimated at 
60002., and that of an assistant master at the same 
school ranges from 1500/. to 3500/. a year. But the 
vacancies at Eton are not advertised in the newspapers. 
When a shopkeeper wants an assistant, he sends an 
advertisement to the papers ; but when a professorship 
is vacant, the etiquette is somewhat different, as a rule. 
On the Continent the trustees of a new university 
requiring to fill a chair would send a circular round to 
the other universities, and to similar corporations, ask- 
ing them to recommend a suitable candidate for the pro- 
fessorship. The parties recommending any candidate 
would privately, and without any breach of decorum, 
ascertain whether the new position would be accept- 
able to the latter, and when all parties have made their 
choice, and everything is virtually settled, the professor 
is invited by the trustees or other authorities to apply 
for the vacant chair. This does not exclude, prac- 
tically, the existence of public competition. We do 
not expect the office-boys and junior draughtsmen of 
our engineering offices (the seniors are better paid than 
the proposed professorship) to be successful candidates 
for the chair of civil engineering at the Manchester 
college 4 
must, therefore, be so strictly limited, and their present 
whereabouts so generally known, that it does not re- 
quire the indecorous summons of an advertisement to 
reach them, and to bring them together for an open 
scramble before the eyes of the public. As the case 
stands now, an application for that professorship is 
equal to a public declaration that the candidate is un- 
able to earn 250/. a year by his professional work, and 
we maintain that a man really eapable of filling the engi- 
neering chair of the Manchester college ought not to 
be in such a position, in spite of the present depressed 
state of engineering work in general. Supposing even 
that accidentally a man of sufficient ability be out of 
employment, and, for want of a better situation, ready 
to accept this professorship, he could not risk to injure 
his professional reputation upon the chance of being 
rejected after applying for such a place in the manner 
which the want of tact of the trustees has now pre- 
scribed for their candidates. 

We have hitherto been careful to keep “the pro- 
portion of fees paid by the students” out of con- 
sideration, because this sorest of all sore points re- 
quires to be dealt with by itself. It is quite obvious 


the number of suitable men for such a place | 


| that these fees are expected by the trustees, and must 

be expected by every candidate, to form a very consider. 

able addition to the fixed salary. Let us suppose the pro. 
| fessor succeeds in forming aclass of fifty students, which 
| is certainly a greater number than he can do justice 
| to without employing and paying an assistant. To 
| bring up the professor’s income to the moderate figure 
of 500/. a year, he would require 5/. in fees from each 
| student, and since the professor receives only “a pro. 
| portion of the fees,” the question presents itself, what 
| will be the total amount of fees paid by each studen 
of the engineering class? We do not want public 
engineering schools for the sons of cotton lords or 
cabinet ministers; they must be accessible to the 
working man’s son. There will be plenty of hard 
work and privation for a father in providing for his 
son’s subsistence while attending college, without the 
additional burden of fees and contributions. Let the 
nation pay for the education of its rising generation ; 
let the professors’ fixed salaries be ample to allow them 
to spread knowledge gratuitously, to assist the poor 
student instead of extorting fees from him, to en- 
courage the most talented, and not the richest, of their 
pupils, and, with all that, to maintain a suitable and 
dignified social position, a position which will attract 
men of talent and worth, and will make the college a 
place really worth attending. Let those who by 
chance or merit have been brought into the delicate 
position of being the apparent employers of learned 
men never forget what is due to science and learning. 
The shopkeeper is welcome to shake hands with the 
professor, but let him mind to wash his hand for the 
ceremony. Honour is the principal reward of the 
man of science, and those who are accustomed to 
count “ profits” and “wages” should be careful of the 
manner in which they deal with their betters. 








HOSPITAL SHIPS FOR ABYSSINIA. 

Tue Star of India has been taken up as the 
hospital ship for native troops and sick officers of 
H.M.’s Indian army who may require change of air 
from shore. She will, on arriving at Abyssinia, be 
fitted up as a floating hospital, but until that time she 
will be employed as a transport to convey the Madras 
Sappers and Miners to Zoula, She is somewhat 
smaller than the three hospital vessels on their way 
from England for the European troops, the Golden 
Fleece being 2768 tons, the Queen of the South 
2226 tons, and the Mauritius 2135 tons, while the 
Star of India is 1045 tons; but she is admirably 
adapted for what is required of her, and, being of 
wood instead of iron like the others, it is probable 
that she will be cooler than her sisters from home. 
| She is a poop ship, with large roomy cabins opening 
|from the saloon, nine of which will be available for 
| sick officers, while one is set apart for bathing pur- 
poses. ach cabin has in it a large port and a water- 
closet. On the main deck, when cleared of the horse- 
| boxes, there will be ample room for the exercise of 
'the patients. ‘This deck is fitted forward with stand- 
ing latrines for natives, and also with latrines placed 
on the sides of the vessel. The lower deck will be 
ithe hospital. It is 7 ft. high and nearly 18 ft. long, 
‘and is intended to accommodate one hundred and 
twenty sick. Besides the ventilation already existing, 
air is supplied by numerous openings in direct com- 
munication with the main deck and poop. She has 
trunk ventilators and bell-mouthed ventilators, and 
large openings in the deck, 23 ft. long, which can be 
fitted with coverings, should such be required in con 
sequence of rain or from any other cause. Ln addition to 
all this, she carries two patent thermantidotes, which 
|can be moved on wheels to any part of the deck, and 
by means of which air can either be sucked out or 
pumped in at pleasure. She is, of course, well supplied 
with medical comforts of all kinds, with medicines, 
|instruments, &c., &c. She is provided with standing 
leots, swing cots, and hammocks. With regard to the 
| former, they are not placed one over the other, but at 
|a sufficient distance from the side and deck of the ship 
to allow of perfect cleanliness; and when a rather 
amusing cage-work, put up by the marine department 
(and which seems to have teas constructed under the 
idea that sick men are lunatics, and require to be 
locked up), is removed, they will be all that can be 
desired. There is a dispensary also, put up by the same 
department, which will also require considerable altera- 
tions before it can be used, the leading idea in its con- 
structor’s mind having been apparently to place a 
certain number of holes for bottles in such a manner 
as to prevent the bottles being removed. mo 
things, however, are trifles, and will soon be rectili 
when the ship arrives at her destination. 
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RECENT PATENTS. 

Tue following specification of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 755, 6d.) William Robert Lake, of 8, South- 
ampton-buildings, patents, as the agent of Dexter 
Davis Hardy, of Covington, Kentucky, U. S.,a rotary 
engine or pump, greatly resembling in its construction 
Root’s well-known “ blower.” 

(No. 756, 10d.) Thomas Cowburn, of the Safety- 
Valve Works, Manchester, patents various methods 
of constructing fusible plugs for steam boilers, and 
arrangements of water-heating apparatus. ‘The plans 
could not be clearly described without reference to 
drawings. 

(No. 757, 2s.) ‘Thomas Dunn, of Pendleton, patents 
numerous forms of steam boilers applicable for sta- 
tionary, marine, and locomotive engines; and also 
methods of arranging and constructing evaporating- 
pans. It would be impossible to describe the whole 
of these boilers here, and we shall, therefore, only 
mention the peculiarities of some of them. In some 
of the boilers the crowns of the fireboxes are deeply 
corrugated, being formed by a series of plates bent to 
a semil-elliptical form, and rivetted together at their 
edges. In the marine boilers the furnaces are placed 
at a much higher level than usual, and the heated 
gases, after passing over the bridges, are led down- 
wards to tubes arranged below the furnaces instead of 
above them, as usual. A somewhat similar plan is 
followed in the case of locomotive boilers, the tubes 
being placed in a pair of barrels, which pass under 
the driving axle. The arrangements of stationary 
boilers are too numerous and complicated for us to 
attempt to describe them here. The specification is 
illustrated by drawings, which have been prepared 
with far more care and attention to detail than patent 
drawings usually are. 

(No. 760, 6d.) William Randall Harris, of Man- 
chester, patents, as a communication from Frederic 
Greenleaf Wilson, of Lowell, U. 8., a method of con- 
necting the ends of driving belts by means of plates, 
each having a number of teeth projecting from it, on 
to which the ends of the strap are forced. The plates 
are bent to keep the teeth from working out of the 
strap. 

(No. 762, 8d.) Joln Grundy, of Wolstenholme 
Hall, Lancashire, patents placing at the bridge of 
steam boiler furnaces a fire-clay chamber provided 
with openings through which air can be admitted to it, 
and others, through which the air so admitted can be 
discharged at the top of the bridge. The plan of ad- 
mitting air at the bridge in this way is very far from 
being new. 

(No. 772, 8d.) James Shand, of the firm of Shand, 
Mason, and Co., Upper Ground-street, Blackfriars, 
patents improvements in steam fire-engines, these im- 
provements referring to the construction of the boiler 
and pumps. In constructing a vertical boiler with a 
submerged smokebox, Mr. Shand proposes, instead of 
connecting the part of the boiler above the smokebox 
with the part below the smokebox, by an annular or 
a central space, to form the connexion by means of two 
or more water-spaces, and to enclose the smokebox in 
a casing which can be readily removed for the purpose 
of giving access to the boiler-tubes. In the case of 
pumps with one or more cylinders, and having pistons 
which are fitted with valves, Mr. Shand proposes to 
construct the suction-valve and seating in the same 
manner as the piston or bucket, and to fit it accurately 
in the end of the working part of the cylinder with a 
cupped leather or other suitable packing. The suc- 
tion-valve is to be attached to, or form part of, a flanged 
cover which closes the end of the pump-cylinder, 
spaces being left between the suction-valve and the 
cover to form the suction connexions, so that on re- 
moving the cover the suction-valve will be removed 
with it, and access obtained to the piston of the 
pump. ; : 

(No. 774, 8d.) John Smith, of High Crompton, 
near Oldham, patents a method of cleaning waste and 
similar substances, and of preventing the adhesion of 
sediment in steam boilers. According to these plans, 
the waste or other substances to be cleaned, mixed 
with the requisite quantity of soap or soda, oe 
in a vessel, which is connected to a steam-boiler by 
steam and water pipes, and which is also in communi- 
cation with the feed-pump of the engine. Steam from 
the boiler is first turned into the vessel containing the 
waste, &c., and the grease and impurities having been 
thus loosened, the steam is shut off, and the feed- 
water is pumped through the vessel on its way to the 





boiler. The patentee states that the oil and grease 
thus carried into the boiler “in combination with the 
“ soda and soap, or other material employed for lubri- 
cating them, when mixed with the water, prevent 
“the adhesion of sediment in the boiler and steam- 
“ pipes ; they will also assist in lubricating the piston 
“and cylinder of the steam-engine.” How about 
priming ? 

(No. 776, 8d.) Francis Herbert Wenham, of 1, 
Union-road, Clapham, patents a simple form of hot- 
air engine, in which the upper part of the working 
cylinder is made to serve the purpose of an air-pump, 
its capacity being reduced by a trunk, forming part of 
the piston, which is led through it. As we illustrate 
Mr. Wenham’s plans on another page of the present 
number, we and not enter into any further description 
of them here. 

(No. 779, 1s. 2d.) William Henry Parsons, of 
Port Tennant Copper Works, Swansea, patents im- 
provements in setting steam-boilers and in safety- 
valves. The object of Mr. Parsons’s method of setting 
boilers is to prevent the corrosion which frequently 
takes place at the points where the latter come in 
contact with the brickwork. ‘To avoid this corrosion, 
Mr. Parsons proposes in some cases to support the 
boilers in a series of rollers, set up in cast-iron frames 
placed at a distance of 6 ft. or 8 ft. apart, each frame 
carrying two rollers, one on each side of the centre 
line of the boiler. The rollers are formed with a 
curved outline, so as to fit the curve of the boiler 
correctly. In other cases, Mr. Parsons proposes to 
sling the boiler from cast-iron cross girders, the ends 
of*which bear upon rollers. The plan of slinging a 
boiler from cross girders in such a manner that it shall 
be free to expand longitudinally is not new; but we 
do not know of any case in which rollers have been 
employed in the manner proposed by Mr. Parsons. 

(No. 783, 10d.) John Robinson, of Greenfield, 
patents various forms of feed-water heaters applicable 
to locomotive, marine, or stationary engines. In these 
heaters the feed water is heated by the exhaust steam, 
but the arrangements proposed are rather complicated, 
and could not be well described without reference to 
drawings. ; 

(No. 785, 8d.) Charles Frederic Cooke, of the 
Buckingham Works, York, patents a form of safety- 
valve, in which the upper part, or cap, of the valve is 
provided with a cgilaielen projection which extends 
downwards for some distance into the boiler, the 
diameter of this cylindrical portion being such that an 
annular space is left all round it between it and the 
valve-seat for the escape of the steam. The object of 
this arrangement is to secure that only a small portion 
of the area of the valve shall be exposed to the reduced 
pressure of the escaping steam, the larger area, or 
that of the depending cylinder, being acted on by the 
full pressure within the boiler. The idea is an in- 
genious one; but in the case of spring-loaded valves 
there are difficulties in the way of the plan being made 
of any practical advantage. 

(No. 787, 10d.) Francis Gregory, of the firm of 
Gregory and Haynes, of Salford, patents a refrigerator 
for cooling worts, or for similar purposes. This re- 
frigerator consists of a vessel containing a deeply cor- 
rugated plate, over which the worts are caused to 
flow, the cooling being effected by a current of water 
passing through pipes laid in the corrugations, and by 
another current which is caused to pass in contact 
with the under surface of the corrugated plate. The 
pipes laid in the corrugations are circular, and each 
contains a smaller pipe or core, which causes the 
water to flow through the main pipe in a stream of 
annular section. 

(No. 788, 8d.) Alfred Henry Hart, of 22, Gresham- 
street, and William Parry, of Birmingham, patent 
methods of treating sewage, and apparatus for carry- 
ing out the processes proposed. ‘Ihe patentees pro- 
pose to purify the sewage by mixing it with clay, 
clay iron ore, or manganesic earths, so that the 
organic and inorganic matters may be precipitated, 
and the sewage water left clear and inodorous, or 
nearly so. The clay, &., is to be mixed with water to 
the consistency of cream, and the sewage then added 
to it, and thoroughly mixed with it. It is then to be 
allowed to settle, and it is proposed to employ the 
sediment as manure. The supernatant water, it is 
stated, may be discharged into any stream without in- 
jury to the latter. 

(No. 789, 8d.) Christian Allhusen, of Neweastle- 
on-l'yne, patents a method of burning pyrites-dust and 
small pyrites in the ordinary pyrites-burners, for the 
purpose of obtaining the sulphur contained in these 
materials without the expenditure of any other fuel 
than that constantly burning in those burners. Ac- 
cording to this plan, the fine pyrites and pyrites dust 





are placed upon trays or plates of earthenware or metal 
and these trays are placed in the ordinary pyrites fur- 
naces, so that they are exposed to the flame from the 
burning pyrites. The sulphur fume produced by the 
combustion of the pyrites-dust, is conveyed to the 
leaden chambers by the ordinary burner-pipes. 

(No. 790, 4d.) James Hislop, manager of the gas- 

works, Ayr, patents a method of removing the carbon 
from gas-retorts by passing a strong current of. air 
through them. To produce this current, Mr. Hislop 
proposes to lay down a series of pipes in communica- 
tion with the flue leading to the main shaft or chimney, 
these pipes being so placed that each retort can be 
put in communication with them by means of a branch 
ipe. 
UNo. 794, 8d.) Adam .Scott Cameron, of New 
York, patents an arrangement of lock-up safety valve. 
This consists of an ordinary conical valve, loaded by 
weighted compound levers, the whole being placed in a 
case, which prevents access to the valve, means being, 
however, provided for lifting the latter from its seat 
when required. The passage for the escape of the steam 
is tortuous, and its mouth is protected by a grating 
to prevent the introduction of a bar or anything for 
interfering with the valve. The pressure of the valve 
is transmitted to the first lever through a knife-edge, 
and the end of the first lever is also formed to a knife- 
edge where it bears against the second lever; these 
knife-edges, however, are very faultily arranged, and 
would be apt to cause both the tilting of the valve and 
its improper loading. 

(No. 796, 10d.). Thomas Aveling, of Rochester, 
patents the arrangement of steam road-roller which 
we described and illustrated on pages 297, 323, and 
324 of our last volume. 

(No. 799, 4d.) William Clark, of 53, Chancery-lane, 
patents, as the agent of Francois Mathurin Caillard, 
of 29, Boulevard St. Martin, Paris, a method of dis- 
aggregating vegetable fibres, such as China grass, 
hemp, &c. According to the processes proposed, the 
matters under treatment are disposed in small hand- 
fuls with the fibres parallel to each other, and they are 
in some cases cut up into lengths of from 1 in. to 1} in. 
For other products the fibres are allowed to remain 
their original length. The matters are next placed in 
a vat with sufficient water to cover them, and from 
three to four times their weight of slacked lime being 
added, they are boiled from four to five hours. Chalk, 
calcareous earth, or sea-salt may be used instead of 
lime, the materials being either boiled or subjected to 
maceration for several days in a cold state. Another 
plan consists in wetting the materials, and then effect- 
ing the disaggregation by watering the materials for 
several days with warm water without the addition of 
any chemical agent. After the gummy matter is 
sufficiently softened in this manner, or by boiling with 
lime, the materials are subjected to the action of edge 
runners, and then thoroughly washed with clean water in 
a trough provided with dashers or agitators. Next, the 
matters are treated in a bath of acidulated water, and 
finally in a bath of thin soapsuds, to which in some 
cases a small quantity of glycerine has been added. 

(No. 809, 10d.) John Russell Swann, of Windsor 
College, Montgomery-street, Edinburgh, patents pla- 
cing round each flue of a Cornish or similar boiler a 
casing perforated at the top and bottom, the object 
being to secure a rapid circulation of the water around 
each flue. The patent also includes an arrangement 
for burning a mixture of heated air and petroleum 
vapour in steam-boilers. 

(No. 810, 6d.) Gustav Bischof, junior, of 14, Pop- 
pelsdorfer Allée, Bonn, patents uathals and apparatus 
for coating metals with zine, &c. This patent includes 
a method of protecting the interior of the baths against 
the destroying action of the coating metal ; dipping the 
articles into a hot bath of solution of sal-ammoniac 
before immersing them in the coating metal; a parti- 
cular arrangement of pyrometer; and a method of pro- 
ducing galvanised tinned iron in one operation, with- 
out previous tinning, by adding to the fused zinc from 
3 to 14 per cent. of tin. 

(No. 813, 8d.) David Yoolow Stewart, of Glasgow, 
patents a method of constructing core-bars and studs 
to be used in pipe-casting. These core-bars could not 
be described without reference to drawings. 

(No. 815, 10d.) James Booth, of Halifax, patents 
the use of “French twist” for the warp of textile 
fabrics, this yarn being prepared by passing it through 
some suitable gummy substance during the process of 
twisting two or more strands together. The patent 
also includes apparatus for producing the irregular 
twist of such yarns. 

(No. 819, 4d.) James Greenshields, of Glasgow, 
patents processes for producing a combination of 
materials to be used for the production of illuminating 
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. The mixture consists of several animal, vege- 
table, and mineral substances, which the patentee 
prefers to combine in the following proportions: 
crude or refined paraffin oil or tar, 3 parts; animal 
oils or their ‘foots,’ or refuse bone tar or pitch, 2 
parts; mineral, cr heavy pitch oil, 1 part; and rosin 
or vegetable oils, or their foots or refuse, 1 part. 
These substances are boiled together with caustic ley, 
of the strength ordinarily employed for saponifying 
processes, until saponification is complete, after which 
a sinall quantity of powdered lime, or other alkali, or 
a salt is added, which causes the whole to congeal, 
when it is allowed to cool into a hard saponified sub- 
stance, which can be readily formed into blocks of 
convenient size. These blocks may either be used 
alofe for the production of gas, or a proportion of 
pitch, ground or unground coal, shale, peat, sawdust, 
or lignite may be used with them. If used alone, they 
should be subjected to a higher heat in the retorts 
than is at present employed in gasworks where coal is 
distilled. 

(No. 822, 1s. 6d.) James Alfred Limbert, of 
Gravesend, patents numerous arrangements of hoist- 
ing and appliances for moving heavy bodies, 
which could not be described without ec to 
drawings. The patent also includes arrangements of 
punching “bears” and punching-machines, screw- 
presses, and of feed-motions for circular saws and 
wood-planing machines. 

(No. 827, 6d.) George Haseltine, of 8, Southamp- 
ton-buildings, patents, as the agent of Adolph Stern- 
feld, of Boston, U.S., a method of heating and venti- 
Jating buildings in cases where a steam-engine is avail- 
able. According to this plan, the exhaust steam from 
the engine is led into a cylindrical vessel, through 
which a number of pipes pass, and the air to be warmed 
for ventilating purposes is forced through these tubes 
by a fan driven by the engine. 

(No. 838, 1s. 10d.) George Tomlinson Bousficld, of 
Loughborough-park, Brixton, patents, as the agent of 
John Brown and Alexander Hart, of Utica, U.S., and 
Allen Battey, Ralph Jones, Hobart Cutler, and Dexter 
Neuton, of Providence, U.S., a set of machinery for 
manufacturing flour. This comprises an apparatus for 
hulling and cracking the grain ; a bolting, winnowing, 
and distributing apparatus combined; and suitable 

rinding and bolting machinery, by which the grain is 
first hulled and cracked, then assorted according to 
its fineness, then its constituent parts separately col- 
lected, and the resulting unadulterated farina converted 
into flour. A description of these machines, and of the 
peculiarities of their details, would require far more 
space than we could spare here. 

(No. 840, 3s. 6d.) Samuel Sedgwick, of Codnor- 
park, patents numerous machines for rolling spikes, 
nails, or bolts, and for preparing, shaping, and slitting 
the bars or plates from which those articles are made. 
The patent, which is illustrated with six sheets of 
drawings—without reference to which it would be im- 
possible to describe the various machines—also in- 
cludes arrangements of heating-furnaces. 

(No. 844, 10d.) Robert Duncan, of Patrick, N.B., 

patents improvements in the construction of derrick 
cranes, in which the vertical mast or upright, to which 
the jib is hinged at the bottom and connected by a 
chain at the top, is held in position by a pair of in- 
clined stays. According to these plans, one of the 
stays is made with an opening through which the jib 
can be swung so as to be brought to bear upon the 
space between the stays, or, instead of this, the crane 
is fitted with two jibs, one to work on one side of the 
stays and the other on the other side. The passage of the 
jib through the divided stay :s effected by fitting the 
atter with two connecting-pieces at the point where 
the jib las to pass through, these pieces being removed 
alternately, and there being a sufficient space between 
them to accommodate the jib whilst the connecting- 
piece first removed is being replaced. The connecting- 
pieces are arranged so that they can be very readily 
removed or replaced, and safety-catches are provided 
to prevent them from being simultaneously discon- 
nected, 


Inptan Troopsurrs “ Matapar” anp “JumNna.” — 
H.M.’s Transport Malabar, Captain Kich, R.N., arrived at 
Bombay on November 24, from Suez and Aden, bringing 
the troops from Suez who were to have travelled by the 
oun Jumna. The accident to the Jumna appears to 
have been rather a severe one, and it is intended, we believe, 
either to send out engineers from England to repair her at 
Suez, or to despatch her to Bombay for that purpose. The 
Malabar left Suez on November 7, and she had a very good 
passage, the weather in the Red Sea being comparatively 
cool. She took 56 officers, 13 ladies, and 1272 men, besides 
a number of woman and children. Tnis was the first arrival 








of troops at Bombay by the new line of transports, direct 
from England. 





SWANN’S CALCINING KILNS. 
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WE give, above, engravings of a series of kilns for cal- 
cining lime with hot air, arranged on the plan designed and 
patented by Mr, John Russell Swann, of Edinburgh. In our 
illustrations, Fig. 1 is a front elevation of the set of kilns ; 
Fig. 2 is a longitudinal section; Fig. 3 is a sectional plan ; 
and Fig. 4 is a transverse section. 
be seen that the kilns are placed side by side in a series, and 
that each kiln has its independent firegrate, a, and firedoor, 
5. Above the latter are other sliding doors, ¢c, for filling 
and discharging the kilns, and each kiln has a flue, d, de- 
scending from its top down to the floor of the next kiln. 
There is also another flue to each kiln, this flue leading from 
the top of the kiln to the chimney, and being provided with 
a damper by which it can be closed when required. The air 
by which the lime is calcined is heated in the same manner 
as the blast for blast furnaces, and it is conducted into the 
kilns by branch pipes communicating with the main pipe, gf. 

Supposing a Kiln to be charged with chalk or limestone, 
the hot blast is turned on, and the moisture thus driven from 
the stone, the waste products passing off through the flue, e, 
to the chimney. When the stone has been dried, and 
partially heated in this manner, the fire is lighted, the flue, e, 
shut, and that marked d opened, so that the waste heat is 
made to pass into the next kiln, and assist in drying and 
heating the material in it. Experiments made on kilns 
worked on Mr. Swann’s principle are stated to have resulted 
in the production of caustic lime of a superior quality, at a 
considerable economy of time and fuel. 


WOODEN RAILWAYS. 

Tue earliest form of railway consisted of wooden rails laid 
on cross ties. When well constructed there is no doubt of 
their utility and success. During the late war the Con- 
federates were often obliged to make use of wooden rails, and 
over them they transported thousands of tons of army sup- 
plies and soldiers. A much higher rate of speed may be 
obtained on wooden roads than is generally supposed. If 
properly built, a speed of fifteen or twenty miles an hour 
may be safely attained, which is as much or more than is 
realised on some iron roads, rated as first class, but too often, 
in reality, rotten and unsafe concerns. One of the requisites 
for the successful working of wooden railways is that the 
locomotive shall be light, and also the loads carried. Good 
broad-faced wheels are also essential. Such roads are con- 
siderably cheaper than plank roads in first construction, and 
also in maintenance. Wooden railways can be constructed 
in some localities for the small sum of $1000 a mile. The 
exhibition of a very little united spirit and energy among 
country neighbours would put their towns and villages into 
railway communication with the principal through lines of 
travel. 

Our attention has been called to this subject by reading 
the accounts of a projected wooden railway from Carthage, 
N.Y., to Harrisville, a distance of 47} miles. The rails are 
to be of maple, strongly wedged into heavy cross ties, and 
the expense of the superstructure, all complete, is estimated 
per mile as follows : 





1760 ties delivered at 10 cts. ... ... $175 00 


21,120 ft. B. maple rails delivered at $15 316 80 
Wedges delivered, say ... 2. ss. os 40 00 
Notching ties and track-laying. ... ... 467 20 





Total ... $1,000 00 


The solid maple rail 4x 6 in., wedged edgewise every three 
feet into heavy notched ties, forms a track equal in strength 
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to that of any other railway, and is capable of bearing heavy 
rolling stock, provided the wheels have a rim five inches in 
width. Fine sand and dust, which get on the rail, is soon 
crushed into the wood by the car wheels, and forms a hard 
and gritty surface, which does not wear, and greatly facili- 
tates the traction. The maple rail, if sound, will last a 
number of years. A good deal of interest, we might say ex- 
citement, is now going on in Jefferson County, N.Y., con- 
cerning these wooden roads. Mr. J. B. Hulbert enjoys the 
credit of being the projector and engineer. A short road of 
this kind built by him, six miles long, has been successfully 
used for eight years. He is now constructing a wooden 
railroad twenty-two miles long, to connect the Clifton iron 
mines with the Otwegatchie Railway. Sixteen miles of the 
new road are nearly completed, and a portion is in actual 
operation.—The American Railway Times. 
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THE REGENERATIVE GAS-FURNACE. 
To THE Epitor oF ENGINEERING. 

Sir,—In your leading article on “Iron and Steel Manu- 
facturing in 1867” occurs the following: “ Mr. Siemens’s 
“ patent is about to expire, and if ever there was a just case 
“ for an extension, &c.” 

While thanking you for your favourable comment, I am 
anxious to explain, for the information of my licensees, that 
the early patents by Mr. Frederick Siemens and myself will 
expire three years hence; but that the poe patent, de- 
scribing the regenerative gas-furnace, under which my licenses 
are granted, is dated the 22nd Jan., 1861 (No. 167), and will, 
therefore, remain in force till 1875. 

I need hardly explain to you that a new system of generat- 
ing and applying heat, such as this, involves an accumulation 
of experimental researches and ideas which give rise to several 
distinct inventions, secured by separate patents. In illustra- 
tion, I may add that I commenced my experiments with re- 
generators as early as 1846 (in 1850 the gold medal of the 
Society of Arts was awarded me for a regenerative con- 
denser), and that the results of these early experiments have 
been of great advantage to me in obtaining the proper 
amount and shape of the regenerative surfaces of the pre- 
sent furnace. 

The insertion of the remarks in your next number will 
much oblige, 





Yours faithfully, 
C. W. SIEMENS. 
3, Great George-street, Westminster, 
Dec. 31, 1867. 
[But for having been mislaid, our correspondent’s letter 
would have appeared last week.—Eb. E.] 








Sreex-Toprep Ratts.—Mr. C. P. Sandberg, the engineer- 
ing representative in this country of the Swedish Govern- 
ment, has left with us a fine sample of a steel-headed iron 
rail, rolled at Dowlais, in 1864, for the Swedish Government 
Railways. The rail is of the Vignoles section, and a short 
piece of it was nicked at the middle of its length, and broken 
trom the top downwards, to half-way through the thickness 
of the bottom flange. In this condition the sample was bent 
completely over, or through 180°, the bottom of the flange of 
one end of the original sample being nearly in contact with 
the bottom of that of the other end. The steel shows for 
about half an inch in depth on the upper table, and is ex- 
tended around the sides of the top-table. The fracture is ex- 
cellent, and the toughness of the iron portion is remarkable. 
These rails have worn well in Sweden. 
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Amongst the numerous forms ‘of hot-air engines which 
have been brought before the public during the last few 
years, probably the most simple is that designed and recently 
patented by Mr. Francis Herbert Wenham, and of which we 
annex engravings. The leading peculiarities of this engine 
are, the manner in which the upper part of the main 
cylinder is made to serve the purpose of an air-pump; the 
arrangement of the furnace; and the construction of the 
governor. 

Referring to Figs. 1 and 2, it will be seen that the upper 
end of the working cylinder, a, is closed by a cover, through 
which the trunk, c, forming part of the piston, works. The 
cover is fitted with a cupped leather where the trunk passes 
through it. Mr. Wenham states that the trunk may con- 
veniently be made about one-half the diameter of the working 
cylinder. To the upper end of the cylinder is connected the 
passage, d, which is fitted with two valves, ee, arranged as 
shown in Fig. 1. One of these valves opens upwards and 
admits air into the upper part of the cylinder as the piston 
descends, whilst the other valve opens as the piston ascends 
and allows the air contained in the upper part of the cylinder 
to be discharged into the furnace through the passages pro- 
vided for the purpose. 

As shown in Figs. 1 and 2, the piston is prolonged down- 
wards below the packing-rings, this lower ‘portion being 
almost of the diameter of the cylinder, so that but a thin film 
of air can pass between it and this cylinder. This plan is 
also adopted on Edwards's other air-engines, and it is found 
to effectively prevent the overheating of those portions of the 
cylinder on which the piston packing works. In Mr. 

Yenham’s engine this packing consists of three Rams- 
bottom rings. The lower side of the piston is jointed to the 
upper portion, and it has cast on it a pair of eyes carrying 
the pin, which passes through the lower end of the connect- 
ing rod, h. The crank-shaft, i, revolves in bearings which 
are supported by standards bolted to the upper end of the 
cylinder, a much more compact and simple arrangement than 
that adopted in most of the hot-air engines previously 
brought before the public. 

The construction of the furnace in which the air is heated 
will be seen from Fig. 1. The stove, g, which is lined with 
firebrick to prevent the outer casing from being overheated, 
has a partition near the grate, k, and above this is a feeding - 
tube or hopper, l, bolted to the lid of the stove, where it is 
closed air-tight by a metal stopper; there is a similar stop- 

r,m, beneath the grate for the removal of ashes. The 

pper, 7, descends to within three inches of the grate, and 
should contain enough fuel for several hours’ work. The 
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WENHAM’S HOT-AIR ENGINE. 
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fuel descends by its own weight as it is burned, and all 
products of combustion having to pass through poor 
ignited fuel, the smoke is consumed. The air-passage lead- 
ing from the top of the cylinder enters both above and below 
the grate, at nn. Every up stroke of the piston discharges 
the air from the upper end of the cylinder through the 
passages, n m, into the stove, and the expanded air is con- 
veyed by a pipe, o, from the top of the stove to the valve- 
chest, p, where it is admitted beneath the piston, which is 
forced upwards by the pressure. The maximum pressure, 
per unit of surface, on the upper side of the piston is, of 
course, equal to the maximum pressure on the lower side, 
the pressure being in each case equal to that within the stove ; 
but, during the first part of the up stroke, the pressure on the 
upper side is less than that on the lower side, and the upward 
pressure available for motive power is therefore greater than 
that due to the mere difference of area of the upper and 
lower side of the piston. Towards the end of the up stroke, 
however, the circumstances of the case are reversed ; the cold- 
air on the upper side of the piston has been compressed to 
the full pressure within the stove, whilst the pressure below 
the piston will begin to fall as soon as the inlet valve is closed 
and the air contained in the cylinder is allowed to expand. 
The inlet and outlet valves are both of the poppet kind, and 
they are worked direct from the crank-shaft by the cams, q q ; 
the looped upper ends of the valve rods embracing the shaft, 
and being provided with rollers against which the cams act. 
The arrangement of the valves and cams is best shown in 
F ig. 4, which represents the valve-box in section. 

e governor is shown by Figs. 5, 6, and 7. The socket, 





aa, which slides on the vertical spindle, 5, is ved quite 
across at its —_— end, and there are pins, dd, ugh each 
extremity of the groove upon which the balls swing. The 


arms carrying the balls are turned over inwards like a bent 
lever at cc, and their round ends bear upon a collar, e, fitting 
into the groove, and forming part of the vertical spindle. 
As the spindle revolves the balls fly out, and, by leverage, the 
bent arms raise up the sliding socket in addition to their own 
weight. The sliding movement of the socket is conveyed to 
the throttle or regulating valve in the usual way. The 
throttle valve is situated at 7, and it comer y the ission 
of the air to the under or upper sides of the fire in the 
stove; the greater the quantity of air admitted below the 
fire, the more intense being the combustion and the 
higher being the temperature of the air supplied to 
the engine. We trust soon to be in a position to Ee before 
our readers some details of the practical working of Mr. 
Wenham’s engine. 
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COMPOUND ENGINES. 

Tue literary productions of some of our manu- 
facturing engineers, those prepared by them as adver- 
tising circulars, are often remarkable for ingenious 
argument, not to call it fine-spun sophistry. One of 
these circulars, now before us, is issued by a firm who 
make compound engines of from 6 to 40 horse power, 
and who indulge in the following elaborate arguments 
to prove that high-speed engines of these moderate 
powers are much better when fitted with high and low 
pressure cylinders than with a single cylinder only : 

This engine has a peculiar ability to develop motive power 
of the most uniform intensity and at maximum 8 
(where desirable), with an economy in fuel and a reasonable 
outlay not attainable by. the generality of ordinary engines, 
as may be evident from a careful perusal of the adjoining 
letter-press. The system of bringing about this result is 
peculiarly simple and efficient, the steam acting on the 
pistons throughout a distance of twice the length of the 
stroke by one slide-valve, effectively relieved from pressure, 
and the shortest possible steam ports. Particular notice is 
called to the fact that the pistons work contrary to the usual 
practice, viz., close together and , itely in such a suitable 
manner that the larger one is allowed to be ahead of its 
high-pressure neighbour, and the ports are consequently 
Tirect” into the same ends of each cylinder. 

The high-pressure cylinder is distinct to itself, which, when 
fitted with an extra adjustable expansion slide, and working 

ainst no considerable back pressure, has been proved, so 
late as at the Royal Agricultural Show at nat that the best 
high-pressure engine could be worked at 341b. of coal per 
horse power per hour. ; 

This compound engine, besides thus being arranged to 
develop the full maximum duty from high-pressure steam 
upon a piston. of the most suitable area to attain uniform 
power, develops a further and almost equal amount of 
motive power by its admission upon a second piston of ample 
area to give out the full duty of the conden process, and 
at the exact moment it ought to be set free the high- 
pressure cylinder. 1 

Here is accomplished a much desired result, viz., that 
steam from the boilef can be of the maximum economic 
pressure, and is admitted upon a suitably small area at its 
own specific temperature, and the unavoidable cooling effect 
of the condenser is confined solely to the larger cylinder ; 
thus the condenser and its low-pressure oylinser, also the 
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high-pressure steam and its expansion cylinder, are each 
allowed to retain their own peculiar degrees of assimilated 
heat. 

Thus is avoided the practically and inconvenient fact, 
common to all single-cylinder condensing engines (whether 
used alone or in pairs), that if uniform power is desired with 
steam at 60 to 70Jb., their pistons must be either too large 
for such pressure or far too small to develop the full duty 
due to complete condensation. 


Now all that is claimed here is, if not as old as Horn- 
blower, who lived a hundred years ago, at least as old 
as Woolf, who worked compound enginessixty years ago. 
Compound engines, ascompared with single engines, are 
necessarily much more complicated, and have more fric- 
tion, and their cylinders present more external and in- 
ternal cooling surface for the loss of heat by radiation. 
On the other hand, the total pressure upon the cranks is 
more nearly uniform throughout the stroke than in 
single engines, and there is not so great a range of 
temperature in either cylinder as there is in tho 
cylinder of a single engine. 

The single engine can be worked as expansively as 
the compound engine, and inthe case of quick-going 
engines, where there is but perhaps half a second for 
internal cooling in the cylinder at each stroke, the loss 
of heat within the widest vy of temperature which 
occurs in ordinary practice is believed to be less in the 
single engine than that corresponding to the increased 
friction of the compound engine. The loss by in- 
ternal cooling may be very nearly prevented by steam- 
jacketting, and although it may be rather less in any 
case in the compound than in the single engine, the 
loss is the same in kind in both. No experiments 
that we are aware of have ever been made to deter- 
mine, with the great nicety that would be requisite 
for such a purpose, the relative loss of heat by the 
internal cooling of the cylinders—these being steam- 
jacketted as they should be—of compound and single 
engines respectively, There is no reason, however, to 
bdlove that in the ease of engines making 60 revolu- 
tions and upwards per minute the difference would be 
appreciable, although it might be found that the com- 
pound engine, from its greater total internal cooling 
surface, actually lost most heat in this way. 

The greater uniformity of pressure upon the cranks 
of compound engines is of value in long stroke, slow- 
moving pumping-engines, where a column of water 
has to be changed in direction at everystroke. But in 
quick-going engines, driving rotating machinery, single 
engines are found to have all the uniformity of motion 
requisite for fine cotton-spinning, even when the en- 
gine is expanding its steam tenfold. 

The questions raised by the circular we have quoted 
cannof, from any knowledge yet derived from experi- 
ment, be settled with the unimpeachable precision of 
a mathematical demonstration, but they have long ago 
been practically settled by the general experience of 
engineers, to few of whom is the compound engine at 
all new. It has been worked out in various combina- 
tions by Woolf, Perkins, Craddock, Simpson, Hall of 
Dartford, Rowan, Humphrys, Elder, and others. For 
pumping-engines it has, as some believe (although 
other engineers of good knowledge and judgment dis- 
pute it), a certain advantage, and for expansions of from 
ten to twenty or thirty fold—never attempted in ordi- 
nary practice—a fair case might be argued out in its 
favour. For large screw engines, the greater uni- 
formity of strain upon the crank-shafts of compound 
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THE LITERATURE OF QUACKERY. 


LiTERATURE, not less than society itself, exists in 
virtue of laws duly enforced. When, as Disraeli has 
said in his “ Curiosities,” a taste for literature spread 
through the body of the people, vanity induced the 
ignorant and the inexperienced to aspire to literary 
honours. It was by periodical criticism that the 
injury which the errors, quackery, or shallowness which 
such pretenders would have wrought in the fields of 
truth, of knowledge, and of taste were prevented. It 
was by the fall of many unworthy authors under this 
formidable weapon that some of our greatest geniuses 
were taught to rise. It was by criticism that taste 
was so generally diffused that the public came to be 
good judges of literary works, of the merits of which 
they had otherwise remained ignorant. None will 
deny that criticism has been often abused, but here, 
again, public taste reacts upon and corrects the abuser. 

The literature of our profession is even newer than 
the profession itself, but its present extent affords a 
sufficient indication of the great future before it. Like 
that of medicine and law, the literature of engineering 
is one in which fulness and accuracy in respect of 
facts or data are of prime importance, and it is one in 
whigh every author who presumes to instruct or, 
professing to be an authority, to influence other 
engineers, must fully understand his subject, or, in 
other words, so much of engineering as shall include 
all upon which he undertakes to write. Not that the 
full punishment of criticism is to be visited upon 
offenders who profess no more than to raise points for 
discussion, especially points upon which there is 
manifestly room for doubt. In such ¢ases a modest 
deference may often, if not always, atone for real 
ignorance. It is when ignorance assumes the airs and 
the tone of authority that it becomes culpable, and 
deserving not only of prompt condemnation, but those 
strong lashes for quacks and pretenders, ridicule and 
derision, which do tell with them, although they are 
never to be held up to those who, even when wrong, 
are really worth arguing with. 

It has been said that quacks and pretenders in engi- 
neering literature can do no harm. This is true, 
perhaps, in the case of real engineers who may read 
their writings or hear their lectures. In the case of 
yerhaps the worst offender, in this respect, in the 
omer a we have even heard it said that the almost 
merciless criticism which has been poured upon him 
has enlisted a sympathy for, and an interest in, his 
works. At any rate, he can still find publishers to 
print his trash, and purchasers to buy it, and can even 
command the ear of an influential society which would 
not be supposed to lend itself Jo unblushing quackery. 
It is these very circumstances which prove the 
mischief, for it cannot be supposed that well-informed 
engineers countenance such performances merely for 
the amusement which blundering ignorance and literary 
incapacity may sometimes afford. The severest and 
truest criticism which this ignoramus, who is so ready 
to parade himself in public, has ever received has 
proceeded from those who know him only by his 
writings, and who see in them the worst food to be 
placed before those really desirous of instruction. If 
there is to be improved technical education, it must be 
guarded from the teaching which, when not false, is 
empty. 

Much of the same quality of literature, only more 
coherent in its English, prevails also in engineering 





engines lessens their liability to breakage. But we 


cannot think that even Mr. Elder himself, who has | 


attained such good results with compound engines in 


his screw steamships, would recommend the complica- | 


tion of the system for small quick-working engines, 
with not more than a tenfold vate of expansion. 

It is, at any rate, alittle remarkable that a firm of 
engineers, in offering compound engines to millers, 
tanners, manure-makers, large farmers, and other classes 
of non-professional purchasers, should find it more con- 
venient to indulge in such elaborate arguments as we 
have quoted than to give convineing data derived from 
actual experiment. If small compound engines pos- 
sess all the advantages claimed for them, it should by 
this time be easy to prove it. 


Tur Crvi, Braycu or THe ApmrRaLtty.—Mr. William 
Scamp, the Deputy Director of Engineering and Architectural 


Works to the Admiralty, some few weeks ago requested the | 


Lords of the Admiralty to relieve him from the duties of his 
office, which he has now filled for many years. We now un- 
derstand that the Lords Commissioners of the Treasury have 
awarded him a retiring allowance equal to the full amount of 
his salary—900/. per annum. 
of the Admiralty, however, Mr. Scamp will remain at his | 

t at Somerset House, conducting the general duties of the 
eo ent, until the return to England of Major Clarke, 
R.E., the chief of the department, from Malta. 





At the requests of the Lords | 


newspaper writings. These are taken upon a certain 
| trust, growing out of the moral responsibility sup- 
posed to attach to all respectable newspaper writers, 
jand they thus have their influence for good or evil. 
They know little of the press, and we would not care 
| to count them among our readers, who maintain that 
| no blunder or untruth constantly repeated in a news- 
| paper can do real harm, and that it is, at any rate, 
| “undignified” in another journal to correct it. We 
| have, every week, to correct the mischievous news' 
| paper writings of those who, although writing imper- 
| sonally, we know from other and more positive evi- 
{dence are wholly unfit to form and maintain any 
|} engineering opinions whatever witha view to their 
| propagation in public. Public tolerince is so great, 
| however, that it often amounts to sympathy with the 
|quack who meets with his just exposure; but this 
| sympathy, although it may spring up afresh in the 
case of new offenders, can never remain long attached 
to one who has been often and long convicted. Only 
sound and fearless criticism can maintain professional 
| literature in the position it should always hold. 
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Pott anp Trruis (Russta) Raruway.—A contract for 
25,000 tons of rails for this railway has been let to the 
Belgian syndicate of forgemasters. ‘The terms are said to be 





extremely low. 


RAILWAY EXTENSIONS IN MADRAS. 


Tue Madras Government has recently published 
some important papers regarding the proposed exten- 
sion of railways in that Presidency. A large number 
of schemes have for some time been under consider- 
ation, and, of these, four of the most important have 
now been sanctioned, and preliminary arrangements 
made for their construction. ‘The first of these lines 
will traverse the rich provinces of Madura and ‘lrichi- 
nopoly, providing railway communication on the one 
side with the flourishing sea-port of Teuticorin, on the 
north-west coast of the Gulf of Manar, and on the 
other with Coimbatore and the wealthy French town 
of Trichinopoly. The course ‘of this line’ would lie 
southward through Virduputty, Satar, and Ootape- 
darum to Teuticorin, and probably northward through 
Dindigul and Madapore to ‘Triehinopoly. To this 
latter route, however, the Serra. Mullay hills may pre- 
sent too serious an obstacle to be grappled with at 
present. A desire has also been expressed to have a 
branch westward from Teuticorin to Palamcottah, and 
across the Chindinthoorah to Tinnevelly. The con- 
struction of these branches has been entrusted to the 
Great Southern of India Railway Company, guarantee- 
ing that they will be speedily and well executed. The 
second of the four lines referred to will join Shoranoor 
with the state and port of Cochin, thus giving all the 
lines in the Presidency an outlet on the western coast. 
The third is an extension northwards of the line from 
Beypore to Cannanore ; and the fourth a line of tram- 
way from Conjeveram, through Chingleput, to Cudda- 
lore, the principal place of the southern division of 
Arcot, on the estuary of the Panar, on the Coromandel 
coast. About the immense value of this line to South 
Arcot there can be no doubt. It has been suggested 
that it should run through Pondicherry; but this the 
Madras Government entirely disapprove of. “ They 
‘would leave it to the French Government to negotiate 
“with the tramway company for a junction from 
“ Pondicherry upon any terms that may appear ex- 
“pedient to both parties.” ‘This policy will guard 
against any of the aunoyance and loss which would 
certainly result from a misunderstanding between the 
two countries, should such ever unfortunately arise. 








ELECTRICAL TESTS OF RECENT SUB- 
MARINE CABLES. 

A TaBLB, giving “ the electrical testsof various recent 
submarine telegraph cables,” has lately been issued 
by Mr. Latimer Clark, C.E., and gives the geometric 
dimensions of the conductor and insulator; the lo- 
garithm of the ratio between the internal and outer 
diameter of the insulating envelope—to which lo- 
garitlim the resistance of the dielectric is, ceteris 
paribus, proportional ; the weight per “ knot” (nautical 
mile) of the various parts ; the resistance per knot of 
the conductor and its specific conductivity compared 
to pure copper ; the actual resistance per knot of the 
dielectric at 24° Centigrade, and its comparative re- 
sistance at the same temperature; the resistance of 
the Persian Gulf cable being taken as unity; the 
electro-static capacity per knot in “ Farads” (the new 
unit of electrostatic capacity adopted by the British 
Association Committee on Electrical Standards) ; the 
relative specific inductive capacity ; the Persian Gulf 
eable being taken as unity, and, finally, the absolute 
resistance of conductor and dielectric irrespective of 
temperature of each cable after submergence. 

The table embraces thirteen different cables, in- 

cluding the two Atlantic cables, the Malta and Alex- 
andria, Persian Gulf, Cuba and Florida cables, and 
the Ceylon cable. The diameters of the wire and en- 
velop are given in “ mils”—that is, thousandths of an 
inch—a term which Mr. Clark is endeavouring to 
introduce, and which has certainly the advantage of 
saving the printing of a few cyphers and a decimal 
oint. 
; One of the most striking features in the actual in- 
formation thus tabulated is the immensely superior in- 
sulating qualities of Hooper’s core as compared to 
gutta percha. Thus the figures in the column giving 
the “ relative specific resistance of the dielectric” com- 
pared to the Persian Gulf, as unity, range for all the 
gutta-percha insulated cables between 0.679 (the 
Malta and Alexandria) and 2.568 (the Cuba and 
Florida cables), whilst the Ceylon cables insulated 
with Hooper’s material rises to 41.840, or twenty times 
better insulation than the best gutta percha given in 
the tables. Some Hooper’s core supplied for India 
stands at 44.870 or twenty-two times better than the 
best gutta percha. 

Another feature to be noted is the variation in the 
specific inductive capacity of the gutta-percha cables. 
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These vary more than 5 per cent. Hooper’s core 
again here shows an advantage in having an inductive 
capacity 15 per cent. Jess than the lowest of the gutta- 
percha cores, which means that, ceteris paribus, a con- 
ductor insulated with Hooper’s material can be made 
to transmit signals 15 per cent. faster than a conductor 
insulated wath gutta-percha. 

Whilst,on this-point, we think Mr. Clark should have 
given a column with the reciprocal of the specific elec- 
tro-statie capacity,’or, in fact, what has been termed the 
« intuetive resistance,” because it is to this quantity 
that the speed of transmission is, ceteris paribus, directly 
proportional. 

The tests after submergence show conspicuously the 
extraordinary increase in the resistance of the diclec- 








tric in the Atlantic cables, caused no doubt by pressure 
or temperature, or both combined. ‘Thus the Atlantic 
cables show their insulation resistance to be increased 
eight times by submergence. 

There is one term which Mr. Clark and other electri- 
cians use, to which we decidedly object, that is, the term 
“knot.” Suilors, when asked what rate‘a ship is going, 
reply, so many “knots.” The log-lite, as is well known, 
is marked off by knots into spaces which are to a 
nautical mile as a half-minute is to an hour, or, in fact, 
into the one hundred and twentieth parts of a nautical 
mile. When the log is hove, the number of “knots ” 
whith shave passed out during the running out of the 
half-minute glass gives the rate of the ship in nautical 
miles; hence sailors say aship is going so many “knots.” 





at 


It is a fagon de parler; but no naval officer in the 
merchant service or Royal Navy, or any other nautical 
service, was ever known to say that the distance be- 
tween such a place and such a port was so many 
“knots.” They would say, so many miles—mean- 
ing wautical miles, that is, minutes of latitude. 

The table is altogether very interesting and'instruc- 
tive, and must have cost considerablé labour and 
care to compile, and as, from its being freely cirenlated 
amongst electricians and engineers gratis, it, appears to 
be entirely a labour of love, on Mr, Clark’s part, for 
the special branch of engineering which le has ‘so 
long earnestly pursued, we think he deserves great 
credit and the thanks of all who follow the same inter- 
esting science. 
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DESCRIPTION OF CABLE: | Length Diameter. 


Laid. 





|Copper| Core 





1. MaLTA AND ALEXANDRIA 
Caste. Conductor, aseven| Knots. | Mils.* 
wire strand. Eighteen iron 
wires 120 mils diam. (Laid 
1861,) naa 


Mils.* 


1330 153 463 
2. Persian Gute CABLE. Seg-| 
mental conductor. . Twelve 
iron wires. 192 mils diam,} 
Exterior covering of asphalt} 
compound. . (Laid, in 1864.)| 
3. Hooper's CasBue for river} 
crossing in India. Conduc- 
tor, a, Seven- wire strand. 
Twelve iron wires 200 mils 
diam. (1865) . ese 
4. ArLantic CaBLe. Conduc- 
tor, ‘a-seven-/wire strand. 
Ten steel wires 95 mils diam. | 
Each wire covered with 
tarred Manilla hemp. (Laid) 
1865) NS 
5. Perstan Gouur Caste. (Ad- 
ditional length.) Solid con- 
ductor. Twelve iron wires 
similar to No.’ 2. | Exterior 
covering of asphalte com- 
pound, (1866.) ... ee 
6. OxyLon CaBiu. (Hooper’s 
core) Conductor, a seven- 
wire strand. Twelve iron 
wires 200 mils diam. Ex- 
terior covering: of asphalt 
compound. (Laid 1866.) ... 
- Cor vor InpiA. (Hooper’s 
core) similar to No. 6. No 
iron covering.  (1866.) .).... 
. ArLantTic CABLE. Conduc- 
tor, a seven-~wire strand. 
‘Ten steel wires similar ‘to/ 
No. 4, each covered with! | 
white Manilla hemp. | (Laid } 
1866:) sa awe) .| 1852 | 147 
9. ENGLAND AND HANOVER) | 
CaBLE.  Odntaining four 
insulated wires, ' Conductors, | 
a seven-wire strand: ‘Twelve | 
iron wires 305 mils diath.| } 
Exterior covering of asphalt 
compound, ' (Laid 1866.),,.) 224 | 


1148 110, },, 380 


46 110 | 380 





1896 467 


160 110 | . 380 





110 380 





“I 


110 | 


ie 2) 








280 


10. Pracentia Bay anv Syb- 

nity CABLE. Conductor, a 

seven -wire strand. Twelve 

jron wire 148 mils dian, | 

(1867.) ee ove ose 

Cuba & FLoRIpA CABLES. 

Conductor, a, 7 

wire strand, 12 

iron wires 148) “ 

mis diam. (1867) 4 179-9 } 

12. New ZEALAND CABLE—| 
Lyall Bay to Disaster Point. 
Containing four’ insulated 
wires. Conductors, a seven| 
wire strand. Ten iron wires} 
300 mils diam.. Exterior] 
covering of asphalt com- 
pound. (Laid 1866.) 

13, Sourm FoRELAND AND La! 
Payne CABLE. Containing} 
four insulated wires. Con- | 
ductors a seven-wire copper} 
strand. ‘Ten iron wires 331) 
mils diam. Exterior cover-| 
ing of asphalt ‘compound.| 
(Laid 1867.) ae cool 47 


102 
11. 
Hayanah to 

Key West ... 
Key West to 
Punta Rassa.. 





tee 


et 





256 


Loga- 
rithm 


D 
d 


0.48089 | 


0.53839 


0.53839 
| 0.50200 
0.53839 


0.58839 


380 | 0.58839 


467 | 0.50200 


| 0.50764 


348 | 0.53298 | 


290 | 0.51229 


0,46872 


y Resistance:of 
Weight per-Knot. Conductor, 
at 24° Cent. 


| Specific 
Resist-| Conduc- 
Com- | ance | tivity. 
pleted} per | Pure 
Cable. | Knot. | Copper 
| =100. 


Resist- 
ance per 
Knot. 


Iron 
| Wires. 


Dielec- 
tric. 


Copper 


Tons. | Tons. | Ohms, Megohms 
| a 


| 
400 | 400 | 1.68 | 2.13] 3.49 | 85.39 115 


3.06 | 3.78 84.79 190 


275 


no 
no 


180 | 330 | 3.3 3.8 | 6.98} 94.9 8064 


0.6382) 1.7% 93.08 349 


~1 
o 
> 
re 

~“ 


300 400 


3.06 3. 88.17 395 


6.01 | 





7949 


“1 
or 
bo 


180 | 330 | 3.8 3.8 


180 | 330 8526 





300 400 | 0.632 94.63 








107 150 8.003 239 


150 | 230 88,73 








107 | 166 90.01 464 








107 166 89,43 317 


} 
} 
| 
| 
| 


107 89.29 | 


217 


Resistance of 
Dielectric, 
at 24° Cent. 


| 





| Gulf=1. 


| 
| 








Approximate Resistance per 
Knot when laid, 
Irrespective of Temperature and 
} Pressure. 

j— 


Electrostatic 
Capacity. 





Relative 
Specitic 
Inductive 
* Capa- 
city. 
Persian 
Gulf=1.! 


Relative 
Specific 
Resist- 
ances, 
Persian 


Resist- 
ance of 
Conduc- 
tor. 


Electro- 
static 

Capacity 

per Knot. 





Resistance of 
Dielectric. 





Ohms. 
8.59 
8.56 


* Farads. * Megohms. 


Malta Tripoli 
Tripoli 
Benghazi 


| 


to 
— 
ne 


0.679 de 192 
3.54 
6.46 


6.21 


151 
5 
495 
826 


Alexandria 
Fao-Bushire 
Bushire 
Mussendom } 
Mussendom 
Gwader 
Gwader 

( Kurrachee 


1.000 | 0.3486 1.000 


B42) 6.40 


239| 6.80 


0.812 


0.2719 


1,968 | 0.8535 0.995 2945 4.01 


0.8312 0.950 


41.840 | 0.2775 0.829 7000 


44.870 | 0.2782 0.831 


1.932 | 0.8535 0.995 2437 





1.383 | 0.3447 0.989 1010 11.71 


Placentia and 
St. Pierre 
St. Pierre and 

Sydney 


4498) 8.82 


8.84 


2.421 | 0.3566 1,050 


A257 


. 11.88 
2.568 | 0.3507 1,005 12.37 


175 


{ 1268 











0.8297 0.962 





1.31 | 0.8700 0.970 1183 11.83 





ery bite 1 
“ ” 
* Norse.—The “Mil” is the i toot" 


Standards (of Electtical Resistance appointed | by 


part of ap .inch, The Megohm=one million ohms. The Farad is the standard unit quantity of electricity as determined by the Committee on 


the British Association ; it is’ that quantity of electricity which, with the unit electro-motive foree, passes through a resistance of one 


Megobm ih one séeond. The whit of electro-motive force does not! differ greatly from that of a Daniell’s cel!. The inductive capacity of a strand is assumed as 5 per cent. less than that of 9 
solid tira ‘ofthe sdine diameter, and lias’ been’ so allowed for in calculating the relative capacities. The following empirical data may be found sometimes useful for calculating the approxi- 


mate: weight af bres: 54 circular mils in sectional atéa Of copper, 69'cire. 

aE ee 1? . a , 2 

weigh ‘one:pound per knot. Hence zs gives therweight per ‘knot of any solid copper conductor, end 45 of-any copper strand ; and similarly 
sores : 


vrnaiedeege 


core. 6789 


——_—pives the weight of iron in ewts. per knot (including lay) for any cable of n wires. 


mils of Copper strand, 63 circ. mils of iron, 481 circ, mils of gutta percha, or 401 circ. mils of Hoope:’s muterial, 
4 Aig 





Tar Bives'the weight of gutta pervhain any 
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CANAL OF ISABEL IL, AT MADRID. 

NorwitustanpinG that Spain has from the earliest times of 
her history ; ossessed many works of irrigation—an account of 
some of vioich will be found in the review of Markham’s 
“ Irrigation in Spain,” at page 291 of ENGINKERING, vol. iii.— 
it does not appear that there existed in that country any 
general law, for the regulation and use of water, prior to the'year 
1845. On the 10th October, in that year, an order passed, 
relutive to the construction of public works, was the first pro- 
vision of the Legislature to introduce some amount of regularity 
into that service. ‘This order was followed on the 14th March, 
1846, by a royal ordinance laying down rules for the use of 
water, and declaring all natural streams to be the property of 
the State. The necessity of encouraging irrigation having been 
much felt of late by all classes, a law, qnbracing almost every- 
thing in connexion with that subject, was passed on the 3rd 
August, 1866. ‘That law is divided into seven chapters, which 
treat, respectively, on the following subjects: “ The waters of 
the sea,” ** The waters of the land,” ** Relative to the beds and 
banks of rivers,” ‘ The distrivution of water,” “ The general use 
of public waters,” “Concessions or the special use of public 
waters,” “‘ The administration and regulation of waters, and the 
proper jurisdictions for deaiing with the subject.” Some of the 
clauses of this Ley de Agua are of the highest importance ; 
amongst which may be weted No, 210, which states that all 
foreign capital invested in canuls for irrigation, or the purchase 
of land in connexion with such works, will be under the pro- 
tection of the Government, and that such property cannot be 
confiscated in times of war. And clause 249 compels the 
minority, in a newly irrigated valley, either to irrigate or sell 
the land to the company. One of the greatest difficulties in 
connexion with new canals has always been in treating with the 
mill-owners; for there are numerous small corn-mills situated 
on every river in Spain, and when a canal is projected the pro- 
prietors of these mills always complain that they are going to be 
robbed of the water. Under the new law the proprietor of a 
mill can, if his demands be considered unreasonable or ex- 
orbitant, be compelled to sell his property, the amount to be 
paid for it being fixed in the same manner as the price is arrived 
at at which the owners must sell the land, if they will not 
irrigate, namely, by capitalising the annual contribution, and 
augmenting the product by 50 per cent. 

Spain abounds in cafals and works of irrigation, many of 
them being-of ancient date, and some that have been executed 
in more modern times. Amongst, the latter class of works 
there is none more remarkable than the Canal de Isabel II, 
which was designed primarily for the supply of water to Madrid, 
but it is also partially used for irrigating the vegetable gardens 
in the environs of the capital. The water is brought from the 
river Lozoya, where it emerges from the Guadarama mountains 
to the north of Madrid. At this point a massive masonry dain 
is built, acrogs the river, and resting on the cliffs which rise up 
on either side, This dam is 30 metres in height, constructed 
of masonry and cut stone, and encloses a lake, or reservoir, 6 
kilometres in length, capable of containing 3,000,000 cubic 
metres of'water, A tunnel conveys the water from the lake, 
and it flows across the intervening country in a channel requir- 
ing the following works : thirty-one tunnels, some driven through 
the rock, and others through sandstone containing large quan- 
tities of water, that of Otéro, which is through sandstone, 
being 14 kilometres in length; thirty-two aqueducts, amongst 
which are some 28 metres in height and 120 metres in length ; 
four great syphons for carrying the canal across four valleys, 
each of which consists of four pipes 0,92 metre in diameter ; 
and it finally empties itself into the reservoir del Campo de 
Guardias, which occupies the highest ground in the vicinity of 
Madrid. ‘The principal materials employed in the construction 
of this reservoir are cut stone and bricks; its dimensions are 
125 metres in length, by 86 metres in breadth, and 9 metres 
deep trom the foot to the crown of the arches. It will contain 
59,000 cubic metres of water, and from it are taken off the con- 
duits which distribute a high service of water over every part 
of Madrid. ‘This reservoir only receives the waters intended for 
the town supply, all employed for irrigation purposes having 
been turned aside before reaching it. It is at the entrance to 
this reservoir that the beautiful fountain is situated which forms 
the subject of one of the illustrations accompanying this article. 
This reservoir, which was designed when the project was first 
brought forward for supplying Madrid with water, bas not been 
found suflicient to meet the demands of the town service, and it 
has consequently been found necessary to form a second reser- 
voir, which is now under construction, near to the former one. 
This reservoir will have a capacity of 177,000 cubic metres, 
and its dimensions will be 225 metres in length, by 150 metres 
in width, and 9 metres in height. 

The canal is 76 kilometera 175 metres in length, and its 
transverse section is 2.80 metres in depth by 2.15 metres in 


width, The — used for calculating the size of the channel 
be ul ‘ : it 
was V?= Tapa’ (L-+ 3H in which I= incline, L=mean 


width, and H=depth. The favourite gradients for new canals 
are from 2 to 3 decimetres, or about 124 to 19 inches to the 
mile. In practice it is f.und necessary to alter the gradients 
between the points at whicu the main distribution chanuels take 
their supply; it is also customary to alter the dimensions of the 
transverse section of the canal between the points at which the 
principal distribution channels run off, caletlating the quantity 
of lana which each channel will irrigate, and reducing the 
dimensions of the main canal in proportion to the water drawn 
off, It tiws been found that the best velocity is from 60 to 70 
centimetves=23} in. to 27} in.—per second, as that is con- 
sidered to Ud boflicient to keep the channel clear of sediment, and 
is said to prevent the growth of weeds, while it is not enough to 
scour the bed of the canal, : 
‘The total discharge of water by this canal amounts to about 
000 cubic metres a day, or about 600 litres per head of 
ulation, which is distributed in the following proportions; 
namely, 100 litres per head for town service and 500 litres for 
the i of the surfounding country. The irriguble land 
along ego the pee hw Isabel IT, amounts to 1800 
hectares, or acres, quantity of water lately autho- 
tised for canal bg the teyal Conghesiea smontlt U6 litre 





per second toeach hectare, or 4 gallons per minute per acre, 
and the price authorised to be charged for the same is 1s, 8d. 

r acre for each irrigation, or 154,000 gallons of water, and 
the estimated cost of irrigating land by this canal is set down 
at 15/. 6s. per acre. In the engineer’s report the value of the 
miil sites is set down at 302 per horse power per year, which. 
he states, is only half what each horse power costs in the 
steam factories of the capital. The manner in which he 
calculates}the horse power is as follows: “ The measure of 
water for mill-power will be el hectolimetro: or 100 litres per 
second falling «a height of one metre—which we will call a 
horse power—one hectolimetro equals 100 kilogrametros. 
A horse power is only 75 kilogrametros, but we allow 25 per 
cent. to compensate for the loss by friction.” 

Amongst other important works on this canal, and which 
deserve a passing notice here, are the aqueduct of La Sima and 
the aqueduct of Colmenarejo. With sles to the former of 
these two works, the lower portion of it was constructed with 
the intention of placing there a syphon of the same kind as 
those which are to be found in other parts of the canal; but 
the scheme was afterwards modified, and the work was raised so 
as to form an aqueduct 67 metres in length with a maximum 
height of 26 metres. The lower arch has a span of 17 metres, 
above which are seven arches of 7.40 metres span each. The 
Colmenarejo aquduct is 120 metres in length, with a maximum 
height of 19 metres. It is composed of fifteen. semicircular 
arches of 8 metres span each, constructed of cut limestone and 
granite. The two principal syphons are those of Guadalix and 
Bodonal; the latter, which crosses a valley 1400 metres in 
length, is sown in the illustration on the preceding page. The 
other engraving, on page 50, represents, as we have said, the 
fountain at the entrance of the reservoir in Madrid. 

The water supply of Madrid was formerly dependent partly 
on wells, and partly on a small stream running into Madrid, 
from which water was raised by two pumping-engites; 
but by the present system a constant supply is obtained by 
gravitation capable of being thrown, by the pressure of the 
supply alone, over the loftiest houses in the iy aa The 
works for distributing the waters in the town are deserving of 
notice. This service comprises: Ist, about 98 kilometres in 
length of cast-iron pipes of different diameters, placed 
partly in subways constructed for the purpose, and partly in 
trenches; 2nd, about 73 kilometres of canal in subterranean 
galleries, which are lined with brick and cut stone. In these 
channels the dimensions vary, but even the smallest are 
sufficiently high for a workman always to stand upright in. 
The pressure im these conduits is, as we have already stated, 
with but very few exceptions, sufficient to carry it to the top of 
the highest houses, and in some places the water will rise to 
about 70 metres above the surface of the ground. Omitting all 
private supplies, which are daily increasing, the waters of this 
canal furnish thirty-five public fountains, and 3000 orifices for 
purposes of irrigation, or for the extinction of fires. 

To recapitulate briefly the works on this canal, we may state 
that in the total length of 76 kilometres 175 metres there are 
11 kilometres 741 metres in subterranean galleries, 1406 metres 
carried by aqueducts, 2622 metres in syphons, besides several 
trenches, important retaining walls, and other remarkable 
works; and, as we have omitted to notice before, the canal is 
everywhere arched over, excepting at the aqueducts. 

These important and magnificent works were designed by his 
Excellency..Don Lucio del Vallé, engineer-in-chief to the 
Spanish Government, and who received the order of Charles the 
Third for his services in connexion with them, He was most 
ably assisted by Don Jose de Morer, now principal engineer for 
the works. This canal was sanctioned in the year 1851, and 
was inaugurated, on completion, on 24th June, 1858. The 
total cost of construction amounted to about 57,897,368 francs. 








JERSEY HARBOUR IMPROVEMENTS. 
To tHE Epiror oF ENGINEERING. 
Srr,—A “ Non-Competitor,’ who appears to well under- 
stand the question of the harbour imprevement, gives, in 


your impression of the 3rd January last, a tacking chart of 


the entrance to the present harbour, for the purpose of show- 
ing that a viaduct between the angle of the Albert Pier and 
the Hermitage would be, nearly as possible, along an average 
line of a vessel’s tacking-ground ;, but he altogether forgets 
that, when the proposed breakwater to the Platte Rocks is 
constructed, yachts, boats, and vessels of almost every de- 
scription will be lying at anchor and swinging with the tide 
and wind in every direction, consequently there would be an 
end to tacking about in the harbour, except, perhaps, for 
smal! boats, and then only when the winds are light and fair. 
The general practice throughout the world is, for yessels 
arriving at all times of tide to drop anchor in the outer 
harbour and wait for the tide, when they are generally towed 
directly into their berths in the wet docks an hour or so 
before high water. At St. Helier now.ships are obliged to 
tack to get in at all, as there is no outer harbour, a state of 
things that will be altered on the completion of the sheltering 
breakwater. 

I quite agree with your editorial remarks of 
ber last, that that the angle of the Albert Pier is the proper 
point from whence to start a viaduct, and if taken to the 
north angle of the Castle instead of to the Hermitage, it would 
still be in sheltered water, and have,.the advantage of a rock 
foundation, ample and additional sea-room would be left, if 
necessary, for “* Non-Competitor’s” tactics to weather the pre- 
sent harbour. I notice also that, in addition to Mr, Lyster’s 
remarks on his viaduct according to his plan of 1860, he states 
that along the line of a viaduct from the Albert Pier to the 
Hermitage it is chiefly “ fine sand and a substratum of peat.” 
Now, if such is the case, why is it that not one of the com- 
petitors has suggested to the Jersey authorities to dredge 
away the “ fine sand and peat,” and make a low-water land- 
ing-place for steamboats just outside the Albert Pier, and 
so at once do away with the question of viaducts (whether in 
the sheltered waters under the Castle or in the exposed posi- 
tion along the Castle bridge of shingle), sand and silt traps on 
the one side, or wave traps subject to “back lash” on the 
other side, with low-water landing-places far removed from 


20th Decem- 








exposed, and 


the town out to sea, and consequently _——- 
en of as likely 


other mighty and costly works which are spo 
to obstruct the working of the outer harbour ? 

At or near the angle of the Albert Pier the entrance lock 
for the proposed dock might be made with a quay some 300 ft. 
or 400 ft. wide, which would admit of more than the ample 
accommodation that Mr. Lyster states is so needful for sheds 
and carriages at the site of disembarkation. Such accom- 
modation is absolutely necessary for a large port, but I doubt 
whether any one is sanguine enough to anticipate St. Helier 
becoming a second Liverpool. Passengers might here land 
at the very centre of the harbour and town, and be driven 
across the new lock-gates, either towards the eastern portion 
of the town under Fort Regent, or to the western, along Mer- 
chants’ Quay. No one appears to have suggested to the 
Jersey harbour authorities such a scheme for dredging. Let 
the authorities, before ever they sanction the construction of 
heavy works far out at sea, at goodness knows what ulti- 
mate cost, either on the east or west side of the Little Roads, 
consider well before they sanction the construction of works 
entailing an expenditure of hundreds of thousands to accom- 
plish that which appears to me could be done at a very trifling 
outlay.. Aslam not an engineer, neither am I known to 
any of the Jersey authorities, and, like Mr. Lyster, not a com- 
vetitoy, I hold that’ my remarks, as well as those of Mr. 

yster and “‘ Non-Competitor,” are admissible, and ought not 
to have any influence in the minds of the committee for or 
against any of the competitors; but I leave the question to 
be discussed by those who are qualified to do so, Mr. Lyster, 
in his remarks of the 5th January last, states (alluding to 
your editorial remarks on the improvement of the harbour of 
St. Helier, on the 20th December last), that, “as a general 
“maxim, I quite endorse your statement that ‘facility of 
“communication between the different quays is a great 
“ ¢ point in any port;’ and could the design under Salat bare 
“been so arranged as to have admitted the quays of the 
“packet harbour to be in direct communication with those 
“ of the old harbour and proposed dock, without disturbing 
“ other more important considerations, I should have been 
“the first to have recommended so desirable an arrange- 
“‘ ment ;” which remarks go to prove that, if it is possible to 
do what I propose at the Albert Pier, surely it is the best 
possible thing to be done. 

“ Non-Competitor’s” remarks that many of the competition 
designs have been laid down without the slightest considera- 
tion as to future results, are quite true, especially as some of 
the competitors have designed most clever traps for sand and 
silt on the one side, which would soon create dry ground at 
low water, and others wave traps on the opposite side, which 
would create an extraordinary amount of * back lash,” or re- 
bound, and no doubt the committee have had before them 
many of the most ingenious arguments from the designers to 
prove that such evils would not ensue from the execution of 
their designs. 

I am, Sir, your obedient Servant, 
A WaTCHMAN, 





To tue Epitor or ENGINEERING. 

Srr,—May I be allowed to inquire, without being deemed 
* diseourteous and unprofessional,” how the anchorage water, 
in the plans proposing the site for new works on the Castle 
side, is to be protected at high-water when the waves run 
from S8.E, and S.E. by E., which they frequently do heavily, 
unless works are constructed to protect that direction of 
disturbance ? 

It must be borne in mind that, in a position such as St. 
Helier’s, it is not only requisite to provide shelter at low 
water, but that a more paramount one is to do so at high 
tide. During the last, in storms, the waves wash over the 
present harbour piers, and thereby, and the direct commotion 
through the entrance, renders the new harbour unsafe, ‘so 
that vessels are removed, at such time, into the old harbour. 
I much doubt, then, that in the more exposed position of the 
proposed Castle breakwater, a very quiet anchorage would be 
obtained directly under its lee, unless it were made of greater 
height. 

I cannot agree with you that it is desirable to carry the 
breakwater so far as the Platte Rocks; on the contrary, as 
effectual cover is afforded falling far short of it, I think. it 
would be inconvenient to block the passage which runs 
between the Oyster Rock and Castle Bluffs, and which is con- 
stantly used by vessels going in at favourable depths of 
water and direction of wind. A judicious application of blast- 
ing would soon improve this passage and the main.road at 
the mouth of the proposed new harbour. 

We were given to understand that the competition was not 
for detailed illustrations of improvements, but simply to de- 
termine the system of works to be adopted ; under such pro- 
vision, I take it that no plan is, to be accepted .in its in- 
tegrity, but, as was.suggested by a correspondent in the 
Times some days back, respecting the competition for the 
New Law Courts, the engineers are, in the Jersey harbour 
improvement scheme, in the like not very flattering position 
of being under a kind of competitive examination as to their 
abilities, and that, finally, the successful candidate will, with 
the aid of the committee, produce a plan embodying the 
ideas of both. 

I am, Sir, your obedient Servant, 
London, Jan. 6, 1868. A CoMPETITOR. 


DeatuH oF Proressor MacpovugaLt.—We regret to an- 
nounce the death of this gentleman, who has for some time 
been in a state of impaired health, and who this session was 
unfortunately unable to resume his usual duties at the Uni- 
versity of gr Since the commencement of the pre- 
sent session the Moral Philosophy class has, with the sanc- 
tion of the Senatus, been taught by Professor Fraser. The 
late Professor Macdougall was for a good many years teacher 
of moral philgeophy in the Free Church College, and in 1852, 
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on the demise ’ eminent Professor Wilson, he was chosen 
to succeed him as Professor of Moral Philosophy and Politi- 
cal Economy .—, COMPARE, 
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MEETING NEXT WEEK. 

Tue Institution or Civin Enernerrs. — Tuesday, 
January 14, at 8 p.m. Inaugural address of Mr. Charles 
Hutton Gregory, President ; and, time permitting, renewe' 
discussion wpon the papers on “ The Victoria Bridge,” and 
on “ New Railways at Battersea, &c.” 
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FRIDAY, JANUARY lo, 1868. 
HURON AND ONTARIO SHIP CANAL. 


Tue proposed ship-canal in Western Canada, across 
the isthmus which separates Lake Ontario and the 
Georgian Bay, will, when completed, rank among the 
most important engineering works yet undertaken. It 
possesses morethanordinary interest atthe presenttime, 
inasmuch as Mr. Hawkshaw and Mr. Rendel, who, we 
need hardly say, are among the most eminent mem- 
bers of our profession, have examined the plans of the 
work, and reported favourably, although in general 
terms, upon them. Pending the negotiations with 
the Canadian Government for a grant of ten million 
acres, or 15,625 square miles, of land in aid of the 
undertaking, it is being examined also with especial 
interest by capitalists, engineers, and contractors in 
England. No work could possibly possess greater 
importance to the dominion of Canada, unless it were 
the formation of a great line of water and railway com- 
munication across the Continent, and wholly through 
British territory, to the Pacific Ocean. 

_ The city of Chicago, now numbering about 250,000 
inhabitants, although nearly 1000 miles inland from 
the Atlantic, and at an elevation of 585 ft. above its 
surface, is nevertheless one of the great shipping 
ports of America, and it is said, upon the authority of 
statistics which there is no reason to doubt, that it 
exports more grain, more sawn timber, and more 
salted meat than any other port in the world. Vessels 
of moderate tonnage have already sailed direct from 
Chicago to Liverpool, and it is hoped to one day make 
the trade between the two ports as regular at least as be- 
tween Hull and St.Petersburg. The astonishing growth 
of the commerce of Chicago has been very lately brought 
afresh to public notice in this country by Captain 
Tyler’s and Mr. C. W. Eborall’s report upon the 
Grand Trunk Railway. The export commodities, 
not only of Chicago, but of other large and rapidly 
growing commercial towns in the North-Western 
States of America, are sent eastward either by rail or 
through the great chain of lakes, Michigan, Huron, 
St. Clair, Erie, and Ontario, the greatest lake of all, 
Superior, an American Mediterranean, being further 
to the north, and off theroute. From Chicago to New 
York, by way of the lakes, the Erie canal, and the river 
Hudson, is 1615 miles, although by rail it is but 955 
miles. From Chicago to Quebec, by water communi- 
cation, is 1664 miles, and Quebec is 478 miles nearer 
Liverpool than New York, the respective distances 














being 2502 miles and 2980 miles. In sailing or steam- 
ing from Chicago to Quebec, however, a great défour 
of more than 500 miles must be made around the ex- 
tensive ——- which forms the south-western por- 
tion of Canada, a peninsula bounded by Lakes Huron 
and St. Clair, the river Detroit, and Lakes Erie and 
Ontario. Lakes Michagan, Huron, St. Clair, and 
Erie are all upon the same level, viz., 574 ft. above 
the Atlantic; but from Erie to Ontario there is a fall 
of 340 ft. in the river Niagara, one-half of this fall 
being at the great cataract of that name. Vessels 
descend from Lake Erie to Lake Ontario through the 
Welland canal, in Canadian territory, to the west of, 
and nearly parallel with, the river Niagara. 

The extensive peninsula which forms the south- 
western portion of Canada is joined to what we may 
eall the continent of Canada by an isthmus hardly 
more than 60 miles across, more distinctly marked by 
the valleys of two or three rivers—one, the Humber, 
discharging into Lake Ontario, and the others, the 
Holland into Lake Simeoe, and the Nottawasaga into 
Georgian Bay, the latter an extensive indentation of 
Lake Huron. The least elevation of the country 
between the two lakes is 670 ft. above Ontario, and 
330 ft. above Huron. On the line of this isthmus is 
Lake Simcoe, a sheet of water 560 square miles in area, 
and as wide as the narrowest part of the Straits of 
Dover. This lake is 470 ft. above Ontario and 130 ft. 
above Huron, and it drains into the latter. The pro- 
posed ship-canal will follow the valleys of the three 
rivers already named, and will be fed at its summit level 
by the practically inexhaustible waters of Lake Simcoe, 
and nearly twenty-five miles of the length of this lake 
will be utilised as a part of the navigable route. By 
means of the canal, 428 miles of the present distance by 
water from Chicago to Quebec and Liverpool will be 
saved, the distance from Chicago to Liverpool being re- 
duced from 4166miles to 3738 miles, and from Chie: 
to Quebec from 1664 miles to 1236 miles. By the 
present route, through the existing Welland Canal, 
from Lake Erie to Lake Ontario, only vessels of small 
size can pass; but by the proposed canal, and with 
enlargements to be made in the locks of the St. 
Lawrence canals, vessels of 1200 tons could sail or 
steam direct between London‘ or Liverpool and 
Chicago. ‘The lowest freight for grain between 
Chicago and Liverpool is now 1s. 5d. per bushel, or, 
say, 2/. 13s. per ton; whereas by the proposed canal, 
and in much larger ships, the freight would, it is 
estimated, be lessened by one-half—equal to a reduc- 
tion in the price of wheat of 5s. 8d. per quarter. The 
line of the proposed canal was surveyed in 1856 by 
Mr. Tully, oF Toronto, who reported upon the scheme 
in considerable detail. It has been more recently re- 
surveyed by Mr. William Sykes, of the same place, 
who, with Mr. F. ©. Capreol, the president‘ of the pro- 
visional company formed for carrying out the work, is 
now in London,*and has submitted his plans and 
report to Mr. Hawkshaw and Mr. Rendel, whio, if the 
canal is begun, will, we believe, be the engineers, # 

Mr. Sykes’s plans are for a canal 100 ft. in width 
and 13 ft. in depth; but it is possible that in the exe- 
cution of the work these dimensions would be some- 
what exceeded. We believe, however, that 15 ft. is 
the limit of the permissible draught of vessels navi- 
gating the St. Lawrence and Lake Ontario, ‘The locks, 
of which forty-two will be required—viz., thirty-one 
south of Lake Simcoe and eleven to the north—are 
planned of the following dimensions, viz., 250 ft. long, 
36 ft. wide, ‘and with 13 ft. of water upon their cills. 
The average lift of these locks would be 15 ft. 

As already stated, the lowest point in the summit 
ridge between Lakes Ontario and Huron is 670 ft. 
above the level of the former, and 330 ft. above that of 
the latter, or 200 ft. above the intermediate lake, 
Simcoe. It would be manifestly desirable to make the 
latter the source of supply in the ordinary manner of 
— for the whole length of the canal. By 

oing this, too, a continuous summit level of nearly 
48 miles out of the whole length of 96 miles would be 
obtained. To run the water, for lockage, each way, 
however, along a level from Lake Simcoe would in- 
volve a cutting 8} miles long and 198 ft. deep at the 
deepest point. ‘This would extend from the 22nd 
to the 30th mile from Toronto; and even if its 
sides would stand at the slope of 1 to 1, it would 
require the removal of 36,000,000 cubic yards of 
earth. However our engineers may have resorted, 
before now, to “heroic treatment,” we are not sure 
that they would recommend a work like this—at any 
rate unless the ground had been thoroughly bored and 
found to be favourable at every point. This cutting 
was, however, proposed by the original projector of the 
work, Mr. Tully, and it also appears in the plans of 





Mr. Sykes, who has tested the ground to considerable 


depths and found it to consist of indurated clay and 
gravel, similar to that found in cliffs not far distant, 
which have stood for many years at steep slopes. Mr. 
Sykes, indeed, treats the cutting as a work of magni- 
tude merely, and not as one of difficulty; and he 
assigns very moderate prices per cubic yard for the 
excavation, notwithstanding that the excavated material 
must be taken over a long lead for final disposal. If 
made, four arched bridges of large span, two of them 
of about 280 ft., would be required to carry roads 
over the cutting, and at an elevation sufficient to clear 
the topmasts of vessels passing beneath. 

The plans of the work may, however, be consider- 
ably modified before they are finally carried into exe- 
cution, and it is not impossible that the engineers 
who are expected to assume the responsibility of the 
works may recommend a much shorter and shallower 
cutting, even at the expense of increased lockage, and 
that of pumping the water, say, 100 ft. to the summit 
level. he power required to pump the whole lock- 
age water 100 ft. high would not, as shown by calcu- 
lation, be excessive, even if ships were passing the 
locks every twenty minutes during the twenty-four 
hours. Whichever mode may be adopted for passing 
the summit, it is satisfactory to know that Mr. Hawk- 
shaw, in his preliminary report upon a general exami- 
nation of the plans, has pointed out no special diffi- 
culties, this report being based upon the necessary 
assumption that the soil is favourable for the execu- 
tion of the proposed works. 

From the northern end of the summit cutting to 
Lake Simcoe is 14 miles, and the route lies in flat 
marshy land, and for much of the way in the bed of 
Holland river. ‘The proposed length of the summit level, 
including the 24} miles of navigation through Lake 
Simcoe, is 48 miles nearly, or eight hours’ steaming at 
an average rate, in the canal and on the lake, of six 
miles an hour. 

Beyond Lake Simcoe will be one more heavy cut- 
ting, 54 miles long and 80 ft. deep at the deepest point. 
At its northern end the canal will be let down 90 ft., 
by six locks of 15 ft. lift each; and five more locks of 
8 ft. lift each occur at various points before reaching 
the Georgian Bay, near which, also, the canal will pass 
through ‘a cutting about three miles in length. The 
rad and sluices ‘of the locks are’ to be opened by 

ydraulic power, and the swing bridges over the canal 
are to be moved by steam power. 

The harbours both on Lake Onitario and the Georgian 
Bay are sheltered, and capable of being easily rendered 
available for vessels. 

It is proposed to take the canal over the Great 
Western Railway, near Toronto, by an aqueduct of 
three spans, and to reconstruct the bridge of the Grand 
Trunk Railway at Weston, seven miles from Toronto, 
so that vessels may pass beneath it. Both these are 
important works, Beis. 

he whole length of the canal proper is nearly 72 
miles, or, includiig the saptigntlon through Lake 
Simcoe, 96 miles from Lake Ontario to the navigable 
waters of the Georgian Bay and Lake Huron. 

Mr. Sykes has estimated ‘that the work will com- 
prise 10,000,000 cubic yards of dredging, 51,000,000 
cubic yards of excavation, and 1,500,000 cubic yards 
of puddling. The estimate is very full in its details 
of retaining piers, slope protection, locks, dams, waste 
weirs, bridges, hydraulic main (25 miles), towing- 
paths, culverts, inlets, fencing, terminal harbours, 
wharves, machinery, &c.; andthe whole estimated 
cost, with 10 per cent. for contingencies, is 35,989,800 
dollars, or about 7,250,000/. This, however, is for a 
canal of but 13 ft. depth, and it is probable that 15 ft. 
of water would be finally fixed upon before com- 
mencing the works, in which case the cost might 
prove to be upwards of eight millions. 

A mass of statistical information, collected from the 
best sources, has enabled an estimate, apparently well 
justified, to be formed that nearly 5,000,000 tons of 
freight yearly in both directions will be ready to take 
advantage of the proposed canal, if completed in 1875. 
Of the immense importance of the work to the 
dominion of Canada those who know that country 
and the Great North-Western States of the American 
Union cannot entertain any doubt, and we trust before 
long to announce that it has been begun in earnest. 








CO-OPERATIVE TRADING. 
Tue principle of co-operation in the purchase of 
staple goods at wholesale prices, and the distribution 
of them to consumers at these prices, plus the net 
cost of the transaction, is one of undoubted value. 
There is no reason, except in the inability of the pur- 
chaser to buy at wholesale, why he should pay one, 





two, or three intermediate profits to middle-men upon 
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every pound of tea or yard of calico. 
tempt to carry out the principle of co-operation in the 
purchase of machiuery, agricultural implements, &c., 
cannot be supported upon the same strong grounds. 
The consumer must have his tea, his sugar, and his 
valico, and will certainly obtain them from one shop 
or another. His consumption, too, of these goods is 
practically represented by a fixed quantity, and no 
amount of advertising on the part of tradesmen can 
increase it, although it may possibly divert his custom 
from one shop to another, But, although every farmer 
must have implements of some kind, it does not follow 
that he must and will have the most improved and the 
best at a given price. He can ascertain and pro- 
nounce upon the quality of his sugar and his tea ina 
single morning at the breakfast-table, and of his calico 
in a few weeks or months, and can purchase elsewhere 
if these are not what they should be. But agricultural 
machinery does not occupy the same position, as a 
staple product, as sugar, or tea, or calico. [tis often new 
in kind ; its purchase involves parting with relatively 
large sums of money ; and its real qualities may not be 
fully disclosed for a year, or, in some cases, three or four 
years, during, as well as after, which period indetermi- 
nate sums will be incurred on account of repairs and 
partial renewals. Not only farmers, but a great pro- 
portion of all of us as well do not understand what is 
new, and hence it is that machinery of this class can 
only be largely sold by means of extended and patient 
representation, or, in other words, by the help of 
agencies and advertising. There are doubtless 
thousands of farmers now who do not believe in steam- 
ploughing, and it required the great weight of a most 
elaborate inquiry and report by committees of the 
Royal Agricultural Society to stimulate the further 
introduction of steam-ploughs to the extent of even 
a hundred during the present year. ‘he trade 
expenses of many firms of agricultural engineers no 
doubt amount to 20 per cent., or even more, 
upon their catalogue prices. The Agricultural and 
Horticultural Association proposes to buy machinery 
on the footing of wholesale and commission merchants, 
and to distribute it to its members as nearly as possible 
at net prices. But this system would not in any way 
remove the indisputable necessity for agencies, ex- 
hibition at shows, and advertising. It would, more- 
over, oppose a new obstacle to the sale of machinery, 
since the number of members in co-operative societies, 
being never large in comparison with non-members, 
the latter, forming the great body of purchasers, would 
often refuse to buy at higher prices than those paid 
by members. Nor would this be so unreasonable 
upon their part as might at first sight appear. They 
would urge that, if the manufacturer made a_ fair 
profit, as a manufacturer merely, in selling to 
member at a reduced price, so he could in selling 
to a non-member at the same price. Tor few 
persons like to own that they have been influenced 
by an agent, an exhibition, or an advertisement. They 
like to think they are acting always upon their own in- 
dependent judgment. The representation of the agent, 
the effect of an exhibition, or the attention culisted by 
an advertisement may have amounted in their opinion 
to a mere suggestion ; but, oh, no! they would never 
think of paying an advance of 15 or 20 per cent. upon 
the prices at which their neighbours were buying, 
merely for having the goods brought to their notice 
In the case of staple goods bought in moderate qualities 
for early consumption, such a burden would indeed be 
intolerable ; but in the case of of articles which are not 
only new to the purchaser, but comparatively new of 
their kind, there must inevitably be a considerable 
outlay for the mere purpose of convincing the pur- 
chaser up to the purchasing point. In other words, 
he must pay for the luxury of his prolonged unac- 
quaintance with, or, oftener, prolonged unbelief in, 
the article which he finally brings himself to buy. The 
unbelief in steam-ploughing has added greatly to the 
cost of its introduction. Some believe in it “i 
certain exceptional eases,” but it would not suit 
their soil, or fields of ¢heir size or diversity of sur- 
face, or ¢heir labourers, or /deir imaginary peculiarity 
of some or any other kind. Anc hence the cost of 
continually collecting and distributing evidence of 
its success, of employing agents and travellers, of 
putting in a costly appearance at every show, from 
the little affair down in the shires to the Paris Ex- 
hibition, for advertising, and, as far as possible, for 
taking care, too, that the conductors of the journals 
in which these advertisements appear 4xovw the merits 
of what is appearing in their advertising pages. All 
this, separately and combined, means expenditure ; 
and while more than one-half the world choose to 
disbelieve, they must finally pay the cost of their 
conversion. 














as to be in a measure independent of extraneous aid, 
he will be quick enough to confirm his virtual 
monopoly by lowering his prices, thus forcing his 


rivais into greater straits than ever. Our readers 
know how one great firm made a bold stroke of this 
kind, less than two years ago, in the portable-engine 
trade. 

We repeat, therefore, that the co-operative principle 
cannot be supported upon the same strong grounds in 
the case of machinery as in that of staple products, of 
which each consumer buys but little at a time; con- 
sumes them quickly, tests them with certainty, and of 
which, while he must and will have a certain quantity 
from the most eligible source, he can never greatly 
increase his consumption. In the case of a totally 
different class of goods, as yet little known, or not 
known at all, by future purchasers, and where the 
trade has to be created, the co-operative system breaks 
down. Indeed, a high-minded engineer, knowing how 
great, and yet how unavoidable are the expenses at- 
tending agencies, exhibition, and advertising, would 
refuse to sell at net prices to a co-operative society, 
and Messrs. Howards, of Bedford, have actually thus 
refused in the ease of an order from the Agricultural 
and Horticultural Association. 


OUR FUTURE ENGINEERS. 

Nong doubt the necessity of engineering education 
in the abstract, but all are not agreed as to what this 
education should be, nor how if, should be imparted. 
On the Continent the foundation of all eugineering 
education is laid in polytechnic schools; tere the 
beginner is more commonly articled to a practising or 
consulting engineer. In the former case, the pupil 
learns principles; in the latter, if he learn at all, 
In the former case he mustf learn; in the 
governor’s” 


aractia 
latter, he may if he likes, supposing his 
practice to be a reasonably good one. 

It is only within the last few years that we have 
begun to look upon the Continental engineers as 
really practical men. We had always thought their 
splendid, and that they were excellent engi- 
As General Morin told the Mechanical 
Engineers at their dinner, summer, in Paris, 
‘You invaded us long ago with your practice; we 
* shall now invade England with our science.” But 
we have now suflicient reason to respect the practical 
abilities of the French and German engineers. We 
find that they can copy us to perfection, and, with the 
cheaper labour in those countries, they can execute 
works, construct machinery, and manufacture iron 
and steel at less cost than ourselves. We know that 
their cheap labour is the real key to their successful 
competition, but we do not the less desire to possess 
their admirably organised system of education. It is 
one which must make philosophical and progressive 
engineers, while ours makes imitative, routine, and 
narrowly conservative engineers. While, ina discus- 
sion, the foreign engineer goes straight to first prin- 
ciples, his professional brother in England will be 
likely to say, “I have been in the habit of adopting 
such and such arrangements,” or, “ My practice has 
been to do this or that,” &c., &e.—forms of expres- 
sion which of themselves sutliciently indicate the 
imitative and routine course of engineering education 
pursued among us. We are more prone to seck 
practical finality,than scientific finality—to rest content 
with what, under a given artificial system, “has been 
found to answer,” than to seek that which will answer 
much better. We too apt to regard broad 
engincering generalisations as ‘ speculative,” or “ dog- 
matical,” and to urge that, in every instance where a 
direct engineering analogy is pointed out, “the two 
eases are really very different.” It is only from 
this feeling-in-the-dark, tentative, and half-frightened 
system of engineering education among us that so 
much shallow writing is tolerated under the name of 
professional literature. Where, for example, but in 
England, would a Burgh be tolerated, or the lucubra- 
tions which may be found in certain of the mechanical 
newspapers? In France or Germany they would be 
scouted as the veriest rubbish. 

The preponderance of the purely practical system of 
education shows itself also in the extreme narrow- 
mindedness of many of our most practicalmen, Many 
who occupy excellent positions, and who in all else 
merit our highest respect, would not, for the world, 
let out any of the wonderful mysteries which they 
cherish as their special trade secrets. This is more 
especially the case with those who have risen from the 
position of workmen, and who still retain much of the 
trades’ union exclusiveness of feeling which so many 
workmen are always ready to show. 
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Although we have some fair schools of civil engi- 
neering, ‘nearly all, however, with the exception of Mr. 
Rigg’s excellent establishment at Chester, connected 
with the London, Glasgow, and Dublin colleges, the 
position of our engineering instructors is not a high 
one, and has yet to be more fully recognised and re- 
spected. As for mechanical engineering, it has hardly 
received any attention in the schools, considering its 
real importance. Our doctors, and surgeons, and 
lawyers must ground themselves in the principles of 
their professions at regular schools; but the engineer 
is commonly left to “pick up” his knowledge—not 
less in real importance—in an office, with no real in- 
struction at all. Now, after fifty years’ existence, the 
Institution of Civil Engineers has begun to give faint 
signs—very faint they seem—of a disposition to pro- 
vide for the proper education of the civil engineers of 
the future. Will the Institution of Mechanical En- 
gineers ever exhibit any willingness to provide for the 
proper culture of the future members of ¢heir branch 
of the profession ? 








STEEL RAILS. 

Tue subject of steel rails, now of such great im- 
portance to railway companies, is about to be brought 
forward for a new discussion at the Institution of 
Civil Engineers, in a paper prepared by Mr. Sandberg. 
Mr, Sandberg’s duties in this country on behalf of the 
Swedish Government railways have long given him 
good opportunities for the examination of the question 
of steel v. iron, and, although his position is one of 
absolute impartiality, he has collected a great mass of 
evidence showing the very great superiority of the 
newer over the older material. On the occasion of the 
discussion, nearly two years ago, upon Mr. Price Wil- 
liams’s well-known paper “On the Maintenance and 
Renewal of Permanent Way,” the case was very 
strong in favour of steel, and it has been becoming 
stronger ever since, as the continued durability and 
safety of steel rails became more and more manifest. 
Whatever doubts, if any, may yet remain, railway en- 
gincers will now have an opportunity of bringing for- 
ward a mass of testimony, based upon extended ex- 
perience, which can hardly fail to settle the question 
beyond all further doubt. 

‘Two years ago it was not so well ascertained what 
was the ratio of the durability of steel to that of 
iron. ‘There were recorded instances of one face of a 
steel rail having outlasted from ten to sixteen faces of 
iron subjected to the same traflic, but few were then dis- 
posed tocredit steel withanaverage durability more than 
twice and a half or three times greater than that of iron. 
Since then, however, in a position of the very heaviest 
traflic, an additional number of faces or heads of iron 
rails, making twenty-three in all, were worn out, where 
the upper face of a steel rail; laid end to end with the 
iron, was not yet worn down ; and out of a small num- 
ber of steel test rails put down in 1862 in various 
places where the traffic, although not the same over 
each steel rail, was in all céses very heavy, seventeen 
of these rails had, without having been turned them- 
selves, and without showing much wear on their upper 
faces, worn out from six to fifteen faces of contiguous 
iron rails, according as the traffic had been heavier or 
lighter, the iron rails being in all cases of the quality 
which the London and North-Western Railway Com- 
pany’s oflicers had adopted for that line. Mr. Sand- 
berg’s paper will show, we believe, from continued 
experience of steel, that it may be in all eases counted 
upon to outlast at least siz times the same number of 
iron rails of the same section and weight. Steel, too, 
is much cheaper than it was two or three years ago, 
and the objection based upon price bears less strongly 
therefore upon the case now than then. It is an easy 
matter now to show that whenever an iron rail costing 
from 6/. to 7/. per ton wears out in eight years—and 
few will last so long under comparatively heavy 
traflic—steel at 12/. to 13/. is much the cheaper 
material, taking compound interest into account. 

The coming discussion will afford an opportunity 
for all that can be said for and against steel, not in a 
spirit of partisanship, but as based upon the facts of 
experience. As our readers know, however, a very 
strong partisan feeling has been aroused in the iron 
trade, threatened with such formidable rivalry as the 
success of steel rails is likely to create, if, indeed, the 
rivalry be not great already. We have had occasion, 
indeed, during the last two months, to maintain a 
continued exposure of the untruthfulness and ignorance 
with which a persistent attack upon steel has been 
publicly made. At first, upon specific evidence which, 
if it proved anything at all, proved the safety of steel, 
it was pronounced dangerous, and the hundreds of thou- 
sands of steel rails now down in English lines as so many 
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“ nitfalls” to destruction! This preposterous assertion 
at once brought forth such a mass of evidence to the 
contrary that it has not been since repeated, and, after 
various flounderings, it is at last frankly admitted by 
the same “authority” that “it must not be forgotten 
“ that Bessemer bars must be cheaper in the long run, 
“all things considered, than iron at 5/. to 6. per 
“ton,” which is nearly all that the advocates of steel 
have ever maintained. But itis still urged by the anti- 
steel or iron-at-any-price partisan that steel would not 
maintain the same economy if compared with iron 
worth from 13/. to 26/. per ton! Such iron rails are 
seldom if ever seen, and the company would deserve 
pity whose engineer committed them to sucha piece of 
extravagance. The payment of no price for an iron 
rail, even were it 100/. per ton, could make it equal 
to steel, and the proof is the simplest possible and 
easy at hand. Whatever relative wear iron and steel 
will show as rails, they will show as tyres, and it has 
been abundantly proved for six or eight years in Eng- 
laud, and still longer upon the Continent, that steel 
tyres are very much more durable and safe than the 
very best iron tyres that cau be procured, irrespective 
of price. No iron rail that could be made at 13/. or 
even 26/. per ton could wear more than half as long, 
if as much, as a steel rail, at 12/. per ton, and it is easy 
therefore to determine which would be the cheaper. 


ADMIRAL PARIS ON “L’ART NAVAL.” 

Apmirat Paris, the hydrographer of the French 
navy, has done excellent service to naval science by 
the numerous works which he has published from 
time to time, and which display an extraordinary 
amount of research and labour. He is one of. the 
few naval oflicers who possess a very considerable 
knowledge of steam machinery, and in this respect, as 
well as in reference to his acquaintance with the con- 
struction of ironclad ships, has probably but one equal 
in our own service in the person of Admiral Robinson, 
the controller of the navy. Admiral Robinson, how- 
ever, although Parliamentary papers show him to be 
an able writer, is unknown, or nearly so, as an author, 
and consequently the French admiral stands alone in 
the naval services of Europe as an author of scientific 
works upon the construction of ships of war and their 
engines. 

Among the most useful works published by him are 
his volumes upon the naval department of the Ixhi- 
bition of ’62, which are now being sueceeded by an 


elaborate work upon the late Paris Exhibition, of 


which the first part has lately appeared.* ‘This part 
mainly consists of a description of the British ironclads, 
and is valuable both for the extent and the general 
accuracy of its drawings and text. As the 
Admiralty directed that the models of the fleets of Eng- 
land, both past and present, from the date of the intro- 
duction of steam, should be freely exhibited at Paris, 
we find even our most recent ironclads described with 
considerable fulness in Admiral Paris’s book, Mr. 
Reed’s ships necessarily occupying a: very prominent 
position among them. Not only are the Bellerophon, 
Pallas, Lord Warden, and Lord Clyde describeds but 
the Hercules and Monarch are likewise explained ; 
the fast unarmoured frigate Inconstant is dwelt upon 
at some length, although the ship is herself at present 
only half built. ; 

A perusal of this first part of Admiral Paris’s 
valuable work has suggested to us a few remarks, 
which we hope will be of some service to the gallant 
and scientific officer in writing the remainder of his 
hook. | 
the Channel, have great cause to be satisfied with the 
general fairness and candour with which’ he has dis- 
cussed the English ships. At the outset, he does full 
Justice to the merits of the little Enterprise, which 
was not only the pioneer of the small sea-going iron- 
clads which now exist in the various navies of Kurope, 
but was also the first ship in which the armoured 
battery and belt system was introduced in combination 
with thin iron upper works in wooden ships—a sys- 
tem which the French constructors are now following 
out even in their ironclads of the largest class. It 
should never be forgotten that, in this little ship, a 
naval constructor who was then “an outsider” (and 
who, for this reason, has had to encounter the bitterest 
hostility and opposition of the old school of naval 
men) at a single stroke destroyed a system which 
began with ironclads of 6000 tons, went on at the 
next step to nearly 7000, and would ere this have 
reached 10,000 or 12,000 tons in all probability, and 
showed us that an excellent sea-going ironclad, carry- 
ing the same armour as the Warrior, and with a belt 


* L'Art Naval al’ Exposition Universelle de Paris, en 1867. 
Paris; A. Bertrand, 21, Rue Hautefeuille. 
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But, first, let us say that we, on this side of 





beside, could be produced of 1000 tons burden only. 
It is no wonder that Mr. Reed speedily became the 
Chief Constructor of the Navy; the wonder is that 
his views and influence have not become even more 
paramount than they ever can be under a board of 
more or less old-fashioned admirals. The Enterprise 
has now been some years on service in the Mediterra- 
nean, and Admiral Paris shows that she is as success- 
ful a sea-going vessel as ever went there. 

Admiral Paris does equal justice to other recent 
men-of-war in our navy, and it is only when he trusts, 
as he sometimes does, to the daily newspapers, and to 
those prejudiced old naval meu, of whom more than 
one were to be found wandering about the late Exhi- 
bition reiterating against our own navy the weakest 
and worst gossip of the clubs—it is only when trusting 
to such sources of information that our author appears 
to have been led astray. It is probably to such causes 
that we must attribute his statement that the junction 
of the wood and iron in the Enterprise leaked “ d@’uxe 
 manicre génante,”? an exaggeration of a mere slight 
“weep” in one eabin, resulting from a defect in work- 
manship ; and in the same way must account for his 
opinion that the double-bottomed system of the Belle- 
rophon is very costly aud heavy, the fact being, as 
has been fully explained in ENGIneERING that the 
system is both lighter and cheaper than the Warrior’s 
arrangement, owing to the saving of both weight and 
labour in the construction of the floors or transverse 
framing of the double bottom. Nor do we think the 
author’s apprehensions about the balanced rudder 
being a cause of weakness at the stern are well 
founded; for the shaft of the rudder is itself a strong 
stern-post—a point of which he appears to lose sight ; 
and, as he truly says, the same apprehensions were 
vainly felt about ordinary stern-posts when the screw 
was first introduced. But the greatest oversight of 
the author, or rather the greatest unfairness to Mr. 
Reed, is that of attributing the origin of the Belle- 
rophon target to the Chalmers target. This was, we 
know, the first impression of the Lron Plate Committee, 
who were not at all well-alfeeted to Mr. Reed; but 
there never was a more really baseless notion, as was 
clearly shown by Mr. Reed himself at the Institution 
of Naval Architects, in a paper which is obviously in 
the hands of Admiral Paris. The Bellerophon target 
consists exclusively of rivetted up frames and plating, 
with backing and armour only laid upon them. ‘The 
Chalmers target had for its characteristic features an 
inner armour plate and a series of piled-up edge plates, 
with wood between, neither the armour plate nor the 
edge plates being rivetted to the plating of the hull. 
Never were two structures more unlike. The ouly 
conceivable ground for alleging « resemblance was to 
be found in the fact that both had horizontal plates 
standing edgewise behind the armour; but in the 
Bellerophon these plates were horizontal frames 
rivitted to the skin-plating, aud two feet apart, while 
in the Chalmers target they were loose or unrivetted 
plates, kept. away from the skin by an armour plate, 
and only a few inches apart ; and, moreover, external 
horizontal frames of precisely the same kind, but fewer 
in number, were used in the Warrior herself, long 
hefore Mr. Chalmers’s target appeared. It is due to 
Mr. Reed to put these facts in their true light, although 
we regret that the necessity for re-stating them should 
have arisen. 

On the whole, however, Admiral Paris has done 
good service by compiling this work, and we shall look 
with interest for the further parts of it. He will no 
doubt give us ample information about the French 
ironclads, and will, we trust, clear up some of the 
mysteries that beset that subject, not the least of 
which is to what use it is proposed to put the 
Marengo’s towers, which, while commanding the sea, 
command also (we fear but too effectually) her own 
deck, and from which we believe it to be perfectly im- 
possible to fire a large gun in anything approaching 
to a fore and aft line. Nor can we imagine how men 
are to be kept at guns so exposed as they will be, and 
protected above, if at all, by their sheet iron only. 
We sincerely hope that these are not the sort of half- 
turrets adopted in the new ships of our own navy, nor 
have we any apprehension of such a system being in- 
troduced here, after what we have seen of the effects 
of exploding large guns on board ship. 


Messrs. Top anp MacGrecor, Grascow.—We are glad 
to state upon good authority that this eminent shipbuilding 
firm on the Clyde, which, in consequence of the death of one 
of its partners, had for a short time suspended its active 
operations, has resumed work under the management of Mr. 
David Tod, the surviving partner, and will now be carried on 
on the same very extensive, if not a larger scale upon which it 
has been at any previous period. We expect to give an 
account of this extensive establishment in an early number. 





THE LATE GENERAL PONCELET. 

| We believe that there are many of our readers who 
liave long been under the impression that the French 
engineer, Poncelet, so well known by the water-wheel 
hearing his name, and by certain philosophical treatises, 
had been dead for many years. He retired some years 
ago from the duties to which he had long devoted him- 
self, and died only lately, at his home, at Creil, not far 
from Paris, at the ripe age of seventy-nine. 

Poncelet was born at Metz in 1788, entered the 
Polytechnic School in 1807, served in the Russian 
campaign, where he was taken prisoner, and so suffered 
in health during his captivity that, on his release, he 
renounced the military profession. He was capeate 
to the chair of mechanical science at the college at 
Metz, and occupied it for fifteen years. He was sub- 
sequently made a professor in the College of France, 
commander of the Polytechnic School, and a merber 
of the French commission to our International Exhi- 
bition of 1862. 

His best known work among engineers is his Course 
of Mechanics; but he was an industrious and original 
author in several branches of physical science. 


MR. JOHN HAWKSHAW, C.E., F.R.S. 

Mr. Hawxksuaw was born at Leeds in 1811, and received 
his education at the Grammar School in that town. He 
chose, at a very early age, the profession of a civil engineer, 
and beeame a pupil of Mr. Charles Fowler, and afterwards 
an assistant to Mr. Alexander Nimmo, then an engineer of 
celebrity, and employed by the Government upon important 
public works in Ireland. 

After Mr. Nimmo’s death, in 1831, Mr. Hawkshaw, who 
had then hardly attained his majority, went to South 
America to take charge of the Bolivar Copper Mines, 
where he remained for three or four years. On his return 
to England, he became the assistant of the late Mr. James 
Walker, one of the most eminent engineers of his time, and 
with whom Mr. Hawkshaw remained until 1837, when, at 
the age of twenty-six, he received the appointment of en- 
gineer to the Manchester and Bolton Canal and Railway. 
Soon afterwards he became the engineer to the Manchester 
and Leeds Railway, now the main trunk of the extensive 





system of the Lancashire and Yorkshire Company, 
one of the most prosperous in the kingdom. Mr. 
Hawkshaw constructed nearly all the works of these 


railways, and among them some of very considerable mag- 
nitude and boldness. The broken nature of the country 
traversed by some of the company’s lines induced Mr. Hawk- 
shaw to adopt steeper gradients than had been previously 
considered inadmissible. His views and practice were op- 
posed to the prevailing opinions of the day, and to none 
more than those of Mr. George Stephenson; yet so well was 
the practicability and, in a certain sense, the economy of 
comparatively steep gradients demonstrated, that engineers 
generally were ready, not long afterwards, to adopt the very 
inclines to which they had previously objected as being un- 
suited to locomotive working. At Halifax, as early as 1843, 
Mr. Hawkshaw had an incline of 1 in 44, worked daily by 
twenty-two passenger and many goods trains, and that by 
ordinary locomotives and without difficulty. It can hardly 
be denied that Mr. Hawkshaw’s practice, so bold at the time, 
led the way to a more economical construction of railways in 
many parts of the kingdom, and especially abroad. 

Mr. Hawkshaw, who continues to be the consulting engineer 
to the Lancashire and Yorkshire Company, as he is also to 
the South-Hastern Company, has, within the last few 
years constructed that important line, the Charing-cross 
Railway. Although its total length is but three miles, 
it includes four works of unusual magnitude, viz., two 
large bridges across the Thames and the two great sta- 
tions at Charing-cross and Cannon-street respectively. 

Mr. Hawkshaw is engineer to the Penarth Harbour, Dock, 
and Railway, and to the Hull Docks, where he has con- 
structed extensive and interesting works. He was also the 
engineer of the large iron bridge at Londonderry, completed 
a few years ago. 

In Russia, Mr. Hawkshaw has constructed the Riga and 
Diinaberg and the Diinaberg and Witepsk railways. 

In India, Mr. Hawkshaw has been for several years the 
consulting engineer to the Madras Railway, and also to the 
astern Bengal Railway ; and he is consulting engineer also 
to the Mauritius Railway, constructed by the Government of 
that colony. 

The late Mr. Rendel was employed by the Government, 
until his death, in 1856, as engineer-in-chief to the important 
works of Holyhead harbour. He was succeeded in this ap- 
pointment by Mr. Hawkshaw, who is also now engaged, 
under the instructions of the War-Oflice, in the construction 
of the Spithead forts, the site of which presented very con- 
siderable difficulties. Asa consulting engineer, Mr. Hawk- 
shaw is very frequently referred to by our own and foreign 
Governments upon almost all matters within the range of 
the profession. His opinions, it need hardly be said, are in 
even greater request by public companies, boards, &., and 
he has been often called upon to arbitrate in difficult and 
delicate engineering cases. Mr. Hawkshaw was one of the 
Metropolitan Comunissioners of Sewers when that body was 
appointed by the Crown. 

In 1860 he was appointed sole royal commissioner to 
examine and decide upon the various schemes for the water 
supply of Dublin, and he recommended the Vartry scheme, 
now in course of execution. 

In 1862, very shortly after the memorable bursting of the 
St. German’s sluice of the Middle Level, Mr. Hawkshaw was 
called in to advise upon, and carry out, the best means for 
excluding the sea from the large tract of low-lying land then 
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inundated. He was singularly prompt and successful in his 
remedy, and his original and ingenious application of syphon 
pipes instead of sluices is now well known to all members of 
the profession. 

Towards the end of 1862 Mr. Hawkshaw was invited by 
his highness the late Viceroy of Egypt to visit that country, 
and report upon the works of the Suez Canal. His report, 
based upon a careful examination of the works and adjacent 
country, confirmed the entire engineering practicability of the 
scheme, without, of course, offering any opinion as to its 
commercial success. Since then, upon the invitation of the 

resent Viceroy, his Highness Ismail Pacha, Mr. Hawkshaw 
Eos reported upon the internal communications of Egypt, 
more especially with reference to the opening of a line of 
nearly 1700 miles, partly of railway and partly,ef river navi- 
gation, fromthe Mediterranean to Khartoun, near the extreme 
southern limits of the Egyptian territory. From the sea to the 
first cataract of the Nile is a distance of not far from 700 miles, 
and the descent of the cataract is but 16 ft., instead of from 
60 ft. to 80 ft., as magnified in certain geographical works. 
Mr. Hawkshaw estimates that works costing about 260,000/. 
would clear this obstacle, giving uninterrupted steamboat 
navigation for 300 miles further, to the second cataract at 
Wady Halfar. Indeed, a railway could not be recommended 
here in any case, because of the barren nature of the country, 
the sparsity of the population, and because of the narrowness 
and rugged character of the rock-lined channel of the Nile 
for this portion of its length. From Wady Halfar, however, 
to Khertoun, some 700; or 800 miles further up the river, a 
railway is proposed, and the whole scheme, when once taken 
in hand for execution, will possess great interest for engineers. 

In 1865, Mr. Hawkshaw became the engineer (in conjune- 
tion with Mr. J. Dirks) of the Amsterdam Sea Canal, eiibest 
navigable channel, 15} miles long, from Amsterdam to the 
North Sea, intended to supersede the North Holland Canal 
of 562 miles, and which, for vessels bound towards the English 
Channel, adds nearly 100 miles to their course. The works 
of the new canal, partly through Lake Ij, have already made 
considerable progress. The canal will be 197 ft. at the surface 
of the water, with a clear depth of 23 ft., and the locks will 
be 59 ft. wide. A harbour of 260 acres, with a minimum depth 
of 26 ft. of water, will be formed by two piers extending into 
athe North Sea, the pier-heads giving an opening of 853 ft. 
It is unnecessary to enlarge upon the great importance of 
such a work, not only to the Netherlands, but to all countries 
engaged in maritime commerce with them. 

Mr. Hawkshaw is the engineer, in conjunction with Mr. 
George Robert Stephenson and Mr. J. 8. Bushe, of the East 
London Railway—an interesting line, intended to connect 
the Great Eastern, the Metropolitan, and the North London 
lines, on the north side of the Thames, with the Brighton, 
North Kent, and the South London lines, on the south 
side. This line will pass through the Thames Tunnel, which, 
without any alteration of its brickwork, as completed by Sir 
M. I. Brunel, is found to be perfectly suited for heavy rail- 
way traffic. 

One of Mr. Hawkshaw’s latest works has been the exten- 
sion of the East and West India Docks, including the con- 
struction of a new dock at the West India Docks of 263 
acres, with a basin of 5} acres, and having an entrance from 
the Thames at the eastern end. This dock is in the Isle of 
Dogs, just to the north of the new Millwall Docks, of which 
a description was given, not long ago, in our pages. 

For some time past Mr. Hawkshaw has given much at- 
tention to the question of constructing a great international 
submarine tunnel under the Straits of Dover, and he is still 
pursuing his investigations with the prospect, we believe, that 
the work will be found entirely practicable. He has already 
caused to be made an extensive and careful series of surveys 
of the bottom of the Straits on and near the proposed route ; 
and he is still engaged in collecting all the attainable in- 
formation relating to the geology of this submarine valley. 
Upon the startling character and possible future importance 
of such an undertaking we need not dwell here. 

Mr. Hawkshaw long ago established a high reputation as 
a parliamentary witness. The care and precision with which 
his evidence is always given, and the fact that, both from 
high conscientiousness of character and great powers of 
memory, he is never found to contradict himself, no matter 
after what interval of time, has given to his testimony great 
value in all parliamentary inquiries. 

Mr. Hawkshaw is a past-president of the Institution of 
Civil Engineers, having filled the chair in 1862 and 1863. He 
is a Fellow of the Royal Society, as well as of various other 
learned bodies. Still in the prime of life, and with unabated 
energies for his work, it is tobe hoped that the subject of this 
notice may long be spared to his profession and his country. 


Tur Irwett.—In order to avoid any disastrous flooding of 
the Irwell, Mr. Hawksley, C E., recommends the construc- 
tion, at a cost of 120,000/., of a tunnel two miles long and ten 
yards in diameter. The object of this tunnel is to carry off 
the superfluous water. 

Tue Cievetanp Iron Trapr.—This trade does not pre- 
sent a very great amount of activity. Founders are barely 
employed, and a want of orders is still generally complained 
of. Orders for chairs are expected to be shortly given out by 
the North-Eastern and Great Northern Railway companies. 

Austrian Sreet.—The Austrian Government has con- 
signed to the Sheffield Chamber of Commerce a quantity of 
Styrian steel with a view to its being tested and examined. 
The lot of steel in question, which weighs altogether a ton, 
was exhibited by the Austrian Government in the late Paris 
Exhibition. 

Frencn Mecnanicat Inpvstry.—MM. Petin, Gaudet, 
and Co. are now supplying 1090 tons of steel rails to the 
Orleans Railway Company, at 14/. 16s. 10d. per ton. MM. 
de Wendel are completing an order for the same company 
for 100 turntables at 10/7. 14s. 6d. per ton, the diameter of 
the tebles is 14ft. 8in. MM. Bandon Fils are supplying 
the Northern of France Railway Company with fourteen 
loading cranes, weighing 32 tons each, at 127. 8s. per ton. 
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Tuts instrument, much used in Norway, is called after the 
inventor, Wrede, a Swedish general, otherwise celebrated for his 
inventive,genius, and it is one with which levels can be taken 
with tolerable accuracy, whilst, in setting out gradient-pegs on 
a survey, and works under construction, it effectsa great saving 
of labour. It is to be remarked, however, that the original in- 
strument has been modified by Mr. Pihl, C.E., in order to bring 
it into its present more practicable shape, these modifications 
consisting chiefly in altering the construction of the pendulum, 
in order to ensure a good keeping in adjustment, as well as 
greater sensibility, besides making the arm to draw out, giving 
more correct observaticns. For general operations it is used 
fitted on a shod stave, but for single observations, to ascertain 
gradients or levels, is simply held in the hand. 

The above sketch (Fig. 1) shows the instrument in full 
size, and will in that be seen to consist of an outer wooden 
case, abc, in which is enclosed a pendulum, d. In the upper 
part of the pendulum is fastened a little mirror, e, of ground 
glass, this being fixed to the pendulum so as to be easily ad- 
justed by means of a piece of india-rubber, 4 behind, acted on 

y a screw, g, in front. 

On the upper side of the case, abc, is a movable arm, h, at 
the end of which, held by a spring, &, is a card scale, 4, con- 
structed as follows: In the middle of the card is drawn a fine 
line, in the centre of which is a slit. On looking through this 
is seen the reflexion of the line in the mirror, and (provided the 
instrument is in adjustment), prolonging the sight through the 
open space by the side of the mirror, the reflexion of the line 
on the card will intersect any points beyond, lying in the same 
horizontal plane with the eye of the observer. In this way the 
instrument can be used as a level. 





Again, suppose a line to have been drawn a certain distance 
above or below the slit across the card, then the reflexion of | 
this will, in the same way as for levelling, intersect points lying 
at a higher or lower level than the instrument, the difference of | 


level depending upon the distance of the line from the slit and 
the length of the arm of the instrument. ; 

The divisions on the scale must be directly proportioned to 
the double distance between the back of the mirror and the 
card, and this distance on the instruments made in Sweden is 
20.88 millimetres, or the half distance 10.44 millimetres. Thus, 
supposing a line to be drawn above or below the slit on the 
card, equal to one-tenth of the distance between the back of 
the mirror and the card, then the reflexion of this line will show 
an incline of 1 in 20, or one-half of the ratio marked off on the 
scale. As will easily be understood from the diagram, Fig. 2, 
the reason of this is that the reflexion in the mirror shows itself 
in the mirror as far behind as before it, the distance, say, 
being equal to one-tenth of the distance z z, 

In this way the card scale’is divided into 335, da, &c, up to 
yx (which is at the top of the card) of the double distance be- 
tween the back of the mirror and card. 

In order, also, to make the scale to read off gradients steeper 
than 1 in 15 without increasing its size, slits are cut at top 
and bottom of the card with corresponding divisions above and 
below up to 1 in 8, Su 

As before stated, the arm is made to extend, and is divided 
into parts of the original length, so that by drawing it out until 
one of the divisions on the card cuts the object the value of the 
division, multiplied by the length of the arm, gives the true in- 
clination. Thus, if the line 75 intersects the object when the 
arm is drawn out to division 4, then the arm length 1.4 x 75=105, 
or the true gradient. ‘ 

Besides the use of this instrument as a level and gradient 
meter, as above described, it may also be employed for ascer- 
taining heights or distances when either the one or the other are 
known, by simply multiplying or dividing, as the case may be, 
the reading of the gradient. ’ 

Let AB, Fig. 3, be a river, then by levelling with your own 
the height of the observer (when no levelling staff is at hand) 
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up to the point, C, on the bank, and sighting from C towards 
the water Tevel, B, on the other side; A C x the division on the 
scale gives the distance A B. 

When no levelling-staff is at hand, the instrument can be ad- 
justed in the following manner: Fix a strip of paper to a tree, 
3 or 4ft. above the ground, then proceed a couple of chains or 
so to another tree, and move the instrument up and down until 
the level line on the scale cuts the edge of the paper, then set 
np a second strip of paper at station No. 2 level with the fine 
line on the scale. Go back to first station, and after sighting at 
both strips of paper, measure the difference of level between the 
two, and setting off one half of this difference at station No. 2, 

tighten or loosen the mirror by means of 

lI the screw, g, until the level line on the 

card intersects the middle point on the 

second tree. A sight along the edge of a 

sheet of water is also a good and easy 
: mode of proceeding. 

Fic 4 When levelling, a vane shaft should be 
YX used. ‘Those used in Norway are of the 
—I~ kind shown in Fig. 4. They are easily 
YU made, and not liable to get out of order. 
VN They are made in two pieces of section 

A, in lengths of a little over 6ft. The 

first 6 ft. are painted in front from below 

: upwards, and from 6 ft.to 12 ft. from 
C above downwards. ‘The cost of these 
staffs in Norway is only a few shillings. 

Although the instrument is not in- 

tended to supersede the ordinary leveh 

used where great accuracy is required, 

it is, nevertheless, all that is wanted for 

preliminary operations, and, in the hands 

of one with a little experience, an error 

of over a couple of inches a mile is seldom 

made. Indeed, in some of the later sur- 

veys a mnuch greater accuracy has been 

the rule in a very up and down country, 

; and therefore for all flying levels and 

trial sections, &c., this instrument is exclusively used, and 

the ordinary telescope instruments are employed only for taking 

the final levels. By this method of working a great deal of 

labour and inconvenience is saved, 4 miles a day, in a thickly 

wooded and up and down country, being easily levelled. 

An instrument of this kind, of the best make, provided with a 
leather sling-case, costs in Norway from 25s. to 30s. 

The excellent qualities of this little instrument, which is not 
larger than to be easily carried in the pocket, makes it invalu- 
able, when properly understood, not only in determining the 
route at a little cost, but also for detailing work. 

Perer J. BRurFr, 
De Norske Stats Ingenieur Contor. 

Christiania, December 23, 1867. 











THE CAMBRIDGE PONS ASINORUM. 
To tue Epitor oF ENGINEERING. 

S1r,—The simple fact, as regards the equations already re- 
ferred to, is that the editor of the Echoes from the Clubs evi- 
dentally forgot to explain that the x and y, the sum of which 
he makes equal to 7, are not the same as the « and y under 
the radicals; and he now intimates that this ought to have 
been understood as a matter of course, in which, as he well 
knows, he is mistaken. 

As the editor of the Echoes from the Clubs has taken 
umbrage at my calling him confident and censorious, I am 
now ready to declare that he is neither the one nor the other. 

January 6, 1868. Cc. 








HISTORY OF A RAIL OF BESSEMER STEEL. 
“fo THE Eprror or ENGINEERING. } 

Srr,—In the early part of the year 1857, a steel bloom was 
made by melting in crucibles Bessemer metal with spiegel- 
eisen. ‘This bloom was rolled into a double-headed rail, and 
in the spring of 1857 it was laid down at Derby station On 
the 21st December, 1867, ten years and six months after it 
had been laid down, it was reported to be apparently little 
the worse for wear. Now the wear amounted to, on an 
average, 250 trains passing over it daily, and a like number 
of transits of engines and tenders. Reckoning now the 
weight of each train at 100 tons averagé, and that of engines 
and tenders at 20 tons, we have an amount of 30,000 tons 
per diem passing over this rail, and this continued for, say, 
300 days per annum, for 10} years, gives a total of 94,500,000 
tons. Now on the Canadian railways the iron rails are 
worn out by a traffic ranging from 4 millions to 30 millions 
of tons, according to the quality of theironrails. The Derby 
rail therefore, of Bessemer steel, has already sustained more 
than three times the amount of traflic which suffices to 
destroy the best iron rails, and, in spite of this, it is still 
“apparently little the worse for wear.” The opponents of 
steel rails will argue no doubt that this rail is an exception, 
and was better than other Bessemer steel rails, because the 
metal was remelted. Such, however, is not the fact, for 
steel is always more or less deteriorated by remelting ; and 
the rail ends from Bessemer steel rails, made at Crewe, and 
therefore, of course, the rails themselves, are of as good and 
as durable, a quality of steel as this Derby rail. 

Chelieaham. Ropert MvsHet. 





Tut Harrieroors.—The quantity of coal shipped from 
the Hartlepools last year was slightly above that exported for 
1866. Nearly 800 cargoes of timber entered the two harbours 
at Hartle last year. 

Coat Exrorts.—The total quantity of coal exported from 
the United Kingdom iu the eleven months ending November 
30, last year, amounted to 9,745,845 tons, as compared with 
9,257,210 tons in the corresponding period of 1866, and 
8,484,336 tons in the corresponding period of 1865. There 
was a sensible increase last year in the exports to France 


“DONKEY INJECTORS.” 

We observe that the maker of a so-called “ donkey 
injector,” the faulty construction and dangerous con- 
sequences of using which have been more than once 
pointed out.in our columns, writes to a mechanical 
newspaper to express his concurrence with an unsound 
editorial article which had appeared in the same paper, 
and in which donkey pumps were preferred to Giffard’s 
Injector for feeding steam boilers. Upon the latter 
point much may be said for and against both the In- 
jector and the donkey pump, but still more may be 
said against the “donkey injector,” with its thin bent 
connecting-rod acting in a line several inches out of 
the axis of the piston-rodand pump-ram. Such a con- 
trivance cannot be depended upon to work con- 
tinuously, and even if it could be, its action would be 
jerky and irregular, inasmuch as the pump-ram would, 
but for the fly-wheel, tend to move through equal 
spaces in equal times, while the fly-wheel tends to 
move it through gradually increasing and gradually 
diminishing spaces in the same times. This, of 
course, is the case with all fly-wheel pumps, but with 
a direct and strong connecting-rod they will work re- 
gularly and well. In the ‘“ donkey injector,” how- 
ever, the connecting-rod is shaped much like the lucky 
half of a merry-thought, and wriggles and waggles 
about in fine style when it happens to move at all. 

This most dangerous of all boiler-feeders was fitted 
to the boilers of an eminent firm of agricultural en- 
gineers, and failed completely, as expressed to us in a 
letter from the principal pariner. A short time sinte 
we were in an engineer’s factory in Westminster when 
one of these rattletraps, which had ceased rattling over- 
night, could not then be got to move atall. There 
was no help but to draw the fire and stop the works, 
and this was done while we were present. We have 
heard of several instances of the failure of the same 
class of steam-pumps, aud one was reported to us, 
upon the best authority, only last week. Yet this 
competitor with Giffard’s Injector has been puffed, ad 
nauseam, ina mechanical newspaper, advertised to a 
great extent, and has actually received favourable 
testimonials from firms of mechanical engineers of re- 
spectability! Boiler’ explosions, although not quite 
so numerous for the last few months, are still suffi- 
ciently plentiful to render it most unfortunate that 
such influences should be brought to bear in favour of 
a boiler-feeder, the use of which is attended with so 
much real danger. No Fenian head-quarters, we 
should say, needs closer watching, nor is any Fenian 
more viciously inclined, than the “ donkey injector.” 








RAILWAY CONFERENCE IN INDIA. 

One of the many useful works performed by the 
Viceroy of India, whilst lately at Lucknow, was to 
arrange for a conference of Government and railway 
officials to consider some important questions bearing 
on railways in that country, which led to a committee 
being appointed, composed of the undermentioned 
gentlemen, to discuss and give an opinion on matters 
connected with the extension of the Oudh and Rohil- 
kund Company’s system of railways in those provinces, 
and in the Benares division of the North-Western 
Provinces. President, Colonel Rt. Strachey, R.E. 
Members: S. Power, Esq., chief engineer, Kast India 
Railway; Franklin Prestage, Esq., agent, Eastern 
Bengal Railway; Colonel Hutchinson, R.E., chief 
engineer, Oudh ; Major G. Hovenden, R.E., Govern- 
ment consulting engineer for railways in Oudh; Cap- 
tain Pemberton, R.E., assistant-secretary to Govern- 
ment of India. The points to which the Governor- 
General drew the attention of the committee were— 
1, Whether the present system of construction of the 
permanent way of the railways should be continued, 
or modified, or altogether abandoned in favour of some 
construction more in accordance with ordinary practice, 
and what particular system the committee would re- 
commend. 2. The same points as regards the rolling 
stock. 3. In whatorder would the committee recom- 
mend that the construction of the lines should proceed ? 
4. Whether the committee would recommend the 
immediate or early construction of a bridge over the 
Ganges at Buxar or at Cawnpore, or at more than one 
of those places ? 








A New “ Henrcutes.”—Mr. Reed, the Chief Constructor 
of the Navy, is engaged upon the designs of a new and en- 
larged ship of the Hercules type, and which is intended to 
possess even greater power and speed. 

SHIPBUILDING ON THE TyNE.—Messrs. Palmer, of Jarrow, 
launched 23,717 tons of iron last year. Including three ships 
built by them at St. Petersburg, Messrs. Mitchell and Co. 
launched 12,236 tons. All the builders on the Tyne turned 
out 81 ships of an aggregate tonnage of 34,075. This is but 





and British India. 


two-thirds of the amount launched in the previous year. 


A VERY “OLD MANCHESTER ENGINEER.” 
To THe Eprror or ENGINEERING. 

Srr,—You have done me the honour to call me your “ re- 
spected friend,” so I hope you will allow me to tell you 
something in confidence. There is a letter, by an old Mas 
chester engineer, in that wonderful publication, The Hn- 
gineer, which, to anybody uainted with the circum- 
stances, will appear unintelligible, and I therefore come for- 
ward with the keys to this enigma. The author of this 
letter is nobody else but my respected grandfather, a very 
old “antediluvian” mechanic, who claims to be the inventor 
of the scissors—a claim upon which, however, there exist 
considerable doubts in our family. The young friend to 
which my grandfather alludes is your obedient servant, the 
writer of these presents, and I admit that my representations 
about the excellent correctness of the information contained 
in your paper have been tolerably well reproduced by what 
the old gentleman wrote to your contemporary. My grand- 
father, however, omitted to quote my further remarks upon 
The Engineer, which I suppose he considered to be un- 
parliamentary language. Now you must understand that 
the old gentleman in question has lived in retirement for a 
— of a ayer | or longer, and has taken to the notion 
that the whole world is rapidly deteriorating in consequence 
of modern innovations, and that nothing can be trusted un- 
less it is old and old-fashioned. He maintains that every- 
thing becomes improved by age, like himself and his port 
wine, and he never reads any book or paper before it has 
become at least five years old. His professional literature 
consists principally of The Engineer, of which publication 
he is now perusing the volumes of the year 1862. It will 
now be intelligible to you why the old gentleman considers 
“the last two years” of your contemporary so much im- 
proved, this being the period 1861 and 1862, when The En- 
gl flourished and prospered under your own editorship. 

rou will also understand the shock to my old grandfather's 
nerves effected by my proposal to exchange his old friend, 
The Engineer, of the past for a publication of what he calls 
no age; and you will also see that he is right in his way in 
stating that hitherto he had barely heard of the name of 
your paper—an assertion which, from the pen of an engineer 
really moving in the profession, would be simply a l—; I 
mean an unparliamentary expression. With regard to your 
"yesegeee of M. Flachat, the eminent French engineer, you 

ve really roused the anger of my good grandfather to the 
extreme. He had seen it. Flachat some forty years ago; 
and in his recollections the picture of this gentleman is 
or different from a photograph taken only “no time” 
ago. He does not like to be told that he is getting old, and 
there M. Flachat’s portrait seemed to tell him that un- 
pleasant truth by inference. So the old man got “intoa 
temper,” and pitched the paper into the waste-paper basket, 
““M. Flachat and all.” I need not tell you that it has been 
removed from that place by your obedient servant, 

Carapax Cancer, C.E. 

Crustacean-chambers, E.C. 

[Although we are indebted to our friend for his com- 
munication, we do not consider that a letter of the class 
referred to requires a special explanation. By a process 
of natural selection, the young, the active, the intel- 
ligent, and the progressive portion of the profession have 
become the friends and supporters of this paper, and are now 
calling upon their old-fashioned, slow, and conservative 
brethren to abandon that lifeless mass in engineering litera- 
ture which (without head or soul to inspire it) moves on by 
the mere force of a previously acquired momentum slowly 
expending itself in useless waste of power. By the same force 
of selection, we must expect all those who, from want of in- 
telligence or from interested motives, are opposed to progress 
and scientific advancement, to cluster round and sympathise 
with this decaying establishment, which in its turn passion- 
ately grasps the supporting hands, and gives its declamatory 
support to everything that is sinking in the struggle for 
existence and failing in the race of progress. Where this 
difference of tendencies and positions is leading’ to we leave 
with confidence to the future to show by the logic of events. 
The struggle itself is only apparent, since there is no room in 
engineering for a diversity of a no legitimate opposi- 
tion between progressive and conservative tendencies. En- 
gineering is all-progressive, and a persistent opposition to 
progress in our profession means stupidity, waste of power, 
and ruin in the end.—Ep. E.]} 








CarkiaGE AccipENnts.—The deaths of the 164 persons 
who were killed by horses or carriages in the streets of Lon- 
don last year imply. a large amount of injury to a great 
number of people. Thus, if in the absence of direct informa- 
tion it be assumed that one in ten of such accidents ter- 
minates fatally, then the large number of 1476 persons 
were more or less injured, in addition to the 164 deaths, 
bringing up the number of killed or injured last year in 
the metropolis to 1640. The number of fatal accidents by 
horse conveyances in 1865 was 232; the number of per- 
sons injured, upon the above hypothesis, was 2088. In 
1866 the deaths were 205, the number injured were 1845. 
Of the 164 fatal cases registered in 1867, 30 per cent. were 
those of children under 10 years of age, 9 per cent. were aged 
10 and under 20, 25 per cent. were aged 20 and under 40, 18 
per cent. were aged 40 and under 60, 16 per cent. were aged 
60 and under 80, and 2 per cent. were of the advanced age 
of 80 and upwards. Of 100 deaths, 3 were caused by 
carriages, 6 by omnibuses, 9 by horses, 16 by cabs, 
and 67 by vans, wagons, drays, and carts. In some 
cases it was the driver of the vehicle that was injured, and 
the occupations of the persons killed showed that a large 
proportion of the persons injured by the heavy traffic con- 
sisted of carters and carmen, whose duty it was to walk in 
the road by the side of the heavy-laden vehicles. It would be 
well—seeing the large number of deaths which occurred 
from carriage accidents—if persons whose occupations neces- 
sitated their frequenting the dangerous thoroughfares of 





London would insure their lives, 
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THE ENGLISH ARTISANS AT PARIS. 

Ear 1y last year the Society of Arts offered sums o: 
money, in the way of prizes or premiums, to workmen 
aud artisans who, visiting the Paris Exhibition, should 
afterwards report in writing upon what they had seen. 
Upwards of 1000/. was raised by subscriptions to defray 
the expenses, and nearly ninety workmen have since 
reported upon various branches of industry and indus- 
trial art. These reports have just been published by 
Bell and Daldy; and whatever may be their real 
merits, it is beyond question that they will be received 
in many quarters with much interest; for, hearing so 
much as we have done of foreign competition, we are 
ready for any information which may aid us in striking 
a balance with our competitors. 

It would be most unjust to the workmen who have 
prepared these reports, especially under the stimulus 
of “ an assisted journey” to Paris—in most cases the 
first journey to that place in their lives—to measure 
out to them the criticism due to purely uninvited per- 
formances of mere letter-writers or newspaper corre- 
spondents challenging public notice in print. But we 
must say that, in respect of those branches in which 
engineers can feel even a kindred interest, the “re- 
ports” are, as was to have been expected, empty as to 
facts, and, if possible, emptier in thought. Much of 
their contents would have interested the writers’ wives 
and little ones. On the first page we find the follow- 
ing exordium of the report of a cabinet-maker : 

I took an excursion ticket, and paid for a fortnight’s lodgings, 
at the “ Paris Excursion Committee,” in the Strand. We left 
London-bridge station at 12.15 a.m. on Tuesday, September 3rd. 
Arrived at Newhaven at 2.15. Boat left at 5.30. Weather fine 
and pleasant. My first voyage across the sea, Was a little 
sea-sick. Arrived at Dieppe soon after 12 p.m. A dozen of us 
took up our quarters in a comfortable café, to wait for the 
6.20 a.m. train for Paris. At 3.30 a most terrific thunderstorm. 
Rain fell in torrente. We watched from the casement window, 
thankful that we were so comfortably housed. Left Dieppe at 
6.30 for Paris. We were now on French soil. How strange 
and nove! everything appears. The trees so straight and tall. 
Some are broad and stumpy. The scenery is lovely ; such hills 
and dales, and the pretty appearance of the white cottages. We 
are much amused to see the women on the line, at the stations, 
with large shiny hats, holding the signal flags. We arrive at 
the station, in the Rue St. Lazare, 1.25, and walk to the Rue 
de Rivoli, as our guide-book had told us we should there find an 
elegant and cheap café, kept by M. Duval, where we could dine. 
As | pass through the wide streets I am delighted with every- 
thing I see. ‘The houses so lofty and clean and white, the novel 
appearance of the trees planted along the pavements, the fine 
buildings, the massive bronze lamps, and the magnificent cafés, 
the tinkling of the bells on the horses, so singular to my ear. 

But the cabinet-maker, although he gives scarcely 
any practical information, shows thought in his pero- 
ration. He has a glimmering of true social philosophy 
when he writes thus : 

I have noticed more particularly the conduct of the people of 
Paris in their public character. If they know so well how to 
behave in society, 1 cannot conceive but that in private it must 
be much the same. The question naturally arises, what is the 
cause of this marked difference between us and them? We 
want in our country a system of “ national education,” free from 
all sectarianism, and entirely secular, leaving every one to exer- 
cise his own judgment in religion, and to worship God accord- 
ing to his own conscience. Let us have free access, Sundays 
and week-days, to all the national institutious. Let there be 
no restraint put on rational, healthful, innocent recreation, and 
let us have this always encouraged. Let government restric- 
tions be put upon, and strongly enforced against, everything 
and every place of a vicious, low, or degrading nature. On 
Sunday, our leisure day, let us have not only churches and 
chapels open free to all, and without respect of persons, but let 
us have lecture-halls as freely open, where we can be educated 
in the arts and sciences, the history of men and nations, and 
the wonders of creation; where the mind can be elevated, im 
sroved, refined; where we can learn how to train our children 
in knowledge and wisdom, and teach ourselves how to behave in 
a becoming manner to each other, and where we might practise 
affability, courtesy, and polite conversation. And afterwards 
when the nation has been properly schooled and trained, | would 
add music and dancing, a dramatic entertainments, which, 
when properly conducted, are of an elevating and refining 
nature; and as there are always to be found some who cannot 
be restrained from indulging in rough, vulgar, unmannerly con- 
duct and conversation, to the annoyance of the more peaceable, 
I would have, as in France, the presence of government officials 
in all public places, who should enforce well-ordered conduct 
and proper behaviour for the benefit of the whole community. 
I have advocated, perhaps warmly, the Parisian mode of observ- 
ing the first day of the week; for some yrars I have been in 
favour of a “ free Sunday.” 











I cannot conceive why those who 
oppose recreation on that day, and wish to promote a strict 
observance of what they call the Sabbath, do not see the tyranny, 
injustice, and utter absence of all Christian and benevolent 
principles, in preventing us, who are confined the whole week in 
a workshop, labouring for the benefit, comfort, and luxury of 
the wealthier class, and have no other opportunity, except by 
suffering loss, from visiting the national institutions, which those 
who have leisure and little care have every opportunity of enjoy- 
ing. What right have they to claim the opening of their own 
places on that day, and dare to keep closed those we wish to 
enter? We have never wished to prevent them enjoying the 
rights and privileges of their own places of meeting. If ours 


were open to us we should not compel them to close. Every one 
would have perfect liberty to go to his church or chapel, his 
meeting or lecture-ball, and to visit, if so disposed, a picture 


gallery, a museum, a menagerie, or a public garden. We claim 
the right, as in France; and I believe that it will not be long 
ere we shall enjoy the pleasure of it. 

We cannot say what value to industry these im- 
pressions of French life may possess. They do not at 
all conform to the conditions under which the work- 
men were sent, among which was that they should 
** make a careful study of the Exhibition and of such 
** factories and workshops as they may desire to visit,” 
and each workman was “to make a report to the 


* Society of what he has observed during his stay in 
** reference to the special industry in which he is en- 


gaged.” Yet even the spontaneously expressed im- 
pressions of English workmen respecting the order, 
civility, and dexterity of French artisans may do good 
by leading to a higher appreciation of these qualities 
at home. 

Aaron Green’s report upon “ Ceramic Decoration” is 
of a very different and superior stamp. It is strictly 
confined to its subject, and shows an amount of critical 
observation and power of expression far beyond what 
would have been expected from a workman. 

William Brambhall’s report on “ Saws and Tools’ 
abounds in valuable material, and is interesting in its 
style. Our space admits of but few extracts : 

The Continentals in the highest class of saws and tools are 
not quite equal to us, but much of the second is, and the price 
of production and heavy import duties being unequal, they are 
powerful rivals against us on their own soil. 


’ 


The idea that 
they are dependent on us for those things may explode any 
moment. One thing is evident, that with the present rate of 
progress we shall shortly lose our marked superiority, unless 
new and extensive mechanical appliances be resorted to, or new 
markets are opened to us. There are vast regions on the face 
of the globe that loudly call for this, and that would in return 
supply us with food and material for clothing, &e. 

Trades associations for promoting strikes are illegal. The 
“ Conseil des Prud’hommes” is a legal board for settling dis- 
putes between employer and employed. Its successes are well 
known. But recently, nineteen tailors were brought to judg- 
ment for the late tailors’ strike in Paris, and were mulcted in 
various penalties by way of asserting the law’s authority. There 
are many friendly, sick, and funeral societies among working 
men, but freehold land allotments are impracticable. ‘There are 
thirty-seven co-operative societies in Paris, of whom the builders’ 
are the most extensive, entering into large contracts. There is 
also a very successful society of owvrier file-makers, established 
in 1848, the details of which exceed my province. 

The apprenticeship system is perfectly open; any master or 
man acts according to his own pleasure or convenience, the only 
restraint being that from the Government. An indenture is null 
and void that interferes with a young man during the time that 
he is liable to be drawn in the conscription, which commences 
at twenty years of age, and he may have to serve until he is 
twenty-five in times of peace. He cannot contract « marriage 
under twenty-seven years of age, without having first the con- 
sent of the Government, and then that of his parents. 

Ki. F. Mondy’s report on shipbuilding contains con- 
siderable detail, but he was unable to visit but one 
shipyard, that of M. Normand, at Havre. 

'rancis Oats’s report upon “ Mining and Metal- 
lurgy” consists wholly of descriptions of a few of the 
principal rock-boring and tunnelling - machines. 
condemns Captain Beaumont’s machine, and thinks 
Doering’s “too massive for ordinary Cornish work,” 
but prefers the Swedish machine of Bergstroem. He 
finds merit too in the rock-boring machine with 
diamond cutters. There isno report upon the foreign 
iron manufacture, a matter which, just now, possesses 
such paramount interest with us, because of its com- 
petion with ourselves. 

There are two reports upon “ Mechanical Engineer- 
ing,” one by John Evans, the other by William Lear- 
mouth. 
could have wished these reports were better than they 
are. The first is filled with off-hand generalisations 
upon the habits, qualities, &c., of Frenchmen, but is 
barren as to any useful details, especially so as to the 
Exhibition. Evans, clearly, liked little of what he 
saw, and he has a much better opinion of his own 
countrymen than of foreigners. This natural 
enough, but it appears to have prevented him from 
exercising the careful study, patience, and unbiassed 


is 


Learmouth’s contribution upon the same subject is a 
very lean affair, consisting almost entirely of a few ex- 
tracts from the sheet of statistics exhibited by Messrs. 
Schneider and Co., of Creusot. It is to be regretted 
that this most important branch of industry did not 
fall into hands fitted to deal with it. 

By far the best of the whole series are the special 
reports of Robert Coningsby and Richard Whiteing 
upon the condition and habits of the French working 
classes. ‘These reports show true knowledge and 
literary merit. 
say, Dickens would modify but little were he adapting 


editor “cuts about” the proofs of his contributors 
more than our great master of English fiction. 
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We cannot be hard upon workmen, but we | 


judgment requisite for the least value in his report. | 


close observation, and they are excellent in respect of | 
They are articles which, we should | 


them to Ali the Year Round ; and we may say that no | 


Mr. Coningsby divides his paper into four chapters. | must present themselves at the office of the mayor, or some 
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The French Workmen’s Childhood, The Young French 
Workman, The Ouvrier Married and Settled, and The 
Ouvrier in the Workshop. Under each our extracts 
must be very brief. Of the Childhood stage, we 
read : 

The public eréche in France is an institution, which would, [ 
think, be very beneficial to our poorest class, but would not find 
much favour among English mechanics. Where the woman is 
looked upos almost as much in the light of a bread-winner as 
tke man, as is the case among the French, the importance of a 
provision for taking charge of her chiidren during the day cannot 
be overrated. I have Visited some of these créches, and greatly 
admired the scrupulous cleanliness and kindly forethought 
which are apparent throughout. Patient and attentive nurses 
are provided for the very young, and all kinds of interesting 
toys and games for those who are old enough to understand 
them. Our workhouse officials might perhaps borrow from 
some of the arrangements at these excellent nurseries. 

In the matter of diet, I think the young ouvrier is more for- 
tunate than the English boy. It seems to me that weak wine, 
soups, and thoroughly cooked food are better calculated to build 
up the human frame gradually and naturally than are the more 
solid meats and drinks which are given to children in this 
| country. The French lad—partly, perhaps, from climatic in- 
fluence, but, as I think, chiefly from the better regulation of his 
digestion—is altogether a more light-hearted and gladsome 
creature than his playfellow in England. Even in the lowest 
class, the “‘ gamin” of the chiffonier does not present the sad 
and weazened appearance of the London street Arab. 

And further on we read : 

The chief difference in the nature of the instruction given in 
French and English pational schools seems to be in drawing, 
history, and calisthenics. The French boy, upon leaving school 
to enter the workshop, knows more of all these things than the 
English boy does. As regards the first, he has mastered at 
least the rudiments of both free-hand and mechanical drawing ; 
and concerning the second, he can tell you of the glorious 
battles in which the arms of France have been victorious; of 
the discoveries of her savants, and the generous ideas she has 
given to the world. He has been, in short, designedly led toa 
belief in the high destiny of his race and country, and is con- 
vinced that it is the mission of Frenchmen to regenerate the 
world. I cannot belp thinking that in the present day we 
neglect these lessons tor our children too much. In the first 
place, drawing is seldom taught at all, and as for history, the 
most that we do is to bore our school Jads with a dry summary 
of the names and deeds of the sovereigns of England, and the 
dates of their births, deaths, and coronations. Respecting the 
third study, almost every French school has some sort of gym- 
nasium attached to it, and at stated hours the boys receive 
proper instruction in the use of its fittings. 

With regard to the young French workman, Mr. 
Coningsby writes : 

There are in France three large technical educational esta- 
blishments, supported by Government, where, upon payment of 
a sum equal to about 80/ Engtish, and with the necessary 
recommendation from certain local officials, lads of sixteen are 
admitted, and boarded and lodged for three years. At these 
colleges of labour the young French workmen are carefully and 
scientifically trained, with the view to qualify them for holding 
the position of foremen in manufacturing establishments. ‘The 
first principles and laws of chemistry and mechanics are tho- 
roughly taught, and full opportunities afforded the students to 
make themselves practically acquainted with their application. 
From all I have been able to gather of the working of these 
institutions, I think them productive of unmixed good, both to 
individuals and the nation. It is notorious to all who are 
acquainted with our factory system, that English foremen are 
deficient in that theoretical knowledge which alone can ensure 
economy in human effort. Our mechanics are perhaps superior, 
in physical strength, perseverance, and correctness of manipula- 
| tion, to the mechanics of any nation in the world; but the want 
| of system in the utilisation of this splendid human material is 
| outrageous. A boy is taken from school and placed in a work- 
| shop to learn a trade, positively without any provision being 
| made for his proper instruction. It is nobody’s business to teach 
| him, and the whole history of his apprenticeship is a story of a 
} game at hap-hazard. Sometimes any increase in bis knowledge 
is looked upon with jealousy by the journeymen, and regarded 
with alarm by the foreman, who is conscious of his own medio- 
lerity. In the execution of work, all attempts to obtain results 

by a more direct method than some time-honoured one in vogue 
in that particular workshop are derided and opposed. Thus if 
alad is ever somuch attached to his art, there is no help for 
him from without, and he bas to maintain an unequal struggle 
during the years of his minority, to find, when he becomes a 
free agent, that the science of his business has been altogether 
ignored by those who have gone before him. In some of our 
more eminent English firms, the principals have partially carried 
out—each for himself—the designs of the promoters of the 
French system. Inducements have been offered, and assistance 
given, to young men of superior intelligence and skill to educate 
| themselves above their fellows. As soon as proofs of efficiency 
| have been given they have been made foremen, in the place of 
| the time-keepers and time-servers who too often held the posi- 
| tions before. The effect has been good, but if Government 
would do, on a grand scale, that which has been found to answer 
so well on a small one, there would be this great advantage— 
the dignity of mechanical labour would receive a national recog- 
nition, and a superior class of men would devote themselves to 
the work of officering our magnificent manufacturing army. A 
mechanical career is as boundless, and offers as much scope for 
a legitimate ambition, as the profession of arms or the study of 
the law; then why not provide for the thorough and systematic 
training of those who desire to enter upon such a career? 

With regard to the conscription, Mr. Coningsby 
Says: 

The young French workman is liable to the conscription ; and 
words cannot convey to Englishmen a sense of the heavy burden 
of this liability. Once a year the drawing takes place, when all 
the men who are over eighteen years old, who have not drawn, 
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other properly appointed official, that their liberty for the next 
seven years may be deliberately “raffled.” I nse a word which 
will make the transaction plain to English mechanics. A 
certain number of men is required from the district, to fill up 
vacancies in, or to augment the strength of, the army, and so 
those who draw the lowest numbers have to become soldiers, 
while the rest, having drawn once, are free irom military service 
ever after. When a young man has obtained a “ good number,” 
he receives a certificate from the ‘returning officer,” to the 
effect that he is no longer liable to the conscription, and there is 
much rejoicing in his family over the event. This certificate is 
signed in the book mentioned in Chapter I., which must be 
deposited with the employer. There are some exemptions to 
this liability to the conscription, such as in the case of a son who 
is the support of a widowed mother, but they are very few. If 
a Jad absconds before he is drawn, he is liable to be arrested at 
any time to the end of his life, and punished as a deserter from 
the army; in addition to this, the parents are held responsible 
for the production of their children upon the day when the lot 
is to be drawn, and the consequences are very serious to them, 
if they cannot find a very satisfactory explanation of the causes, 
in cases where their sons are absent. Filial affection being 
decidedly stronger in France than in England, this is found to 
be a very practical check upon would-be deserters. 

Without entering upon the wider question of how a large 
standing army affects a people, it will, perhaps, be the place 
here to point out a way in which the conscription presses espe- 
cially upon their manufacturing skill. The system of forced 
military service affects not only the men withdrawn from the 
ranks of labour, but the expectation of it influences the youth 
of a country during the time they are learning their business. 
There is an element of uncertainty introduced which recurs to 
the mind with each fresh difficulty which presents itself, and 
the one great incentive to perseverance—the thought, ‘I must 
conquer in this art, for my whole life will be expended in it”— 
is wanting, and its place supplied by the reflection that, ‘ After 
all, I may never have occasion to follow this business.” The 
result of this reasoning in the case of the average apprentice 
would be to make him content himself with a second instead of 
first rate knowledge of his trade. It would appear as if this 
view of the effects of the conscription were shared by some of 
the great French employers, for many of them are in the habit 
of advancing the exemption-money to skilful and well-conducted 
young nen in their service, under an agreement to be repaid by 
instalments deducted from future wages. M. Schneider, the 
principal proprietor of the extensive ironworks at Creusot, has 
several men who are paying back the money thus kindly 
advanced tothem. I need not point out to English workmen 
the great advantage they have over their Continental brethren 
in this matter; the fact that men beginning life gladly contract 
a debt of nearly a hundred pounds to be freed from this forced 
military service is, to my mind, a very eloquent cne. There is 
another way in which I think the French military system injures 
the people, and more especially the working classes. The 
morality of a country is lowered by it. At the end of five years’ 
service the young soldier is at liberty to return to his home, and 
serve the remaining two years of his term in the army of reserve. 
During these two years he is not allowed (under ordinary cir- 
cumstances) to marry. Camp and barrack life being notoriously 
conducive to immorality, we have, under these arrangements, a 
constant supply of military vices introduced among civilians by 
men who are just at an age when their pernicious example is 
most dangerous to the younger members of the community. 
These returned soldiers being looked up to with respect by those 
of their own age, but more especially by their juniors, as men 
who have seen the world. I believe it is chiefly owing to this 
constant influx of the military element into civilian lite that we 
find the deplorable state of things which exists ia France, where 
among the artisan class it is quite common for young men and 
women to live together in concubinage. 

Of the married workmen we read : 

‘The home of the French workman is not, according to Eng- 
lish notions, a comfortable one. Men earning from six to eight 
francs per day are content to live with their families in rooms 
which would be despised by an unskilled labourer in England. 
There is one piece of furniture, however, which the poorest 


people in France appear to pride themselves upon possessing, of 


good and substantial quality, namely, a bed. A mechanic in 
France will expend from ten to fifteen pounds upon this article. 
The ouvrier does not very often make appointments to be kept 
at his home, generally preferring to meet his friends at some 
café or restaurant in the neighbourhood ; too often, the entire 
family eat, drink, and sleep in the same apartment. To be 
candid, I have not been favourably impressed by the married 
ouvrier. The French character does not seem to appear to so 
much advantage in the matrimonial as in the single state. The 
garcon-ouvrier is a gay and chivalrous creature, whois accessible 
and generous to his friends, and courteous to women. The 
married man is a subdued and too often sordid individual, whom 
I have once actually seen seated in a cart smoking his pipe, 
while his wife was between the shafts drawing him. The way 
in which married women work in France is one of the first 
things which strikes an Englishman as being peculiar. Asa 
rule, the workman expects his wife to do something in addition 
to taking care of his children, which shall bring in money. She 
is considered eligible for the performance of all sorts of duties 
which are here confined to men. In the north I have seen 
women yoked together like horses, towing barges along a canal ; 
while men, presumably their husbands, have been comfortably 
smoking on deck. On the occasion on which I saw the woman 
in the shafts of a cart, although it was in the Champs Elysées, 
and broad daylight at the time, nobody appeared to take notice 
of the fact, or to regard it as being in any way odd. ‘This wide 
employment of the wives of workmen may account for the fact 
that the home of an average mechanic in France exhibits an 
amount of discomfort which would render an English housewife 
thoroughly miserable. Perhaps it is because the streets and 
cafés are so magnificent that the poorer classes of the French 
take so little pride in their houses; but, from whatever cause it 
results, as an impartial chronicler, I am bound to state that 
indoors the French workman dare not challenge comparison with 
his equal here. I have, in the course of this inquiry, visited 
between twenty and thirty places inhabited by the families of 








the working men, and although in some I have seen something 
approaching to English notions of comfort and cleanliness, I 
have generally found them in disorder and unclean. 

A great deal of most interesting matter is given in 
the chapter upon the Ouvrier in the Workshop, but 
we shall content ourselves with a single extract : 

Discipline does not seem to be so strict in French “ usines” 
as in English factories. I saw the hands everywhere smoking 
and chatting in their employer’s presence, and it struck me that 
there was generally more cordiality between the masters and 
men than exists in England. ‘The principal of more than one 
considerable firm took a share of a bottle of wine with his men 
in honour of the English visitors; and I cannot help thinking 
that strikes would be less frequent in England, if the proprietor 
of a factory was a little better known to his journeyman than 
at present. Charles Lamb’s saying—that it was impossible for 
him to hate anybody he had seen—might perhaps be found to 
convey a useful hint in this direction. 

These reports are published in good style at a mode- 
rate price, and sent, as they doubtless will be, to all 
the imstitutions of working men in connexion with 
the Society of Arts, they will be widely and usefully 
read. That they will, by inspiring fresh and better 
thought, and imparting a better knowledge of the 
strength and weaknesses of our foreign competitors, 
do an amount of national good infinitely beyond the 
cost attending their production we have no doubt 
whatever. 


INDIAN COALS. 

Wrru reference to articles on this subject which appeared at 
pages 328 and 367 of our last volume, the following paper by 
Mr. Frederick Charles Danvers, of the India Office, which has 
been printed by order of the Secretary of State for India, and 
copies of it circulated amongst the Government officers of the 
Public Works Departments in the several Presidencies in India, 
and amongst the different Boards of the Indian Railway Com- 
panies in this country, will doubtless be read with interest by 
those who may have given attention to the subject treated of, 
namely, how best to utilise coals of an inferior quality for pur- 
poses for which the best coals only are generally employed. 


Memorandum on Indian Coals, with Reference to their -m- 

ployment as Fuel for Indian Railways and Steamers. 

Dr. Oldham’s very valuable paper on “ The Coal Resources 
and Production of India,” dated in March last, furnishes, 
amongst other information, a statement of analyses made at 
various times upon 80 different varieties of Indian coal, obtained 
from the principa) coal-tields throughout India. The results 
shown by direct assay of the mineral cannot, of course, be ac- 
cepted in all cases as conclusive, but in the absence of more 
reliable information derived from the practical use of the coal, 
they may be fairly accepted as approximately true. 

In the above-mentioned report, we are informed that the 
average composition, as determined from 74 assays of Indian coal, 
is as follows:—fixed carbon 52.2, volatile matter 31.9, ash 
15.5. And the results of similar assays of five specimens of 
English coals, such as were saleable in the Calcutta market 
during the last three years, showed an average composition of 
fixed carbon 68.10, volatile matter 29.20, and ash 2.70. 

The relative duty or effective power of coals may be taken to 
vary directly as the amount of fixed carbon they contain; and, 
says Dr. Oldham, “taking this test it will be seen that out of 
the whole series of Indian coals only one or two come up to this 
average, or, in other words, that the very best coal of Indian 
Jields only touches the average of English coals. If, on the other 
hand, we take the relative amount of ash matter, which does 
not contribute to the heating power of the coals, we find that 
the average of Indian coals shows no less than 153 per cent. as 
against less than 2? per cent. in English coals. 

“ Practical trials on a large scale show the same result. The 
two most heavily worked lines of railway in India, namely, the 
East Indian and the Great Indian Peninsula, use, respectively, 
Indian and English coal; and their relative consumption is 
150 tons per mile in the former as compared with 75 tons in the 
latter. It is, therefore, certain that Indian coals are not 
capable of more than two-thirds, in most cases not more than 
one-half, the duty of English coals. 

“ The relative amount of ash will also materially affect the 
cost of carriage. If that amount be on the average 15.5 per 
cent., itis obvious that, in every ton of coal carried, more than 
one-sixth of useless material is also carried. And this becomes 
a very important element when space or stowage is concerned.” 

The experience obtained by the British India Steam Naviga- 
tion Company relative to the use of Indian coal in sea-going 
steamers is, that, generally speaking, about one-half more is 
required of Indian than of good English coal to produce a given 
heat. It also forms a slag whicli blocks up the bars and pre- 
vents ventilation, and the ash and clinker turned out being about 
50 per cent. greater than results from the use of English coal, 
the staff of firemen and coz]-trimmers has to be increased in a 
corresponding ratio. Rubble coal alone is used for steamers. 
Small coal will scarcely burn, being so earthy and impure. 

The foregoing shows what a considerable amount of impurities 
is contained in Indian coals. These impurities consist chiefly 
of earthy matter, mechanically combining with the carbon, and, 
therefore, capable of being mechanically separated from it. So 
far as I am able to judge from the particulars contained in Dr. 
Oldham’s report, and from further information on the subject 
which I obtained from Dr, Oldham himself just before his 
recent departure for India, there would appear to be no diffi- 
culties, by the employment of well known expedients, in obtain- 
ing from the Indian coal-fields a fuel nearly as pure as, and at 
a much less cost than, English coals for use on the railways and. 
steamers in India. 

The practice of coal-washing, though extensively adopted in 
France, Belgium, and some parts of Germany, is only just now 
beginning to be generally introduced by the various coal-owners 
in this country. Several years ago a Bourdon’s coal-washing 
machine was brought over to this country, but it was only em- 





ployed by the person who introduced it. The patent has now 
expired, and coal proprietors, having seen the advantages to be 
obtained by its use, are now beginning to adopt it. Coal-wash- 
ing is already extensively practised at the Ebbw Vale Ironworks 
for the small stuff which was formerly lost, and this makes such 
excellent coke that it is used in the furnaces for making Bes- 
semer steel. Another of these machines has also recently been 
started at Dowlais. The following is a description of the one at 
Ebbw Vale, taken from ENGINEERING: 

“The fine cual is raised by a Jacob’s ladder to the top of the 
washing-tanks, and led by separate spouts into each of the four 
compartments. ‘hese are of cast iron, about four feet square, 
open at the top and hopper-bottomed to permit the oo of 
the slate and heavier matters. The compartments are kept 
nearly full of water, which is churned up and down through 
the coal by means of four 30 in. pistons, working with a 4in. 
stroke, in as many ae cylinders at the side, one piston 
to each compartment. The shale, pyrites, &c., soon settle to 
the bottom by their greater weight, and are let off at intervals 
by opening a valve, some of the water escaping and more being 
then added. One combined machine, with four pistons and 
washing-tanks, is worked by a small engine, and is attended to 
by two men and six girls. It will wash 200 tons in 12 hours, 
at a cost of Jess than 8d. per ton, all told, the wages amount- 
ing to hardly 15s. a day. What was once wasted is thus con- 
verted, when coked, into most valuable fuel, the coke from 
washed coal slack being purer than that from the large coal of 
the same pits, inasmuch as most, if not all, the sulphur is 
washed away.” 

In order to apply this washing to Indian coals generally, so 
as to render them nearly equal in purity to English coals, it 
would be necessary, in the first instance, that they should all 
be reduced to the consistency of coal slack by being broken very 
small—the smaller the better. After washing, it would by no 
means of necessity follow that all the coal should be converted 
into coke, but it would be a great advantage if all intended for 
use by locomotives or steam-vessels were so treated, as they 
would thus be enabled to burn the purest form of carbon obtain- 
able for their purposes. That portion, however, which it might 
be desired to keep in the form of coal should be converted into 
what is generally known by the name of “ artificial fuel ;” that 
is, the small coal should be compressed again into blocks, the 
particles being made to adhere by the employment of a vei 
small percentage of gluten, tar, or other suitable cement. ‘The 
best material hitherto used for this purpose is an organic sub- 
stance obtained as a residue in the manufacture of starch, and 
which is almost valueless for other purposes. This can be 
employed in quantities not exceeding one per cent. of that of 
the coal dust to be compressed with it, it leaves no ash in burn- 
ing, and what is still more important as compared with the 
ready liquidity of coal tar, it does not melt at a high tempera- 
ture, so that its binding effect is not lessened when exposed to 
the heat of the fire. 

I saw a great many specimens of this artificial fuel in the 
Paris Exhibition, and many of them seemed to be of excellent 
quality, the fracture presenting an appearance somewhat re- 
sembling the fracture of pig iron, only with a coarser grain. 
The particles when pressed and rubbed hard with the hand did 
not easily separate, and little or no dust was made by it, even 
under rough usage. The character and qualities of these kinds 
of compressed fuel depend upon the nature of the original coal 
from which they are produced. The Belgian coal, and that of 
St. Etienne, which always requires washing on account of the 
pyrites and other impurities which it contains, must go through 
this process before being compressed; the coal from screenings 
and dust from Ostrau, on the other hand, is so pure as to re- 
quire only cementing together to make an excellent fuel. M. 
Felix Dehaynin, of Paris, states that his machine (which is a 
modification of one by M. Evrard, the engineer of the Compagnie 
Anonyme des Huiliéres de la Chazotte, near St. Etienne) pro- 
duces 10 tons of fuel per hour, with a motive power of eighty 
horses. The whole machine weighs about 65 tons, with all its 
accessories and gearing, including the steam-engine. The coal 
bricks are slightly heavier than natural coal, and their calorific 
effect has been found fully equal, and in some cases even 
superior, to the latter. ‘The process of washing removes about 
5 per cent. of the weight of the coal-dust, representing incom- 
bustible impurities, and the compressed fuel leaves only 6 to 
7 per cent. of ashes. The compressed fuel of Chazotte leaves 
only 4 or 5 per cent. of ashes. This latter is made from 
anthracite coal containing 81 per cent. of carbon, 16.5 per cent. 
of hydrocarbon, and 2.5 per cent. of ashes. Some experiments 
made by the Messageries Impériales, and by other parties, have 
shown a superiority of this fuel over the best coal from Cardiff, 
amounting to 10 per cent., weight for weight. The Northern 
Railway of Austria has a production of 15,000 tons per annum. 
The briquettes used on that line evaporate 7.1 to 7.2 pounds of 
water per pound of fuel in regular practice with locomotives for 
passenger trains, in which this fuel is used in preference to 
coal. ‘The prime cost, taking the coal-dust at its selling price 
at the pit’s mouth, is stated to be considerably below that of 
the solid coal drawn from the same pits. 

In England, the Patent Fuel Company manufacture a some- 
what similar material upon the principle known as Warlich’s 
Patent. ‘This fuel is made from the best Welsh steam coal, 
and is made into bricks by machinery which exerts a pressure 
of & tons tothe square inch. These bricks are afterwards baked 
in retorts up to a heat of from 700° to 800° Fahrenheit, which 
has the effect of removing any sulphur which might previously 
have existed in the coal, together with a large percentage of the 
water contained in it. The cement used 1s principally pitch, 
with a small proportion of tar. In the report on experiments 
made with various kinds of coal in Portsmouth Dockyard in 
April, 1858, one pound of this fuel is stated to have evaporated 
9.23 lb. of water, and the residuum, sfter combustion, was 
found to consist of 1.88 ash and 1.67 clinker, or a total of 3.56 
per cent. of ash and clinker combined. 


The East Indian Railway carried down to Calcutta, during 
the year 1865, 6,279,207 inaunds of coal. This was probably 
chiefly drawn from the Ranigunj coal-field. ‘The mineral from 
that district contains from 8.00 to 35.20 per cent. of ash, the 
average on thirty specimens referred to in Dr. Oldham’s report 
being 15.59 per cent.; so that, of the above mentioned quantity 
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of coal conveyed by the East Indian Railway Company, it is 
not unreasonable to suppose that 978,927, or nearly one million, 
maunds consisted of unserviceable ash. The cost of conveying 
this amount of rubbish a distance of 121 miles, at the rate of 
1}d. per ton per mile, must have exceeded 22, 000/. / 

Supposing this coal to have been first freed from its im- 
purities in the manner above referred to, so that on leaving the 
mines it contained oy See 5 to 6 per cent. of ash, a saving 
in carriage alone would have been effected amounting to nearly 
15,0002, equal to 1s. 4d. a ton on the whole amount brought 
down by the railway; and judging from what has already been 
stated rding the cost of similar operations in Europe, this 
would probably be an ample margin to allow for washing and 
converting the coal either into coke or artificial fuel, and thus 
a far purer fuel might be set down at Calcutta (worth consi- 
derably more than 1s. 4d. a ton beyond the value of the coal as 
it is in its natural state) by railway from the Ranigunj coal-tields, 
for the same price at which an immensely inferior article is now 
obtainable there. 

The high price in India of coal exported from England, 
averaging for the last two years on its arrival about 2/. 10s. per 
ton is a subject for very serious consideration. The impurities 
contained in the Indian coal now employed by some of the rail- 
ways must act as a serious drawback to the economical work- 
ing of those lines, not only on account of the bulk of useless 
matter contained in the fuel, but also in consequence of the 
injurious effect those impurities, which they largely consist of, 
have upon the locomotives themselves, by the formation of 
clinker, whicn also necessarily entails much additional labour for 
its removal. 

The supply of Indian railways with goud and cheap fuel is a 
subject of as great importance to the Government as it is to the 
railway companies themselves, since cheap and good fuel leads 
to economy in one branch—and that by no means an unimpor- 
tant one—of the working expenses of a line. It is impossible 
for bad fuel to be absolutely cheap, although under certain con- 
ditions it — be relatively so, when compared with the cost of 
coal sent out from England, for its use is necessarily attended 
with many and serious drawbacks, all leading to expenses which 
would not be required where good coal only was employed, and 
which thus make the low-priced inferior article absolutely the 
more expensive in the long run. 


India Office, November 19, 1867. 


Frep. Cuas. DANvERs. 


HORSE POWER. 
To tHe Epitor or ENGINEERING. 

Srr,—I take it, that a journal such as ENGINEERING has 
a twofold mission ; first, to give a fair digest of the engineer- 
ing practices, especially of this country, and of the world at 
large. I need scarcely say that this has been already done 
with a liberal spirit and at considerable expense. The second 
mission is to uproot every remaining vestige of “rule of 
thumb,” all practice and systems calculated to foster jerry- 
work, and keep down the moral tone of engineering as a pro- 
fession and commercial speculation. 

So far back as 1848, a gentleman of high scientific attain- 
ments, well versed in the theory and practice of the steam- 
engine, writes thus of the —- of ne the capabili- 
ties of the'steam-engine by horses’ power :—“ Indeed, it may be 
“ observed generally, that the mode of expressing the mecha- 
“ nical capabilities of engines by horse power frequently 
“ leads to most erroneous conclusions, and it has lately been 
“accordingly much discontinued among engineers and 
“ scientific men. In locomotive engines it is not applied at 
“all, nor indeed in the Cornish engines.” 

I write especially with reference to engines employed in 
the manufactories of this country, and feel no little pleasure 
in being able to state that some little progress has been 
made in the right direction, although far from as much 
as ought to have been made. Many enlightened manu- 
facturers now-a-days look very shy when an engine-maker or 
commission-agent speaks of an engine for sale as being so 
many “horse power,” nominally, and as a commercial 
measure. Of course the intended purchaser, if he have made 
good use of the opportunities, which perhaps years of ex- 
perience have afforded, for learning the great and almost 
unprecedented Noman | of what an engine of a given 
nominal horse power will really do when set to work, he 
at once wants to know something about the diameter of 
the cylinder and length of stroke—his inquiries, likely, 
extending to the number of revolutions, point of cut-off, 
pressure of steam the maker would recommend to be used, 
and, lastly, the mode of transmitting the Say from the 
engine to the system of gearing intended to drive the 
machinery. 

This may seem to the uninitsated quite a satisfactory way 
of arriving at a just estimate of the capabilities of the en- 

ine in question. But every engineer betes | of the name 
nows quite well that the real useful power the engine will 
exert over and above that consumed in overcoming its own 
inertia, friction of working parts, anger ge of proper 
velocity, resistance to exhaust, cooling of cylinders, and 
pumping—among which, and as a subject to be specially 
treated of in a future letter, ae be here named the power 
consumed or, more emphatically, wasted in working the 
slide-valves when of common description, unbalanced (here 
it may be advisable to state that, in using the word “ engine,” 
unless with a prefix, it will be understood to denote the class 
known as the common engine, in cortradistinction to those 
known as the Allen engine, the Corliss engine, the American 
Hicks engine, compounded engines, engines fitted with 
double slide-valves, or Walker's balanced slide-valve, &c.)— 
I say that even having the foregoing — of an en- 
ine before that engine is tried, no gentleman buying it can 
form any reasonable estimate of what he is actually pur- 
chasing. It may turn out that he has bought an engine 
which will only work in such a way as to give out barely the 
nominal horse power at which the maker or agent classed it, 
or it may actually work up to six or even seven times its 
nominal power. ae, Ft practical engineer to contradict 
is personal experience is extremely 








this statement, unless 
limited. 








Sir, daily, errors are made from the use of this wors® 
than useless nomenclature ; the utmost confusion and inde- 
finiteness prevail when this barbarism, horse power, is used ; 
students and yo engineers are totally at a loss to form 
even a bare ides 0 the proportions of the engine named. 
While a user of steam power, about extending his plant and 
increasing his motive power, is told that he will need so 
many “horse power,” and, for evident reasons, must have a 
new engine, sends to several firms for quotations for engine 
of power (horses’) required; receiving from every house a 


dissimilar price, probably he choses between the highest and | gran 


lowest figures, gets hisengine at work, and finds that, although 
he should have had a fair margin of power above his present 
requirements, yet the engine will not even turn present ad- 
ditions. Some lap must be taken off the slide-valve, and, 
with hard firing, they do manage to just get along; but the 
coal bill is very heavy. It may be said that the proper way 
is to order an engine by the diameter and stroke of piston. 
I at once admit that it is preferable to “ nominal horse power.” 
But this is only choosing one of two evils, when both might 
be avoided ; for the same maker rarely turns out two engines 
from the same patterns that give the same amount of useful 
duty ; and for two distinct makers to supply each an en- 
gine of the same diameter and stroke of piston, to give the 
same number of useful units of power, so rarely happens, 
that it may be classed as one of the engineering wonders of 
the age. Who are gainers of the present system? There 
cannot be the slightest doubt on this head; and I at once 
affirm that the most unscientific (to use very mild terms) 
engineers, who make engines of a certain cylinder capacity, 
throw in plenty of cast iron and try to sell by weight or bulk, 
boiler-maker fashion, and utterly disregarding balancing 
of working parts, velocities of steam and water, and treating 
the question of strains, virtual velocity, and friction as only 
subjects for the savants. 

I am constantly hearing complaints about the gauging of 
engines by the number of “horse power ;” and I appeal to 
yo sir, and, through you, to all users of steam power, to 

now if this useless and unfair system, especially to every 
maker of really good and economical engines, and every 
manufacturer employing the steam-engine, is to continue. 
The latter sufferers could effect the change, and pocket in 
many cases handsome bonuses saved from their coal bills. 

What we want is to finally discard “horse power,” subst.- 
tuting some other convenient measure—to continue the use 
of the “indicator” for ascertaining the internal condition of 
engine, but not use the diagrams for determining the 
mechanical capabilities of the engine. Let the latter ques- 
tion be settled by the use of Prony’s or other brake: let each 
maker of engines be paid according to some scale for the 
number of dynamical units cnuted ty the engine over and 
above working itself, as found by the brake —— to the 
first-motion shaft. The buyer might well afford to give a 
trifle more for an engine to cover testing; for the consump- 
tion of steam could and would be noted at the same time, 
and the purchaser would know what he was receiving for his 
money, just the same as the engine-maker knows what he is 
having when he orders so many tons of pig iron of certain 
brands. 

This method of measuring the mechanical capabilities of 
engines would introduce a honest competition, and give a 
filip to the present languishing condition of the mechanical 
engineering trade. It would place us again ahead of our 
foreign competitors, if, as it is said, we have lagged behind. 
There can be no doubt of its stimulating, reviving, and gene- 
rally improving and permanently benefiting the trade. The 
saving in material and fuel particularly would be en masse 
something enormous. I trust that this subject will be taken 
up with spirit and determination, to sweep for ever from the 
engineer’s vocabulary the term “horse power.” It can be 
done if taken up by the manufacturers, who must be readers 
of your paper alone. They would be the greatest gainers by 
the new system, and therefore ought to exert themselves to 
bring about a thorough reform. 

am, Sir, your obedient Servant, 
January 8, 1868. J. 


METROPOLITAN TRAMWAYS. 
To rue Eprror oF ENGINEERING. 

Srr,—As your correspondent, “Observer,” refers to my 
previous letter, I crave space for a short reply. Facts are 
stubborn things, and I wish to quote a few in reply to his 
assumptions. 

Experience proves that street tramways facilitate the 
traffic of crowded streets; if our present thoroughfares are 
too narrow for the daily traffic, the greater the necessity for 
organising it. Has“ Observer” ever crossed London-bridge ? 
Nothing causes greater obstruction in the streets than omni- 
buses continually passing and repassing each other. More- 
over, let “ Observer” cmly the routes proposed, and substi- 
tute ascertained facts for vague assertions. The lines selected 
by the M. T. C. (Limited) have been chosen because they are 
peculiarly adapted for a trial of the system. 

It is not invariably the fact that when roads are formed of 
different metals ruts will form and accidents occur. Proof 
of this is to be found in the failure of an indictment against 
the Birkenhead Street Railway. Not a single accident was 
proved, and consequently there is placed on record a decision 
of a court of law, that tramways can be constructed so as not 
to prove a nuisance. 

t is not correct, that the tramway between Westminster- 
bridge and Kennington had a grooved rail flush with the 
road ; each rail was 5 in. in width, nearly 2 in. of which pro- 
jected half an inch above the surface of the road. If “ Ob- 
server” will call at the office of the M. T. C. (Limited), he can 
see " portion of the actual rail which was laid down on that 
road. 

The rails on Westminster-bridge, to which he refers, had 
flanges projecting about an inch above the surface of the 
bridge, and were consequently greater nuisances than Train’s 
rails. 

As reference is made to the Kennington tramway, I beg to 
refer “Observer” to the report of the action at Kingston 











assizes in the Times newspaper, from which he will learn 
that the sole cause of obstruction was the flanges of the 


rails. 

I am utterly at a loss to understand why “Observer” 
should display so much warmth at the conclusion of his letter. 
The correspondents of a scientific journal ought to write in a 
calm, im: ial, and scientific manner. If all that “Ob- 
server” alleges be true (and these and other points will no 
doubt undergo a searching inquiry before the select commit- 
tees to which private bills are referred) powers will not be 
ted to construct the tramways. If, on the other hand, 
the evils which are depicted by “Observer” and “D. T.” 
(whose objections are mainly the same) are proved to be 
imaginary, I confidently expect that our application will be 
crowned with success. At any rate, we persevere to the 
end. 

I have only one remark to make as to the letter of “ D. T.,” 
on which “Observer” places so much reliance, and that is 
that all his statements are imaginary, as we are fully pre- 
pared to prove when in committee. Apologising for tres- 
passing again upon your columns, 

I am, yours, &e., 
A MEMBER oF THE METROPOLITAN TRAMWAY 

January 1, 1868. Company (LIMITED). 








OUR ROADS. 
§ To rue Eprror or ENGINEERING. 

Srr,—In your article on “Our Roads” in your last 
week’s publication, you have called attention to the efforts 
that I am making to improve the system of watering roads. 
Whilst thanking you for your appreciation of the object 
in view, I venture to trouble you with a few remarks on the 
subject particularly alluded to in the concluding paragraph 
of your article, wherein you express a conviction that it 
is certain the public will no longer submit to the “ blind- 
ing dust.” 

e evils apy from dust are manifold; it is not only 
« blinding,” it is choking. Eyes, nose, mouth, throat, lungs, 
each receive their modicum of this disagreeable and poisonous 
compound, about half of which in the City of London, 
according to Dr. Letheby, is composed of organic matter of 
a deleterious nature. esmen complain that their goods 
suffer very considerable depreciation in value from this in- 
tolerable nuisance, and on Sundays, when the metropolitan 
roads are not watered, walking or driving can only be under- 
taken with the certainty of the greatest discomfort arising 
from the smothering dust. 

The experiments made with my solution in different parts 
of the metropolis enable me to undertake with the utmost 
confidence to effectually lay the dust at all seasons, and rid 
London of this pest. 

Itis traditionally supposed that anything new always meets 
with great opposition; but I must say that I have received 
hitherto, with very few exceptions, general encouragement 
from the surveyors of the different parishes to whose judg- 
ment these matters are generally referred. 

During the recent frosts and light falls of snow, I have 
made some experiments with a view to aid the labours of the 
scavenger in keeping the streets free from snow and ice. 

With regard to the side-walks, my experiments have been 
successful ; but I have not yet had an opportunity of properly 
testing my system on roads. But Iam sanguine enough to 
think that I can materially lessen, if I cannot altogether pre- 
vent, the annoyances and dangers occasioned by slippery 
road surfaces and ice-encrusted footpaths. 

I am, Sir, your obedient Servant, 
W. J. Cooper. 
19, Duke-street, Westminster, January 8, 1868. 








F. 8. A.—Some time ago we drew attention to the fact 
that several members of the Society of Arts were in the 
habit of affixing to their names the letters F. 8. A., a distinc- 
tion limited to the Society of Antiquaries. A correspondence 
has taken place between the secretaries of the two societies, 
and Mr. Le Neve Forster has very rightly informed mem- 
bers of the Society of Arts that “ neither 4 the charter, by 
the by-laws, nor by custom is there any authority for their 
placing the letters F.S. A. after their names.”—The <Art 
Journal. 

“A Derective Ratrt.”—On the afternoon of December 18, 
a terrible accident took place on the Lake Shore Railroad, 
running along the shore of Lake Erie from Buffalo to Cleve- 
land, Ohio. A defective rail, while a passenger train was 
running at high speed, threw two carriages off the track, and 
they rolled down an embankment of 40 ft. The stoves being 
upset set fire to the carriages, and the doors being locked 
(query, blocked up by the wreck ?), the passengers could not 
escape. Forty-one persons were burnt to death, twenty of 
them being so mutilated as to be unrecognisable. Many 
others were injured. The charred remains of the dead have 
been taken to Buffalo, where they await the claims of their 
relatives. This disaster cannot be said to have produced any 
extraordinary horror in the community, for the American 
people have me used to railway murders. We trust that 
some of our American friends—and some of the officers of this 
very “Lake Shore line” are among the subscribers to 
ENGINEERING—will give us some particulars of this defective 
rail, whether (as we have no doubt it was) it was aniron rail, 
where it was made, how long it had worn, in what way it 
failed, &c. We trust we may never again have to record 
such an accident from such a cause. 


Tue InstituTIoN oF Crvit Enxeingrrs.—The first meet- 
ing of this body after the Christmas recess will be held on 
Tuesday next the 14th inst., when an Inaugural Address will be 
delivered by the new President, Mr. Charles Hutton Gregory. 
It is said that the address will deal main ly with the subject 
of the national defences, and particularly as to the aid 
rendered by civil engineers in the more perfect manufacture 
of small arms, in the production of iron armour-plates, and 
in the designing of heavy guns and of new structures for 
ships of war. 
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SAND-PUMPS FOR WELL-FOUNDATIONS. 
x reprint, from Professional Papers on Indian Engineer- 
enn oe te poten g published at the Thomason College 
Press, Toabe, under the editorship of Major J. G. Medley, 
R.E., the following interesting description of the sand-pumps 
employed in sinking the well-piers of the bridges on the Delhi 
Railway. The account has been written by Mr. Charles 
Geneste, who was the engineer in charge of Sutlej Bridge 


works. en r 

“ The following is an account of the “‘sand-pump” from the 
first time it was used, in its primitive form, up to the present 
time, when, with the numerous alterations it has received, it is 
considered one of the most effective machines for sinking founda- 
tions in sandy soil. 

“In 1860 Mr. Howard Kennard took out a patent for the 
sand-pump, or, as it was then called, “Sand Excavator ;” and 
in the latter part of the same year one was sent out to the 
Tagus bridge, on the Lisbon and Badajoz Railway, where Mr. 
Kennard tried it, for the first time, himself. It then consisted, 
Fig. 1, of a cast-iron cylinder, 3 ft. in diameter and 2 ft. high, 
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closed, top and bottom, with covers with air-tight joints, each 
cover having a circular hole in the centre about 6 in. diameter. 
Through the hole in the lower cover was a cast-iron pipe pro- 
truding for 2 or 3 in. below, and carried up, inside the box, to 
within 4in, of the top cover. On the top cover was fixed the 
pumping apparatus, a bell-shaped leather bag 10in. deep, the 
mouth being about 2 ft. diameter, and the top 6in.; this was 
closed with an iron weight having a ring in the centre, to which 
the pumping tackle was attached. Outside the bag, in the top 
cover, were several holes, closed with leather, valves, for the 
discharge of the water. The body of the pump had iron lugs 
for lifting it, and a small wrought-iron door closing with a 
water-tight joint. The principle was, that a vacuum should be 
formed by opening and shutting the leather bag when under 
water, thus causing the sand to come in with the water through 
the suction-pipe. As the pump filled with sand the water was 
discharged through the valves in the top cover, aad when full it 
was lifted and the sand removed through the door, the sand 
being prevented from escaping, until the door is opened, by the 
inside pipe. 

‘‘ Mr. Kennard tried it in the bed of the river under a travelling 
crane; the pumping gear he worked by means of a single 
purchase crab placed on the scaffolding which carried the 
traveller; the men turning and reversing the crab quickly thus 
caused the leather bag to be extended and closed alternately. 
He worked it the whole of one afternoon, but without any 
marked success, the pump sometimes coming up half full, but 
generally with only 1 or 2 inches of sand init. This pump was 
then put on one side and not used a second time. 

“Soon afterwards Mr. Kennard sent out two more pumps, 
Fig. 2, to the Tagus, slightly different to the first one. The 
leather bag, instead of being made bell-shaped, was cylindrical, 
about 10 in. diameter, with a heavy iron plate on the top fitted 
with four valves working in the same way as those in the upper 
cover of the pump. The Jeather cylinder had also light iron 
rings sewed inside to cause it to close in folds. These pumps 
were sent out to the Tagus, but Mr. Kennard having left, they 
were tried by the foreman, condemned, and laid on one side. 

** About the middle of 1861 the writer went out to Portugal 
for Messrs. Kennard with Mr. Wilson, who had charge of all 
the bridge work; and as the latter gentleman wished to see 
what could be done with the pumps lying useless at the Tagus, 
they were sent tothe Mondego river, where the writer was about 
to commence a bridge. 

“The first time one was tried was on the 13th October, in a 6 ft. 
—s about 4 tt. of water. It was soon found that the iron 
plate on the top of the leather cylinder was not sufficiently 
heavy, so an extra hundredweight was put on, and it worked 
much better, at the first lift the pump coming up one-third 
full of sand. Owing to several stoppages this day only six lifts 
were made, and the pier was sunk 1 ft., equal to 28 cubic feet 
of sand. The next day the pier was sunk 4 ft., equal to 112 ft. 
of sand. A day or two afterwards it was found that the rings 
inside the leather fell out, and so instead of closing in folds it 
fell over on the side, and of course did not work. To remedy 
this a guide was fitted to keep it straight. An iron bar, Fig. 3, 
with a hole in it, was put across the top of the suction-pipe, and 
another across the opening in the top cover; there a long bolt 
worked through these holes, having one end connected with the 
iron plate on the top of the leather, and on the other end was a 
nut below the bar across the suction-pipe. 

“This, on trial, was fonnd to answer so far as keeping the 
arrangement straight was concerned. but it entirely destroyed 
the working powers of the pump; the bar being across the 
suction pipe, and the bolt working inside evidently prevented 
the flow of sand. An outside guide, Fig. 4, was therefore 
fitted, which was found to work much better; but the next 
thing to be contended against was the wear and tear of the 
leather, which, after a few days’ work, was cut through, and of 
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course rendered the my | useless until repaired. The final 
remedy for this was, Fig. , a piston for the leather cylinder. 
A cast-iron cylinder, about 1 ft. long and 10 in. diameter, was 
bolted on to the top cover, and a leaden piston cast to work in 
this rather easily, having four holes in it, fitted with valves for 
the discharge of the water. In the centre of the piston a long 
bolt was fixed, about 2 ft. long, having an eye on the upper end 
for the pumping tackle. This bolt passed through outside 
guides to keep it perfectly straight, and the piston had a 
leather belt round it, drawn in at the bottom, and rather loose 
at the top, so that in the up stroke the piston should be tight, 
and in the down stroke loose. 

“Tt was soon found, however, that this leather did not 
answer, the sand getting in between the leather and the lead, 
and so causing the piston to jam. It was then cut away, and 
in its place two iron rings were put, to take all the rubbing, 
but not fit too tight. With this the pumps worked very well, 
and from 6 to 12 ft. a day could be counsel a, according to the 
nature of the sand and the height of the lift. They would also 
work in shingle, but not so well, but in clay they could do 
nothing. The suction pipe was also found to work better with 
the lower part rather longer, and instead of 3in. below the 
bottom, they were made 9in. below. With these sand-pumps, 
nearly all the foundations for the two large bridges over the 
Mosdege were sunk by the writer. 

“Tn the latter part of 1862, the writer returned to England, 
and as he was then engaged on a railway without any large 
bridges, he lost sight of the sand-pumps, and believes they were 
very little employed, until again brought into use on the Delhi 
Railway. 

“When the plant was ordered for this line by Mr. Henfrey 
(Messrs. Brassey. Withes, and Henfrey, the contractors for the 
whole line), the sand-pump was mentioned as likely to be use- 
ful in the sandy beds of the Indian rivers, and, at the writer’s 
suggestion, a number were sent out, together with steam hoists 
to lift them, the want of this having been felt in Portugal. In 
April last, the sinking of the piers was commenced at the 
Sutlej bridge with both ‘sand-pumps” and the “ jham;” and 
at the present moment, after ten months’ work, more than 
1000 ft. have been sunk; the sinking being about equally 
divided between the two: the sand-pump during one day, of 
seven working hours, performing the extraordinary feat of 
sinking a pier 12 ft. 6 in. diameter 6ft., or excavating 736 
cubic feet of sand, the pier at the time being about 36 ft. in the 
ground. It also sunk 15 ft. in eighteen hours, part of the time 
working in black clay and kunker. 

“ Before, however, arriving at this state of proficiency, it was 
found necessary to make another improvement, Fig. 6, at the 
suggestion of Mr. Marellier, general superintendent of the 
bridge work, which has almost doubled the working powers of 
the sand-pump. This was the introduction of the removable 
bottoms, thus making the machine self-emptying, and allowing 
it to be kept continually at work with little or no delay. For- 
merly, the principal thing against them was the time lost in 
getting the sand out; the actual filling of the pump is merely a 
matter of about three minutes, and, by means of the steam 
hoist, it can be both lowered and lifted from the bottom in two 
minutes; but the emptying, although they were furnished with 
two doors, took about fifteen. This difficulty was partially got 
over by working two pumps on one pier with two trollies—one 
to take away the full one, and the other to bring up the empty 
one. However, naturally some time was lost in changing the 
lifting tackle, as each pump had to be disconnected every time. 
The greatest depth sunk with two pumps in one day was 3 ft. 
6 in.; and now, with the movable bottoms, 4 ft. Gin. and 5ft. 
can be easily calculated on. 

“The pumps now are made without any doors; and the 
bottom, with the suction pipe, is made quite separate from the 
body, and held in its place by means of lugs fastened with 
colter pins. Each pump is fitted with two bottoms. When 
working, the pump is lowered to the bottom of the well, filled, 
and lifted in a very short time; then one of the trollies, which 
work on a tramway, being run over the centre of the pier, re- 
ceives the pump. The colter pins are then knocked out, and 
the lugs turned round, the steam hoist then lifts up the body of 
the pump, and the bottom is left in the trolly with its cargo of 
sand. ‘This trolly is then pushed away on one side, and the 
other run under with the second bottom. This is fitted, the 
pump again lifted, trolly pushed away, and then the pump goes 
to the bottom, and is filled a second time. When it is again 
lifted, the first bottom has been unlvaded and ready to take its 
turn. Of course this is very hard work for the men, and they 
soon get tired; but when they are worked sharp for about an 
hour, one can actually see the pier sinking. 

One other improvement, lig. 7, 1 think, makes the saud-pump 
perfect ; this was applied to get over the difficulty encountered 
when coming on patches of clay or kunker. On the lower part 
of the movable bottom radiating cutters have been fixed, made 
of plate iron, } in. thick, sharpened and steeled at the edge ; these 
are about 9in. deep. When anything hard is met with, the 
pump is lifted about 4 ft.,and is let fall again, several times, 
and by this means the clay, kunker, or whatever it may be, is 
generally broken up, and can be wy | drawn into the pump. 
This last alteration has converted the ‘sand-pump’ into a 
‘clay-pump,’ and has enabled all the piers to be sunk 2 ft. into 
the solid clay foundation. Up to the present time about 30 ft. 
have been sunk in hard yellow clay, under a head of upwards 
of 40 ft. of water, entirely with these pumps. This is in addi- 
tion to beds of clay and kunker which have been passed through, 
some of them as much as 4 ft. and 5 ft. thick. The pumps will 
also lift bricks and stones (and have lifted many of 14 lb. 
weight) if not too large for the suction pipe. Of course great 
care and judgment are required in the manufacture of them; 
every joint must be tight, and the piston must be a perfect fit, 
neither too tight nor too loose in the cylinder. 

“The figures show the different stages they have passed 
through, before arriving at the present form, Fig. 8, and the 
writer has no doubt that now there is nothing so efficient and 
economical for sinking any foundations in sand. The original out- 
lay is not large, and the cost of working small. Then the facility 
of transport and small preparation required for working them are 
also great things in their favour: any depth of water is no draw- 





back to them, in fact they work best in a depth where a jham 


would be perfectly useless, and nothing can sink a pier straighter 
on account of all the sand being removed from the centre of 
the well. In the writer’s opinion, before many years, the sand- 
pump will be generally not only in India, bat in England 
and allover the world. Wherever there is sand, wells are now 
very generally used as foundation for bridges, and there is 
nothing more suitable for sinking them than ‘ The Improved 
Sand ag ol ” J 

To the above account Major Medley appends the following 
remarks; 
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“T had the pleasure seeing of the sand-pumps working 
in January last, at the Jumna and Markunda Bridge Works, on. 
the Delhi Railway; the 124 ft. wells being then sunk 40 ft. 
through sand, with an intervening stratum of clay, 6 ft. 
thick at 16 ft. from the surface, and have no hesitation in say- 
ing that it is one of the most admirable inventions ever applied 
to Indian engineering. Even without the more expensive aid 
of the steam hoist, and lifted by coolies with a chain and block, 
working on the gallows, there can be no question of its su- 
Ty over the jham, and every engineer who has such work 
on hand will do well to providejhimself with the apparatus, when 
procurable. 

“ The cost of the pumps in England is 252, exclusive of the 
patentee’s royalty. ‘The invention has been, I understand, pro- 
tected in this country, and at present Messrs, Brassey and Co. 
enjoy the exclusive right of using it in India. It is probable, 
however, that in another month or two arrangements will be 
made for supplying other parties on fair terms. The price of 
the steam hoist as used on the Delhi Railway is 270/.; it is of 
4 horse power, and is manufactured by Messrs. Jas. ‘l'aylor and 
Co., of Birkenhead.” 








SAFETY-VALVES AND STEAM-GAUGES. 
(Concluded from page 20.) 

Ir we adopt the formula as expressing the proper areas of 
safety-valves for stationary boilers, which are not prepared to 
burn upon their grates more than 8 Ib. of coal per hour on the 
average, we have next to show how it can be applied to other 
conditions. With natural draft, the rapidity of combustion 
depends, in a great measure, upon the intensity of the fire, and 
a maximum rate of 241b. may, and probably does, accompany 
au average rate of 8 1b. of coal per square foot of grate per hour, 
while with artificial draft or blast this rapidity of combustion is 
nearly independent of the condition of the fuel, and a maximum 
rate of 24 lb. will hardly be exceeded with an average one of 
sixteen. We think it safe to take this quantity of 16 lb. average 
combustion per hour, with or by the aid of induced, or produced, 
supply of air to the fuel (as with jets or by fans) as an equiva- 
lent to the one square foot of grate-surface, which we had taken 
as the unit of comparison with the area of the safety-valve. 

That is, the area of one square foot of grate, without artifi- 
cially accelerated draft, may be assumed to require the same 
area of safety-valve, as the burning of 16 lb. of coal per hour, 
with such draft, properly demands. 

As regards those boilers which are heated by the waste heat 
of furnaces, or by the combustion of waste gases from some pro- 
cesses of manufacture, the circumstances are too variable to 
admit of statement in any law, and only the judgment of com- 
petent mechanics upon the performance of such boilers or steam- 
generators can determine the proper area of safety-valves for 
them. 

If the urea given by the formula be applied to the opening of 
the seat of the safety-valve, it 1s obvious that the lift of the 
valve must be at least one-fourth the diameter, to have the 
same sectional area when open. 

Hence, should any valves be so constructed that the range of 
motion will not admit, when fully raised, a lift equal to one- 
fourth the diameter of the opening of the seat of the valve, the 
sectional area actually given between the raised valve and the 
edge of the valve-seat should be taken as that to which the rule 
applies. 

Pind while the formula gives areas abundantly large to meet 
the general resistance to discharge, which proceeds from the neces- 
sary form of a disc resting upon, or placed in proximity to, a seat, 
we think we ought here to state, that it is always advisable that 
the undersides of safety-valve discs should have a globular or 
ae form (whether with or without guide-wings), and not 

made flat as they sometimes are, and that the discs be bevelled 
edged, resting upon a very narrow bevelled seat, and do not have 
a flat bearing. It may be well to state, also, that, as ordinarily 
constructed, a safety-valve, after lifting and allowing a flow of 
steam all around the disc, does not continue to raise and aliow 
all the steam, as formed, to escape at the constant pressure 
but admits some elevation of pressure before opening wide. 





With the areas given by the formula, and where the dises have 
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been shaped as we have before described, this increase of pres- 
sure will not exceed 10 per cent. of the initial load on the valve, 
and the additional resistance to opening is a safeguard against 
the too sudden relief of steam, to the derangement of the water 
circulation of the boiler. 

The committee will only add, as regards further consideration 
of the form or description of safety-valves, and as to legal 

uirements beyond the adequacy of the openings, that the 
subject becomes too extensive for them to consider. 

As originally made in the days of Watt, almost as planned by 
Papin, the essential parts of the safety-valve have substantially 
remained until this time. No patent covers its simplicity or 
improves its certainty, although there have been made and used 
a oneal kinds, and there are a hundred existing patents. 

It can only be imperfect by palpable misconstruction, or 
unsafe by vicious intent, and we can only recommend the defects 
to competent inspection with power to remedy, and the misuse 
to the punishment of the law. There is very little likelihood 
that a safety-valve, properly constructed and in proper hands, 
would get out of order or fail to act at the needed moment. 
But, on the supposition that such catastrophe might occur, it 
has been thought by tke committee, after much deliberation, 
that, in order to divide the small chance for failure, it may be 
as well to make it a legal requirement that, in place of one 
safety-valve, each and every boiler shall have at least two, 
the aggregate area of which should be that established by the 
formula. 

These valves ought to be loaded with the same load, and 
blow-off indiscriminately, so that either or botn may be in action 
at once. 

This plan would call for, and insure, more care in graduating 
the loads on safety-valves than is at present employed. The 
committee feel justitied in observing that there are now in use 
more safety-valves improperly graduated or marked than there 
are those imperfectly or unsuitably constructed. Lock-up 
safety-valves are but little protection from fraud or over- 
pressure, and less security, unless frequently tested, and their 
use is decidedly discountenanced by the committee. 

We conclude our discussion of this branch of the subject com- 
mitted to us, by recommending for the approval of the Institute 
the following 

SCHEDULE, 
giving the least aggregate urea of safety-valves (being the least 
sectional area for the discharge of steam) to be placed upon all 
stationary boilers with aatual er chimney draft.* 

This area may be expressed by the formula— 

99 4¢ 
hen 22.49 
P+8.62" 
in which A = area of combined safety-valves in square inches. 
G = surface of grate in square feet.t 
p— § pressure of steam in pounds per square inch to be 
— | carried in the boiler above the atmosphere. 

The following table gives the results of the formula for one 
square foot of grate as applied to boilers used at different 
pressures. 
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We give one example of the application of the figures given by 
the table— 

Suppose the boiler to work under 60 
pounds pressure, then each square foot 
of grate-surface should have an area of 
safety-valve by the table of 

Suppose the boiler to leave 25 — 
feet of grate surface, 


=0.33 square inches. 


25 


givinga calculated area forthesafety-valves=8.33 square inches. 

This would call for two safety-valves, each having an area 
of 4.16 square inches, or a diameter of 2,',ths inches. 

And the committee would report on the second branch of the 
subject referred to them—the legal requirements which ought to 
be made as to pressure-gauges, that the time allotted to them 
has not permitted a complete investigation. The great advan- 
tage which any of these instruments possess is found in their 
indicating the pressure of steam within a boiler, so as to allow 
a fireman to regulate his supply of fuel with economy. There 
are many kinds and forms of gauges, almost every one of which 
has some characteristic superiority over all, or most other kinds 
and forms, but we do not wisl. to say that avy of them are per- 
fectly or permanently reliable. 

And your committee would ask to be relieved from further 
consideration of the subjects referred to them. 

Rosert Brices, 
CoLEMAN SELLERS, 

J. VAUGHAN MERRICK, 
Wo. Barner Le Van. 





Apysstnta.— Four locomotives ate being shipped for 
Abyssinia. Two were obtained fro.n the Kurrachee Harbour 
Works, one from the B. B. & C. L. Railway, and one from 
Messrs. Wells and Glover. Messrs. Coleman and Rose, con- 
tractors, we hear, have been selected to proceed with the ex- 
pedition for the laying of sixteen miles of railway, the traflic 
and other management of which will also be undertaken by 
them.— The Bombay Builder. 








* Where boilers have a forced or artificial draft, the combustion 
of 16 Ib. of coal per hour should be taken as equivalent to the one 
square foot of grate surface = G in the above formula and table. 

+t Where boilers are heated by the waste heat of furnaces, or 
otherwise than by fire upon grates, the value to be taken for G 
must be estimated by some competent person, based upon the 
comparative performance of boilers with others heated in the 
usual way. 





RESERVOIR DAMS. 


Tue following notes on the subject of reservoir dams refer 
to avery important subject, especially with reference to the 
proposed great extension of irrigation works in India. We there- 
fore transfer them to the columns of EnGineeRiNG. They 
have been taken from a short pamphlet which has recently 
come into our hands. 

The precautions considered necessary seem to be as follows: 

1. That a careful examination of the site of the proposed 
dam be made by trial pits carried down to a watertight sub- 
stratum on the line of the puddle-trench, the whole length and 
double the breadth of the dam, in order to insure that the 
puddle-wall and embankment shall be founded on sound and 
immovable strata. 

A geological section should be made also, showing the nature 
of the subjacent and adjacent rocks, the dip of the strata, and 
the existence of faults and fissures, if any such are to be found, 
on or in the vicinity of the site, and the nature of the superficial 
soil on which the dam is to be placed, or which it may be neces- 
sary to remove. 

2. The whole of the soft, slippery, and compressible materials 
should be stripped off the seat of the dam, and when the base 
declines much deep benchings must be cut to secure the outer 
foot of the embankment. 

3. The stream supplying the reservoir is sometimes contoured 
round the side of the basin by a channel bringing it to the 
calingulah or waste weir, openings being made to regulate its 
discharge into the reservoir, or shut it off at pleasure, so that 
only so much as may be thought desirable, or none at all, may 
be admitted. 

4, In this case, until the bank is thoroughly consolidated, 
only a portion of the full supply, increased by degrees, is allowed 
to occupy the reservoir. 

5. The waste weir (calingulah) and the channel supplying it 
are to be of such a size as to be able to discharge easily the 
largest possible fiood. 

6. If the bank be formed of earth the thickness at top ought 
to be not less than one-fourth the height, with slopes of 3 to 1 
on the inner or water face, and 2 or 2} to 1 on the outer face. 
The finer quality of materials put near the puddled wall, and 
the coarser materials outside. (Vide Art 9.) 

7. The centre of the bank should consist of a puddle wall, 
made of the stiffest clay kneaded to a firm consistency, thick- 
ness at top to be not less than ,, A (height of bank), and that at 
the bottom }/. ‘The seat of the puddle wall to be cut down to 
a solid impermeable watertight stratum, below all springs of 
water, and the trench thus formed filled with well-worked 
puddle, the clay puddle making a perfect watertight wall from 
the bottom of the trench to the top of the bank. 

For a bank 100 ft. high the puddle wall would thus be 8} ft. 
thick at top and 25 ft. at bottom, irrespective of the trench. 

& The whole of the bank should be formed in regular hori 
zontal layers or strata not exceeding a foot in thickness, and 
well trampled or rammed down and consolidated, especially the 
inner part. Each layer to be quite complete before another is 
laid on, the puddle-wall being carried up at the same time and 
of nearly equal height. 

9. On each side of the puddle-wall, and to at least the same 
thickness as the puddle, the earth laid in next to it to be 
carefully selected fine and close material, well “‘ punned ” and 
consolidated. 

10. The lower portion, and in some cases the seat of the bank 
on the outer side of the puddle wall, should be provided with 
the means of drainage, by trenches, filled with rubble stones or 
boulders. 

11. Finally, it is considered undesirable, in cases where the 
strata are loose and full of fissures, to remove any watertight 
soil (to provide material for the embankment) from the interior 
of the proposed reservoir, below the line at which it is intended 
the water should stand. 

Indian Method. 

The system pursued in forming the bunds for the deepest 
reservoirs in India is not so very different from that followed in 
England as it might at first be considered. Instead of the 
central puddle-wall, the native system is to make the whole 
bank perform that duty. Care is taken to select fine and tena- 
cious material, which 1s carried to the spot in small quantities, 
and distributed uniformly in thin layers over the site, and then 
trodden down by the feet of innumerable men, women, and 
children, and occasionally by cattle and elephants, so that a 
close, homogeneous, and watertight “ bund ” is gradually raised 
by successive accumulations, the inner face of the bank being 
usually defended by massive stones forming steps, on a long 
slope, and the outer surface either turfed or otherwise pro- 
tected. It has been recommended that an embankment formed 
according to this system, by slow accumulations, should have a 
top thickness of not less than one-half of the height. 

To raise a bund 100 ft. high successfully, would probably 
require the delay of one or two years; but if the precautions 
mentioned in paragraphs 1, 2, 3, 4, and 5 be attended to, there 
would be no difficulty. 

I am of opinion that this method, carefully carried out, on a 
thoroughly sound watertight substratum, may be considered 
safe; and, from its simplicity, better suited to Indian practice. 
Perhaps the selection of material need not be so much attended 
to with respect to the outer half of the dam. ‘The slopes would 
be protected in the same way as in England. But this method 
does not obviate the necessity of ascertaining that the base is 
soap watertight, or of forming a puddle-wall below the 

ase of the embankment, if it be not watertight. 

In reservoirs formed upon large streams, such as that pro- 
posed on the “ Tel,” whose flood is stated to be 260,000 cubic 
feet per second (more than 15 millions of cubic feet per minute), 
article 3 would seem to require the formation of a second dam 
higher up the stream, to turn the river over a convenient saddle 
into an adjoining valley. If this cannot be done, the only re- 
maining expedient seems to be to build the impounding dam of 
the larger dimensions of an annicut, specially formed, so as to 
allow floods to pass over it. 


’ 


Masonry. 
When the foundation and sides of the dam stand on rock, a 





masonry dam, made watertight with hydraulic mortar, may in 





some situations be preferable to one of earth. The dimensions 
considered necessary in England are three-tenths of the height 
for the thickness at top, and seven-tenths at the bottom; but it 
is doubtful whether these would be quite safe in India, where 
the workmanship is of an inferior description. 

In works of this kind on a large scale the proportions indi- 
cated by a mere calculation of the opposing forces are by no 
means sufficient in practice. They ought to be such as to give 
a result at least two and a half times as favourable as mere 
equilibrium. 

The mortar used should be of an hydraulic character, and the 
greatest possible pains taken in construction. 

In building a masonry dam, the precautions mentioned already 
in paragraphs 1, 2, 3, and 5, respecting the preparing the 
foundation, &c., &c., should be attended to. 

It has been suggested that in the construction of dams in 
rocky sites for our large Indian reservoirs, intended to contain 
from 2000 to 3000 millions of cubic yards of water, a safe plan 
would be to employ an earthen slope formed according to the 
Indian method, backed in rear by a retaining wall of the pro- 
portions mentioned above, viz., with an average thickness equal 
to half the height; or an ordinary dam with hydraulic masonry, 
instead of a pudale-wall in the centre, of the usual proportions, 
the inner half being formed according to the Indian method, 
and the outside backed by a long slope of the rough materials 
quarried on the spot. Either of these would be more expensive 
than a mere bank, or a mere wall, but it would be watertight; 
and the certainty of avoiding all risk of the destruction of the 
dam from any one of the causes which might lead to that 
catastrophe when only loose materials are employed would, I 
think, be well worth the additional outlay. 


Discharge Vents. 

A means for effecting discharge on the very large scale re- 
quired for the Indian reservoirs, viz., at the rate of two hundred 
thousand cubic feet per minute, has been proposed by Sir 
Arthur Cotton, and consists of the construction of a circular 
tower within the reservoir, connected with a tunnel through the 
side of the valley, so as to lead the water round one end of the 
dam into the river-bed below. The feasibility of this method 
depends upon the suitability, stability, and water-tightness of 
the ground on which the suggested works are to be made. 

The tower is suggested to be built of massive ashlar, and to 
have successive tiers of openings at different heights, of such 
number and sizes as may be necessary. It is thought that, 
with the view of limiting the pressure of discharge toa maximum 
head of 20 ft., the openings might be placed at every 10 ft. 
depth, each tier consisting of several openings of suitable size. 
The inner surfaces of the vents would be lined with cut stone, 
and they would be supplied with iron valves and lifting ap- 
paratus on the outside of the tower. The floor of the tower 
must be strong enough to resist the shock of the falling water 
and would slope into the tunnel. 

The following list shows the principal particulars of informa- 
tion necessary to be gained before the design for a reservoir can 
be properly made. 

1st. A drawing and general description of the proposed reser- 
voir, showing the position of theintended dam, thearea tobe flooded 
by the impounded water, the position of the escape or calingula, 
and the method by which the escape water is to be disposed of. 
The area of the watershed and the amount and duration of the 
maximum flood-producing rainfalls supplying the river must 
also be approximately ascertained. 

2nd. Sections showing the form of the valley, especially at the 
site of the dam, the greatest depth of water, the form and size 
of the dam, &c. 

3rd. A geological section (Art. 1) prepared from information 
obtained by trial pits, accompanied by particulars, as to the 
natnre, quality, and depth of the soil, and the kind of rock, 
noticing the existence of faults or fissures, springs, or any un- 
soundness, the degree of hardness, compactness, &ec., &e., &e. 

ith. Sections showing the depth of the soil and the position 
of the rock at the gorge, and also in the neighbourhood, the latter 
with the view of deciding on the practicability of cutting a 
recess and building an outlet tower, in connexion with a tunnel, 
to be cut through the hill, at a level not higher than at four- 
fifths of the total depth of water below the surface, when full. 
It being desirable that the tower, if adopted, should stand on 
solid rock, as well as the floor and sides of the tunnel, if 
practicable. 

5th, Answers to the following queries are also required; 
upon the understanding that the requirements are on the large 
scale necessary for the works: 

1. How near can suitable earth, capable of being made water- 
tight by compression, be obtained, and at what probable cost 
per cubic yard, in quantity sufficient for at least half the bulk 
of the dam? 

2. The same in regard to clay and sand; but the quantity 
and quality procurable to be stated. Also in regard to good 
building stone, in respect to which full particulars as to quality 
site of the quarries, and facility with which it can be wrought 
should be stated ? 

3. At what price is it likely bricks of good quality can be 
procured or manufactured in large numbers on the spot? 

4. At what cost can brickwork in hydraulic mortar be exe- 
cuted on the large scale? 

5. What will be the cost of cut stone in hydraulic mortar 
on a large scale, all the joints fitted? Also of irregular and 
rubble work and “ pierre perdue” ? 

6. What may be calculated as the cost of carpenters’ work, 
and the price of teak wood wrought and put up, in ordinary 
constructions ? 

7. The same in country wood, for scaffoldings, &c. ? 

8. What may be reckoned as the cost of carriage, per 
ton, from the nearest port to which goods can be sent from 
England ? 

9. What is a fair calculation of the price of limestone per 
ton on the site of the dam, and what is the quality of the lime? 

10. Is any hydraulic lime procurable, and if so at what 
price per ton delivered at the works; and what are its precise 
qualities ? 

11. What may be reckoned as the price of firewood or coal 
per ton at the site of the work? 
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12, Can any site be found higher up the river, where, by 
erecting a dam and other works, within reasonable cost, the 
whcle stream may be turned over the hills, to the right or left, 
into an adjoining valley, even during floods? 

13. What is the maximum discharge of the river proposed 
to be dammed during the heaviest known floods, and what is 
the summer flow? 

14. What mey be calculated as the value of the land, 
v 8, houses, trees, &c,, to be submerged by the reservoir, 
and by diverting the stream into a new channel? 

15. What number of ordinary labourers can be collected in 
the neighbourhood, and at what rate of wages per diem? 

16. How long in each year, and at what periods, can work 
be carried on? 

17. Can a plentiful supply of water be had during the pro- 
gress of the works? 





THE FOUR-WHEELED STEAMSHIP. 
To THe Epitor oF ENGINEERING. 

Sr1r,—There are some ever ready to run down others in 
their endeavours to promote science. A well-known autho- 
rity, in your last impression, seems to find fault with the 
mode of construction proposed in the ‘‘ Ship of the Future,” 
illustrated in your pages, although the drawing évidently 
shows that the promoter intended the ship to be constructed 
of wood. I need scarcely state that, if ever the idea was 
taken up in this country, she would be built of iron, or pro- 
bably steel. Your correspondent was the first and, I may 
say, only shipbuilder that ever built an iron ship on the 
diagonal-frame principle ; and I think he must acknowledge 
that the principle was a good one, although Lloyd’s failed to 
perceive it, being quite contrary to their rules. Some have 
even gone further than this, by proposing diagonal plating 
laid over vertical framing. Such a mode of construction, 
were it practicable to make a good job, would be the strongest 
form an iron vessel could assume, as successfully carried out 
in cross-diagonal composite vessels. Of course, in such struc- 
tures there is not the same difficulties to encounter, wood 
being of a more pliable nature. I consider the beam theory 
does not hold good for a paddle-ship, be she ever so light or 
deep a draught. The continuity of the upper web of the 
beam, or deck, being entirely cut through, or nearly so, with 
the engine hatch, we may introduce side stringers; but no 
amount of material can strengthen the ship, unless she is 
plated all over the deck, so as for the structure to become a 
“ great hollow tubular beam.” Of course this is not somuch 
felt with screw-ships, as the hatchways are considerably less. 
It is well known that a scientifically constructed wrought- 
iron beam should have about three times the thickness of 
material at the middle of the flanges than at the ends, and that 
the top flange bears a proportion of eight to five of the lower 
flange ; therefore, to get that quantity of material on each side 
of a 67 in. hatch, it would require to be of great thickness ; 
and even were it introduced, it would merely act as a stringer, 
as the strain could not be imparted to the centre line of vessel 
in a direct way, as in a lattice beam. I have sailed in ships 
with iron decks, with lap joints, and uncomfortable craft they 
are—in the winter, cold for the feet, and vice versd in warm 
weather. The lap joints are quite necessary, as when the 
vessel rolls very much the projecting plate at the laps is the 
only sure foothold, and of course all iron decks should be 
covered with wood. But to proceed. We have little expe- 
rience in this country with lattice-trussed ships. "With such 
a mode of construction, it is patent to all that a shallow ship 
of light scantling has the only means of supporting her, by 
staying her up, as it were, by the introduction of lattice 
girders, and what is good for a shallow vessel must necessarily 
strengthen a ~~ ship that is cut in twain on the deck by 
hatchways. And in the “Ship of the Future” such a mode 
of a lattice “backbone” is both neatly and admirably 
arranged, and no one knows the fact better than your corre- 
spondent. 

That such a large ship will not prove the “Ship of the 
Future,” in a commercial point of view, is, I think, self- 
evident, the Great Eastern considerably damping our ardour ; 
but should it be desirable to cross the Atlantic in six days, 
the feat can be accomplished. We must simply put power 
in the ship, and make up our minds to pay the “ piper,” or 
otherwise the coal bill. With the flat-floor river boats on the 
Clyde we have attained a high-speed vessel simply with the 
paddle. Now, the question is whether four or more paddles 
are better than two. Your correspondent quotes the Comet. 
I think she is somewhat antiquated ; but, if you will allow 
me, I will quote a more modern craft, and although it must 
be confessed that the tonnage is exceedingly little, the power 
introduced beats anything afloat. I mean the Cambridge 
and Oxford outriggers. Look to the dip of*the paddle there, 
and the water running a contrary direction (a wonderful dis- 
covery in this, the nineteenth century), or mayhap in the 
same path, and see how “slick” the outrigger leaps through 
the water. Will any paddle or screw do the same duty in so 
tiny a craft? And yet the action of the sculls on the water 
is similar to the paddle-wheel. He is a far-seeing man that 
can say we could not get greater speed with a number of 
paddle-wheels on the side of a ship. And I will merely con- 
clude that, although the complication will be more, the 
weight of the machinery need not be more than one-half of 
the paddle-engine now in use. 





I am, yours, &e., 
Joun G, Winton. 

January 4, 1868. 

[We insert our correspondent’s letter, though it appears to 
us to be destitute of force. As a matter of fact, it is an error 
to assert that Mr. Bourne ever built an iron steamer with 
diagonal framing, though fifteen years ago he built iron 
steamers with iron decks under the wooden, and also with a 
double or tubular bottom. The objection that was raised to 
the “Ship of the Future” was that diagonal framing is no 
better for keeping the sides in shape than vertical framing, 
while it is more difficult to apply ; that the sides act like the web 
of aniron girder; and that the desideratum is to strengthen 





the deck so as to balance the bottom. To this Mr. Winton 
replies that the girder theory is inapplicable to a paddle- 
steamer, since the continuity of the deck is interrupted by the 
crank hatches. But what is to prevent the engine-beams on 
each side of the cranks—or the crank-beams, as they are 
usually called—from being so incorporated with the deck as 
to constitute continuations of it? And is Mr. Winton 
ignorant that in well-formed iron vessels this is done? The 
supposed inapplicability of the girder theory to paddle- 
steamers is, in point of fact, quite imaginary, and it is cer- 
tainly possible to make the deck in the wake of the crank 
hatch, or the upper part of the girder at this point, the 
strongest part of it. 

It was further objected that large paddle-vessels are noto- 
riously either slower or more costly than large screw-vessels. 
But to this objection our correspondent does not attempt to 
make any reply. To the objection that when one paddle- 
wheel works in the backwater of another there must be a 
greater loss by slip, a condition not conducive to the success 
of the “Ship of the Future,” our correspondent replies that 
he must be a bold man who will undertake to say that more 
— will not be got by many wheels than by few, and that, 
although by multiplication of the wheels the complication of 
the machinery would be increased, its weight would not be 
more than half as great! This, we need not say, is mere un- 
supported assertion, without a shadow of either fact or argu- 
ment to support it, while there is very cogent argument 
pointing in precisely the opposite direction. For example, if 
a multiplication of wheels produces excessive slip, as it does— 
if by such excessive slip half the dynamometer power is 
wasted, as it is—will not he be a bold man who will under- 
take to say that greater speed can be got by such a combina- 
tion, seeing that this would be tantamount to saying that 
more speed would be got from half the power than from the 
whole? We agree with our correspondent in thinking that 
“ there are some men ever ready to run down others in their 
* endeavours to promote science,” and if the persons so run 
down are both stupid and presumptuous, the public gain will 
be great. But when incapables venture into controversy, 
and aspire to play the censor, what result can be hoped for, 
except that of blazoning their own shallowness, and revealing 
to every eye the nakedness of the land ?—Ep. E.] 





To tue Eprror or ENGINEERING. 

Srr,—Mr. Bourne, in his letter on the “ Randall Four- 
wheeled Steamship,” makes the following statement: “We 
“ may easily double the velocity of rotation of the paddle- 
“ wheel, by reducing the area of the floats, and in such case 
“twice the strain will be expended in a given time, and 
“ twice the power will be exerted,” &c. 

Now, it can be proved, both theoretically and practically, 
that, so long as the weight of steam supplied to the cylinders 
remains the same (and this is necessarily implied by Mr. 
Bourne’s statement), the doubling of the speed of a steam- 
engine, so far from doubling the power exerted by it, effects, 
on the contrary, a material diminution thereof. 

January 6, 1868. C. 








LEARNED SOCIETIES. 
To tue Eprtor or ENGINEERING. 

Srr,—The opening and closing paragraphs of your critique 
on Mr. Burgh’s paper on the marine engine, made evidently 
in a spirit of respect and friendliness to the Society of Arts, 
induce me to supplement that critique with a few remarks 
on learned societies generally. 

A few such societies were formed in early times for the 
purpose of establishing a bond of union between men who 
devote their time more or less exclusively to the pursuit of 
abstract science or the liberal arts, in order that, by the inter- 
change of the ideas of members, the progress and the de- 
velopment of science and of art might be promoted. Of this 
type are the Royal Socicties of England, the Institute of 
France, and the various Royal Academies of Europe; and it 
is gratifying to know that these societies have kept up their 
status up to thisday, and that they have really been, and 
continue to be, the centres of enlightenment of the human 
race. 

From the time, however, when abstract science stepped 
down into the arena of practical life, and became the power- 
ful handmaid of toiling man, but —, from the time of 
the development of the physical sciences and of the mechanical 
arts, bodies of more or less learned men grouped themselves 
round certain men of eminence in science, with a view especially 
to foster the application of abstract science to the practical 
uses of man, and some of these have undoubtedly established 
for themselves a well deserved reputation for usefulness ; 
such, for instance, as the Literary and Philosophical Society 
of Manchester, the Royal Polytechnic Society of Comeell, 
the Société Industrielle de Mulhouse, and no doubt many 
others. 

Within the last fifty years, however, so-called learned 
societies have multiplied themselves to such an extent that, 
were I to attempt enumerating here those of the United 
Kingdom only, 1 should fill up one-half at least of those 
pages of your journal not devoted to advertisements ; but the 
fact may be illustrated in a very striking manner by stating 
that while twenty years ago there were but two societies (or 
institutes) of engineers, namely the Civil and the Mechanical, 
there are now at least a dozen of them; and that in 
Liverpool, a town of 600,000 souls (excluding its now 
emancipated foster-child, Birkenhead, with its own member, 
and its own literary, philosophical, and other societies), there 
are no less than ten different learned societies, from its oldest, 
the Literary and Philosophical, which reckons among its 
members Mr. James Smith, who proves that he can square 
the circle, to the “ Institute of Engineers,” of very recent 
birth. 

Now all these institutes and societies require some enter- 
tainment in the shape of a paper, a lecture, or a conversazione, 
either once a month or once a fortnight, and some, I believe, 





even once a week; besides which there is that all-absorbing 
Association, the British, for the advancement of all science 
(including that which teaches that man is but a highly 
developed oyster), and which alone requires some six dozen 
papers for its yearly wants!! Is it to be wondered at, then, 
that many of them, if not all, are frequently driven to the 
greatest straits for the want of papers or subjects for enter- 
tainments, and that many a secretary would but be too glad 
to avail himself of the services even of your friend Nicholas, 
in order to keep to the rules of his society, and not entirely to 
disappoint a scanty audience, supplied by a probably well 
filled member-roll ? 

I believe it was you who commented some time ago in tho 
columns of your journal on the character of some of the 
papers read before certain sections of the British Association, 
pointing out that they were only so many advertisements 
setting forth the pretended claims to public support of various 
schemes patented more or less recently; but if you had been 
secretary, and especially honorary secretary, to any of these 
institutes or societies, as I have been, you sould pity the 
luckless fellow upon whom that honour been thrust, and 
be very charitable both to him and to the society whom he 
represents, for not always rejecting the trash and the chaff 
which is provided for ion and their audiences, instead of 
that rich corn with which you supply your readers so 
abundantly, and at so cheap a rate. 

I can, of course, not say whether the Society of Arts is in 
that predicament, but it is quite certain that rey a member of 
a number of learned societies has become a fashion and a 
mere farce, which implies nothing beyond the fact that the 
newly elected member has paid an entrance fee varying from 
nothing to, say, ten guineas, and that he engages himself to 
pay a yearly subscription varying from half a guinea to, say, 
three guineas, while the hapless secretary is left to make shift 
for himself and his audience-hall as best he can, how much 
soever the member-list may be swelling, and the only officer 
who has some reasén to be pleased with this is the treasurer, 
who derives from it the tangible result of being able to 
produce a satisfactory balance sheet of accounts at the annual 
meeting. 

I assure you that the two years of my honorary secretary- 
ship were but one continuous sweat from the labour for ob- 
taining proper subjects for “the next meeting,” of which 
neither president nor council helped to relieve me, which in 
the. end left me as thin as a lath, and glad to resign an 
honour attended with such wasting results to me, while my 
friend, the treasurer, grew happy and fat as the balance at 
the bankers swelled into a respectable sum. 

I have no doubt there are many secretaries situated exactly 
as I was, and this is just the point which I wanted to arrive 
at, believing it to be an ample reply to the opening sentence 
of your critique. 

As regards the subject matter of that critique itself, I 
assure you that I am not surprised at the abortive character 
of the paper which it dissects so carefully; for, unlike your- 
self, I never expected anything else when some time ago I 
saw it announced in the columns of your journal that Mr. 
Burgh was to enlighten us “on the principles which govorn 
the future development of the marine boiler, engine, and 
screw propeller,” because I do not think there can be any two 
opinions as to what the principles for the future development 
of marine engineering should be, namely, the attainment of 
— with economy, and a subject about which there are no 
differences of opinion of course can furnish no matter for dis- 
cussion, though it might furnish matter for an epic poem. 
If, however, Mr. Burgh had announced that he was going to 
read a paper “on the means to realise the principles which 
govern the future development of marine engineering,” I 
should certainly have expected a great deal, because there is no 
doubt that great differences of opinion may and do exist as 
to the best means to employ in the pursuit of these objects, 
and Mr. Burgh’s experience in the matter might have been of 
of some practical ine. 

have long since been convinced, however, that Mr. 
Burgh does not understand the difference between a 
principle and an individual fact embodying the same, nor 
yet between a physical law and its manifestations ; and the 
copious extracts upon which you have commented must lead 
any dispassionate reader to the same conclusion. For instance, 
take this passage: “ The chemical properties of coal are free 
carbon, §c. r. Burgh means to speak of constituents, one 
of whose chemical properties is a great affinity for oxygen. 

And again take this other passage, where, after expound- 
ing a law of his own invention, anent the spheroidal or 
spherical formation of steam, he says, “ This law is the cause 


Sor superheating the steam, and putting a safety-valve on the 


superheater.” Mr. Burgh evidently refers to priming, which 
is not a law, but a manifestation either of the laws of inertia 
or of gravitation, or of both, which manifestation induces 
engineers to resort to superheating the steam for the sake of 
economy, and to put a safety-valve on the superheater for the 
sake of safety. 

With your critique I have only one fault to find, which is 
that you did not plainly advise Mr. Burgh to attend one of 
our grammar schools for a few terms, and there devote him- 
self exclusively to the study of English grammar and of the 
English language; and after that to attend Dr. Rankine’s 
lectures on engineering and mechanics, where no doubt his 
notions respecting the composition of steam and heat would 
be greatly modified, and where also, by way of incidence, he 
might learn that the laws respecting heat and electricity are 
not discovered or verified by the mere strengthening of a 
couple of bolts, and the application of spring water or any 
other lubrication. 

By the by, I should say Dr. Rankine will be greatly 
amused at finding himself quoted as an authority in ana- 
lytical chemistry. After having done as above advised, Mr. 
a ad if still possessed with the same energy which he now 
displays, might yet become a useful member of our pro- 
fession. 

: I remain, Sir, yours very truly, 
London, January 6, 1868. I, J. BrecKkE. 
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To Tue Eprror or ENGINEERING. 


Srz,—When the “long bearing” fever first had its rage 
among the American engineers, the attempt was made to use 
long boxes for line and countershaft journals, as well as for 
all others, but the warping and shetelieep of the girders and 
ceiling-joints to which hangers are almost invariably secured 
in that country soon so threw the boxes out of line as to bind 
the shafting, which left no alternative but to return to the 
short box, unless some device could be got up whereby the 
box would be free to adjust itself to the shaft regardless of 
the position of the body of the hanger. Among a great 
variety of contrivances designed to accomplish the above ob- 
ject an application of the old universal-joint arrangement is 
one of the best, as it is one of the cheapest, of all that possess 
the necessary requirements. 

The manner of applying the principle to line-shaft hangers 
is shown in Fig. 1. The box, being secured within the ring 
and between the two arms of the hanger by the four set- 
screws, is, it will be seen, free to turn in any direction, and 
the clearance between the different parts admit of its being 
moved sideways, or up and down, so as to bring the shaft 
into exact line when the bodies of the different hangers are 
nearly so. A section of box, ring, and drip-cap is shown at 
Fig. 2, which may be used as shown in Fig. 1, orina bracket 
of the form shown at Fig. 3, or in a plummer-block, Fig. 4. 

At Figs. 5 and 6 a countershaft hanger is shown in which 
the same self-adjusting device is employed, but as only two 
set-screws, instead of four, are used, the boxes are not ad- 
justible. When these hangers are in use it has been the 

ractice to make the journals from 3} to 4 diameters in 
length, to chamber out the boxes, and line them with Babbit’s 
metal. 

These hangers were introduced, some seven or eight years 
ago, by a young and enterprising firm in Central New York, 
and are now in use by the hundreds, in at least twenty dif- 
ferent establishments, of all sizes, and for all purposes, from 

ing 2-ton grindstones down to } in. countershafts. The 
fact that they have made their way into old as well as new 
establishments leaves no question as to their practical value. 

At Figs. 7 and 8 a self-lubricating journal-box, applicable to 
the same hanger, is shown, in which it is proposed to return 
the oil from the drip-cup to the shaft by means of the two 
loose rings, A A. 

At Figs. 9 and 10 is shown Sellers’s well-known line-shaft 
coupling, which, with the exception that the eones are liable 
to stick fast, may well be pronounced faultless. i 
whereby it is proposed to overcome this one difficulty, is 
shown in the drawing, and consists simply in having a 
tapped hole through the shell of the coupling, into which a 
conical-pointed set-screw may be inserted for forcing the 
cones out of their seat. The excellence, convenience, and 
neatness of these couplings are so obvious that any man who 
has used them once would not, if his head was screwed on 
properly, ever be likely to use any other. 

earing this may be cunstoned, into a kind of advertise- 


ment, the writer begs to say that he has not the honour of | 


even an acquaintance with the firm of Wilham Sellers and 

Co., and knows nothing of them except by their works, and 

thinks that some of them even, were it not for their excellent 

workiuanship, would prove complicated failures. 

At Fig. 11 is shown a method of securing pulleys to shaft- 
by means of a split cone and one or more bolts. The 


vantages of this arrangement are, that the pulleys can be 
set at any point in the shaft without disfiguring it with key- 
or set-screw marks, that they will run true when set, 
ind that they can be changed to different sized shafts by | 
simply changing the cones. 
ingham, December, 1867. 
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NOTES FROM INDIA. 

Bengal.—A memorial has been presented to Sir John 
Lawrence, by merchants, bankers, and others in Bombay, on the 
subject of direct telegraphic communication between England 
and India, vid Suez and Bombay. In that document it is 
stated, “‘ That the existing line of telegraph between India and 
England, vid the Persian Gulf, Bagdad, Constantinople, and the 


subject to constant delays, errors, and irregularities in the trans- 
mission of messages, while complete interruption of all com- 
munication whatever for more than a week at a time occasionally 
occurs ;” and they sum up the substance of their request in 
the following paragraph: ‘* That the liberal policy which has 
been adopted by the Government of India in reference to the 
construction of Indian railways has been the means of confer- 
ring the most signal benefits on her Majesty’s Indian empire: 
and your memorialists respectfully submit that a line of tele- 
graph, of the character already described, uniting India to 
England by almost instantaneous communication, in a manner 
more perfectand complete than can possibly be done by any exist- 
ing means, is, alike on commercial and political grounds, scarcely 
second in importance to railways, and no less deserving of 
Government support.” 

The Culcutta Trades’ Association has addressed the Bengal 
Government on the want of an efficient Meteorological Depart- 





A device, | 


ment in Calcutta, as evidenced during the late cyclone, and the 
necessity for a system of storm signals. Had such a system 
been in operation, much valuable property belonging to the 
trades and others might easily have been saved. The com- 
mittee inquires whether the time has not arrived for the con- 
struction of an uriderground telegraph from Calcutta to the 
Sandheads. ‘The lieutenant-governor has asked the supreme 
Government to construct such a telegraph. Meanwhile, it is 
stated, there are likcly to be radical reforms in the so-called 
observatory. 

‘The project for bridging the Hooghly has not quite been lost 
sight of by engineers and architects. A specification has been 
filed in the Home Office by Mr. James Chadley, professional 
enginecr and architect, “for effecting a permanent bridge 
across the Hooghly, and other places where fine sands and quick- 
sands form the beds of rivers and rivulets; also for forming 
rivers and rivulets so as to be crossed; also for forming an em- 
bankment or jetties on scientific principles.” Mr. Chadley 
does not seek for any remuneration for himself, and only stipu- 
lates that, in the event of his inventions being adopted and 
| proving successful, any royalty due to him may be paid to the 
indigent blind, and other charitable objects such as he may be 
disposed to promote. 

An amended railway bill is at present before the Legislative 
Council, under the operations of which it is hoped that an end 
will soon be made to the most glaring abuses on the Indian 
railways. Altogether itis a comprehensive and carefully prepared 
document, requiring but little alteration before becoming law. 

Punjab.—Vigorous action is now about to be taken in canal 
extension in the Punjab. A separate division has been sanc- 
tioned in the Irrigation Department, called the Sutlej Canal 
Division, and Captain Home in been appointed executive, engi- 
neer in charge ot it. The new Sutlej cunal, upon which opera- 
| tions have already been commenced, will, it is understood, leave 
| the left bank of the river near Roopur, and passing southwards 
irrigate the arid parts of Puttiala, Ferozepore, Sirsa, &c. It is 
rumoured that the Ganges canal error of construction, namely, 
too steep an inclination of the bed, attaches also to the Baree 
Doah canal, and that the latter, likewise, is to be remodelled to 
some extent. With the existing staff of canal officers it would 
be impossible properly and expeditiously to carry out these 
| great works, so important for the well-being of the province ; 

but it is rumoured that the chief engineer of irrigation has 
applied for something like a dozen additional hands. 
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Madras.—There has been a great scarcity of rain in the 
neighbourhood of Madras, and the collectors of Madras and 


| North Arcot have already sent in reports of the expected failure 


Continent of Europe, is irregular and uncertain in its working, | 








of crops which were for a time so promising. The Nellore dis- 
trict can scarcely be in a better position than the two named, 
and the collectors have each been directed by the Board of 
Revenue to send frequent returns of the prospect of the harvest, 
and also to determine upon what public works shall be con- 
structed in case it becomes necessary to afford relief to labourers 
in parts of the districts. From Vizagapatam we learn, on the 
other hand, that the tanks in that district are full, and the 
paddy fields in excellent condition. 

Orders have been issued at the heaJt office of the Madras 
Railway, Royapooram terminus, that, from and after the Ist 
January, the line of railway between Erode and Caroor stations 
would be opened for traffic, thus connecting the Madras Rail- 
way with the Great Southern of India Railway, so that the 
journey between Madras and Trichinopoly and Negapatam may 
— entirely by rail. 

olonel R. Strachey, inspector-general of irrigation works, 
was expected to have arrived at Nagpore from Bombay, about 


| the 22nd November, for the purpose of taking certain projects 


into consideration; but having met with an accident at Jubbul- 
pore, the officers of the Madras Irrigation Department have been 
summoned to Jubbulpore, where different irrigation schemes are 
to be discussed and pronounced upon. 

Mysore.—The Public Works Department in Mysore devours 
the lion’s share of the revenue of the district, and, unfortunately, 
seems to accomplish but little with it, and that little in the 
longest possible time. No progress was made during the past 
year, ending with March last, in the construction of a work so 
necessary to an agricultural province as the Lokani aqueduct ; 
andj works of a similar nature, such as the Gurzy and 
Brammasmoodra Anicuts, have. likewise been almost at a 
standstill. The completion of the Hurrihur bridge is a 

r compensation for the delay in works of irrigation. Mysore 
- practically an unlimited command of money for public 
works, but there would seem to be a need of men able to spend 
it wisely. 

Bombay.—The latest advices from Bombay are 14th Decem- 
ber, and the latest date received there from Great Britain by 
the Indo-European telegraph was the 7th December; but the 
latest public telegram from London was only up to the 29th 
November. The line is reported as partially interrupted. 

The railway executives at the Nagpore and Jubbulpore 
terminal works of the Great Indian Peninsula Railway are said 
to be showing signs of vigour. Land taken oP by Government 
for these works will, it is expected, be handed over during the 
season. The recent disasters on this line hus induced the Lon- 
don Board to send out Mr. George Berkley, C.E., again to re- 
port on the whole line. This will be the third inspection that 
the line will undergo. The first was by the chief and resident 
engineers of the line, and the second by the engineers of 
Government. It is reported that the foundations of the piers of 
the Mukka Mulla viaduct have not yet been put in. The tem- 

rary pile bridge, however, is being rapidly proceeded with. 
The defect in the line in consequence of the full of this bridge 
does not appear to have stopped the arma traffic. ‘The 
Times of India understands that the Peninsula and Oriental 
Company are already prepared to run the weekly mail from 
Suez to Bombay immediately on receipt of instructions from 
home. The China, which arrived out in October, has had »new 
engines within the last eighteen months, and the Columbian has 
had a thorough overhaul; and these, together with the im- 
provements in the Carnatic and Rangoon, will place the in- 
creased service on a firm footing, and indicate that the company 
have no intention of teing behind-hand in carrying out their 
new engagements. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—During the week the pig-iron 
market has undergone somechange. From “ quietness” and a 
small business at 52s. 44d. cash—which was the order of the 
day on Thursday last, the second day of the new year, and there- 
fore not one on which many important commercial transactions 
would occur in this city—the returns have become “ firm” and 
“very firm,” prices rising to 52s. 9d. cash and 52s. 103d. one 
month. On Monday a few thousand tons of warrants changed 
hands, at 52s. 9d. one month, and at 52s. 73d. and 52s. 8d. 
cash. 

Caledonian Railway—Investigation Committee's Report.— 
This formidable document—a railway “State paper,” it might 
almost be called—is now in the hands of the shareholders, it 
having been sown broadcast over the country during the course 
of last Saturday and Sunday. The committee kept their own 
secrets very well, for nobody could “worm” out of them the 
tenour of the report which they intended to make. Nothing 
was known of it till after business hours on Saturday, so that 
not even the keenest stock-jobber had the remotest chance of 
doing a stroke of business until Monday morning, by which 
time everybody was on the same footing with everybody else. 
The shares opened on Friday morning at a very low figure, 
namely, 69}, but rallied somewhat before the afternoon. On 
Monday there was a good deal of excitement in the share 
market, 75} being obtained at the opening; at the close, how- 
ever, prices settled down at 73}. As the og a reports 
on the permanent way and the rolling stock, by Messrs. Hawk- 
shaw and D. K. Clark, will have most interest for your readers 
generally, I send you a complete copy of the committee’s report, 
supplied tome through the kindness of the company’s secre- 
tary. From the engineers’ reports you will find much to in- 
terest such of your readers as are concerned professionally in 
railway engineering. 

Clyde Trust.—A meeting of Clyde trustees was held in Glas- 
gow yesterday, the lord provost presiding. It was resolved to 
ask borrowing powers to the extent of 600,000/ in the bill, 
which the trustees intend to introduce in the next session of 
Parliament, for the formation of a new graving dock. It is in- 
tended to have this dock of a large and first-class description, 
capable of taking in vessels of the largest size. It will be 500 ft. 
long, 100 ft. wide, and 30 ft. deep. ‘The width of the entrance- 
gate will be 83 ft., and the depth of sill 20 ft. 6 in. at spring 
tides and 19 ft. Gin. at neap tides. The cost of the dock, in- 
cluding some ground to be purchased and the necessary ap- 
pliances, may be estimated at 86,0002 The necessity of giving 
accommodation to the increasing trade of the port has caused 
the trustees to schedule a portion of the harbour below Kelvin- 
haugh Slip for the erection of a wharf. That wharf will be 
about 400 yards in length, and the cost of it, and of about 100 
yards of additional quayage on the south side, will together be 
about 52,000/. For the same reasons that they are extending 
the quayage, the trustees will require very soon to proceed to 
the erection of the works at Stobcross Dock. When completed, 
that dock will give an area of 17 acres, and a quayage of 1400 
yards. As already mentioned, the trustees purpose to borrow 
a sum of 600,000/. in addition to the present unexhausted bor- 
rowing powers. These unexhausted powers amount to 236,0002., 
so that with them and the new powers asked they will have a 
capital of 836,000/., in addition to the annual surpius, where- 
with to undertake and complete sundry necessary works on the 
river and harbour. Of these works, we may mention—Con- 
tracts in progress, say 45,000/.; Stobcross docks, 475,0002. ; 
tramways, 70,0001; graving dock, 86,000; new quays, 
52,0002; houses for workmen, 10,000/.; and dredging to give 
22 it. of water at high-water neaps, say 180,000/. The lord 
provost stated that for the half-year ending December, 1867, the 
revenue of the trust was 72,205/. 9s. 9d., as compared with 
66,2521. 4s. 9d. for the corresponding period of 1866, showing 
an increase in 1867 of 59537. 5s., or nearly 10002. per month. 

Reduction of Wages at Denny and Falkirk.—The ironstone 
miners in the Denny district received notice on Monday from 
their employers that, at the end of the next fortnight, a general 
reduction in their wages would be made. The reduction pro- 
posed will amount to 6d. per day. This is the third time a re- 
duction has occurred in the miners’ wages since they received 
their last advance. In one of these instances the amount taken 
off was 1s. per day; in the other two, 6d. The moulders em- 
ployed at the Union Foundry, Camelon, Falkirk, struck work 
on the same day, in consequence of their wages having been re- 
duced 10 percent. One or two men have gone in at a reduction 
of 5 per cent., the others have left to look for work elsewhere. 

The Moulding Trade in Glasgow.—One of the local papers 
says that at district meetings ot the moulding trade, held in the 
city on Monday evening, it was resolved to resume work at the 
close of the holidays on the terms of the notice of 2nd January. 
By the notice of 2nd January, the employers resolve to insist upon 
the men working overtime when this cannot be avoided; to en- 
gage new hands, if necessary; to take on apprentices when 
needed; to employ men at piece-work, if deemed advisable; and 
to set labourers to do the unskilled work of foundries. 

Forth Railway Bridge at Alloa.—The scheme for bridging 
the Forth at Alloa, and thereby to improve the railway com- 
munication of the district, was fairly set afloat on Saturday 
Jast. At the public meeting held for the purpose of giving 
shape to the scheme, the chairman of the North British Com- 
pany stated that the project was brought forward by the N. B. 
Directors, who were unanimously in favour of it, and that he 
himself felt satisfied of its ultimate success, both to his com- 
pany and to the shareholders in the new company which it is 
intended to form for raising the necessary capital. Mr. Bouch, 
engineer for the North British Railway Company, also attended 
the meeting to explain the nature of the bridge proposed to be 
built across the river to South Alloa. He stated that he had 
not fixed upon the site at the ferry: first, because he had found 
that it would be necessary to bore through a rock at considerable 
expense—a circumstance which might lead to the bridge being 
constructed at a greater expenditure of funds than could perhaps 
be raised at the present time; and, secondly, because the Cale- 
donian Company would, as they were entitled to do, have pro- 


selected, the foundation would be of hard clay, and the wate 


was not so deep as at the ferry between North and South Leith ; 
and as the bridge would be some distance from Leith, he had 
not made provision for a pathway. He maintained that he had 
not er too low an estimate upon the cost of the erection of 
the bridge, and stated that in Parliament nothing could be more 
fatal to the success of a measure than to be deficient in this re- 
spect; that his own credit as an engineer, and an instruction 
from the directors to make a liberal estimate, had led him to 
fix the estimate at a higher sum than he honestly believed the 
construction of the bridge would cost. The bridge would be a 
very simple one, similar to railway bridges in England, to some 
in Scotland, and to the bridge across the Tay at Perth. A 
cylinder, 6 ft. in diameter, would be first laid down for the pur- 
pose of keeping off the water from the masonry which was to be 
erected upon it. If he had been wishing to make a less perma- 
nent construction, he would have adopted the plan of driving 
iron piles into the subsoil, but the plan he had adopted rendered 
the bridge of a more permanent character. The spans would 
be 64 ft.; but in the centre the bridge would swing from both 
sides, and open a space of 200 ft. for vessels to pass through. 
It was stated by the chief magistrate of Alloa, as evidence that 
the proposed bridge and the short line of railway were required, 
that the town of Alloa sends out annually 2,000,000 gallons of 
spirits and 160,000 barrels of ale, the two great markets being 
Glasgow and Edinburgh. He also said that Mr. Bouch was the 
third engineer who had fixed on the same site for a proposed 
railway bridge. In anticipation that the necessary Purlia- 
mentary powers would be obtained in the ensuing session, a sub- 
scription sheet was brought forth at the meeting, and the 
“local effort” there and then was practically illustrated by the 
persons present subscribing for stock to the extent of between 
14,0002. and 15,0002. 

The Newtyle Railway.—The railway known by this name is 
one of some 104 miles in length, connecting the town of Dundee 
with Strathmore (great strath or plain), and having a ver 
circuitous route. In one place it ascends to a pass in the Sid- 
law hills, a height of 544 ft. above the sea-level; and near 
Dundee it has an incline of 800 yards long, known as the Hatton 
incline, having a gradient of 1 in 13, and therefore of necessity 
very dangerous. Hitherto this incline has been worked with a 
stationary engine. During the last two years important works 
—now nearly finished—have been in operation upon this rail- 
way, chiefly with ihe object of avoiding the Hatton incline, and 
dispensing with the stationary engine. The works in question 
have in some instances been of a very serious character, involv- 
ing cuttings of great depth, one of which is 41 ft. deep, through 
stiff clay, quicksand, and whinstone rock, and another 27 ft. 
deep, through stiff boulder-clay and freestone rock. Although 
the new deviation line is only 4 miles long, and has only one 
line of rails, the contracts alone have cost about 45,000/, be- 
sides which large sums have been paid for land compensation. 
The ruling gradient is 1 in 60, which is about the same as the 
gradient at Ninewells, near Invergowrie. Siuce the commence- 
ment of the works the line adopted for the railway has been in 
general very severely criticised, and certainly at first view these 
criticisms appear to have a good foundation, as the line twists 
about in the strangest manner; but it is said, however, that in 
laying out the line not only had the natural difficulties of the 
ground to be considered, but also, as the Scottish North-Eastern 
and the Caledonian railways were at that time separate con- 
cerns, their interests and convenience had also to be taken into 
account, and the line now adupted is, in a manner, a medium 
between the different lines proposed by the engineers for these 
two railways. Besides, there has always been a great conflict 
of opinion among railway engineers as to the proper line for 
continuing the Dundee and Newtyle Railway from the top of 
the Hatton incline down to the low grounds of Strathmore. The 
portion of the new works from the south end to the passenger 
station formed the section to be made by the Caledonian, and 
the remainder of the works to the north end are the section 
made by the Scottish North-Eastern Railway. The first section 
has been made strictly in terms of the Parliamentary plans, but 
the north section deviates so much from the Parliamentary 
plans that it has evidently been made under a special agreement 
with Lord Wharncliffe, the proprietor of the ground, and the 
Act of last session sanctioning the deviation. When the new 
line of railway is opened, in all probability the means of com- 
munication between Dundee and the northern district of the 
county of Forfar will be fixed for the present generation, and 
although the old Dundee and Newtyle Railway, with its 
numerous inclines and stationary engines, as originally laid out 
in 1827 and 1828, by Mr. Landells, and extended to Forfar and 
Coupar Angus, in 1832 and 1836, by the late Mr. Blackadder, 
has been greatly improved by the alterations made in 1864 and 
those now in progress, still the line, as a whole, is sadly behind 
the age. 

Graving Dock Accommodation at Dundee.—Every now and 
then, for the last two years, the Dundee Harbour Trustees have 
the subject of graving dock accommodation under their notice ; 
at last they have resolved to take action in the matter. They 
have been stimulated to do this by receipt of a letter on this sub- 
ject from a number of shipowners and other citizens. The letter 
was read at a meeting of the trustees held on Monday last. It 
stated that a number of large vessels which arrive at the port 
are necessitated to proceed to other ports to be repaired, in con- 
sequence of the lock of King William’s Dock and the entrance 
to the Graving Dock being too narrow to permit them to pass 
in. It also stated that about eight of the steamers and many 
of the sailing vessels belonging to the port are so large that they 
cannot with safety be placed upon the patent slip; and it con- 
cluded by urgently suggesting the formation of a deep-water 
graving dock, partly of stone and partly of Memel fir timber. 
A committee was tormed at the meeting to inquire into, and 
report upon, the expense, site, dimensions, and mode of con- 
structing the proposed dock. 

Glasgow Waterworks—Quarterly Report.—At the ordinary 
monthly meeting of the committee on the Corporation Water- 
works, held on Monday last, Mr. J. M. Gale’s quarterly report 
on the water supply, state of the works, &c., was suomitted. 
The quantity of water in store in the lochs at the end of last 
month was stated to be sufficient to supply the city, and to keep 





bably raised an opposition to the bridge. At the site he had 


up the statutory flow in the river Teith, for 119 days without 


rain. On the same date the reservoir at Mugdock was full, and 
contained a supply of water for the city for 23 days at the pre- 
sent rate of consumption. At the Gorbals reservoirs there was 
a supply for 153 days, The quantity of water supplied to the 
city and suburbs daring October, November, and December last 
averaged 26,440,000 gallons aday. Of this quantity 22,640,000 
gallons were drawn from the Loch Katrine works, and 3,800,000 
gallons a day from the Gorbals works. The consumption of 
water for the whole of 1867 has exceeded that for the previous 
year by 1,500,000 gallons a day. The whole of the works are 
at present in good order. On 3rd November last the water was 
shut off from the aqueduct for three days for the purpose of 
making an inspection inside and connecting the new syphon 

ipes at one or two points. The aqueduct was everywhere 
Seat in good condition. The rebuilding of the rubble embank- 
ment at the south side of Aqueduct No. 3, at Culegarton, is all 
but complete. What little remains to be done will be finished 
next spring. Mr. Gale expects to get the north end of Aqueduct 
No. 1 rebuilt next summer, to complete all that has to be done 
on the Blairhulachan section. There will, however, still re- 
main one of the aqueducts on the Kelty section which requires 
to be treated in the same manner. The laying of the new 
line of syphon pipes is completed at the Duchray and Blane 
valleys, and the pipes have been tested. The jointing has 
turned out very satisfactory, and as soon as the new valves are 
fixed in the valve-houses the pipes may be put to use. A design 
for these valves has been received from Mr. Bateman, and no 
time should be lost in getting a contract made for their con- 
struction any erection. The works at the Endrick should be 
sufficiently far advanced by April next to enable the pipes to 
be filled with water. The bridge over the river is ready for the 
parapets and the pipes. 

Official Inspection of the Gryffe Waterworks, Greenock.—In 
accordance with a resolution recently come to by the Greenock 
Water Trust, Mr. James Leslie, C.E., Edinburgh, has this 
week been engaged in a careful examination of the Gryffe 
Waterworks at present in course of construction. He was ac- 
companied by a number of the trustees, and by the resident 
engineer, the contractors, and other persons. Mr. Leslie in- 
spected the works at Dam No. 2, then at Dam No. 1, and after- 
wards proceeded to town by the line of tunnel. The inspection, 
which extended over both Monday and Tuesday, has been 
undertaken both with regard to the mode of efficiency of the 
construction of the works, and as to the best method of connect- 
ing the old and new works. Mr. Leslie’s report will be 
looked for with considerable interest by the Greenock people, 
both “ Gryffeites” and ‘‘anti-Gryffeites,” for the community 
has for some time actually been divided into two such parties 
on account of the projection of the Gryffe water scheme. 








ARCHITECTURAL Ironwork.—Judging from a very large 
wood engraving now before us, the St. Pancras Station of 
the Midland Railway will be one of the most imposing 
structures of its kind in the country. The ironwork of the 
roofing shows a greater span than any yet erected, is very 
elaborate, and very beautiful in its effect. The roof springs 
from the platform level, which is enclosed within a high 
wall of brickwork, pierced with lofty windows of Gothic 
form. The architect of the station buildings and of the 
adjoining hotel to be erected is Mr. G. G. Scott, R.A. The 
wood engraving that has called forth this notice is admirably 
executed by Mr. J. H. Rimbault, who has also engraved 
another large and fine woodcut of the stupendous suspension- 
bridge over the river Ohio, at Cincinnati, U.S. Both were exe- 
cuted for and are published in the journal called EnainzER- 
1nG.—The Ari Journal. 

Tue Water Suprty at Matta.—It is known that the 
late prolonged drought has induced the Government to make 
extensive explorations for water in different parts of tho 
island, especially in the sandstone at the Marsa valley, and 
in the marly districts beyond the ancient city of Medina, 
new called Citta Vecchia. These experiments have been 
attended with a very considerable amount of success. 
Numerous shafts have been sunk at the Marsa, which already 
yield upwards of 400,000 gallonsa day, and it is calculated 
that the whole supply from these sources will be upwards of 
900,000 gallons a day, or more than double that given by the 
two principal aqueducts, upon which the cities before chiefly 
depended. For the purpose of boring through the rock, and 
exploring laterally from the sides of the shafts, a boring 
apparatus, which will cost 240/., has been ordered from Eng- 
land. With reference to the important discoveries of water 
made in the marl on the other side of the Citta Vecchia hill, 
the exact quantity they will afford has not been yet ascer- 
tained, but it is confidently believed they will double the 
supply at present obtained from the Wignacourt and Fanara 
aqueducts.—Malta Times. 

LxEps.—No improvement is reported in the iron trade of 
the Leeds district; many of the furnaces are out of work. 
Some of the machine-makers have rather more orders on 
hand, but the trade generally continues bad. The engineer 
tool-makers are generally quiet, and but few orders are being 
received. There is no new feature in the railway plant and 
locomotive {departments ; the trade is duller than for some 
time past. 

GREENOCK Prospects ror THE New YEAR.—In the ship- 
building and engineering trades, Messrs. Caird and Co. end 
this year with an amount of work on hand they have never 
—- they having a half more tonnage than they launched 
all last year. They have two large screws nearly plated, two 
commencing the frames, and two to be laid down whenever 
the first two are launched—in all 18,300 tons, and with 
engines of 3600 horse power. Messrs. Robert Steel and Co., 
in sailing ships, have also more work on hand than they 
turned out all last year, having three large iron ships for 
Greenock firms and two for a Glasgow firm, besides two 
composite vessels. Messrs. Robertson and Co. have as much 
work as will keep them going for the next five or six months, 
irrespective of new contracts, having five vessels on hand. 
Messrs. M‘Nabb and Co. have a fair amount of work on 





hand ; and it is —— that Messrs. Scott and Co., formerly 
of St. Nazaire, will resume work early in the year. 
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THE ANTI-INCRUSTATOR. 
To tHe Enirog ov Encryeerina. 

Sre,—As the patentee of this invention, I claim to be al- 
lowed to say a few words, 

It is not in the nature of things that an apparatus em- 
bodying a valuable invention or discovery should be perfect 
in its first conception. 

The anti-incrustator has been no exception to the general 
rule. I have, however, spared no pains or expense to make 
it perfect; and I venture to say, without fear of disproof, 
that, as now constructed, it is capable, with attention to the 
simple instructions as to its use, of performing all that is pro- 
fessed for it. I have no fear of its standing the test of publie 
examination and criticism, and I am, therefore, well pleas 
that it has been noticed in your valuable pages, even at the 
expense of the hard words which anonymous correspondents 
may safely use. 

© letter of “ Boiler,” however, requires some notice, | 
do not desire to impute to him unworthy motives, although 
his reluctance to emerge from the shelter of his nom de plume 
is not calculated to inspire confidence in his goed faith, 

I think, under the circumstances, I can afford to pass over 
his offensive expressions, relying on the discernment and im- 
partiality of yore readers to give them such weight only as 
the taste and spirit in which his letter is written will earn 
for them. 

With regard to the substance of his letter, he should 
know if, as he says, he has had much to do with the anti-in- 
crustator. 

ist. That the magnetism, to which he gives so much pro- 
minence, is not an essential (as has been already explained 
in your columns). 

2nd. That .the gilded points are not, as he supposes, the 
latest improvements. 

ard. That I have always been prepared to introduce the 
latest improvements free of cost into any apparatus supplied, 

In further reply to “ Boiler,” and your subsequent corre- 
spondent “ Fiat Justitia,” I need only repeat the observation 
in Messrs. Kitson and Co.'s letter to you, that the efficiency 
of the nye is guaranteed to our customers, and that 
any one who has been supplied with an apparatus which does 
not work may, upon application to them, have its defects re- 
meiied free of cost. It not unfrequently happens, however, 
that the failure complained of arises from inattention to the 
instructions as to the use of the apparatus. 

In conclusion, I desire to say to your scientific correspon- 
dents who are earnestly endeavouring to solve the difficult 
problem as to the theory upon which the results I produce 
are attained that, whilst I rely, in the words of my specifica- 
tion, upon “ the production of a useful invention, whatever 
may be its rationale,” I shall weleame any additional light 
they may throw on the subject, 

I am, Sir, your obedient Servant, 
R, B. Baker. 

27, Avenue d’Antin, Paris, 

January 6, 1868, 





To tre Eprror ov ENGIngerina. 

S1r,—We do not wish to draw upon ourselves a newspaper 
correspondence ; but we wish to remark, in reference to “ Fiat 
Justitia’s” letter in last week's Enoryeerina, that “ Vulcan” 
is wholly unknown to us, and we have no agent in, or corre- 
spondent from, the neighbourhood of Salisbury. We have 
re-read “ Vulean’s” letter, and have failed to discoyer any- 
thing in it to lead to the opinion expressed by “ Fiat Jus- 
titia,” “that he is ‘closely connected with and interested in 
“the sale of these articles,” and as nobody can purchase 
these instruments in England except through us, we must 
certainly have known him. It therefore appears to us that 
** Fiat Justitia” is himself imputing unworthy motives. 

It would be considerably more valuable to persons inte- 
rested in the success or failure of the anti-incrustrator, if all 
correspondents would show their good faith in what they 
write by signing their own instead of assumed names. 

We are, Sir, yours obediently, 
Kitson anp Co. 

Airedale Foundry, Leeds, Jan. 7, 1868. 

[The task of fault-finding is by no means a pleasant one, 
and our readers will quite atts hn th why many of our 
correspondents prefer that their letters should be published 
over an anonymous signature. At the same time we may 
assure Messrs. Kitson and our readers that the names of the 
correspondents whose letters are thus published are known to 
us, and that they are those of gentlemen of good standing 
and well-known respectability. The anti-inerustator is de- 
signed to serve a most important end, and we ourselves sin- 
cerely wish it the best success. At present, however, we 
must state that we have received, from reliable sources, some- 
what numerous reports of its failure, although whether in 
all these eases of failur@the latest form of the instrument 
has been employed we cannot say. Under these circum- 
stances we cannot refuse to publish letters on both sides of 
the question, and we can only trust that these letters will 
lead to the detection of the causes which have led to failure, 
and to the discovery of some means of preventing them in 
future —Ep, K.] 





To tue Enrror or Exoryeerive. 

S1a,—I am singerely sorry that the “electric potentials 
and other such wonders,” mentioned in my last letter to you, 
should have led your excellent correspondent “ H. P.” into 
ahaze. In using the term “ potential,” I thought that I 
was only conforming with Thomson and every other educated 
electrician, I had no idea that it would be ne or even 
desirable to use more popular terms, ar to explain the mean- 
ing of this one, in order to meet the comprehension of your 
correspondent, As I have used the term, however, I had 
better attempt now to get myself and “ H. P.” out of the fog 
in which he believes that we are plunged. At the same time 
I must beg your permission to say a few words about his 





decidedly original idea that the electricity in a boiler supplied 
with an anti-incpustator is “ yoltaic.” 

There is only one electricity, Mr. Editor, but there are 
many manifestations of this, and many ways in which it may 
be obtained. This is, no doubt, a new fact for “ H. P.;” but 
it is a fact, nevertheless, and one well known to every elec- 
trician. When “ H, P,” dips his sagacious pen into the ink 
to write about the anti-incrustator, there is an electrical ten- 
sion set up between the part of the pen which is in and the 

which is out of the Auid. When “H. P.,” in caressing 
is cat, strokes her fur with his hand, there is a tension set 
up between “H. P.” and the cat. And when “H. P.,” in 
stirring the fire, presses the poker against the heated bars, a 
tension is set up between the poker and the grate. “ H. P.” 
would say the first is galvanic electricity, the second is fric- 
tional electricity, and the third thermo-electricity. But there 
are not three different electricities, but one electricity pro- 
duced in three different ways. “H, P.” might as well think 
that water obtained by burning hydrogen gas is not the same 
material as that which falls down in rain, or rushes headlong 
over Niagara. 

Just as water may be obtained in different ways, so may 
electricity be obtained in different ways. And just as water 
remains water and nothing but water, in walon way it 
ig obtained, so electricity remains electricity and nothing but 
electricity in whichever way it is obtained. Water may be 
obtained by combustion of h m in oxygen, hy the con- 
densation of steam, by dipping it out of a well. Electricity 
may be obtained by chemical action, by friction, by induction, 
by heat, and soon. You may have a great volume of water 
under very little pressure. You may have a great quantity 
of electricity of very little tension. Fon may have very little 
water under a great pressure, You may 
little electricity of very high tension, 

If you have any two points whatever, each of them has a 
certain electrical tension or potential, either positive, negative, 
or zero in regard to the earth. And if these potentials be 
not alike, one of the points will discharge into the other as 
soon as they are connected by a conductor, and the amount 
of this discharge will be proportional to the difference he- 
tweon the potentials. If, therefore, “H.P.” places any 
instrument capable of showing a difference in the circuit 
between two a it must indieate as soon as any differ- 
ence exists, The instuments used for this purpose are of two 
kinds, and are called respectively galvanometers and electro- 
meters. e galvanometers are mostly used for measurin, 
differences of potential when dealing with electricity of omell 
tension, such as that obtained from galvanic elements. The 
electrometers are used mostly for measuring differences of 
potential when dealing with electricity which is under great 
tension, such as that obtained by friction of bodies. Just in 
the same way that the same water-meter would be unsuited 
for measuring, with equal accuracy, the discharge of a foun- 
tain, the flow of a river, and the contents of a pint pot. In 
some measurements made, I believe, by Mr. Webb, to decide 
whether electricity does really exist in a boiler supplied 
with Baker’s anti-incrustator, a galvanometer was used, and 
therefore, says sagacious “ H. P.,” “the experiments re- 
“ ferred to prove, as I (‘H. P.’) expected, the absence of 
“ static electricity, not its presence.” This reasoning is 
illogical. If an electrometer was not used, it was possibly 
because the experimenter had not one sufficiently delieate at 
hand. The fact that a pewter pot was used to measure the 
contents of a flour-barrel would not prove the contents to be 

r! 

Seriously, however, if the electricity of the anti-incrusta- 
tor is such that it becomes evident with an ordinary galvano- 
meter, and requires an unusually delicate electrometer to 
give an indication, this would, indeed, go to prove that the 
electricity developed approaches nearer to the conditions of 
that obtained by the galvanic pile than to those of the elec- 
tricity obtained by friction. The probability is that electri- 
city obtained from steam (when the steam is not impelled 
with force against the conductor, as in Armstrong’s form, but 
allowed to give up its charge when either at rest or passing 
slowly out of the boiler) is in a condition between that of 
electricity obtained by galvanic action and that got by fric- 
tion, answering exactly, however, to neither of them. And 
further, I apprehend that the velocity with which the steam 
is made to pass by the points will determine, in a great 
measure, these conditions. Thus, when the steam is quite 
still, I believe that the electricity would be found to be only 
sufficient to move the most delicate galvanometer needle ; 
whereas, by increasing its velocity, the tension of the elec- 
tricity would be increased until we arrive at the sparks given 
by Armstrong’s machine. 

That which tends most of all to mislead beginners in the 
science into a belief that electricity obtained by a galvanic 
combination is different from that obtained by friction is the 
imperfect means we possess of obtaining the latter in such 
Pace 4 as to render their identity self-evident at the first 

ance. 

The discharge of a Leyden jar appears to be very different 
fram the discharge of a Daniell’s element; but the difference 
is only apparent. In the one case we have a large and in- 
tensely charged condenser, which is neutralised with a flash, 
and it is over. In the other case we have hundreds of 
thousands of little-charged condensers, which are neutralised, 
series after series, with such rapidity that the sum of their 
discharges looks like a current, beeause the suecession is sq 
rapid, and the number so great, that we are unable to 
perceive any irregularity. 

I would earnestly recommend “ H. P.,” whom I take to be 
a tyro, in his future studies of this highly interesting branch 
of science, if he value the capability of forming clear deduc- 
tions from the accumulated evidence of experiment, to 
banish from his mind once and for ever the fallacy that any 
real difference exists between electricity obtained in one and 
that obtained in any other way. 

It is clear that “ H. P.” is unhappy in his logie when he 
arrives at the conclusion that an anti-incrustator forms any 
part whatever in a voltaic combination. His remark, that 


ve, equally, a 





“ the slight deflection named is clearly due to a small current 
“ of voltaic electricity,” is clearly due to a small want of 
knowledge of the subject which his ambition has led him to 
attempt to handle. voltaic current is one caused by the 
discharge of electricity set up between two pieces of metal 
when plunged into the same or different conducting liquids. 
Now steam is not a liquid, nor is it conducting; therefore 
Baker’s anti-incrustator does not form part of a voltaic 
element when placed in a boiler. 

What shall we call such an element, however, in which 
steam plays ebvionay so important a part? Let us call it a 
“ steam element.” There can be no question that an elec- 
trical tension does exist in this steam element. There can also 
be no question that, in a boiler forming part of such a steam 
element, an old incrustation breaks up and falls to the bottom. 

The questions at issue are, therefore: 1st, Has the elec- 
tricity anything to do with this breaking up? and, 2nd, if so, 
how can it accomplish this ? ‘ 

As answer to the latter question, we have the theory which 
T advocated in my last letter, that of the decomposition of 
water underneath the incrustation, and Mr. Sabine’s theory, 
that of the formation of steam. We only want now some 
experiments, and I believe that it would be worth Messrs. 
Kitson’s while to place the affair in the hands of some elec- 
trician of known ability, whose report would end the vexed 
question by either exposing the “swindle,” as your corre- 
spondent “ Boiler” terms it (a somewhat ungentlemanly ex- 

ression, by the by), or by establishing it upon a logical 
oundation, 

Apologising for the length of this letter, 

T am, yours truly, 


January 8, 1868. 








INDIAN ENGINEER EXAMINATIONS. 
To tHe Epriror oF ENGINEERING. 

Srr,—In your last impression you published the result of 
the recent eompetitive examination for junior appointments 
in the engineer establishment of the Department of Public 
Works in India. It must have struck every one that the 
result is very unsatisfactory. Twenty-five appointments 
were thrown open for — competition, and for these there 
were twenty-two candidates, of whom only sixteen were 
found qualified. It we perhaps, be worth while to con- 
sider the reasons which prevent the engineering depart- 
ment of India from becoming popular among young engi- 
neers in England. It is notorious that the prospects of the 
bulk of young engineers are very dark at the present time. 
We not unfrequently hear of young men who, after follow- 
ing the profession for three or four years, are compelled to 
give up the results of their labour and experience and to 
strike out in new paths. It cannot, therefore, be said that 
the small number of candidates is to be attributed to the 
fact that engineers are fully occupied with the work which is 
being done in England. The true reasons are, I think, the 
following :—1, the insufficiency of the remuneration while 
passing through the lower grades of the service ; 2, the 
absence of pensions till after fifteen years’ service. 

As the rule now stands, a selected candidate on probation 

ets Rs. 170 a month, and an engineer of the third grade 
Res. 200a month. It is evident, to all who know the neces- 
sary expenses of living to a European in India, and the re- 
sults of a banishment from home to what is generally con- 
sidered an unhealthy climate, that this pay is not sufficient 
to allure a proper number of well qualified young men into 
the service, The following alterations would, 1 consider, 
attract a greater number and a better class of men into the 
service. t the selected candidate on probation receive the 
pay of Rs. 300 per month, and let him pass at once from the 
probationary state to that of an engineer of the second grade, 
without the ‘interyening step of a third grade, and with a 
salary of Rs. 350 per month. This arrangement would un- 
doubtedly meet the well-founded o— that the pay is 
not sufficient in the lower grades. ere are no reasons to 
complain of the salaries given in the higher grades, 

And now, with reference to the pensions. Nothing but a 
gratuity not exceeding twelve months’ salary is given on 
retirement before fifteen years’ service. This is a grievance 
which is, I believe, shared by civil engineers with other 
members of the Uncovenanted*Civil Service ; but it, neverthe- 
less, deters many from entering it. One of the principal 
facts which bring nearly three hundred of the most promising 
yonng men in the kingdom every year to compete for fifty 
appointments in the Covenanted Ciyil Service is the cer- 
tainty that, after even a few yen’ service in it, they may 
retire on a sum which will enable them to spend the balance 
of their lives comfortably in England. In the event of an 
engineer’s health breaking down before the termination of 
fifteen years’ service, what a r remuneration would even 
10002. be for the best ten or twelve years of his life 

That sufficiently remunerative appointments in the En- 
gineering Department possess attractions may be on 
from the fact that there were upwards of three hundred and 
twenty applicants for the thirty temporary appointments 
concerning which advertisements appeared in the papers of 
last November. 

I am, Sir, your obedient Servant, 

Great George-street, Westminster, J.C. 

January 9, 1868. 








Crytox.—A table giving the exports of coffee from 
Ceylon for the nineteen years from 1849 to 1867 shows that 
in 1866-67 the largest’ export of plantation was made, 
amounting to 720,000 ewts., valued at 1,944,470/.; while in 
1849 the quantity was 210,187 cwts., of a value of 343,000/. 
Native produce, on the other hand, attained its maximum in 
1864-65, when 214,806 ewts., valued at 429,612/., are returned 
against 127,339 cwts., worth 113,580/., in 1849, and only 
148,095 ewts. and 206,158/. for the season just closed. The 
total export of both kinds was at its highest also in 1864-65, 
in which season it reached 929,045 ewts., valued at 2,358,110/. 
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THE PROSPECTS OF SUBMARINE 
TELEGRAPHY. 

Ir would be simply childish to pretend to foretell 
what the humour of the public will be during the 
forthcoming year as regards enterprise and investment 
of capital in engineering works. We can only hope 
that the events of the last two years—the panic caused 
by the failures of financial companies, the exposure of 
the systematic trickery which had been practised for 
years in the administration of our railway companies, 
the investigations and severe censure which followed, 
the steps taken with the hope of prevention in future, 
and, finally, the long period during which general dis- 
trust in all companies or speculations of any kind has 
reigned, and punished alike all who, whether innocent 
or guilty, are in the least degree interested in the in- 
crease of enterprise—may, by the lessons it has taught, 
have placed matters by this time on a sound footing, 
and that the investing public may begin at last to per- 
ceive that they are now as much over-cautious and 
suspicious as they had previously become reckless 
and over-credulous. 

Enterprise is a part of our national characteristic, 
and it is a trait of which we may not only justly be 
proud, but which should be cherished, since to it, as 
much as to industry, is due our commercial and poli- 
tical greatness. It is only when the spirit of enter- 
prise degenerates, or merges into reckless speculation, 
that there is danger ; for then projects find favour only 
in proportion to the wildness of their allegations, and 
charlatanism and dishonesty thrive, whilst science, skill, 
experience, and truthfulness are thrust aside, as offer- 
ing prospects too tame and uninteresting for the ex- 
cited temperament of the public. : 

With the ‘extinction of the spirit of enterprise 
would begin the decline of our prosperity ; and _al- 
though, no doubt, there is no immediate fear of this, 
yet where it has received so severe a shock as to check 
its growth for years, it becomes the duty of all who 
are interested in our national prosperity to endeavour 
to restore this spirit of enterprise to a sound and 
healthy state. This can only be done, on the part of 
every honest engineer or projector, by being careful to 
offer only such projects to the public as he has 
maturely considered, and in which he implicitly 
believes, as works offering a fair chance of commercial 
success ; on the part of the press, by exposing, with an 
impartial and unsparing pen, all schemes in which they 
can discover not merely downright falsehood, but even 
allegations which will not bear the strictest scrutiny, 
or which are set forth without reasonable grounds for 
belief; on the part of our capitalists, by giving a 
little more attention and time not only to the inquiry 
into the soundness of the schemes that are laid before 
them, but also into the character, rather than the 
position, of the men who originate them, before they 
endorse a prospectus by the addition of their names ; 
by shareholders, in electing as directors only such 
men as bear the highest character for commercial 
morality, who should refuse to sit at the board with 
any but men of their own stamp, and who would thus 
constitute an administration which, having no per- 
sonal interest in the affairs of any contractor, conces- 
sionaire, commission agent, or projector, would deal 
with all with an impartial fairness, having for aim the 
honest prosperity of the company over whose 
interests they watch. When engineering under- 
takings are thus dealt with in their passage from 
mere projects to their final accomplishment, we may 
expect to find more of them remunerative, and thus a 
greater desire on the part of the public to invest in 
them. Although we can hardly hope for such a com- 
bination of honesty and morality as that we have de- 

icted to attend any one project from birth to man- 
food in our days, we may yet hope that the results of 
the withdrawal of all public confidence during two 
years may compel those who would not be touched by 
any feelings of morality at least to have found the 
truth of the old adage as regards “honesty” and 
“policy.” We may thus, taking into account that there 
are also some honest men left in the world, hope to 
see some improvement in the mode in which under- 
takings are offered to the public, so that they may at 
least have a better chance of distinguishing the wheat 
from the chaff. 

We may hope, therefore, that some vitality will be 
shown this year in enterprise embracing engineering 
works, and amongst these no one can doubt that tele- 
graphs stand amongst the foremost that have yet to 

vastly extended, both on account of their import- 
ance in a political and commercial point of view, as 
well as on account of the liberal return they afford to 
investment. 








The doubt which formerly existed as regards the 
Practicability of ocean telegraphy has been nearly en- 
Ulrely removed by the success of the Atlantic cables. 
One of these cables was successfully submerged with- 
out a hitch, and has since been successfully repaired 
each time that it has broken down; and although the 
faults in both these cases were within one hundred 
miles of the coast, the fact that the broken end of the 
other cable was recovered in 1900 fathoms places the 
possibility of repair, as long as the iron wires remain 
unweakened by rust, in any part of the route almost 
beyond doubt. We say almost, because there remains 
still always a doubt as regards the nature of the 
ground for dredging at each particular portion of the 
route. But even allowing that the outer covering of 
these particular cables will sooner or later become so 
impaired by rust that their recovery when injured will 
become impossible, there remains the fact that as long as 
a cable can be laid of such design that it will remain in 
a fair state of preservation for a reasonable period, so as 
to conserve something near its original strength, it can 
be grappled, raised, and repaired in very great depths 
when any local accident to it occurs, whether from 
mechanical and natural causes, such as an iceberg, or 
from any defect in its properties at any particular spot. 

It is imperative, therefore, on the part of those 
who attempt to deal with ocean telegraphy to kee 
in view the necessity of designing cables that will 
retain their original mechanical strength as long 
as possible, so that they can be handled for repairs. 
In fact, it is only necessary to keep the same principles 
in view as regards maintenance for deep-sea cables as 
those which have long been taught by experience, and 
acknowledged as necessary ‘for tle permanent success 
of shallow-water telegraphs. These principles may 
almost be summed up briefly in the following advice : 
Keep in view that the cable may at any day require re- 
pair or renewal at any one portion, and that it must 
therefore be of such construction as will enable it to re- 
main for years sufficiently strong to allow of its being 
grappled, raised, and handled. These are the first 
considerations to be attended to on the part of those 
who are to become the owners of any submarine tele- 
graph, when laid; and, with these considerations ad- 
hered to as a sine gud non, the design of the cable may 
be modified as far as possible so as to meet the views 
of the contractors, who have to undertake the re- 
sponsibility and risk of submerging the cable, and 
whose sole object will naturally be the selection of a 
cable of such design as will present the least possible 
risk of accident during the —e of submergence, 
quite regardless of its qualities for durability and 
facility of maintenance. 

In fact, the more we learn of ocean telegraphy the 
more the broad distinctions which have been urged as 
existing between deep-water and shallow-water cables 
seem to disappear. Cables are no more infallible in 
deep water—witness the deep-water cables in the 
Mediterranean and Red Sea—than they are irre- 
parable—as proved by the Atlantic. Although, 
therefore, deep-water cables are, in fact, nearly as 
liable to accident as shallow-water cables, we have 
every reason to expect they will soon be so constructed 
that they will be repaired and maintained with the 
same certainty as are those across our shallow seas. 
There is not the slightest difficulty in this. The 
reason that cables in the Mediterranean and Red 
Sea have been irreparable when they have failed has 
simply been the result of their being designed for 
submergence only, and not for maintenance. There is, 
therefore, every encouragement, in an engineering point 
of view, to a bold extension of submarine telegraphs, 
in moderately shallow water where possible, and in 
deep water where necessary. 

Of their success in a commercial point of view we 
have treated more in detail in our number of Feb. 8, 
1867. We will only mention here, that the receipts on 
the Atlantic cables must be sufficient to pay at least 60 
per cent. on the cost of a single cable. The Mediter- 
ranean extension cable between Malta and Sicily has 
long produced a revenue which would pay nearly 70 
per cent. on the cost of the cable. On the Persian 
Gulf cable the receipts for the year ending October 31, 
1867, were 92,314/., and the cost of maintenance and 
staff about 30,000/., and although this sum might 
possibly be reduced, this leaves a balance of 62,3144. 
20,0007. ws by yearly for depreciation would pay for 
the complete renewal of 100 miles per annum, or the 
renewal of the whole line in twelve years, and we are 
certain that many parts of the line will last for double 
that time. This leaves 42,000/. per annum, or 8 per 
cent. without any risk. With an extension of the lines 
to Australia this would be increased enormously. 

Foremost amongst the works which should be exe- 





cuted without delay, we think an extension eastward 
is the most important. The long-proposed Rangoon 
and Singapore cables should be at once taken up b 

private enterprise, if possible, but by Government if 
necessary. It was actually decided on once, and the 


ships had sailed with the cable at present laid between * 


Malta and Alexandria. Yet, in spite of the complete 
success of the Persian Gulf cable, now laid since 
March, 1864, or nearly four years, the Government seem 
to have abandoned all energy in these matters. It be- 
hoves our Government, we think, when private enter- 
prise is suffering unduly from a severe shock, to make 
some effort to restore confidence in works of utility to 
the State. The cost of a cable from Rangoon to 
Singapore would be about the same as that of the 
Persian Gulf cable, or about the expense of a couple 
of line-of-battle ships—much less than an ironclad. 
My Lords of the Admiralty can order, and build, and 
fail in building, and condemn any number of these 
without anybody being much the wiser, yet the ex- 
penditure of half a million on an engineering work of 
immense importance to the State and the public is 
looked on as too much responsibility on the part of 
my Lords of the Treasury, and this simply because of 
the one unfortunate failure, the Red Sea telegraph, 
where an absolute guarantee for fifty years was given 
by Government, whilst the design and construction of 
the cable was left in the hands of contractors who had 
only to guarantee it for a month. This was certainly 
foolish enough, but how many blunders in the expen- 
diture of other departments are the Government re- 
sponsible for without necessarily giving up in despair ? 

The Malta and Alexandria has been tolerably suc- 
cessful, and the Persian Guif cable entirely so, and 
there is no reason why the Government should not 
extend our lines abroad if private enterprise will not: 
This would be a far more rational course than the 
idea of taking over our internal lines, which can be 
much better managed by competing companies. Such 
a as Persia, Arabia, Turkey, Singapore, &c., are 
egitimate localities for telegraphs under the immediate 
care and protection of our Government. 

The line down the Red Sea, from Suez or Cosire to 
India, is another which, in a mere political point of 
view, should be at once constructed. There is no 
reason, because a cable guaranteed for a month failed 
in twelve, why a cable in these localities should be 
abandoned as in the least impracticable. At present, 
should we ever be at war with Russia, their first step 
would be an attempt to destroy the land lines in 
Persia and in Turkey in Asia, and thus cut off all com- 
munication with India. Had a cable been laid down 
the Red Sea to Perim and Aden a year or two ago, 
a branch could easily have been laid to Massowah 
from Perim even at a month’s notice. We never can 
tell when a telegraph down the Red Sea may be of 
vastly greater importance even than it would be at 
present, and this even setting aside the question of a 
second and independent telegraph to India. 

As regards the Atlantic, there is no doubt a field 
for competition, and we hear that no less than three 
separate parties are trying for concessions, &c., in 
Paris in regard to a line from Brest to St. Pierre 
(where the Placentia cable touches). We should be 
sorry to see any reduction in the receipts of the At- 
lantic Company until the original shareholders are re- 
ceiving a fair dividend, for they, above all, deserve it ; 
but it seems probable that there will soon be competi- 
tion. These lines may fairly be left to find their level 
without Government aid; but although many other 
lines, including the extensions to Australia from 
Singapore, offer fine fields for investment, and will, we 
hope, make some eg 90 this year, they cannot be 
expected to find their level like lines starting from 
England. What is required as regards Eastern 
lines is that our Government should take a liberal 
view of the matter in various ways, even if they do 
not, as we contend they should, construct these lines 
themselves. At any rate, a different spirit should be 
shown to that which prompted the Admiralty to refuse 
in 1865 to take a few soundings for the lines between 
Java and Australia without being first guaranteed 
24,000/. from the promoters of the company. Cap- 
tain Sherard Osborne was lately complaining bitter 
in the Zimes that our navy had nothing todo. Yet with 
all our ships it appears my lords at the Admiralty 
are so minutely particular, such business men, and so 
economical (witness our a ty expenditure), that 
they really cannot think of telling off a ship to take a 
few soundings without seeing their way clear to get 
every farthing of the expense back. We suppose, if 
there was a war with France, they would ascertain 
whether the Emperor would pay for the Armstrong 
shells before they gave our admirals orders to fire, 
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ELASTICITY OF IRON AND STEEL. 


We have on previous occasions noticed a series of 
very valuable tests of iron and steel made by M. Knut 
Styffe, the director of the Polytechnic College at 

. Stockholm, and we now bring before our readers some 
of the results and conclusions arrived at by this 
authority. The experiments in question were con- 
ducted for the information of a Government committee 
— to report upon the applicability of steel, and 
the relative value of steel and iron for the manufacture 
of railway details. The experiments and tests in- 
cluded a very large number of samples of iron and 
steel made in Sweden by the different processes in use 
in that country, and also samples of Krupp’s steel, 
Lowmoor iron, Cleveland and Welsh iron, and some 
bar iron from the Earl of Dudley’s works. The rela- 
tive merits in respect to tensile strength and flexibility, 
as shown by the results of these tests, are similar to 
those found by other experimenters in different coun- 
tries. They show for steel of the softer kinds about 
double the absolute strength, and an equal flexibility, 
as compared with good qualities of iron; for the best 
Swedish brands of wrought iron a strength only 
slightly superior to Lowmoor, and less uniformity in 
the quality of different samples; and for Cleveland 
iron, a very good average result. It is not, however, 
the comparison between different kinds of iron and 
steel which has made these tests so particularly valuable, 
but it is the peculiar mode of condusting these experi- 
ments, and the general facts relating to strength and 
elasticity of materials which have Ba deduced and 
proved from them. M. Styffe’s principal aim was to 
establish the precise limit of elasticity for each — 
under test, this being the only true and really valuable 
measure of its strength. The existing characteristic 
or definition of the elastic limit, however, was very 
unfavourable to such a proceeding. According to that 
definition, the elastic limit of any material is the load 
per unit of sectional area which will effect a perceptible 
permanent set. Now the perceptibility of such per- 
manent set depending upon the accuracy of measure- 
ment, and upon the sensitiveness of the measuring in- 
struments, it follows that an accurate determination of 
the elastic limit by direct measurement is an im- 
ew. There is, moreover, another fact which 
vas been established by M. Styffe in the course 
of his experiments, and which interferes with all 
very minute measurements of permanent set: viz., 
a bar, after having been elongated by a given weight, 
does not contract to its normal size immediately after 
the removal of the load, but it contracts very gradually, 
the apparent permanent set becoming smaller and 
smaller in the course of a certain length of time. 
This want of precision in the practical value of the 
elastic limit, as hitherto pill ~w conceived, induced 
M. Styffe to search for another definition of the elastic 
limit, i.¢., a different mode of scientific expression for 
the same abstract idea. The relative proportion of the 
amounts of permanent set produced by a given in- 
crease of load suggested itself as a means for arriving 
at that desired end; but this required that the propor- 
tionality of tractive force and permanent set produced 
by it should be established first of all. If an iron or 
steel bar is strained beyond its elastic limit, it will give 
way, and the amount of its extension, up to its ulti- 
mate fracture, is a mere question of time, so that 
actually any amount of extension or permanent set, or 
even the ultimate fracture of the bar, may be effected 
by a given strain which exceeds the elastic limit. 
Leaving the element of time out of consideration, 
there is therefore no proporiionality between the loads 
and the permanent extensions produced by them 
beyond the limit of elasticity. The case is different, 
however, if we limit the time of action. The exten- 
sion of a bar bya load during a-given time is to a 
certain extent proportionate to the load applied, and 
it required only to be established by experiments what 
kind of proportionality or ratio exists between these 
two elements in order to establish some of the most 
important laws in mechanical science. This problem 
M. Styffe has solved to a considerable extent. He 
measured the pefmanent sets produced on bars of iron 
and steel by gradually increasing weights, applying 
each weight for a measured space of time, the time of 
action being made proportional to the increase of 
load. For instance, a bar of Swedish Bessemer steel 
subjected to a tensile strain of 600 ewt., showing no 
permanent set, would be loaded, say, with 606 ewt., 
the augmentation being 1 per cent. of the original load, 
and the time'given for this action would be one minute ; 
if desired to make greater additions at a time, say 
loading with 612 ewt., the time required for the action 
of the load increased by 2 per cent. would be two 
minutes, and so on in proportion. It is immaterial 





whether the time is counted in longer or shorter 
intervals, so long as these intervals are proportional 
amongst each other to the increments of strain or 
weights applied. With a tensile strain of 660 cwt. 
(our figures are from an actual test of a Bessemer 
steel rolled bar made at Carlsdal, in Sweden), the bar 
showed a permanent set of $ per cent. of its length; 
the effect of 720 ewt. was a permanent set of about 
1 per cent., and so on between the elastic limit, and 
very near the point of fracture; the permanent set 
increasing by .95 per cent., as an average, for every 
100 ewt. of tensile strain added and maintained through 
its proportionate length of time. The regularity shown 
by all the experiments made leaves no doubt about the 
actual proportionality of the forces, and the permanent 
extensions produced . them ; and the law so discovered 
is very nearly expressed by the statement that the 
permanent set is simply in direct proportion to the in- 
crements of tensile strain. The nearer we come to 
the elastic limit, the closer is the coincidence of actual 
observation with the above general law, but taking the 
whole range between elastic limit and point of frac- 
ture, there seems to be a certain variation of the ratio 
hitherto not sufficiently accounted for, although M. 
Styffe inclines to the hypothesis that this variation is 
due to the increase of temperature caused by the work 
expended upon the bar in effecting its elongation. 
M. Styffe tested one bar which was immersed in cold 
water during the whole operation, so that the tem- 
perature of this bar remained very nearly uniform 
during the test, and the irregularity usually observed 
with similar specimens was then almost imperceptible. 
The sum-total of all this evidence, obtained from several 
hundred carefully conducted experiments, justified M. 
Styffe in considering it as a fact proved by direct expe- 
riments that the increments of permanent set are 
directly proportional to the increments of tensile 
strains applied for producing them. If we illus- 
trate this law by a graphical representation, it appears 
simply in the form shown in Fig. 1. Making 
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A «# the datum line, and representing upon it the 
original length of the bar, O/, to any convenient 
scale, representing the amounts of permanent sets or 
elongations effected by different tensile strains by the 
proportionate lengths, 72, and /2,. and the corre- 
sponding strains per square inch of section by 27, 
and 22 Yq (the ordinates); then the line, O, m, which 
represents the curve of expansion, will be a straight 
line of a certain inclination to the datum line, and will 
cross the latter atO. Now, if we erect the ordinate, 
E /, which corresponds to the original length of the 
har, it follows that its length represents the amount 
of tension, which, under equal circumstances, corre- 
sponds to the original length, or to the point at which 
permanent set is commencing, which is the limit of 
elasticity of the bar. This graphic illustration, there- 
fore, gives a precise and unmistakable amount for the 
limit of elasticity which can be derived from a number 
of tests of permanent sets effected by strains exceed- 
ing that elasticlimit. It is, of course, equally feasible 
to fix this elastic limit by a mathematical formula, or 
bya rule, instead of bya graphic representation. The 
rule would be the following: The limit of elasticity is 
that strain per square inch of section which bears the 
same proportion to the increment of strain producing 
a given permanent set as the original length of the bar 
bears to this permanent set, and the formula is, 


E=p', calling E the elastic limit, p the addition of 


strain which produced the permanent set /, and L the 
original length of the bar. The practical mode of pro- 
ceeding for ascertaining the elastic limit of a bar would 
be, therefore, carried out in the following manner : 
The bar is strained by the application of sufficient 
weights until a permanent set is perceptible ; after this 
an additional weight is added, and the new permanent 
set so produced measured. This additional weight 
then represents p, and the effected elongation is equal 
to Zin the above equation. The original length of the 
bar, L, being known, the precise value of E can be 
calculated. For the sake of ensuring superior ac- 
curacy, a series of different permanent sets, and of 
their corresponding strains, should be ascertained by 
experiment, and the value of E ascertained from 
each independently ; the coincidence of the values 
so ascertained will then be a proof of the cor- 
rectness and reliability of the result. This is the 





method followed by M. Styffe in his own tests; 
but some of his colleagues and assistants have pre- 
ferred another course. ‘They have graphically formed 
an expansion curve, not by drawing a straight line in 
the manner shown by us, but by recording the expan- 
sion as practically observed in a series of trials. The 
curves so obtained were sufficiently near a straight line, 
yet there were those irregularities or deviations of 
which we have previously spoken. The general 
character of such an expansion curve derived by actual 
experiment is shown in Fig.2. It is nearly straight 
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up to the limit of elasticity, where it seems to take a 
somewhat different course; but there are permanent 
sets perceptible in practice under smaller strains than 
those which by this method of research are fixed as 
the elastic limit. Those permanent sets, however, seem 
to follow a different law, and this difference is indicated 
by the irregularity of the expansion curve at that spot. 
From a graphical representation of the expansion 
curve it is therefore easier to point out the elastic 
limit by fixing it as the ordinate, /y, corresponding to 
the point where the curve is sharpest. This point, if 
sufficiently marked, will, however, very nearly coincide 
with that obtained by M. Styffe’s formula, a fact which 
has been proved by experiments. The proportionality 
between the increments of strain and the permanent 
expansions produced at the same time affords a measure 
for the ductility or malleability of the materials, or, as 
they are often called, softness or hardness. M. Styffe 
recorded the permanent sets produced by every five 
tons of additional strain in per cents. of the original 
length in a column of his tables, and this figure is his 
measureof ductility; itranges from 8.47 to 6.63 per cent. 
for the different kinds of Swedish Bessemer steel tested 
by him; reaches 11.55, and even 13.66, for Lowmoor 
iron; andthe maximum recorded is 24.64 per cent. given 
by a rolled bar of Swedish iron from the celebrated 
works at Motala, a sample which showed an elastic 
limit of 17 tons per square inch, and a breaking load 
of 21 tons. M. Styffe has also ascertained the effect 
of differences of temperature and of repeated strains 
upon iron and steel by direct experiments, the general 
results of which we shall publish on an early occasion. 














INSTRUMENTS FOR STEEL-MAKERS. 
In our days, when it requires a knowledge of the 
properties of steam for working a plough of modern 
construction, the requirements of scientific refinement 
make themselves felt in every branch of industrial occu- 
pation in a still more marked proportion. Ironmasters 
analyse their ores and their fuel, and send out the 
price lists of pigs and bars with the chemical com- 
position of the former and the tensile and compressive 
strength of the latter tested and certified by acknow- 
ledged professional authorities. Steel plates, steel 
rails, and steel forgings are guaranteed, not only with 
regard to their breaking strength or elastic limit, but 
also with regard to their flexibility, or to the amount 
of work which can be expended in altering their form 
or molecular arrangement without exceeding their 
limit of elasticity; forgings are tested for soundness 
by the magnet, and the microscope is applied to the 
fractures of iron and steel for the examination of their 
crystalline structures. The same appeal to scientific 
research for the most delicate instruments which prac- 
tical science is capable of furnishing is made by those 
who follow the iron or steel through its different stages 
of manufacture, or by the “ makers” of iron and steel, as 
that which has been made in their turn by the purchasers 
and consumers of this material. Chemical analysis, 
— analysis, the thermometer and pyrometer, the 
photometer, the durometer, the carbon test, and a 
great number of other instruments and tests, many of 
which are now well known to our readers, are in more 
or less general application in iron and steel works, 
and we will now only select a few of the most modern 
for our description. The greatest number of these 
novelties apply to the Bessemer process, and particu- 
larly to the assistance of the eye in distinguishing the 
moment when decarburisation is complete. This has 
been called the ‘‘ Achilles’ heel” of the Bessemer process 
by some Continental steel-masters, and, indeed, marked 
as the change of flame appears with most of our hematite 
irons, there are very many kinds of pig iron which 
o_ extraordinary difficulties in this respect. We 
ave only recently published an account of the experi 
ence obtained at the Kénigin Marienhiitte, in Saxony, 
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where an intense cloud of smoke coming from the con- 
verter at the end of the charge prevents the observa- 
tion of the flame, and where success has been attained 
in the Bessemer process only after the discovery of 
the slag test now in use at those works. We 
have from time to time recorded the attempts 
made with a view of utilising the spectroscope for 
the purpose of a precise distinction of the different 
stages of the Bessemer process. The spectral lines 
have been expected to appear either bright, if due to 
the flame itself, or dark, like the lines in the solar 
spectrum, if the condition of the flame were of a more 
complicated character. Both bright and dark lines 
have been seen ; but for a long time nothing could be 
made of them, and the spectroscope has been kept in 
some of our steel-works as.a toy to amuse professional 
and other visitors. On the Continent, the patience of 
experimenters was less quickly exhausted, and we have 
now to record the first steps towards actual success in 
that direction. Professor Liellegg, in Gratz, has laid 
before the Imperial Academy of Sciences, in Vienna, 
an elaborate record of his observations of the Bessemer 
flame in the steel-works of the Southern Railway Com- 
pany of Austria, in Gratz. He states that the con- 
verter flame shows a series of bright lines, which stand 
out of the rest of the spectrum, and can be distin- 
guished even with the simplest kinds of spectroscopes. 
These lines, however, do not appear till the “ boil,” or 
period of decarburisation, has fairly commenced, and 
some of them disappear before the charge is completed. 
In the earlier stages of the process, bright lines are 
visible also; but they belong to sodium, lithium, and 
potassium, and have nothing to do with the process; 
they remain constant throughout, and may be con- 
sidered as accidental or rather unavoidable attributes 
of every spectrum of thiskind. The bright lines which 
appear during the process of decarburisation reach 
from the sodium line in the yellow to the strontium 
line in the blue field, and divide this space into four 
almost equal parts. The first division lies between 
the sodium line and a very bright new line in the 
yellow field; the second occupies the green field, and 
contains three bright lines of a green colour, the third 
being the brightest, and at the same time the division 
line of that field from the next, which contains four 
greenish-blue lines; the last division is in the blue 
field, and has four lines of equal breadth and lucidity. 
With an increased intensity of the flame, and a corre- 
sponding brilliancy of the spectrum, the spaces in the 
dark green and blue field, standing between the bright 
lines, appeared darker and darker, a phenomenon due 
either to the optical contrast or to absorption of light, 
and the effect upon the eye may be in some cases equal 
to the appearance of dark lines in these places. To- 
wards the end of the operation, most of these lines 
disappear, and the spectrum looks similar to that 
which is seen at the commencement. The lines ob- 
served by Professor Liellegg are brightest at the end 
of the boiling, when the flame becomes pure and white. 
The flame which shows these bright lines is principally 
due to the combustion of carbonic oxide gas, so that 
these lines, or most of them, appear to belong to that 
compound. Professor Liellegg’s researches have not 
as yet found any application in practice, but they form 
the first step ever made successfully in that direction, 
since they include the discovery of visible marks and 
changes of marks corresponding to the different stages 
of the process in the spectrum of the Bessemer flame. 
At the Atlas Works, Glasgow, a very cleverly 
arranged instrument has been in use for some time 
past for observing the converter-flame. It consists of 
a square thin frame which contains a combination of 
coloured glasses, giving together a very dark neutral 
grey. . Looking at the flame through these glasses 
affords the double advantage of preserving the eye 
from the unpleasant effects of the brilliant light, and 
of making all smoke and other disturbing changes in- 
visible. The flame looks white when observed 
through this glass so long as it has that intense 
brilliancy which is due to carbon, but it changes into 
a deep red colour at the moment the combustion of 
carbon is at an end. The combination of glasses con- 
tains one dark yellow and two blue glasses, but other 
colours may be mixed or combined according to the 
greater or less sensitiveness of the observer’s eye for 
certain shades of colour. The rationale of this is 
simply the diminution of the quantity of light pre- 
sented to the eye, which is thereby enabled to judge 
better of the different changes taking place in the 
flame. The rudest form of applying this principle 
was known to the Sheffield workmen long ago. They 
avoid looking into the flame towards the end of the 
operation, and select a whitewashed wall or some 
similar-object illuminated by the flame as their object 





of observation. The change of light is more a 
visible in that way than by looking at the flame itself, 
the cause being of course the lessened intensity of 
the reflected light compared with the direct rays. A 
proposal has also been made to use a photometer for 
observing the sudden decrease of light in the Besse- 
mer flame at the end of the period of decarburisation. 
This appears very sensible, and can easily be tried; 
but we are not aware whether or not such a trial has 
been made. 

An instrument for testing the hardness of steel rails, 
invented in France and exhibited at the late Paris Ex- 
hibition, has obtained the name durometer. The in- 


strument in the Paris Exhibition was the make of 


Messrs. Froment, in Paris, the well-known makers of 
scientific instruments or “ instruments of precision.” 
This durometer is virtually a small drilling-machine, 
which works by hand or machine power, and registers 
the number of revolutions of the drill-spindle, and also 
registers the amount of feed. The feed is not given 
by gearing, but by the application of a weight to the 
back of the drill-spindle. This weight is of course 
carefully ascertained, and forms one of the elements 
in the test. With a given weight to load the spindle, 
and supposing the friction of the machine and the 
state of the cutting edges of the drill to be always 
constant—rather a bold supposition—the hardness of 
the rail is considered inversely proportionate to the 
depth of feed obtained with a given number of revolu- 
tions. Although we do not consider this instrument 
very reliable, we believe it would be sufficiently sensi- 
tive to assist steel-rail makers in discovering rails of 
excessive hardness. To the utility and convenience 
in the application of the microscope to the examination 
of steel fracture we have already drawn the attention 
of our readers. We nowillustrate a pocket microscope 
as made by Mr. T. White, of Buchanan-street, Glasgow, 
for that purpose. ‘This is an achromatic combination 
of six lenses (three crown and three flint glass), and is 





enclosed in a cylindrical case which opens in two halves ; 
the inside of the case to which the lens is attached is 
electro-plated, and polished so as to form a reflector 
in front of the lens; at the same time this projecting 
portion forms a gauge for the focus of the lens, which 
is brought down upon the fracture until the projecting 
rim touches the object and rests upon the steel so as to 
avoid vibration. The instrument is represented full 
size, and from this it will be seen that it is a very 
convenient pocket-companion. 








ABYSSINIA. 

By the latest advices from Annesley Bay, we learn 
that the works for facilitating disembarkation at that 
point are progressing rapidly, considering the very 
great natural difficulties of the place. The first pier 
was approaching completion. tt is upwards of 900 ft. 
long, by 25 ft. wide, and runs out into ten feet of 
water. It is made of stones, every one of which had 
to be brought in boats from the opposite side of the bay, 
and each piece of which has had to be collected by Dana- 
kils, brought down to the beach, passed from lend to 
hand to the native crafts, discharged again one by one 
on the opposite side of the bay, and handled and re- 
handled e the sappers. The engineering skill in the 
construction of this pier has been, of course, but little, 
although the labour was immense. Troops, on arrival, 
may now march dryshod from the boats to the shore, 
whereas the pioneer force had to wade 300 yards knee- 
deep in water. The stores will be discharged from 
the boats to the trucks, and roll smoothly and easily 
along the tramway, while hitherto they have been 
landed on the shoulders of the lazy Shohos. It is 
stated that the authorities in India have despatched 
another pier, to be constructed on piles; and no doubt 
there would be ample room for still more piers, for 
nature offers no facility whatever. 

With regard to the road into the interior, we have 
dealt with that subject in a separate article. It was 
intimated by a native to the correspondent of a con- 





temporary that these highways would enable our 
enemies to fall upon us with much greater ease than if 
we had left the jungle standing. 

The telegraph establishment in Abyssinia.is to be 
under the superintendence of Lieutenant St. John, 
and will comprise two assistant superintendents from 
England, a one from Bombay, with twelve signallers. 
It has just come to our knowledge that a line of tele- 
graph is to be at once laid between Annesley Bay and 
Suez, soas to expedite the means of communication 


with England. 








TWIN-SCREW ENGINES. 

We give, on the next page, engravings of some marine 
engines which have recently been constructed by Messrs. 
Escher Wyss and Co., of Zurich, from the designs of Mr. M. 
Murray Jackson, for a twin-screw steamer intended for service 
on the Danube. As will be seen by the illustrations, there are 
two pairs of engines, one pair to each screw-shaft ; and they 
are each of 25 horse power nominal, or 50 horse power collec- 
tively. The two pairs of engines work quite independently 
of each other as he as their valve gear, &c., is concerned ; 
but they are carried upon the same bed-plate, and there is 
but one air-pump and condenser common to both pairs of 
engines. The engines are on the high and low pressure 
system usually adopted by Messrs. Escher Wyss and Co., each 
pair of engines having its two cranks at right angles to each 
other. This arrangement necessitates the introduction of a 
receiver for the steam between the high and low pressure 
cylinders, this receiver being formed in the case of the engines 
we illustrate by the valve-chest of each low-pressure 
cylinder. 


The slide valves are of the ordinary three-ported kind, 


and are driven by link motion, there being an independent 
valve gear for each valve. Each pair of engines is provided 
with independent screw reversing gear, and the cut-off of 
the steam in the small cylinders can be made to take place 
at from ,*; to x ofthe stroke. The air-pump is worked from 
the crosshead of one of the low-pressure cylinders, through 
the intervention of a beam with unequal arms, as shown in 
the transverse section, Fig. 2, and sectional plan, Fig, 3. 
Both the air-pump and bucket are of cast iron, and the valves 
are of india-rubber, working on brass grids. 
The principal dimensions of the engines are as follows: 


it. im, 

Diameter of high-pressure cylinders eee ove 1 O% 
Stroke me Pa A 1 
Diameter of low-pressure cylinders 1 8 
Stroke pr ‘ B 1 4 
Diameter of air-pump 1 3 
Stroke ‘* ove ooo 0 9 
Length of connecting-rods _ .,. one eve ose 3.0 
Distance between centres of high and low pressure 

cylinders of each pair of engines . ove 210 
Total width of engines over base plate 9 0 
Centres of screw-shafts one eee eee ove 6 6 
Diameter of crank-shaft bearings ... 4. 0. «00 44 
Length ,, is B. cal 0 9 
Diameter of crank-pin nS Oo 4 
Length m 04 
Diameter of propellers tee oes 5 0 
Pitch e ‘is oes eee bee 6 8 


” 
Number of blades oe ove eee 
The working pressure of the steam is 65 1b. per square inch, 
and the boilers are fed by injectors. 

The vessel to which the engines above described have been 
fitted; is 200 ft. long by 24ft. beam, and has a draught of 
from 5% ft. to 6 ft. On her trial she was loaded with 400 tons 
of corn, and towed two barges, each containing 200 tons, the 
total net load being thus 800 tons. Under these circum- 
stances, and working against stream, the propellers were 
driven at 160 revolutions per minute, and the consumption of 
coal was 44 cwt. per hour. 








WREDE’S REFLECTING LEVEL. 
To tHE Epitor or ENGINEERING. 
Srz,—In my description of a levelling-instrument, which 
I sent to you a few days ago (see page 36 of the last 
number) a wrong measure was given, which I hope you will 
be kind enough to correct. Instead of saying, “the double 
“ distance from the back of the mirror to the card in the 
“instruments made here is 20.88 millimetres, or the half. 
“ distance=10.44,” it ought to be 207 millimetres the double 
distance, and 103.5 millimetres the half-distance. 
Yours truly, 
Peter J. Brurr. 
Ternbane Contor, Christiana, Jan. 5, 1868. 








Cnir1.—An additional railway section has just been 
opened for traffic in this interesting republic. All the ports 
of the Chilian coast are now united by stedm lines, which 
also extend from Valparaiso to Panama and San Francisco, 
and by these two points to China and Japan, on the one 
hand, and, on the other hand, to Europe by borrowing the 
American railway from Panama to Colon. As regards rail- 
ways already completed, Chili possesses a line from Caldera 
to Copiapo, traversing the principat:mining districts, and 
throwing out branches to Pabellon and Charmacille. i 
line cost 6,030,7217. A line from Coquimbo to the Serena, 
and another from Valparaiso to Santiago cost, between them, 
13,300,0001. Finally, a southern line from San Fernando to 
Curico cost 8,021,533/. 

Tue Corton Trapr.—The average weekly deliveriés of 


cotton from Liverpool to the trade in 1867 were 47,290'bales.’ ’ 


This year—which has not at present made much progress? 
the corresponding average has been 45,060 bales. The 
average weekly consumption of the United Kingdom in 1867 
was 49,090 bales, as compared with 46,850 bales in 1866. 
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TWIN-SCREW MARINE ENGINES. 


DESIGNED BY MR. M. MURRAY JACKSON, AND CONSTRUCTED BY MESSRS. ESCHER WYSS AND CO., ENGINEERS, ZURICH. 


(For Description, see preceding Page.) 
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IRON AND CONCRETE FLOORING. 


MESSRS. RICHARD MORELAND AND SON, ENGINEERS, LONDON. 








Tue new system of constructing floors, which we illus- 
trate by the above engravings, has been designed and 
recently patented by Mr. Richard Moreland, junior, of the 
firm of Messrs. R. Moreland and Son, of 3, Old-street, and 
it is one which appears to possess many advantages. The 
method of construction is very simple, and will be under- 
stood from the engravings with but little explanation. In 
the case of large areas, the flooring consists of wrought-iron 
main girders placed at convenient distances apart, these 
girders supporting on their lower flanges a number of inter- 
mediate wrought-iron bow-and-string girders, constructed as 
shown in Figs. 1 and 2. Where the span is moderate, the 
main girders may be dispensed with, and the flooring carried 
by the bow-and-string girders alone, these girders in such 
cases of course extending from wall to wall. On the upper 
or curved side of the bow-and-string girders are placed sheets 
of corrugated iron, the corrugations running at right angles 
to the line of the girders, po over these is a layer of con- 
crete. In some instances this flooring is formed by simply 
filing in this concrete to the level of the upper sides of the 
main girders, as shown in Fig. 1, whilst in other cases the 
concrete is covered by a wooden floor fastened down to floor- 
ing joists, as shown in Fig. 2. The ceiling joists are notched 
or otherwise fixed to the lower members of the bow-and- 
string girders, and are Jathed and plastered in the usual way. 

It will be seen by the engravings that the corrugated iron 
is supported at the sides of the arch by filling-pieces, and in 
cases where the undersides of the girders are not ceiled, these 
filling-pieces are shaped so as to form ornamental mouldings. 
The girders are constructed in the simplest manner, the 
angle irons being used in one length throughout, and there 
being consequently no riveted joints with the exception of 
those — connect the top and bottom members and 
the bracing. e shape of the girders causes the concrete 
to form an arch, the thrust of which is resisted by the inter- 
mediate girders, these latter and the corrugated iron covering 
also forming a permanent centering. The spaces between 
the corrugated iron covering and the ceiling form very con- 
venient air-flues, which may be used for the purposes of 
warming or ventilation. They also prevent the communica- 
tion of sound from one story to another. 

Experiments which have been made with flooring con- 
structed on this plan show that it possesses great rigidity 
and strength, and that it also resists the impact of falling 
bodies very efficiently. The results of some tests on the effect 
of impact are illustrated by Figs. 3, 4, and 6. The arch on 
which these experiments were made was of 8 ft. 14 in. span, 
measured from centre to centre of main girders, and the bow- 
and-string lattice girders were 8 ft. long, 8in. deep at the 
centre, and were placed about 3 ft. apart from centre to 
centre. The top and bottom chords of these intermediate 
girders were formed of 1}in. by ljin. by din. angle irons, 
whilst the verticals were bars 2in. by };in., and the diagonals 
1pin. by fin. The two main girders were 20 ft. long by 
1 ft. 6in. deep, and their flanges were formed of pairs of 4 in. 
by 4in. by 4 in. angle irons. The main girders were tied to- 
gether with rods. The covering of the intermediate girders 
consisted of corrugated iron No. 20 wire-gauge thick, and 
with 3 in. flutes, and over this was a layer of concrete formed 
of broken brick and gypsum. The arch had been made 

twenty days when it was experimented on. 

One test consisted in raising a cast-iron weight of 650 Ib., 
and allowing it to fall on the centre of the arch between two 
of the bow and string 2 cog The weight penetrated the 
concrete 4in., and produced the fracture shown in the en- 
gravings. The corrugated iron was bent and deflected 44 in., 


and the angle irons forming the top chords of the adjacent 
intermediate girders were also slightly bent, the top Seine 


not otherwise injured, and the intermediate girders were not 


deflected. In a second experiment the same weight was 
raised 16 ft., and was allowed to fall on one of the haunches of 
the arch between the bow-and-string girders, as shown. The 
weight penetrated and fractured the concrete arch toa depth 
of yal 4in. to 44in., and bent the corrugated iron down 
44 in., but did no further injury to the bow-and-string 
girders. Our engravings, Figs. 3, 4, and 5, are respectively 
a longitudinal section, transverse section, and plan of the 
experimental flooring ; and they show, as we have stated, the 
condition of the arch after the application of ths tests above 
described. The results of these tests are very satisfactory, 
and speak well for the resisting power of the flooring con- 
structed on Mr. Moreland’s system—a system which, from its 
simplicity and economy, appears likely to be extensively 
adopted. 








RAILWAYS IN TURKEY. 

Tue Turkish correspondent of the Times writes as follows: 
“Of all the strange things the Sultan saw on his journey 
nothing seems to have produced a greater impression than 
the rapid means of locomotion by rail, and nothing seems to 
have caused greater satisfaction than re-entering his own 
dominions by the Rustchuk and Varna Railway—a railway 
in his own dominions. It is probably owing to this that the 
guarantee claims of the existing lines have been for the first 
time thought of, and that the projectors of the great lines 
from Belgrade to Constantinople, and from Scutari across 
Asia Minor and Mesopotamia to Bassorah, have found the 
Government so willing to listen to their proposals. For the 
first of these lines the preliminary concession has been given 
some three months ago, and just now negotiations are 
carried on for a definitive arrangement. e capital is 
said to be found, and the caution money to be ready the 
moment the definitive concession is signed. As the 
negotiations with the Servian Government have not led 
to a satisfactory solution, the project now is to carry 
the line either to Widdin and join the Austrian lines 
somewhere about Orsova, or else to take the line from 
Sofia, between Servia and Montenegro, into Bosnia, and 
so on to the Save and the Austrian frontier. It is, how- 
ever, probable that when the Servians see that one can 
do without them they will tone down somewhat their preten- 
sions. For the line from Scutari to Bassorah the preliminary 
concession is likewise given. The concessionaires are to have 
two years for making the tracings of the line, and — 
this time the Government engages itself not to treat wit 
anybody else. The company, in the mean time, is to take 
the necessary steps with the British Government to get a 
conditional promise of carrying the Indian mail, and the sub- 
vention thus obtained, the proceeds of the telegraph line, and 
1 per cent. on the transit of goods are to be appropriated as 
a special guar)/itee for the payment of the line. e whole 
success of thir /ine, and, in a great measure, we may say like- 
wise, of that {vom the Austrian frontier to Constantinople, 
will depen! on the views of the British and Indian Govern- 
ments. A: for the importance of both these lines to Turkey, 
politically, commercially, and strategically, there can be no 
two opinions. Russia shares this opinion fully, for she does 
her best to prevext, if possible, their success. ese lines, 
which cut Turkey 1:g%< through, would open out the interior, 
facilitate administratic> greatly, and would place Turke 
quite in a different position in case of any -movement whic 
might be attempted in European Turkey.’ 








Tae CunaRD Fiexrt.—During the last twelve months the 
Cunard Company has sold eight of its oldest mail steamers. 
The fleet now comprises twenty steamers, all screws, with the 





rivet of one girder being started. 


The corrugated iron was 


exception of the Scotia, 











“T7ART NAVAL.” 
To Tue EpiTor oF ENGINEERING. 

Srr,—In reviewing the first part of Admiral Paris’s 
valuable work, L’ Art Naval, you bear testimony to “the 
“general fairness and candour with which he has discussed 
“the English ships,” objecting mainly to the conclusions of 
the gallant Frenchman, when he “ attributes the origin of the 
“ Bellerophon armour to the Chalmers target.” In this, 
however, you admit he was supported by “the first impres- 
“sion of the Iron-plate Committee.” I was not aware that 
the committee had changed their opinion on the subject, or 
that they ever considered the Chalmers and the Bellerophon 
targets to be alike. For my own part, I do not much object 
to the opinion of “ Mr. Reed himself,” as s ised in your 
article, namely, that “‘ Never were two structuresmore unlike.” 
They differed, in appearance, as much as a beam-engine 
differs from one with an oscillating cylinder; but there was 
a oneness of principle, nevertheless. In both targets tho 
armour plates were supported by edge plates, or stringers 
between the timbers of the backing, placed edgewise to the, 
blow. It was to this principle that the chairman of the com- 
mittee alluded, in parliament, when he said that, “One of 
“the most essential and valuable principles of the Chalmers 
“target had been embodied in the Bellerophon.” If, as you 
aver, “the committee were not at all well affected to Mr. 
“Reed,” their opinions were not long permitted to disturb 
him. The next morning, after Sir John Hay made the above 
statement in parliament, the committee received their age 
from the Board of Admiralty, who thereby constituted Mr. 
Reed the sole judge in a case between himself and another. 
Thus, as stated in the Times a few days back, “The Iron- 
“ plate Committee was dissolved at the very moment when 
“ their labours seemed about to be crowned by many useful 
“and practical results; and we now suffer from that false 
“step, on the part of the late Government, by having to 
“reopen the question when our forts ought to be almost 
“ completed.” Not only have our iron-fort plans suffered by 
the sudden dissolution of the committee, as evidenced in the 
Gibraltar shield, but Mr. Reed himself was deprived of 
valuable assistance, and a check, which would doubtless have 
exercised a salutary influence on the construction of our iron- 
clads, as well as on his own fame. 

Permit me to add that the “external horizontal frames of 
the Warrior” were not “precisely the same” as the edge- 

lates in the Chalmers target. e latter, as shown in your 

impression of the 27th ult., came clean through, flush with 

the outer surface of the timber planking, thus supporting the 

armour plate, while the Warrior stringers came only half 

through the 18-in. timber backing. 
I am, Sir, your obedient Servant, 

JAMES CHALMERS. 
London, January 14, 1868. 








Rartways In Perv.—The Lima Railways Company 
(Limited) have given notice “that the invitation for tenders, 
issued by the Government of Peru through the acting Chargé 
d’ Affaires in this country by advertisement on the 3rd inst., 
for the construction and working of a railway from Lima to 

dalena and Bellavista, is in contravention of the con- 
cessions held by them, and especially of a decree of the 
supreme Government, dated the 1st of June, 1858. 

RENCH STEAM SuHIprrinc.—In 1851 the Messageries 
Impériales possessed only thirteen steamers. In 1858 the 
number had been increased to forty-eight, and the company 
now own sixty-two, representing in the ag te 18,650 

wer. The Compagnie des Chantiers de 1’ has built, 

‘or M. Arman, two monitors, supposed to be intended for the 
service of one of the South American Republics. 
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WATER-PIPES FOR ABYSSINIA. | 
Tue conclusion arrived at in our former notice on 
this subject—that the iron pipes demanded, by tele- 
gram, to be immediately sent out to Abyssinia were 
intended to convey water from the foot of the Koo- 
inaylo Pass to Zoula—has since been confirmed by a | 
further telegram on the subject from Sir Robert | 
Napier. It is now about a fortnight since the first | 
telegtaiti was received, and it reflects no small degree of 
Gredit upotithe authorities at the India Office that such 
expedition should have been attained that the first ship- 
load of pipes has actually sailed from Liverpool, and, 
within three weeks of the order first arriving, it is 
fully expected that the whole 18 miles of pipes will be 
ott theit way to their destination, accompanied by ex- 
a pipe-layers and plumbers. In thus showing 
iow & Government department can, on emergency, 
exercise an amount of despatch in the execution of 
Busltiess scarcely capable of being exceeded, the Di- 
rector-General of Stores has 7 shown a a. is 
sessed of 4 energy ; and we may state also that 
ean Bhoasion he has sailed himself of the valuable 
serviées and advice of Mr. George Preston White, C.E., 
whosé iiime isso well known in connexion with the 
annual ¢ompetitive examinations of civil engineers for 
the Goverment service in India. 

In Utder'to expedite, as much as possible, the supply 
of tls pipes, the order for them was distributed 
amotiget the following firms: viz., Messrs. D. Y. 
Stewatt and Co.; and Messrs; Edington and Co., of 
GlasgéW ; Messrs, (Cochrane and Co., of Middlesboro’ ; 
and the Stavely Iron Company, ‘in Derbyshire. The 
pipes aré each 4in, in internal diameter, }3 in.thick, 
and 9 ft; Sin. in extreme length, giving 9 it. in.clear 
effective length when fitted; they are all supplied with 
bored std turned joints, as we before suggested should 
be dttie, in order to facilitate their being fixed to- 
gether in situ. Each pipe weighs about 14 ewt., and 
is calculated to resist a pressure of 400 ft. The head, 
however, to which it will be subjected is only 170 ft. 
In order to render the service complete, these pipes 
will be accompanied by screw-cocks and various other 
fitlings which are being supplied by Messrs. Simpson 
and Co., of Pimlico, 

The laying of water-pipes in an enemy’s country by 
a besieging army is quite a new phase in military 
tactics ; but as the telegraph in India was first similarly 
einployed as the army advanced to the siege of Luck- 
now, so, perhaps, in future years portable water-pipes 
may come to be a usual accompaniment of advancing 
armies, 
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Inisu Rartways.—A meeting, convened by the High 
Sheriffof the county of Antrim, was held yesterday week in 
Belfast, for the purpose of considering the question of the 
purchase of Irish railways by the Government. The High 
Sheriff, Sir Edward Coey, presided. Mr. Galt addressed the 
meeting, advocating the necessity for railway reform. He 
contrasted the railway charges in England and Ireland to 
show that they are excessive in this country, and that 
nothing can remedy the evil except Government interference. 
Colonel Shafto Adair, who sieell the first resolution, said his 
impression was that if the plan of purchase were to be of any 
value at all, it should be carried out in its entirety, so that 
there should be one well-understood, uniform, and respon- 
sible system of railway administration, and that it should 
become a substantive department of the public service. He 
would like to see the railway system become Governmental, 
and its managers have greater power to carry out its plans 
than individuals could have. Mr, M‘Gildowney moved are- 
solution recommending the adoption of the scale of fares 
suggested by the Earl of Lucan in his evidence before the 
Royal Commission—namely, 1d. for first-class, jd. for second- 
class, and 4d. for third-class passengers per mile. Mr. 
Thomas Lindsay, in seconding the resolution, advised all rail- 
way companies to reduce their fares from 50 to 33 per cent. 
Mr. Stannus, J.P., who followed, proposed, and Mr. Jackson 
seconded, a resolution urging the advantage of reducing the 
fares for the transit of catt'e and goods. A vote of thanks 
was passed to the Parliamentary Committee. 

METROPOLITAN AND New Sovran Waters Carrricrs.— 
Extract from a paper read by Mr. W. Bridges Adams before 
the Society of Arts on the subject of railway transit :-—* If 
the radial system be applied, it would be quite possible to 
make carriages 40 ft. long, with eight wheels, to roll round a 
curve of 60 to 80 ft. radius. A rough model of a vehicle of 
this description is on the table, and the guiding apparatus of 
the wheels is not intended for a bogie carrying the load as in 
the American carriages, but simply @ radial guide, the load 
of the upper frame being borne ty the springs on the axle- 
boxes, with facility for elastic sliding o? swinging on long verti- 
eal shackles.” The date of this paper is December 9, 1864; the 
date of the patent for these carriages is November 8, 1864. 

Messks. Pratt Brotuersanp Co. (Limirep).—The cele- 
brated firm of the Hartford Ironworks, Oldham, formerly 
carried on under the firm of Messrs. Platt Brothers and Co., 
has been converted into a limited company under the above 
registered title. The shares of this company are not in the 
general market, as they are understood to have remained en- 
tirely in the hands of the previous partners and employés of 
this prosperous concern, which, at the time of its conversion 
into a limited company, was in the somewhat unusual posi- 





tion of requiring no further addition to its capital. 





BAKER’S ANTI-INCRUSTATOR. 
To THe Eprror or ENGINEERING. 

Srr,—As stated in the conclusion of my last, I had no in- 
tention of again appearing before you; but it is due to 
Messrs. Kitson and Co., as well as to myself, simply to state 
that I never imagined there was any collusion between them 
and your correspondent “Vulcan,” who is at present 
a perfect stranger to them, whose correct address neither 
is nor was near Salisbury, and who does not deny being 
“closely connected with, and interested in, the sale of these 
“ articles.” Fiat Jvstivia. 





To THE EprTor oF ENGINEERING. 

Srr,—I shall not waste space by noticing the personalities 
of one of your correspondents, or return them beyond re- 
marking the fact that in his long letter he has not supplied 
one particle of information, and has made at least twenty- 
seven errors. 

But as it is of some importance to give the right interpre- 
tation to observed phenomena, I should like to enlarge a little 
on the deduction I made the other day. 

Need I explain the terms “static” and “voltaic” to your 
readers? This is surely absurd. 

What I pointed out was, that a current from an electrical 
machine does not (for evident reasons) influence the needle of 
an ordinary galvanometer. 

In Messrs. Kitson’s experiments the needle was influenced. 
Therefore the current was not similar to that produced by an 
electrical machine—was not static electricity—was not of 
excessive intensity. 

Now such electricity was necessary in order that the action 
supposed by Mr. Sabine might take place. The bucket phe- 
nomena, and, I think, the attraction and repulsion of floating 
bodies, are not observed except with electricity of great 
intensity. 

Again, the charaeter of the electric current shows that it 
was not produced by the rushing of the steam past the instru- 
ment, for such action would only develop electricity and 
friction, and in the intense state known as static. 

As I before said, the existence of electrical tension in the 
mass of steam while still was disproved long ago. 

So that we only suppose the electrical current was pro- 
duced by chemical action between the two metals in contact, 
because there is no other apparent cause which could have 
produced it. 

There is no doubt that the instrument will produce some 
current by chemical action, the required liquid being sup- 
plied from moisture of the steam. Witness, the downward- 
turned points. 

If Messrs. Kitson would kindly submit an exact descrip- 
tion of the galvanometer used, it would be easy to tell 
whether the said chemical action was adequate to the pro- 
duction of the current observed. At present this must be 
uncertain. 

Lt would probably be found also that this current, giving 
14° deflection, was not adequate to the decomposition of 
water off a platinum point. And, if so, I certainly cannot 
understand how it can do so off a flat surface of several 
square feet. Time will make up for quantity, but cannot, so 
far as we know, replace intensity. 

Yours very respectfully, 
H. P. 





To Tue Eprror or ENGINEERING. 

Srr,—I am surprised that no one has contradicted Mr. 
Sterne’s statement in your issue 3rd inst., that the credit of 
an arrangement in the application of his buffers to the 
carriages of the Metropolitan Railway is mainly due to Mr. 
Burnett. 

I trust to your sense of fairness to allow me to state that 
the whole merit is due to Mr. Richard Harris, an apprentice 
in the office of J. 8. Fraser, Esq., the carriage superinten- 
dent of the Great Western. I was Mr. Fraser’s chief 
draughtsman, and introduced the scheme to Mr. Sterne. 

The experimental carriages were, I believe, fitted up 
during the summer of last year, and the only difference I 
can see between your illustrations and the drawings supplied 
by Mr. Hrrris to Mr. Sterne consists in some modifications 
of the underframe to adapt it to the new style of buffer. 

Originally the carriages of the Metropolitan Company 
were fitted with Spencer springs upon each buffer-rod, the 
compensating beams oscillating on pivot-pieces bolted to the 
cross-bearers; but pivot-pieces and beams so often failed 
under the severe strains inseparable from the use of such 
enormously heavy stock, that some alteration was indis- 
pensable, and the trial spoken of in your description was less 
to test the elasticity of these unmistakably superior springs 
than to establish the soundness of Mr. Harris’s principle—a 
travelling beam, cushioning on a central spring—as a remedy 
for these incessant breakages. 

Yours truly, 
James Honpen. 
District Carriage Superintendent, 
Great Western Railway. 
Great Western Railway, Carriage Department, 
Shrewsbury Station, January 13, 1868, 





Roya Portvevese Rattway.—The directors of this rail- 
way are desirous of laying down Vignoles rails, fish-jointed, 
on the Lisbon and Santarem section. The proceeding would 
involve an outlay of more than 24,000/.; and as this amount 
is not forthcoming in the present state of the company’s 
affairs, it is proposed at present to simply fish-joint the 
section, at a cost of 6000/. 

Tue Berpan Rirte anp Gartiine Guy.—The Colt 
Patent Firearms Company, at Hartford, Connecticut, has 
made a contract with the Russian Government for the manu- 
facture of 30,000 Berdan rifles within eighteen months. 
They have also made a contract with the Prussian Govern- 
ment for 100 Gatling revolving cannon, and some of these 
guns are also to be built for Russia. 


JERSEY HARBOUR IMPROVEMENT. 
To THE Epiror or ENGINEERING. 

Srr,—I was not unprepared for the argument adduced by 
a “Watchman” against my objection to the viaduct from 
the Albert Pier to the Castle. To a certain extent he is cor. 
rect in saying that, on the completion of an outer harbour, 
tacking will not be so absolutely necessary as it is at present, 
nor would I be disposed to attach undue importance to the 
question of leaving the tacking ground untouched, if any 
adequate advantage could be gained by interfering with it, 
T am quite aware that it would be impossible to design an 
outer harbour which would permit of vessels sailing into the 
inner harbour with the same facilities as they have at present ; 
but, at the same time, I submit that the plan which in- 
terferes least with the harbour approaches is the most de- 
sirable. “Watchman” affirms that, “when the proposed 
“ breakwater to the Platte Rocks is constructed, yachts, 
“ boats, and vessels of almost every description will be lying 
* at anchor, and swinging with the tide and wind in every 
“ direction.” This will, indeed, be an alarming state of 
things, and, under such circumstances, I quite agree with 
“ Watchman” that, “consequently, there would be an end 
“ to tacking about in the harbour.” It is to be hoped, how- 
ever, that vessels will conduct themselves with more pro- 
priety, and that no such nautical quadrilles will be performed 
without a special license from the harbour authorities. I do 
not quite understand “ Watchman’s” admission that small 
boats will tack about in the harbour “only when the winds 
“ are light and fair,” any more than I can comprehend how 
“ the general practice throughout the world is, for vessels 
“ arriving at all times of tide to drop anchor in the outer 
“harbour and wait for the tide, when they are generally 
“ towed directly into their berths in the wet docks, an hour 
“or so before high water.” There may, perhaps, be some 
deeply hidden truth in this mysterious sentence, which it is 
beyond my feeble powers to divine. I think Mr. Lyster’s 
arguments against an Albert Viaduct are sufficiently strong 
to render any attack on “Watchman’s” additionally ob- 
jectionable viaduct quite unnecessary. I forbear to follow 
“* Watchman’s” design for a landing-place just outside the 
Albert Pier, and a lock founded on sand just inside it, be- 
cause this is one of the impossible schemes mooted by an 
acknowledged amateur which really is unanswerable. The 
pitch to which these terrible amateurs go would be incredible, 
if unattested by facts. 

“Watchman ” is quite wrong in supposing that no one has 
thought of dredging besides himself. One large and very 
live engineer goes in heavily for a bran-new dredged anchor- 
age, and another dredges a hole for a landing very near 
where “ Watchman” recommends. With all this dredging 
and amateur work, I only wonder that we have had no scheme 
for dredging the whole of the present harbour, so as to let 
vessels in at low water without any outer works at all! I 
have seen several designs infinitely tunnier than this, and not 
near so captivating to the unprofessional eye. 

“ Competitor’s”’ query as to how the Little Roads are to be 
protected from 8.E. gales} is very pertinent. It is folly to 
talk of an outer harbour without an arm sheltering it from 
the S.E. A pier for this purpose, as well as to forma land- 
ing, must be thrown out from the Victoria Pier to the 
Mangeur Rock close by, where there is plenty of water. An 
overwhelming majority of the competing engineers hover 
round and about, over and past the Mangeur, and it only re- 
mains to be proved which takes the best course. This is by 
no means easy to decide. But it is far otherwise with the 
Platte Breakwater. 

I am, Sir, your obedient Servant, 

January 15, 1868. A Non-CoMPetiror. 








ProrrssoR WHEATSTONE.—It is understood to be the in- 
tention of Government to confer a title on Professor Wheat- 
stone in consideration of his great scientific attainments and 
of his valuable inventions —Pall Mall Gazette. 

InstTiTUTION or Nava Arcuitects.—The ninth annual 
meeting of the Institution of Naval Architects will take place 
on Thursday, Friday, and Saturday, the 2nd, 3rd, and 4th of 
April next, at the Hall of the Society of Arts, John-street, 
Adelphi, London; morning meetings at 12, and evening 
ditto at 7. Papers on the Principles of Naval Construction, 
on Practical Shipbuilding, on Steam Navigation, on the 
Equipment and Management of Ships for Merchandise and 
for War, will be read at this meeting. Naval architects, 
shipbuilders, naval officers of the royal and merchant services, 
and engineers, who propose to read papers before the Insti- 
tution, are requested to send immediate notice of the subject 
and title of the paper to the secretary ; and it is requested that 
the paper itself, with illustrative drawings, be deposited at the 
offices of the Institution, on or before the 1st of March next. 

TELEGRAPHIC Statistics.—It may be interesting to our 
readers to know the total length, approximately at least, of 
the telegraphic lines throughout the world, and the propor- 
tion which exists in each of the several countries in which 
this agency of correspondence has been adopted. The total 
length of telegraphic lines in the world is 178,086 miles. 
In 1866 there were in Germany 28,347 miles of telegraphs; 
in Russia, 22,992; in France, 18,694; in Great Britain and 
ireland, 16,297; in Turkey, 8665; in Italy, 8216; in Sweden, 
3507 ; in Belgium, 1089; in Switzerland, 2160; in Canada, 
5050; and in the United States, 52,957. Besides these, there 
are the two Atlantic cables, which measure 4369 English, or 
3755 nautical, miles. The total length of the other submarine 
cables is nearly 6000 miles. One of the most marvellous ex- 
amples of the value of telegraphic communication was 
afforded on the recent occasion of Mr. Gladstone’s tour. The 
addresses delivered at Southport and Ormskirk contained 
16,882 words. The report of the speeches reached Liverpool 
by train at 11.25 p.m. The transmission to London by tele- 
graph began at 11.30 P.m., and was completed atl.40— 
that is to say, in little more than two hours. The last slips 
were delivered at the offices of the daily papers before 2.30. 
Mr. Gladstone’s speech, on the following day, at Oldham 
contained 30,745 words, and was transmitted with corre- 








sponding rapidity. 
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THE INSTITUTION OF CIVIL ENGINEERS. 


Cuarues Hutton Grecory, Esq., President, in the Chair. 
January 14, 1868, 

Tue President delivered an address, on taking the chair, for 
the first time, after his election as President. 

He remarked, that when the Institution was founded, fifty 
years ago, on the 2nd of January, 1818, the members were six 
in number. Two years later, Thomas Telford became the first 
President ; and the Royal Charter of Incorporation was obtained 
on the 3rd of June, 1828, by which the Institution was firmly 
established as the recognised representative body of the engi- 
neering profession in the United Kingdom. There were now on 
the register 1472 members of all classes, besides 95 students. 
The present condition and prospects of the profession were 
briefly alluded to, and it was observed, that the railway system 
of this country had, by economy of transport alone, been pro- 
ductive of direct saving to the public of 15 per cent. on the 
capital expended. ‘ 

A reference to the pas‘ records of the Institution had brought 
to light one document which, Mr. Gregory believed, would be 
interesting to every engineer. ‘This was a description of the 
nature and objects of civil engineering, by Thomas Tredgold, 
Hon. M. Inst. C.E., some of the expressions in which had been 
embodied in the charter; but as it had never yet been printed 
ina complete form, the President now gave it unabridged. 
After defining the duties required of the civil engineer, Mr. 
Tredgold concluded by saying that “the real extent to which 
civil engineering may be applied is limited only by the progress 
of science; its scope and utility will be increased with every 
discovery in philosophy, and its resources with every invention 
in mechanical or chemical art, since its bounds are unlimited, 
and equally so must be the researches of its professors.” It 
could hardly, however, have been foreseen that the attention 
of the civil engineer would have been directed to aid in con- 
structions for defence from hostile attack, and even to the im- 
provement of weapons of war. But as, more than two thousand 
years ago, Archimedes, distinguished first in mathematical 
science, after carrying out the great work of the embankment 
of the Nile, devoted the last efforts of his genius to engineering 
appliances for the defence of Syracuse against Marcellus, so 
now, less directly and less prominently, but with marked 
success, the combined labours of modern engineers had been 
applied to the purposes of national defence, and to this subject 
the President stated he proposed more particularly to allude. 

The application of machinery to the manufacture of rotating 
fire-arms was first brought under the notice of the Institution, 
in the year 1851, by Colonel Samuel Colt, of the United States. 
In 1853, Mr. John Anderson, M. Inst. C.L., the engineer to the 
Board of Ordnance, suggested the construction and equipment 
of a Government manufactory, in which, by the use of complete 
machinery, all the processes for the production of small arms 
should be carried on successively to completion. ‘This issued, after 
inquiry before a select committee of the House of Commons, 
in the establishment of the Small Arms Factory at Enfield, 
which was set to work in January, 1857, under the direction 
of Colonel Manley Dixon, R.A., the present superintendent. 
Up to December 26th, 1867, the total number of new arms 
made at Enfield was 616,828; while the number converted to 
breechi-loaders on Snider’s plan to the same date was 175,550. 
The long Enfield rifle consisted of 53 parts, and passed through 
about 740 processes of manufacture. ‘Ihe machines used were to 
a great extent varieties of copying-machines, where a standard 
model was reproduced by a revolving cutter, in wood or metal as 
might berequired. Thedifferent pieces, as produced, werechecked 
bee ee ae and gauges, and, finally, the stock, lock, barrel, 
bands, bayonet, plates, screws, &c., found their way in num- 
bers to an “assembler,” who, furnished only with a screw-driver 
and a chisel, took up the pieces indiscriminately and fitted them 
together; and so entirely interchangeable were the parts found 
to be, that a payment of 3.29 pence for each rifle put together 
gave the workman wages of about fifty shillings a week. It 
was stated that the average cost of the long Enfield rifles, made 
at the Government factory, including an allowance of 5 per cent. 
on the cost of buildings and machinery, for depreciation, had 
been about 2/. each, and of the short Enfields complete 22. 14s. 
each. The cost of converting to the Snider breech-loader, 
including 10,0002. for the alteration of old machineg and the 
supply of new ones, as well as 5 per cent. for depreciation on 
buildings and plant, was said to be about 16s. 3d. per arm. It 
was stated that, with the present machinery, the Enfield factory 
was cupuble of turning out about 130,000 new arms annually. 
It had been estimated, that the improvement arising from the 
accurate work produced by good machinery, coupled with better 
ammunition, had resulted in reducing by 50 per cent. the mean 
deviation in rifle shooting; while elements of precision and 
eeonomy had been introduced, by the perfect convertibility of all 
the parts of small arms, which were previously almost entirely 
neglected by the English gun-making trade. 

Mr. Gregory next referred to the production of heavy armour 
plates and large guns, with their consequent results. He said 
that while, prior to the Crimean War, suggestions had been 
made, and partial experiments had been tried, with a view to 
the use of iron for defensive purposes, the credit of the first 
great trial of a practical nature was due to the Emperor of the 
French, who built three floating batteries cased with thick iron 

lates, which were engaged in the attack of the allies on Kin- 
urn, on October 17th, 1855. From that date public attention 
was drawn more closely to the protection of sbips of war by 
armour plating, and various experiments were made in this 
country, It soon, however, became apparent, that the subject 
of the use of iron for this novel purpose was so complicated by 
considerations of a purely technical character, that it was de- 
termined to submit the whole matter to the investigation cf a 
mixed special committee, which was appointed in January, 1861. 
This committee continued in’ existence for between three and 
four years, and their investigations and experiments, which were 
of great value, formed the best history of the application of 
engineering science and practice to this particular subject; and 
it was to be regretted that the four large volumes, containing a 
full record of all their proceedings, had not been published. 


The President was, however, enabled to give a brief epitome of 


the results that had been early atrived at, on points which had 





previously been uncertain. For example, out of many varieties 
of material, it was found that the best for resisting shot was 
wrought iron; that this should be of the softest and toughest 
quality, any hardness or steelly character being prejudicial ; 
that, ceteris paribus, the resisting power, up to a certain limit 
varied nearly as the square of the thickness; that corrugations, 
bosses, or irregularities of surface were disadvantageous, plain 
surfaces being best; and that the plates should’be as large and 
with as few joints as possible. Various constructions of iron 
defences, both for ships and for land fortifications, were ex- 
amined and tested on a thoroughly practical scale. The ex- 
perience thus obtained had reference not only to the strength 
and capability of the material generally to resist shot from 
given guns, but also as to the modes of fastening, the effect’ of 
various kinds of backing, and the general principles which 
should guide iron defensive construction. But perhaps the 
most valuable result, in an engineering point of view, was the 
improvement effected in the production of iron in large masses. 
When the committee began their labours, the manufacture of 
armour plates had only been attempted by one or two makers, 
and even in their hands it was little more than tentative. 
After three or four years’ experience, many makers had come 
into the field, the general average of quality was much im- 
proved and more certain, and plates of 5in. and 54 in. in thick- 
ness could be produced with their full resisting power. During 
the last few years the size and thickness of iron plates had 
greatly increased, and thoroughly sound and uniform plates of 
large size, 10 in. in thickness, might now be regarded as an ac- 
complished fact. In the middle of 1864 the Iron Plate Com- 
mittee was dissolved, a step which Mr. Gregory considered to 
have been injudicions; as the comparative question between 
guns and iron defences was at that time in a high degree pro- 
gressive, and, if improvement was to go on, the technical treat- 
ment of the subject must still be necessary. Recent cireum- 
stances had led to the temporary re-appointment of a Government 
committee to consider the question of the application of iron 
plates to land forts; and it was to be hoped that their labours 
might not be prematurely checked, not until safe data were de- 
duced from actual tests. 

Concurrently with the production of iron plates, for purposes 
of protection, had been the increase in the size and destructive 
power of guns. For many years before the Crimean war, brass 
and iron guns had been made with very little change of form, 
although there were in existence compound or built-up guns of 
an early date. When public opinion was drawn to the applica- 
tion of mechanical improvements to the production of guns of 
great size und. strength, many designs were brought forward, 
and the large wrought-iron gun of Mr. Horsfall, and the monster 
mortar of Mr. Mallet, M. Inst. C.E., were citéd as examples. 
But the battle of the guns was chiefly between Sir W. G. Arm- 
strong, C.B., M. Inst. C.E., and Mr. Whitworth, M. Inst. C.E. As 
far as the construction of the guns was then concerned, the lead- 
ing points of difference were, that while the Armstrong gun was 
built up of several rings or tubes of coiled wrought iron shrunk 
over one another, and over a steel lining, with small grooves to 
take a soft coated projectile, the Whitworth gun was built of 
tubes of mild steel, forced with a taper over one another, and 
over a steel lining, the bore being polygonal, with a mechanically 
fitting projectile. The details of both systems were subsequently 
more or less changed, and in January, 1863, a committee was 
appointed to make full experiments and investigate, with two 
calibres—viz., 12-pounders and 70-pounders—the comparative 
merits in construction, endurance, range, and accuracy, and, in 
fact, in all the qualities which a gun should possess, The informa- 
tion so collected showed, in both systems, results, as to structural 
strength and efficacy, and accuracy of fire, which had not been 
previously attained; and while it was not in all respects conclu- 
sive as to the comparative merits of the guns, it brought out more 
prominently than ever the perfection to which artillery might 
be brought by the application of engineering skill. Irrespective 
of breech-loading, which had been abandoned for heavy guns in 
this country, and of rifling, in which the original mode had 
been to a great extent superseded by larger grooves cut in 
the chase of the gun to guide soft metal studs fixed on a hard 
metal projectile, the gun now generally manufactured for the 
service had undergone considerable structural changes. The 
most material were, the diminution of the number of parts, and 
the substitution of outer coils of fibrous Staffordshire iron for 
coils of the best Yorkshire iron; tough steel being still main- 
tained for the lining, as best resisting surface wear. The 
pattern at present in use for all guns consisted of only four 
pieces: 1, the steel barrel or lining; 2, a coiled tube over the 
barrel, extending from the muzzle nearly to the trunnions; 3, 
the breech coil, of three coils in alternate directions, welded 
together, with a trunnion piece welded en, the whole being 
shrunk on over the breech of the barrel, and lapping over the 
front coil; and 4, the cascable. It was considered by the au- 
thorities that guns of this pattern were less liable to injury by 
accident, and less dependent upon perfection in manufacture, 
and that, practically, an equal amount of strength was obtained; 
while it was held that a fibrous iron was to be preferred as more 
workable, and as giving out its greatest strain over a greater 
distance than the best Yorkshire iron, which, while stronger, 
statically considered, did not yield so far before fracture. It 
was said that this change had diminished the cost of production 
by 55 or 40 per cent. Prior to the mechanical improvements 
which had led up to the present rifled guns, the greatest distance 
to which a projectile was ever thrown from a smoothi-bore gun was 
not much over 6000 yards, and the limit of bombarding range, at 
high elevations, with the 13 in. mortar, was 4500 yards. With 
the modern ordnance, projectiles had been thrown, with greater 
precision, to a range exceeding 10,000 yards: and the guns of 
the service made good practice at 6600 yards; indeed, better 
practice than was formerly attainable at 3000 vards. At 1000 
yards the rifled gun was eleven times, and at 2000 yards thir- 
teen times, more accurate than the smooth-bore. But these 
improvements would be of little avail in time of need, until 
smorth-bores were much more largely replaced by rifled guns, 
as, for all practical purposes, many of our defences, both at home 
and abroad, were at present almost unarmed. 

While such important changes had been effected in ordnance, 
the advance recently made iu naval construction was alike re- 
markable, and would have been equally impossible without the 








resources of modern engineering. Without attempting to trace 
the progress from wooden to iron ships, or all the steps by 
which naval architects had passed, from the earliest to the most 
recent types of armour-clad ships, Mr. Gregory illustrated the 
general results by some comparisons between the structures, of 
the Warrior and the Hercules, as ships of 1860 and of the 
present period respectively. The arrangement now adopted for 
the broadside ships of the Royal Navy provided a protected 
battery amidships, shut in by armour-plated bulkheads, and a 
belt of armour for the whole length in the eighboarbeod of the 
water-line. By these means, in addition te the battery and the 
whole water-line, protection was given to the engines and boilers, 
and to the rudder-head and, steering apparatus. In the 
Hercules, the sides of the ship were recessed before‘and absfit 
the central battery, so that, by means of embrasures in the 
armour-plated bulkheads, the foremost and aftermost gun on 
each side could be trayerséd on a turntable, and be fired at an 
angle of 15° with the line of the keel, while that line was com- 
manded by the guus in the bow and stern batteries. The 
Hercules was 8 in. wider in the beam than the Warrior, but 
55 ft. shorter, and of 883 tons less burthen. She would carry a 
smaller number of heavier guns, and possessed the elements of 
greater power, both for offence and defence; but in the former 
quality she was, perhaps, inferior in some respects to a type of 
ship now on the stocks. The Royal Navy, at the present time, 
comprised thirty-one ironclad ships, and eight more were build- 
ing; four of the existing ships are being furnished with turrets, 
which were to be supplied to two of the new ones. Admitting 
that this number represented a formidable force, and that in 
structural qualities the vessels recently built were superior to 
those of other countries, it must be remembered that many were 
of doubtful strength, and that the sum devoted to the construc- 
tion of new ironclad ships for the current year was Jess than 
one-twelfth ot the vote for the navy, and was barely sufficient to 
build three ironclad frigates—a fact meriting the gravest con- 
sideration. 4 

The next point touched upon related to the important bear- 
ing of railways in modern warfare. ‘They were acknowledged 
to have been of great use in the movement and concentration of 
troops during the war in Lombardy, in 1859, In the German 
war of 1866, the Prussian Government organised a special corps, 
consisting of workmen and railway servants, to act under the 
direction of engineers and traffic officers, to repair damages 
effected by a retreating eneniy, to work lines occupied by the 
army, and, in case of retreat, to destroy lines in the rear. Mr. 
Hozier, in his admirable account of the “Seven Weeks’ War,” 
though conceding the value of improved roads and railways in 
shortening the duration of campaigns, especially in facilitating 
the transport of provisions, stores, and a siege train, and in 
relieving soldiers of heavy loads, yet he considered that the 
power of railways for the transport of troops had been over- 
estimated. Mr. Gregory’s opinion seemed to be at variance with 
these views; and reterence was made to the number of volun- 
teers transported by railway, on special occasions, within a 
given time, as not being consistent with the conclusions of Mr. 
Hozier. Again, in the American Civil War, railways and 
steamboats were found to be of inestimable advantage, of which 
several illustrations were given, ‘The railway system of this 
country was believed to be one of the greatest elements of 
strength for national defence; and it was mentioned that the 
confidential reports to the Government, by the officers of the 
“ Engineer and Railway Volunteer Staff Corps,” commanded by 
Mr. Bidder, Past President Inst. C.E., showed that the com~ 
pleteness and the resources of the railway system would enable 
the whole regular and irregular army to be moved upon any 
required lines of defence within a few days. 

As a résumé, Mr. Gregory submitted, that while it was ad- 
visable to maintain the efliciency of the Government establish- 
ments, yet that it would be a mistake to extend them so far as 
to cripple individual enterprise. In the next place he referred 
to the comparatively unprotected state of the Thames, the 
Mersey, the Clyde, the ‘I'yne, and other rivers leading to rich 
towns, docks, and shipping; and he suggested the inquiry, 
whether if forts were thought to be desirable at such places, 
they might not be of smali size, and capable simply of offering 
resistance to a sudden attack. And in regard to the navy, he 
thought the time had now arrived when the type of ship best 
suited for coast defence should be settled. ‘Ihe instinctive 
feelings of every Englishman called for the establishment. aud 
maintenance of a navy sufficiently strong, not only to defend 
our coasts, but also our colonies and our commerce; and if the 
Government would at once respond to that. call, comfort would 
be brought to thousands at the present time suffering most 
grievous want. 

In conclusion, the President expressed the earnest hope that 
the future of the Institution of Civil Engineers might be as 
useful and as prosperous as its first fifty years had been; and 
that it would continue to supply men of character and intellect 
equal to every occasion, and who would join in the defence of 
their country by contributing to her moral and material great- 
ness, leaving England’s future with confidence to the great 
Source of power and all intelligence. 

At the monthly ballot, the following candidates were balloted 
for and duly elected:.as Member, David Phillips; and as Asso- 
ciates, Thomas Philip Sherrard Crosthwait, William Cooke 
Faber, George Farren, Major James George Roche Forlong, 
R.E., Thomas Ellis Owen, Middleton Rayne, Henry Yarker 
Richardson, Jagannath Sadasewjee, James Stewart, Captain 
Hector Tulloch, B.E., and Charles Wawn. 


A DESCRIPTION OF A CIVIL ENGINEER. 

Tue following is the document, by Mr. Thomas Tredgold, 
referred to by Mr. Charles Hutton Gregory in his recent address 
to the Institution of Civil Engineers: 

“ Ata meeting of the Council of the Institution of Civil 
Engineers, held on December 29th, 1827, it was 

“«Resolved—That Mr. Trecgold be written to, requesting 
him to define the objects of the Institution of Civil Engineers, 
and to give a description of what a civil engineer is, in order 
that this description and these objects may be embodied in a 
petition to the Attorney-general, in application for'a charter.’ 

“ At the following meeting of council on January 4th, 1828, 
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the secretary read the communication received from Mr. Tred- 
gold, which is thus entered in the Minutes: 
“* Description of a Civil Engineer. 
“* By Tuomas TrepGoLp, Hon. i. Inst. C.E. 

“ ¢ Civil engineering is the art of directing the great sources 
of power in nature for the use and convenience of man, being 
that practical application of the most important principles of 
natural philosophy which has, in a considerable degree, realised 
the anticipations of Bacon, and changed the aspect and state of 
affairs in the whole world. The most important object of civil 
engineering is to improve the means of production and of traffic 
in states, both fur external and internal trade. Itis applied 
in the construction and management of toads, bridges, railroads, 
aqueducts, canals, river navigation, docks, and storehouses, for 
the convenience of internal intercourse and exchange; and in 
the construction of ports, harbours, moles, breakwaters, and 
lighthouses; and in the navigation by artificial power for the 
purposes of commerce. 

“* Besides these great objects of individual and national in- 
terest, it is applied to the i of property where natural 

wers are the sources of injury, as by embankments for the 

efence of tracts of country from the encroachments of the sea 
or the overflowing of rivers; it also directs the means of apply- 
ing streams and rivers to use, either as powers to work ma- 
chines, or as supplies for the use of cities and towns, or for ir- 
rigation, as well as the means of removing noxious accumula- 
tions, as by the drainage of towns and districts to prevent the 
formation of malaria, and secure the public health. This is, 
however, only a brief sketch of the objects of civil engineering: 
the real extent to which it may be applied is limited only by the 
progress of science; its scope and utility will be increased with 
every discovery in philosophy, and its resources with every in- 
vention in mechanical or chemical art, since its bounds are un- 
limited, and equally so must be the researches of its professors. 

“* The enterprising Hollanders, towards the close of the six- 
teenth century, first separated civil engineering from architec- 
ture, under the title of hydraulic architecture; their example 
was followed in France towards the end of the seventeenth cen- 
tury, and soon afterwards was systematised in the great work 
of Belidor, on Hydraulic Architecture. 

* «One of the great bases on which the practice of civil en- 

ineering is founded is the science of hydraulics; every king- 
oo every province, every town, has its wants, which call for 
more or less acquaintance with this science. Water, which is 
at once the most useful of the necessaries of life, and the most 
dangerous element in excess, when limited by the laws of this 
science is rendered the best of servants; the rolling cataract 
which spends its powers in idleness may be directed to drain the 
mine, to break the ore, or be employed in other works of labour 
for the use of man; the streams are collected and confined in 
canals for inland traffic; harbours are formed to still the raging 
of the waves of the ocean, and offer a safe retreat to the storm- 
driven mariner; and ports are provided with docks to receive 
the riches of the world in security: hence arose the term hy- 
draulic architecture; but it was too limited; the various ap- 
plications of water had rendered the natural supplies inadequate 
to the wants of man, till he discovered that, combined with 
heat, it formed a gaseous element endued with energies not less 
powerful than the falling cataract; its steam, confined and 
directed by science, became a new source of power, which, in a 
few years, altered and improved the condition of Britain, and 
we are every 7 witnessing new applications, as well as the ex- 
tension of the older ones, to every part of the globe.’” 





== 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

State of the Pig-iron Market.—The week now just past has 
seen further change in the - of pig iron, that change being, 
however, in the downward direction. The market was firm 
this day week, prices ranging trom 52s. 10d. to 52s, 7d. one 
month, and 52s. 8d. to 52s. 6d. cash, It became quiet on the 
day following, the prices falling a little, and on Friday the same 
state of aflairs prevailed. Prices declined further on Monday, 
when they ranged from 52s. 3d. to 52s, 1d. cash, and from 
52s, 3d. to 52s. 14d. one month; and still there was a large 
business done at these prices. There was a moderate amount 
of business done yesterday, 52s. 14d. prompt, and at fourteen 
days being taken for warrants, The market was very flat this 
forenoon, and business was done at 51s. 9d. cash. Gartsherrie, 
No. 1, and Coltness, No. 1, were both quoted yesterday at 58s. 
The following is the statement of the pig-iron shipments from 


all Scotch —r 
‘or the week ending 11th January, 1868. 








tons. 

This year 5,577 
Last year 5,806 
Decrease ove és eve 229 

Total since 25th December, 1867 21,051 
For corresponding period in 1866-7 22,780 


Decrease ese eco ese See 1,729 
The shipments of pig iron from Greenock during the six 
years ending last month are given below. It will be seen that 
im the year 1867 they had increased to an extraordinary ex- 
tent. In the course of the yeas preceding, the shipment rates 
were reduced. The returns are made up by Mr. Nimmo, the 
coliector of harbour dues: 


tons. 
In 1862 the amount of pig iron shipped was 5,546 
In 1863... eve eee eee 4,677 
In 1864 5,201 
In 1865... ee 5,258 
In 1866... ove 9,521 
In 1867... sa a a 23,069 

Caledonian Railway.—An influential meeting of the gentle- 


men connected with this city who signed the recent requisition 
for the investigation of the affairs of the Caledonian Railway 
Company was held yesterday in the Religious Institution 
Rooms—Mr. Hozier, ot Mauldslie, in the chair, After a hearty 
vote of thanks to Messrs. Richardson, Cowan, Spens, and 


Smith, for their report, it was moved and seconded and unani- 
mously carried that a committee be appointed by the requisi- 
tionists present, with full powers, consisting of Messrs. Hozier, 
Neil Robson, James Clerk, James Bain, John M‘Andrew, Jobn 
Cowan, and Campbell, with power to add to their number, Mr. 
Bain to be convener, for the purpose of taking what steps may 
be considered necessary in the interests of the requisitionists 
with reference to the recent investigation of advising them as 
to further action. In replying to the vote of thanks awarded 
the committee, Mr. Richardson remarked that it appeared to 
the committee generally that the interests of the company re- 
quired a very decided change in the directorate. 

Joint-purse Agreement bet the Caledonian and North 
British Rethocys—It is stated that important negotiations have 
been going on between committees of the directors of the Cale- 
donian and North British Railway Companies, and it is under- 
stood that the terms of an agreement for a long period of years, 
upon the principle of a joint purse, on the basis generally of 
gross revenue returns, have now been all but arranged, and will 
shortly be submitted to meetings of the shareholders of both 
companies, to be specially called for their consideration and ap- 
proval. It is also understood that the arrangement will include 
mutual stipulations for the postponement of a large amount of 
projected new works on the part of both companies. It is 
affirmed that the saving which may be expected from the ar- 
rangement will amount to from 50,0002. to 75,0007. in the work- 
ing of the Caledonian Railway alone. It will thus be seen that 
the Investigation Committee’s report is already having some 
effect. 

Proposed Reduction of Wages in the Iron and Coal Trades. 

—The workmen employed at the principal pig iron works in the 
neighbourhood of Glasgow and Coatbridge have received notice 
of a reduction of wages, which in some localities is likely to 
cause a rupture between the employers and employed. The 
amount of the contemplated reduction is at present unknown, 
but it is generally rumoured that it will be equal to 10 per cent 
on the present rates. By four of the principal firms a fort- 
night’s notice has been given, and in one or two instances that 
notice expires on Saturday first. At a preliminary meeting of 
furnace-men held on Wednesday night in the neighbourhood of 
Coatbridge, the subject was specially discussed. After mature 
deliberation, a number of those present alleged that both iron- 
stone and coal are much cheaper in Scotland than in England, 
which correspondingly enhances the profits of the Scotch iron- 
master over those of England and other iron districts where the 
old rates are still obtained; and a very decided feeling was ex- 
pressed to resist the reduction, though no formal resolution was 
passed. It is stated, however, that in some cases the men have 
agreed to — the reduction of 10 per cent., and in others, a 
reduction of 6d. per ton. The Gartsherrie men have agreed to 
accept the reduction. There is also some talk of a reduction of 
wages in the malleable iron trade. In view of such measures 
being adopted, efforts will be made, it is said, for calling 
together a national conference to make one union of iron-workers, 
millmen, and puddlers of England, Scotland, and Wales, one 
code of rules, one mode of payment, and one council for the 
management of the whole trade. The general feeling among 
the ironmasters, however, is not to disturb the price of manu- 
factured iron or the wagesof the men. For a considerable time 
past the cual trade has likewise been in a very depressed state. 
[he wages agreement, drawn up by a number of the Mother- 
well, Hamilton, Larkhall, and Wishaw coalmasters, has turned 
out in many instances a failure, and has given the trade ample 
proof that stated wages cannot be guaranteed. The masters in 
the Coatbridge and Baillieston districts have resolved to reduce 
the wages of their workmen 6d. per day. Should the men 
decline the terms offered, it is expected that a general lock-out 
will be the result. At Rosehall and Nackerty, where the men 
have been for a considerable period on short time, the reduction 
notice will expire on Saturday first. 

The Strike at Union Foundry, Falkirk.—As was expected 
when the rupture occurred at this foundry between employer 
and employed, there seems little likelihood of an amicable 
airangement being early concluded. The men still continue 
out, and at the various meetings which they have held resolu- 
tions condemnatory of the proposed reduction in wages have 
been unanimously agreed to. Assurance of support has been 
received from the moulders in some of the neighbouring 
foundries; and from the circumstance of a few of the Union 
Foundry men having obtained work elsewhere, the strike has 
every chance of being of considerable duration. The apprentices 
have resumed work at the old prices, and also the “engaged” 
men, on whom no reduction was proposed. The latter have, 
however, dispensed with the assistance of a boy, and the work 
which they produce is of course not so great, and necessarily 
less remunerative to the master. It is said, on reliable authority, 
that private negotiations are being carried on by some of the 
other ironfounders to bring about a reduction in the prices 
which they pay for various descriptions of work. Whether the 
movement is likely to assume a practical form or not seems, 
however, to be doubtful, for, with a sufficiency of orders, any 
reduction in the value of labour is regarded as unwarranted. 

The Condition of Albert Harbour, Greenock.—At the beginning 
of last month a special committee was appointed by the Greenock 
Harbour Trustees to inquire as to the position of the trustees 
with Messrs. W. and G. York, contractors for the formation of 
the new Albert harbour, and as to the admission of vessels into 
the harbour while it is in an incomplete state. That report has 
just been made public. It seems from the terms of the contract 
that the whole works were to have been finished and handed 
over to the trustees in July last; and the contractors are still 
so far behind with their work that they will not give an abso- 
lute undertaking to deliver over the harbour till the Ist of May 
of this present year. The report expresses a hope that the 
harbour will be ready by that time. Owing to the want of 
harbour accommodation at Greenock to meet the extraordinary 
growth of its shipping trade, the trustees have had to take 
possession of the Albert harbour for the accommodation of a 
nuinber of vessels while discharging and taking in cargo. The 
engineers report that in those parts of the harbour which are 
finished the average depth at low water in ordinary spring tides 
is 15 ft., and the average of high water in ordinary spring tides 








is 25 ft. 





Drainage and Water Supply of the Vale of Leven.—In 
accordance with the provisions of the Public Health (Scotland 
Act, 1867, a general meeting of the heritors of the parish | 
Bonhill was held on Thursday last, in Alexandria, one of the 
largest places in “the Vale,” which, from its being the birth- . 
place of Tobias Smollett, has long been a classical region, for the 
purpose of considering the question of the drainage and water 
supply of the villages of Bonhill and Alexandria, and the water 
supply of the village of Jamestown. Alexander Smollett, Esq., 
of Bonhill, a relative of the old novelist, presided on the occa- 
sion. A ittee was appointed for each of the villages of 
Bonhill and Alexandria, with instructions to make all the 
necessary inquirjes, and to report to a future meeting. 

Shipbuilding News.—This teature of my “ Notes” might be a 

rominent one this week. The shipbuilders have got over their 
Kew Year's Day holidays, and have returned to their work, so 
that the launches have been very numerous. 

New Shipbuilding Contracts.—Messrs. R. Duncan and Co., 
Port Glasgow, have contracted with Messrs. A. O. Leitch and 
Muir, Greenock, for an iron ship of 800 tons B.m. for the East 
India trade. Messrs. Duncan have orders for three ships of 
that size, the other two for the Albion Shipping Company, 
They have also a paddle-wheel steamer for Messrs. J. Brymner 
and Co., Greenock. In the shipbuilding trade at Port Glasgow 
there will be considerable activity during the next three or four 
months. We learn that Messrs. Robertson and Co., ship- 
builders, have just contracted with John Kincaid, Esq., of this 
town, to build and engine a splendid saloon steamer for the 
South American river trade. This will make the sixth vessel 
now in hands by Messrs. Robertsonand Co. Messrs. R. Steele 
and Co., Greenock, have received another contract from a 
Greenock firm to build a large first-class iron ship. This is the 
-_ large iron ship they have to commence the year 1868 
with. 











INTERNAL COMMUNICATIONS IN CHINA. 


THe China correspondent of the Times, after complaining 
of the present high price of coal in China, writes: “Some 
hope exists of getting cheaper coal from Labuan, as the com- 
pany promises to do better under its new management than 
it has done hitherto ; but the getting coal in China itself is the 

reat object to be striven for. A recent party of excursionists 

eclared to have found coal in the neighbourhood of Chin- 
keang, which, I need hardly say, is not 200 miles from Shang- 
hai. There is every reason to believe that they have not 
been deceived; and, if so, a more fortunate discovery, in 
every respect, could not have been made. The strength of 
foreign influence in the neighbourhood of this large settle- 
ment will do much to overcome opposition to working the 
mines, and the proximity of their site will cheapen carriage. 
In the Shantung promontory, too, of which Chefoo is the 
port, and in the island of Formosa, large coal fields have been 
discovered. The assent of the Chinese Government only is 
needed to the opening up of those sources of wealth. Foreign 
labour, or rather the skilled supervision of foreign engineers, 
is necessary, because the Chinese only work superficially, and, 
consequently, only get out the inferior shale strata, which al- 
ways lie on the surface. If permission to work these coal mines 
be given, railways to convey the outturn to the coast will not 
be long behindhand. And this leads one to another point 
which foreigners are anxious should be conceded—permis- 
sion for small steamers to ply on the inland waters. Every 
one knows that rivers and canals form the principal means of 
communication in China, though one must have travelled in 
the country to appreciate how intricate is the network. The 
Kennet and Avon or the Thames and Severn canal’ are 
isolated specimens of waterways, as numerous in China as 
roads in England. It is hardly in streams such as these 
that steamers are desirable; but on the larger canals that 
connect large cities, on rivers, and such main arteries of 
commerce they would be invaluable. The boats in use are so 
dependent on wind and tide that weeks are frequently spent 
on a journey where days would suffice. As instances, I may 
mention that Pingsney teas now average a week in transit to 
Ningpo from the districts where they are grown, the distance 
not being more than 60 or 70 miles. Fychow teas frequently 
take three weeks coming down 350 miles to the same port. 
The Moyune teas are sometimes delayed for days and even 
weeks together, in the Poyang lake, which steam barges or 
even small tugs would certainly cross in less than two days, 
to Kinkiang, the port on the Yangtze where they find a 
foreign market. The Chinese object that the introduction of 
steam would throw out of employment hundreds of thousands 
of the boating population, and that this prospect would be 
the signal for disturbances. Our own experience prevents 
our setting down this dread to any lack of intelligence. Not 
many years have elapsed since the introduction of machinery 
into the manufacturing districts of England occasioned grave 
outbreaks. But our own experience at least enables us to 
show how quickly the increased business that follows the 
introduction of steam affords employment to any who may be 
temporarily ousted. The Chinese, too, look on the intro- 
duction of railways and steamers into the interior as though, 
the moment they were admitted, the present carrying 
were to be subverted at a blow. It behoves foreign ministers 
to show the high officials at Peking how slow and gradual 
will be the change following the slow construction of rail- 
roads, and the introduction, one by one, of small steamers, 
as the natives are gradually persuaded to employ them, 
either for carrying purposes or more probably as tugs. 
internal trade of the empire is so vast, and the fleets of boats 
which carry it on are so numerous, that their complete super- 
cession is a very distant prospect, and the branch traffic on 
the smaller creeks will still remain to them, increased in 
amount by the stimulus of easier and quicker communication 
on the main streams.” 








Sovrn YorxKsu1re.—A dispute among the ironworkers 
of South Yorkshire has terminated, the men agreeing to re- 
turn to their work at a reduction of 10 per cent. for millmen 
and 1s. per day for puddlers. 
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PICKERING’S PULLEYS AND DIFFERENTIAL GEARING. 


MESSRS. MORTON AND WILSON, 


F/G. 2, 


FIc.l. 





ENGINEERS, STOCKTON-ON-TEES, 


Fic. 5. 








Fed. 4. 








WE represent, in Figs. 1 and 2 of the above engravings, a 
useful form of hoisting-pulley, designed and patented by Mr. 


Jonathan Pickering, of Stockton-on-Tees. In these pulleys 
two chains are employed, the one, 1, being the lifting-chain, 
and moving at a slow speed, and the other, c’, being a light 
endless hand-chain, which runs much faster than the other, 
and is neither lengthened nor shortened by the raising or 
lowering of the load. This hand-chain may itself be some- 
times conveniently used for lifting light loads. The main lift- 
ing-chain, 7, passes over a notched pulley, ; and the slow 
speed at which it travels renders it all the more certain to fall 
fairly into these notches. The chain is provided with a hook 
“a — end, so that no time may be lost in lowering for a fresh 
oads. 

The manner in which the motion is communicated from 
the hand-chain, ¢ , to the lifting-chain, 7, is as follows: The 
endless hand-chain passes over the notched pulley, ¢, which 
revolves on the pin, 7. The pulley, ¢, has an eccentric boss, 
e, cast on it, and on this boss a toothed pinion, d, revolves 
loosely. The pinion, d, is of such width on the face that it 
gears into two internal toothed wheels, g and f, these wheels 
being of the same diameter, but that marked g having a 
slightly different number of teeth from the other. The pitch 
of the teeth is thus, of course, slightly different in the two 
wheels although the pinion, d, gears into both of them; but 
this difficulty is got over by pointing the teeth of the fixed 
orbit wheel, ont making the corresponding halves of the 
pinion teeth wedge-shaped. The other halves of the pinion 
teeth working in the loose wheel, g, are rounded. 

The wheel, f, is fixed to the framework, h, by the bolts, 
yy, so that it has no motion whatever ; but the wheel, g, Te- 
volves on the pin, i, being cast in one piece with the pulley, 
k, over which the lifting-chain, /, is passed. As the pinion, 
d, is carried round by the action of the hand-chain, it im- 
parts a differential movement to the wheel, g, and with it of 
course the chain-pulley, k. If the number of teeth in the 
two wheels, f and g, differ by one, the wheel, g, will be 
carried forward one tooth for each revolution of the 
hand-chain pulley, c.! If the number of teeth in the two 
wheels differ by two, the wheel, g, will be carried forward 
two teeth, and so on. The gearing is in all cases so propor- 
tioned to the load, that pod. lifting power is obtained with- 
out the use of sprocket wheels, &., and the proportion is 
also such that the load when lifted will not run down. By 
— hooking the terminal hooks of the lifting-chain, 7, on 
to the bolts, y, of the framing, and placing a single pulley- 
block in either of the loops or bights thus formed, the liftin 
agp the arrangement can of course be doubled. It will 

noticed from the engravings that the gearing is all en- 
closed, so that it is not likely to be injured, and is kept clear 
of dust and dirt. 

Fig. 3 represents Mr. Pickering’s differential gearing as 
applied to a winch, and Figs.4 and 6 as applied toa mangling- 
machine. Both these arrangements will be understood without 
special explanation, the principal parts being similarly 
lettered to the corresponding parts in the pulleys already 
described. Mr. Pickering also applies his gearing to lifting- 








jacks, lathe-heads, and in other situations. The manufacture 
of Mr. Pickering’s pulleys and gearing has been taken up 
by Messrs. Morton and Wilson, of Stockton-on-Tees, who 
will probably find a good demand for them. 








NOTES FROM INDIA. 


Bengal.—The want of accommodation in Calcutta for the 
mercantile community is much felt, and sixty-four of the mer- 
chants’ houses there have signed a memorial to the Government 
of Bengal, urging the necessity of providing proper accommoda- 
tion in the shape of wharves and warehouses for landing and 
storing goods in the port of Calcutta. It is not improbable that 
this want of conveniences may, in sume measure, influence the 
trade of that port, which, comparing the returns for November 
last with those for November, 1866, appears to have fallen off 
in exports to the extent of Rs. 1,12,10,807, and to no less than 
Rs. 1,52,62,165 in imports. 

From Ist January, 1868, Jubbulpore mean time will be ob- 
served throughout the line of the East Indian Railway. Jub- 
bulpore, which is about 80° east longituds, lies nearly midway 
between Calcutta and Bombay. Mean Calcutta time will be 
32 minutes before railway time, and Bombay will be 28 minutes 
behind it. This arrangement, it is feared, will cause consider- 
able inconvenience. 

The Public Works Department has, it appears, again entered 
into competition with the planters in the tea districts for local 
labour, and has raised the wages of a coolie to Rs. 8 per men- 
sem. This has had the effect of drawing away from the gardens 
numbers of time-expired labourers, and of making those that re- 
main dissatisfied. 

The small native state of Bhurtpore has 82 miles of metalled 
and 52 miles of unmetalled roads, Irrigation is extensively 
carried on by bunds; and one project for an embankment, to 
retain 5 square miles of the water of the Kakund, is in hand, 
estimated to cost 13 lakhs of rupees, and to yield 10 per cent. 

Copper and lead mines have been discovered at Koorsa and 
Urguddee, in the Rewah principality. This state was alread 
known to be rich in coal, so that it will probably take high ran 
as a mineral-producing district. 

Punjab.—The financial results of the past year’s administra- 
tion of the Punjab show that the gross revenue has increased 
by upwards of Rs. 15,00,000. The net revenue shows an in- 
crease of Rs. 13,69,625. There is a gross surplus of receipts 
over disbursements of Rs, 2,08,00,000 available for military 
purposes, public works, &c. 

Madras.—At 11.25 a.m. on 12th December last, Mr. Betts, 
the agent and manager of the Great Southern of India Railway, 
despatched a telegram from Erode, stating that the first engine 
belonging to that railway had just entered the station. 

With reference to railway extensions in the Madras Presi- 
dency, the local Times states that in addition to the projected 
extension to Cochin by the Madras Railway Company, and to 
Madura and Tutticorin by the Great Southern of India Com- 
pany, we may now look forward to a line from Coimbatore 
tothe foot of the Neilgherry hills. Besides, the latter compan 
had also finished their line from Negapatam to Erode, to whic 
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it was expected to one communication during the present 
month of January, and thus bring into connexion the two large 
districts of Trichinopoly and Tanjore with the main line of rail- 
way in southern India. 

Mysore.—Early in October, the commissioner of Mysore sub- 
mitted an estimate of the probable demand for agricultural 
works during 1868-9, amounting to 800,000 rupees, of wh ch 
150,000 rupees were appropriated for special establishments to 
carry out the works. The viceroy has declined to deal with 
the estimate as submitted, regarding the proportion for establish- 
ment as excessive. The public works grant for Mysore for 
original works and repairs in 1867-68 was 1,470,000 rupees, in- 
cluding an establishment charge of 369,000 rupees. e agri- 
cultural grant was then 512,000 rupees, and it is proposed to 
increase this to 625,000 rupees, being an addition of rather 
more than one lakh, or one-fourteenth of the wholeoutlay. At 
this rate it has been decided that a fair increase of establish- 
ment would be 25,000 rupees. This would bring up the grant 
for agricultural purposes to 650,000 rupees, an increase over 
the grant for the current year of 138,000 rupees. The difference 
between the actual sum to be expended and the estimate is thus 
25,000 rupees only. f 

Ceylon.—It was currently believed in official quarters that 
nothing was to be done for irrigation beyond voting 18,0002. to 
be spent as best the Public Works Department could, when 
suddenly, without a word of warning, every one was electrified 
by a novel and original proposal, utterly at variance with all 
preconceived ideas of the intentions of Government. The 
practical scheme the governor has now laid out is to be sup- 
ported by a liberal appropriation of votes from the public 
revenue, and supervised by a special irrigation officer. 

The railway weekly traffic returns have again reached 50007. 
in amount; that for the week ending 8th December giving 
4929]. A bill has been introduced into council to provide for 
the working expenses cf the railway out of the traffic receipts, 
and it is stated that the estimate of the revenue to be derived 
from the railway in 1868 amounts to 183,000 This, however, 
it is believed, will be far below the result, as the colonial 
secretary’s estimates of revenue usually were before the time of 
Sir Hercules Robinson, and it is expected that, at the very 
least, the railway will give 180,000/. during 1868, and that 
more probably the return will touch on 200,000/. : 

China and Japan.—M. Giquel is stated to have arrived at 
Tientsin, with one hundred French engineers and workmen, 
and is about to build sixteen steamers of 300 tons each for the 
Imperial customs. The cost of such service is stated at 
40.000 taels a month. ; 

The banks of the Yellow river, in the Shantung province, 
have burst at some point, and the entire country in the neigh- 
bourhood is submerged to an extent of = miles. In Han- 
kow fears are entertained that that city will be submerged, the 
water in the river Han being very high. | ; 

The opening of Jeddo is deferred until the 1st April next. 
The new port to be opened on the west coast of the empire is 
Neagata, as named in the original treaty; but the harbour at 
that place being unsafe for foreign ships coming in, that of 
Ebisunito, on the island of Sado, thirty miles distant, is to be 
made the port of entry in its stead. This port and harbour are 
to be opened on the 1st of April. 








OUR ROADS. 
To THE Ep1ror oF ENGINEERING. 


S1r,—The result of Mr. Cooper’s attempt to improve the 
condition of our roads will doubtless be watched with interest 
by many readers of your journal. I think it is worth noting 
that the system of abstracting moisture from the atmosphere 
will have a better chance of success in London than it would 
have in most other European cities. : 

I find in this year’s Doaue of Dr. Vacher, the editor 
of the Gazette Médicale, that, complete saturation being 100, 
the mean humidity of the atmosphere last year was 76 in 
London, 62 in Vienna, 56 in Brussels, and 44 in Paris. 

It follows that the use of chemicals may not be attended 
with success in Paris—I believe an attempt was made some 
years ago, but I am not aware of the nature of the chemicals or 
the results attained—and yet a proper solution may be highly 
successful in London, where the amount of moisture is 75 per 
cent. greater than in Paris. 5 

Yours faithfully, 

Westminster. B. B. 








BinKENHEAD.—The total shipments of coal at Birkenhead, 
last year, amounted to 797,000 tons, as compared with 558,000 
tons in 1866, and 401,284 tons in 1865, The London and 
North-Western and the Great Western Railway Companies 
have determined to take into their own hands the working of 
the ferry traffic across the Mersey in connexion with the 
Birkenhead Railway. Three new steamers have accordingly 
been ordered. , 

Artantic TrLecrarpn Rares. — The oo gregory 
Telegraph Company have issued a circular with the view to 
show that they have always been the advocates of a reduction 
of the tariff for messages, and that such reductions have 
been delayed solely by the refusal of the Atlantic Board to 
adopt them. The point, however, is now of little importance, 
since all parties are probably agreed from experience that it 
is by a liberal policy the greatest success is to achieved. 

Appitions To THE Navy.—The drawings and oe for a 
new unarmoured improved sloop-corvette, from the a 
of Mr. E. J. Reed, Chief Constructor of the Navy, which is 
to be laid down at Chatham dockyard, have been received at 
that establishment from the Admiralty, the workmen at the 
sawmills having been employed for some time past in cutting 
out the timbers for the frames. The new vessel will be of the 
Juno class, of about 1460 tons burden, and is intended to 
mount an armame:aot of six heavy guns. The drawings and 
models of a new wiarmoured screw-corvette, of the B anche 
and Danaé class, o be named the Briton, are also in course 
of preparation fo:r being laid down on the only available 
vacant slip at She erness dockyard. 
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THE LEIPSIC WATERWORKS. 


Ix the accompanying two-page engraving, we illustrate the 
pumping engines of the new waterworks of the town of Leipsic, 
in Saxony, which have but very recently been finally handed 
over to the municipal authorities by the contractors and their 
superintending engineers. 

The town has not in reality had to complain of any absolute 
shortness of water, situated as it is within a network of rivers 
which not unfrequently send it more water than it can con- 
veniently dispose of—a position which favoured most peculiarly 
the establishment of numerous private wells, and a pretty regu- 
lar sapply of water from them at all seasons of the year, be- 
sides which there were two water-wheels on the river Pleiss, 
sending a very fair supply of the water of that river to the 
town, through a system of wooden pipes, for public and 
general use. 

Notwithstanding this, the town council had their attention 
drawn to this subject as early as 1857 or 1858, we believe, 
partly owing to the pollution of the river water by factories 
which had gradually established themselves on or near the river 
above the site of the pumping-station, and partly by the furring 
up of the delivery pipes with the sediment which the water de- 
posited in them; ond the necessity of dealing with the matter 
without delay became so much the more apparent as a thorough 
chemical examination of the private wells, at that time, re- 
vealed the serious fact that a number of them yielded a water 
so polluted with sewage contamination as to be thoroughly unfit 
for drinking or culinary purpose. 

The town surveyor, Mr. Ferdinand Dost, was thereupon in- 
structed to mature a comprehensive plan of water supply, 
capable of yielding at the rate of 4 cubic feet per head per day 
(equivalent to 20 gallons, English measure) or a total of 550,000 
enbic feet (283,000 ft. English) per day, and the first idea he 
hit upon was to raise the whole of the proposed supply from the 
river Pleiss, with proper precautionary measures, of course, to 
ensure its purity; but upon carefal investigation he found that 
during very dry seasons, such as occurred in 1857 and 1858, 
one-third only of that amount could be reckoned upon from 
that source. 

This scheme in consequence was abandoned; and having 
come to the conclusion that it would be necessary to raise the 
whole from springs, a few experimental wells were sunk, and a 
spot was found at a short distance south of the town which pro- 
mised (and has since fulfilled this expectation) to yield the re- 
quired supply, and of a quality which both practical experi- 
ments and chemical analysis showed to be everything that 
could be desired. Geologically considered, the ground there is 
of very recent formation, and consists of a layer 8ft. thick of 
alluvial detritus and clay, overlying a powerful water-bearing 
stratum of gravel of marine origin, which itself rests upon a 
very deep stratum of blue drift sand or silt. A bore sunk to a 
ws of 40 ft. into this stratum did not yield any greater 
volume of water than those sunk into the overlying gravel, 
which clearly ~~ that this is really the water-bearing 
Stratum, and the water which it yields is at a pretty even 
temperature of about 49° Fahrenheit, summer and winter. 

The works executed at this point, which we shall call the 
pumping-station, consist of engine and boiler houses, with coal- 
shed adjoining, and dwelling-houses for the engine-drivers and 
the stokers, the whole placed in close proximity to the two col- 
lecting-wells, which communicate with the pump-wells by 
means of cast-iron trunks. One of these wells also communi- 
cates with the river Pleiss by means of a short canal, which, 
however, is not at present in use, but which may be called into 
requisition if at any time the supply of the springs should fall 
short of the actual demand, provision being made elsewhere for 
filtering this water, if wanted. 

The general arrangement of the engine and boiler houses is 
illustrated in our engravings by Figs. 1 to 4, where Fig. 1 is a 
cross section through the two; Fig. 2, a cross section through 
the engine-house and valve-shed; Fig. 3, a longitudinal section 
through the boiler-house and coal-shed; and Fig. 4, a plan of 
the whole. Enlarged views of the engines and pumps are 
given in Figs. 6 and 7, where Fig. 6 is a longitudinal vertical 
section through the steam cylinder and pump, and Fig. 7, a cross 
section. 

The boilers, which are four in number, are double-flued Lan- 
cashire or Fairbairn boilers, 7 ft. diameter and 32 ft. long. The 
flues are 2 ft. 8 in, diameter, each having a firegrate of 6 ft. 6 in. 
in length, and they are provided with all the usual fittings, 
among which will be noticed one double-satety valve to each, 
placed upon the boiler in its mid length, instead of two single 
ones placed at different points of the length of the boiler, which, 
we think, much the better and the safer plan. They are worked 
at a pressure of 45 1b, to the square inch, and provision has been 
made for superheating the steam in a wrought-iron annular 
cylinder or pipe placed into the main flue of the boilers; but 
care has been taken so to arrange the main steam-pipe that the 
engines may be supplied without interruption in case the super- 
heater should be out of repair, the fear of interruption to work 
from this cause having been one of the objections to the more 
general adoption of superheaters placed into the chimney-flue. 
Upon referring to Fig. 1, the reader will observe that the floor 
of the engine-house is sufficiently above the level of the boilers 
to allow any water of condensation to run back either into the 
cogent there to be reconverted into steam, or into the main 
collecting pipe, whence it ma be drawn off through a small 





cock and _ epee peeves - The boilers, we are informed, 
consume 4 1b. of Zwickau coal per horse power per hour, which 


coal, however, is inferior to Eng.ish steam-coal. 

_ The engines are single acting, with inverted cylinder and 
piston-rod, coupled directly to the pamp-ram ; the piston, 4 ft. 
in diameter, and has a stroke of 8 ft. ; and the cylinder is both 
steam-jacketed and protected by a wooden lagging, with a con- 
siderable air space between it and the lagging. ‘The valve-gear 
is worked by means of cataracts, of whicu there are two to each 
engine—one of them in convexion with the steam-valve, and the 
other in connexion with the exbaust and equilibrium valves; 
an arrangement is provided also for varying the period of ad- 
mussion. 

, The piston-rod works a beam, which is made of two wrought- 
iron flitches, and pivots upon its end in bearings fixed into the 








wall of the engine-house; and the beam is made to work the 
cold-water pump, the air-pump, and the feed-pump. f 

The pump-well is 9 ft. in diameter, lined with cast-iron 
cylinders, and contains the entire body of the pump, the foot and 
retaining valves, and the cold-water pump. The pump-ram is 
1 ft. 9 in. in diameter, and the volume of water which it may raise 
and deliver at each double stroke is 19 cubic feet. In order for 
one engine tobe able to raise the total quantity of 283,000 cubic 
feet per day, or 196 enbic ft. per minute, it will have to make 
about ten and a half double strokes per minute. 

The water has to be raised through a total height of 142 ft. 
into a reservoir, which we shall presently describe. This cor- 
responds to a pressure of 4.3 atmospheres, or 644 1b. to the 
square inch on the pump-ram, the load upon which, including 
its own weight, therefore, requ‘res to be something more than 
10 tons to enable it to overcome the static pressure of the 
column of water and the friction of the water in the pipes, as 
well as that of the working parts of the machinery indirectly 
connected with it. For the same reason also must the average 
total pressure upon the piston never be less than this amonnt, and 
this consideration will enable us to see what is the maximum 
grade of expansion at which the engines can be worked with a 
pressure of 45 1b. in the boiler, and an initial effective pressure 


of, say, 50 Ib. on the piston (allowance being made for pressure | 


on the air-pump bucket, and imperfect vacuum). As the piston 
is 48 in. in diameter, the total pressure upon it would be rather 


details of the design were matured by the contractors them- 
selves, under the immediate supervision of Mr. Grissell ; and 
the works were executed under the superintendence of Messrs. 
S. L. Schmidthenner and John Glynn. 

The engines were made, for the contractors, by the Hamburg 
and Magdeburg Steamship Company, under the management of 
Mr. B. Andreas, to whose kindness we are indebted for the 

lans. 
? In actordanee with the terms of the contract, the works 
were completed in the space of two years, and have turned out 
a perfect success, and we understand, besides, highly profitable 
to the contractors. 








HORSE POWER. 
To THe Eprror or ENGINEERING. 

Srr,—As a younker, and among those whom vour corre- 
spondent, “J. W.,” mentions, I must say that I save some- 
times been greatly muddled by the term “ horse power.” 

Of course, it is instilled early into the minds of us “ rising 
Watts” that there is a wide disparity between “nominal” 
and “ indicated” horse power, and also that generally with 
a certain engine, the indicated would be two, three, or even 





more times the nominal horse power. What that multiple 


is it is difficult to find out. 
I find, in the latest practice among marine engincers, 


more than 40 tons, and consequently the maximum possible ratio | that the indicated ranges from six to seven and a half times 


of expansion would be one giving an average pressure of at least | the nominal. 


one-fourth the initial pressure. 


As an instance how one may be misled by 
terms, I find that there is in her Majesty’s navy a pair of 


The pump-ram is fitted with a head, cast hollow, for the pur-| engines rated as 800 horse power (nominal), in which the 


pose of receiving the requisite balance weight; it is guided in | diameter of cylinder is 82in., length of stroke 4ft.; another 
its up and down movement by two rods, and at the upper and | pair by the same maker is rated at 700 horse power (nominal), 
lower limits of its stroke the head just mentioned is made to | and with them the diameter of cylinder is 94in. and length 
strike against two india-rubber buffers fitted with wooden blocks. | of stroke 4 ft.; and this is not an isolated case. 

The air-pump bucket is 2 ft. in diameter, and has a stroke; Your correspondent, “J. W.,” mentions an ideal engine, 
of 3 ft. 6 in. The pump and the condenser are placed in a cistern, | which might be rated by the maker as of a certain power, 





into which the cold-water pump delivers itself; the guides of | but that that 
the air-pump rod are used also for the purpose of working the | sumption of fue 


valves in conjunction with the cataracts. 

Two engines have been provided as a precautionary measure, 
each of which is capable of raising the whole supply required; 
one engine, therefore, is kept at work only, and the other one 





| possessed evaporative power to produce steam enough. 


porwr can only be obtained by a large con- 


Now, Sir, I contend that no one would be so foolish as to 
purchase an engine, and expect to get a certain amount of 
power exerted by that engine, if he were not sure that his boiler 

The 


is kept in reserve, to be worked in case of accident or repairs | whole question is one of boiler power. If I have a boiler 


consequent upon ordinary wear to its fellow; for the same rea- 
son also double boiler power has been supplied. 

The pumps deliver their water, through a line of 18 in. pipes, 
each into a reservoir situated upon an adjoining hill, at an alti- 


tude of 142ft. above the mean level of the water in the | 
| Without doubt it would greatly assist every one if engines 


collecting wells, and capacious uir-vessels are placed upon the 





eapable of evaporating a certain bulk of water per hour, I 
should expect to obtain the same effect from that boiler, 
whether I used a large or small capacity of cylinder. That is 
(as is usual among engines of the present day) allowing that 
there is not a great disparity between the two piston speeds. 


lines of pipes, as will be seen in Fig. 3, for the purpose of | were gauged by certain self-evident terms. 


equalising the flow, the mean velocity of which is about 25 in. 
per second, which, as has been stated in our last week’s 
description of a portion of the Madrid Waterworks, has been 
found to be sufficient to keep the conduits clear of sediment. 

The reservoir is about 135 ft. long and 96 ft. wide, and when 

full it contains about 163,000 cubic feet of water, the depth of 
water being rather more than 13ft. The bottom of the 
reservoir consists of a brick floor resting upon a layer of con- 
crete, made water-tight by means of a layer of clay puddle; 
the side walls, which are also of brick, lean against a backing ot 
clay puddle and a stout embankment made with the materials 
excavated on the spot. It is covered by a series of brick arches 
of about 12 ft. span, resting upon brick piers 4 ft. wide by 18 in. 
thick, themselves connected at the top by a series of arches so 
as to form a continuous wall of about 3 ft. 6 in. minimum 
depth from the covering arches’ spring; these are filled in at 
the haunches with a layer of concrete up to the level of the 
crown, and the whole is covered with a layer of earth suffi- 
ciently thick to prevent the temperature of the external atmo- 
sphere, or the rays of the sun, having any considerable influence 
upon the temperature of the water inside. In longitudinal 
section the arches are built with a camber, giving the surface of 
the ground a sufficient inclination for throwing off the rain 
water, and at their highest point they are provided with an air- 
shaft. 
The reservoir is fitted with a float to indicate the level of the 
water, and when it is full the supply from the engine may be 
stopped off by closing a shut-off valve with which the delivery 
pipe is fitted at the point where it discharges itself into the 
reservoir, although an overflow pipe also is provided. A 12 in. 
stand pipe is connected with the delivery pipe, and as soon as 
the shut-off valve is closed the level of the water rises in the 
stand pipe, and, in consequence of the increase of pressure on 
the pump ram, the engine is stopped. This necessitates a 
rather nice adjustment of the load on the ram; but a difference 
of level of 17 ft., which is easily obtainable, would cause an 
extra pressure of nearly 1} tons above that actually required 
on the ram, which gives a‘sufficient margin for adjustment. 
Provision has been made for filter-beds close behind the reser- 
voir in case an increase of demand should lead to the necessity 
of drawing from the river Pleiss, and all the valve and pipe 
connexions for that purpose have been made already. . 

In consequence of the great fluctuation in the consumption 
at various hours of the day, which is found sometimes to be as 
much as treble the average consumption, the delivery mains 
from the reservoir had to be increased in a similar ratio, and 
consist of two ranges of 20in. pipes. Between 400 and 500 
hydrants, for public uses, have been supplied, and the water is 
delivered into the dwelling-houses through lead pipes, whose 
diameter has been calculated on the basis that they shall 
deliver about 33 gallons per minute on the upper floor of the 
tallest house. 

The cost of the whole of the works has been about-110,0002., 
or at the rate of about 17. 6s.*3d. per head of the population of 
the town; and the following are some of the charges made by 
the municipality for the use of the water: viz., for every living- 
room or workshop of about 9} square yards in area; for every 
bath-room and every kitchen, 1s. 9d. per annum; for every 
washi-house intended for the common use of all the inmates of 
a house, from 8s. 9d. to 17s. 6d.; and for every water-closet, 
4s. 4d. per annum. 

The contractor to the work was Mr. H. Grissell, of phe 
Regent’s Canal Ironworks, London, in partnership for this con- 
tract with Mr. Thomas Docwra, of Ballspond. The working 








Thus, for instance, I should not think that any one would 
doubt the meaning of terms, if I called the power of an engine 
33,000 minute-foot-pounds, or 550 hour-foot-pounds. It is 
evident the terms are synonymous. So that, instead of saying 
an engine of 1 horse power, it might be called an engine of 
550 hour-foot-pounds; 100 horse power, 55,000 hour-foot- 
pounds; 1000 horse power, 550,000 hour-foot-pounds.* 

I am not able to invent one word which will be as self- 
explanatory as the combination of these three, but perhaps 
even that might be done, and so there would be produced a 
change in the nomenclature of steam-engineering which, 
without. being a revolution, would harmonise with the old 
term, and about which, in future time, there could not arise 
any controversy. With reference to the mode of obtaining 
the power by means of the indicator, I think there may be 
many doubts as to the exactitude of the results, as the follow- 
ing may perhaps show, which came under my own notice : 
A small steamboat was tried at the measured mile, and indi- 
cator diagrams were taken, and the result, calculated from 
the mean pressure (obtained by the card) and the revolutions, 
was 12 horse power; this was with a pressure in the boiler of 
60 Ib. The load on the safety-valve was then increased to 70 lb., 
and of course the number of revolutions was increased; but 
though, doubtless, there was actually a higher mean pressure 
in the cylinder when the calculation was made, there was 
obtained only 9 horse power. 

I should say, if this was produced by the inertia of the 

indicator, that, ceteris paribus, in a large engine the same 
causes would operate, though with proportionally a smaller 
effect. 
«J. W.” proposes the application of the friction brake for 
finding the effect produced, or gp of being produced, by 
the engines. Perhaps this would be a better mode than the 
indicator; but could there not be devised some mode, such as 
is sometimes used (I understand) in locomotives, in which a 
dynamometer or some other suitable indicator of pressure is 
attached to the locomotive, and the useful effect is found by 
multiplying the pressure, shown by the indicator, by the 
speed ? 

I have no doubt there are others holding similar views as 
myself, and, by discussion, I conceive that, eventually, the 
present unsatisfactory term, “horse power,” may be swept 
away, and replaced by some more suitable word. 

I am, Sir, your obedient Servant, 

January 15, 1868. YOUNKER. 








Lonpoy WatER Suppiy.—From particulars furnished to 
the Registrar-General by the London water companies, it 
appears that the total daily supply during the month of Decem- 
ber last amounted to 94,059,817 gallons, or about 30} gallons 
per head. According to returns of the London water com- 
panies made to the Select Committee on East London Water 
Bills (Session 1867), it is estimated that, on an average, 
during the year 1866, about 80 per cent. of the total average 
daily supply of water for all purposes was for domestic use ; 
applying this proportion to the total quantity supplied in the 
month of Deeember, it may be estimated that about 77,302,000 
gallons were propably used for domestic purposes, or about 
25 gallons per day for each inhabitant. 


* “ Foot-tons would be better. And, just as certain elec- 
trical standards are termed “‘ Ohms” and “ Farads,” so would 
the hourly horse power be best named a “ Watt.”—~Ep. E, 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away From the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 





Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the Nouveav PoRTEFEUILLE DE 1’ INGENIEUR 
pDEs CHEMINS DE FER may be obtained, price 91. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Toe Institution or Civin Enainerrs. — Tuesday, 
January 21, at 8 P.M. Renewed discussion upon the papers 
on “The Victoria Bridge,’ and on “New Railways at 
Battersea, §c.” 

Civin AND MEcHANICAL EneineErs’ Socrsty.—Wednes- 
day, January 22, at 8 p.m. “ On the Sea-wall on Teignmouth 
Beach, South Devon Railway.” By Mr. G. W. Willcocks. 
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ENGINEERING AT CROYDON. 


THERE were no boards of health nor registrar- 

nerals in the olden days when the Archbishops of 

anterbury held their court at Croydon, and Queen 
Elizabeth was entertained with royal splendour at the 
archiepiscopal palace there. The Wandle, we may 
suppose, was then a erystal stream, and its valley even 
pleasanter than now, which is saying much ; and there 
was the same breezy freshness in the air of the Ban- 
stead downs—famous, too, for their mutton, on which 
the kings of old dined often, and with right royal 
relish. But the Croydon of three hundred years ago 
could hardly have been as favoured in respect of the 
health of its inhabitants as the wide-spreading villa- 
city—unincorporated although it be—of Croydon, a.p. 
1868. With a population of about 50,000, its death- 
rate is now but 16.6 per 1000. This fact will partly 
account for the rapid rate at which the town is still 
growing, although the fine air of the downs, the plea- 
sant neighbouring country, and the convenience of 
access from London have much to do withit. Never, 
indeed, was a town of the same size more be-rail- 
wayed ; for it has two or three lines to London, and has 
no less than fez railway stations within its own limits, 
communicating variously with four of our great metro- 
politan termina. 

Croydon was one of the first towns in the kingdom 
to establish a local board of health under the Public 
Health Act of 1848. The disposal of the sewage was 
one of its first duties ; but sthongh Messrs. Cox and 
Donaldson had long ago hinted, in a report to the 
Board, of its application to agricultural purposes, this 
was not successfully accomplished until within a very 
few years. Previously, the Board had fought and lost 
many suits brought by residents further down the 
valley of the Wandle, who suffered by its contamina- 
tion ; and subsequently to these, large sums were spent 
in attempts to deodorise the sewage. The loss in 
these attempts finally reached 3000/. a year. Four or 
five years ago, Mr. Baldwin Latham, who had been 
for some time the surveyor to the city of Ely, became 
the engineer to the Croydon Local Board, and he soon 
afterwards commenced a system of sewage irrigation 
which has been attended with results of the highest 
interest and value. A meadow hardly 500 yards dis- 


tant from the town hall, and slopin ntly away 
towards Norwood, was leased at, anny € leve, 4/. per 
acre, the sewage of a portion of the town turned over 
it, and, in this state, it was;relet at 5/. per acre. No 
nuisance has been found to attend this system, and the 
healthiness of the town is attested by its low death- 
rate and the entire absence of epidemic diseases. Com- 
mercially the results, although realised almost exclu- 
sively to the benefit of the tenant of the sewaged land, 
are known to be extraordinary. From four to six 
crops of Italian-rye grass are cut per acre, giving fifty 
tons of grass yearly, worth upwards of 30/., or, if 
dried, into eight tons of hay, worth 4/. per ton, or, 
say, 82/. per acre. The tenant, Mr. Marriage, leases 
312 acres. Ata recent period, when his lease had 
but two years longer to run, the Board negotiated with 
him for its purchase, and his demand was 7000/., equal 
to about 11/. per acre yearly. The grass sells readily, 
as well to keepers of dairy stock as to farmers, and 
no complaint is made that the milk of the cows so fed 
acquires any flavour in consequence, nor is this grass 
found to heat more readily than any other kind when 
made into hay. The meadows are of light land, and 
the sewage, received in an open channel at the head of 
the field, is turned on through narrow open parallel 
channels or “ carriers” of gentle inclination, with fre- 
quent cross boards to throw the stream well to each 
side, so as to cover the whole surface. The sewage is 
kept on for several days together, and where the land 
is tent it is kept constantly on. At South Norwood, 
a field of seventy acres of very stiff clay, otherwise 
nearly worthless, has given extraordinary crops of 
grass with a constant flow of sewage over its surface. 
We should note that the sewage is previously strained 
upward through iron plates with lin. holes, and the 
solid portion so collected is sold to the market gar- 
deners. Both in quantity and value, however, it is 
very greatly inferior to the liquid portion, the chief 
constituent of value, the ammonia, of human excreta, 
being contained mainly in the urine, that in the feces 
being hardly one-eighth as much in quantity. 

Not only is no inconvenience in respect of smell 
found to attend the application of the liquid sewage 
to the land, but the water which runs off is rendered 

erfectly clear and inodorous. By analysis it shows 
Dut 23 grains of solid matter, where the water pumped 
for the supply of the town contains 21 grains, and 
nearly allits nitrogen is completely oxidised. Although 
the water running off the fields cannot, of course, be 
called drinking-water, it has been drunk in moderate 
quantities without leaving any taste upon the palate, 
and without injury to health. As now discharged into 
the Wandle, that stream is in no respect fouled by it, 
and the inhabitants lower down the river are content. 

Mr. Latham has shown great spirit and perseverance 
in dealing with the question of sewage irrigation, of 
such vast importance to the whole country. At one 
time he had a great amount of prejudice to contend 
against, and even within the last two years we have 
seen the system attacked as if it were the source of 
cgomaes and death. The healthfulness of Croydon 

as proved, on the contrary, that sewage irrigation is 
rather a preventive of pestilence. Mr. Latham has 
already advised: professionally with respect to its 
adoption by sixteen towns, among them some of the 
largest in the kingdom, and it appears to be almost 
beyond doubt that: sewage irrigation must be very 
generally, if not universally, adopted, even where 
pumping is requisite for the disposal of the liquid. 

The Board of Health has purchased considerable 
freehold property, not only for irrigation, but for other 
purposes, one purchase having been 36 acres of 
elevated and finely situated land for a public recrea- 
tion ground. Within the past few years the Board 
has expended 190,000/., aa its revenue, from a rate 
of 3s. in the pound of the rateable value of the town, 
is about 80,000/. yearly. 

Among the recent improvements is the extension of 
the waterworks, and it is hoped to soon maintain a 
constant supply over the whole town. The water is 
pumped by Cornish engines from wells in the upper 
chalk, and toa height of 180 ft., while a small portion 
is pumped 100 ft. higher for the supply of a still more 
elevated district. There are three Cornish engines, 
two by Messrs. Sandys and Vivian, and having each a 
30in. cylinder, 12 in. pump-pole, and 9 ft. stroke; 
while a new engine, lately erected by the Kirkstall 
Forge Company, has a 60in, cylinder, a 24 in. pump- 
pole, and 10ft. 6in. stroke. All three are beam 
engines. The new engine is now principally relied 
upon, and it - s 24 million gallons daily to a 
height of 180 it. Te is worked with steam of from 
45 Ib. to 501b., which is much higher than the pres- 
sure asually maintained in Cornish pumping-engines 
in London. With 50 cwt. of inferior Welsh coal 





daily (twenty-four hours), the duty is about 634 
million pounds lifted 1 ft. high per cwt. This, con- 
sidering the quality of the coal, is a very fair rate of 
economy. e engine has a tubular surface-condenser, 
giving a very good vacuum, and its beam is formed of 
a pair of wrought-iron slabs lin. thick and 38 ft. 
long over all, rolled at the Atlas Works, Sheffield. 
The bosses for the various centres are riveted to 
these, the pair being held at their proper distance 
apart by distance-pieces. The engine has two cata- 
racts—one for the steam and one for the equilibrium 
valve. The steam is worked at a nearly fivefold ex- 
ansion. In external appearance this engine, taken 
in conjunction with the ornamental features of the 
engine-house, is one of the handsomest in the king- 
dom. The engine-house, which is not remarkable for 
its cost, is in the Gothic style, and this style has been 
carried out as far as possible in the engine itself, as, 
for example, in the columns carrying the pillow-blocks, 
the casing for the weight on the pump-pole, &c. 
Some of the details were studied in and adapted from 
Ely Cathedral, and, taken with its variegated colour, 
the polished mahogany lagging of the cylinder, the 
handsome balustrade around the engine on the upper 
floor, &c., it is one of the most showy and possibly 
the most ritualistic we have seen. 

The largest of the town mains are 18 in. in dia- 
meter, and the smaller sizes range down to 8 in., which 
is the smallest now laid down, although some but 2 in. 
in diameter, and thus too small to give a proper supply 
in case of fire, are yet in use, having been fai before 
Mr. Latham’s management of the works. Only lead 
is now used for making joints in the new pipes, the 
old lead and gasket joints being now abandoned, and 
the sockets made very much shorter and smaller than 
formerly. Mr. Latham has made successful experi- 
ments with a bandage joifit for pipes with plain ends. 
A sleeve or bandage is made in six segments, bolted 
together through as many pairs of radial lugs or 
flanges. ‘This sleeve has a larger internal diameter at 
the middle of its length than at the ends, so as to 
form a suitable cavity to retain the lead firmly about 
the crack between the opposite ends of ‘the pipes. 
These joints are very convenient for making and un- 
making, but they are, of course, much more costly than 
the ordinary socket joint. 

A reservoir of about one million gallons capacity is 
formed on rising ground on the borders of the town 
and in this the water is maintained at a height of 
180 ft. above the engine-house. From this reservoir 
a quantity of water for houses. at a: still higher level 
is pumped into a tank near the top of a brick tower 
100 ft. high. For this work a bcatnontal rotative 
engine is employed, fed with steam from a pair of 
Field boilers, and driving a pair of bucket-and-plunger 
pumps. This engine has a 16in. cylinder and 30 in. 
stroke. It was made by the North Moor Foundry 
Company, of Oldham, was designed with special 
reference to economy? @f structure. It is some. 
what: remarkable, however, for having double-beat 
valves, which are found to work most satisfactorily. 
The duty, considering the type of engine, is very fair. 
being about fifty millio#s,per cwt. of inferior coal, 

The brick tower is of handsome appearance, and we 
hope to be able to give a drawing of it in a future 
number. It is about 35 ft. in diameter, and the brick- 
work varies in thickness from 3 ft. at the bottom to 
18 in. at the top. Iron bearing beams are built across 
it at the proper level to support a wrought-iron tank 
of 40,000 gallons capacity, its diameter being 21 ft 
7in. and its depth 18 ft. The tank is made of din, 
iron in the sides, with bottom plates gin. thick. 
When full, its weight is about. 200 tons, and the 
support of such a load at such'a height, within a 
tower of such y= anh lightness, implies an amount 
of boldness not always common among engineers, 

Mr. Latham attaches much importance to sewer 
ventilation, and his traps at the gully-holes appear to 
be particularly simple and effective. These traps are 
formed within a eS" hollow casting having a stout 
hinged lid. This lid is coarsely grated for half its 
length, and, the water running in drops, any stones or 
substance likely to form obstructions in the sewers fall 
into a ~~ pan formed within the casting, and this 
pan is to be regularly cleaned out. The water flowi 
over the edge of the pan, and under the closed half 
of the hinged lid, finds its way down by a zigzag course. 
around the edges of four trays filled with charcoal. 
into the sewer. These trays intercept and absorb the 
rising gases, and in this respect their action is found to 
be very perfect. The charcoal is occasionally taken 
out and reburnt, when their deodorising energy is re- 
stored. It will be understood that the trays of char- 
coal are of such dimensions as to fill the space within 





which they are enclosed, with the exception of a nar- 
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row passage along one side, and that they are set in 
such order that the gas has no opportunity of ascend- 
ing directly from the bottom to the top, although a 
zigzag course is left for the downward passage of the 
water. ‘The four trays are in a frame, and are readily 
lifted in and out together. 

The sanitary engineering of Croydon is of special 
interest to our profession, and its results have been 
attended with the best success. The liberality and the 
cn skill with which the various works have 


een carried out do credit, respectively, to the Local | 


Board of Health and to their able engineer. 


IRON RAILS. 

Tue comparison between wrought iron and steel as 
materials for rails has recently brought forward some 
very interesting evidence regarding the average quali- 
ties of iron rails, and this subject is likely to afford 
some further ground for discussion at an approaching 
meeting of the Institution of Civil Engineers. We 
consider the collection of data drawn from actual 
experience in railway working as one of the most im- 
portant sources of information, and we have, therefore, 
published some of the most carefully compiled records 
of the behaviour of iron rails under the test of prac- 
tice which exists in this country. We now lay before 
our readers a collection of similar results obtained in 
France with rails from five of the first and most cele- 
brated ironworks in that country. These data were 
collected by M. Couard from actual practice, and were 

ublished in the Annales des Mines of 1866. The rails 
M. Couard refers to were delivered hy the makers, and 
ruaranteed for two years. The records do not extend 
Eéyond this specified time of guarantee, but during 
that period the following table of failures has been 
compiled : 

Percentage of 


Rails from Made Phosphorus in failures during 
firm from pig iron. the first two years. 
No. 1 grey pigs 1.4 per cent. } per cent. 
2 ... white 117, 1.75 a 
3 .. grey unknown 7.7 a 
4 ... white 0.978 per cent. 16.1 om 


5 ... white very considerable 52.6 a 
There can be no doubt about the meaning of the 
above figures, since every one of these rails had to be 
returned to the makers, and replaced by them at their 
own expense. The strictest control must, therefore, 
have existed in the examination of all the damaged 
rails. ‘These figures, moreover, do not relate to ex- 
periments carried out on a limited scale, but are the 
results obtained from the working of extensive con- 
tracts, and of two years’ actual and commercial working. 

M. Couard further classifies the failures in another 
table, according to their character, and he finds the 
gg amongst one hundred failures as follows : 


Works. Crushed. Splintered. Badly Fractured. Sundry 
0. welded. faults. 
Di sot oa en ene an! Bw F 
8. 62 .. 19 4 15 we 10 
Ss ¢ — a 2 3 14 6 
5 20 20 20. 29 11 


M. Cauard draws some very interesting conclusions 
from his statistics. He points to the difficulty of pro- 
ducing wrought iron which will at the same time have 
a great deal of ductility and a sufficiency of hardness 
to resist the strain and the abrasion, and which will 
readily weld under the rolls without previous hammer- 
ing. ‘Those kinds of iron which produce the finest and 
most valuable bars are too soft for rail-making, and 
will not stand abrasion ; those which are hardened by a 
percentage of silicium willnot weld properly by the mere 
action of the rolling-mill. Rails which contain sag 


and show a high percentage of fractures; and rails 


which contain both silicium and phosphorus are sub- | 


ect to crushing and splintering. Wrought-iron rails 
accordingly should never be made homogeneous ; they 
ought to have a different material for the head, say a 
hard close-grained iron, and for the foot a soft, fibrous, 
and wanvekah phosphoric iron, which will facilitate 
welding. This necessitates an increased price on 
account of the higher prime cost, but it is far from 
being a complete solution of the provlem. The two 
different kinds of iron have an unequal degree of flexi- 
bility. The compound rail when bent under a load must 
take a curve which is neither corresponding to the 
hard nor to the soft material of which it is composed. 
There is, therefore, a longitudinal strain upon the 
surface of the weld exerted by each deflection of the 
rail, und the well-known result is that the two parts 
split after some time all along the entire rail. 
Amongst such = rails, the Paris-Lyons Rail- 
way percentage of wasters was about 3 per cent. 


during the first two years, and 10 per cent. of the 
wasters showed the separation of the head from the 
body of the rail. Next in importance as a cause of! 





the failure of iron rails is the unsoundness of the 
welding at the crop-ends of the pile. The Paris-Lyons 
Railway has on one occasion found 45 per cent. of the 
rails mustered out from alarge contract duringthe two 
| years of guarantee to be faulty at the ends. It has been 
| discovered, upon investigation, that the makers of 
| these rails allowed only 9 per cent. of the weight of 
| finished rails for crop-ends, while the usual practice 
| averages from 10 to 13 per cent. All this evidence, 
| while it is valuable to show how much care and atten- 
tion should be bestowed upon every detail in the 
manufacture of iron rails, equally points out how easy 
it is to make a bad iron rail, and how many and 
manifold are the temptations, the chances, and the 
probabilities of an ironmaster turning out rails of a 
very inferior quality and of the most treacherous 
nature. 


REMOVING MOUNTAINS. 

We gave, last week, a sketch of the project for a 
ship canal in Western Canada. One of the cuttings 
shown upon the original plans—the latter subject of 
course to modification by the English engineers who 
have taken up the work—is 8} miles long, with an 
average depth of 80 ft., a maximum depth of 198 ft., 
and will require the removal of at least 36,000,000 
cubic yards of material, all of which must be led for a 
considerable distance to spoil. This cutting will un 
doubtedly be the greatest artificial gash ever made in 
the earth’s surface, and even as a natural valley it 
would be remarkable in almost any other than an 
Alpine country. Its cubic contents are eighteen times 
greater than those of the two-mile cutting of the 
London and North-Western Railway at Tring, and 
they are nearly equal to those of a cube 1000ft. on a 
side, or to a conical mountain of that height, 1000 ft. 
high and 1730 ft. in ‘diameter at the base. In large 
cuttings upon English railways not much more than 
half a million cubic yards have been got out in a year, 
at which rate 36,000,000 cubie yards would require 
seventy-two years. for its removal. ‘The material, so 
far as bored, is clay and gravel near the top, and indu- 
rated clay, requiring blasting, lower down. 

To raise and move such an enormous mass of 
material by the pick and shovel would be as enormous 
a waste of human labour. The whole system of 
manual digging, in the formation of great cuttings and 
embankments, is, indeed, a relic of barbarism only to 
be compared to the employment of men in a somewhat 
analogous work, that of dragging a plough. And this 
is a work never now put upon men. Ages ago horses 
and oxen were put to the task, and now the best and 
most profitable ploughing is performed by steam power. 
Yet We continue to excavate railway and canal cuttings 
by means of the force of human muscles. We might 
j}at least substitute the steam-plough in place of the 
hand-pick, and, as every well-informed farmer now 
knows, we have mole-drain ploughing going 2 ft. and 
}more beneath the surface ; indeed, the late Mr. John 
| Fowler once laid drain-pipes in a ploughed trench 4 ft. 
| deep. 

But the machine which at once supersedes the pick 
and shovel is the steam excavator, a machine em- 
| ployed, some twenty years ago, upon the cuttings of 
the Eastern Counties Railway, and, since then, upon 
|extensive railway works abroad. This will raise a 
shovelful, of one cubic yard, of tenacious material in 
less than a minute, or 1000 cubic yards a day, filling 





the tipping-wagons as fast as they can be brought ; 
For the cutting under notice it is | 
|the intention to construct forty of these “steam- | 
phorus, and are therefore easily welded, are cold short, | 


| under the shovel. 


shovels,” twenty-five of which are estimated to remain 

| in constant action for 200 days of every vear, thus re- 
moving 5,000,000 cubic yards yearly. Even at this 
rate it would require upwards of seven years to take 
out the 36,000,000 cubic yards of “ stuff.” 

But the “steam-shovel,” doing its cubic yard per 
minute in stiff clay, is not the cheapest means of 
taking out material. It would be easy, after forming 
a portion of the cutting at the top, to let into ita 
stream of water, now running conveniently near, and 
to thus form a lake of 6 ft. to 10 ft. in depth over the 
clay. Even then the clay would prove refractory 
until blasted by waterproof cartridges, sunk every 
few feet, in both directions, as was done, many years 
ago, in blowing up for dredging a bed of conglomerate 
in the Severn. By thus loosening the clay, water 
would be admitted to considerable depths, and dredg- 
ing would be easy and economical. We have given, 
in previous volumes, illustrations of large dredging- 
machines capable of ratsing 2000 tons, or, say, 1400 
cubic yards, daily, at a cost of 4d. to 1d. per ton, the 
whole cost of raising and distant removal amounting 
to hardly 44d. per ton, or 63d. per cubic yard. An 
extensive lake might thus be easily formed in the 











principal section of a large clay cutting, and the 
material dredged into trucks mounted upon barges. 
These trucks would be landed by means of floating 
bridges, and hauled off by locomotives to the tipping- 
ground for spoil. Probably no means of removal 
would be as cheap. The + he perhaps forty in 
number, would work in a lake from 6 ft. to 10 ft. deep 
in clay blasted progressively by waterproof cartridges 
7 ft. or 8 ft. below the bottom, and fired by electricity. 
Each dredger should take out 2000 tons of “ stuff” in 
twenty-four hours, and at this rate the whole cutting 
could be made within three years. 








PLUMBAGO CRUCIBLES. 

Tne infusibility and, practically, the incombusti- 
bility of plumbago were long known to chemists before 
practical art discovered the way to turn these valuable 
properties to account. At least as friable as dry clay, 
plumbago, unlike clay, acquires no gphesion by 
tempering and burning, except when mixed in powder 
with other substances, and in the case of plumbago 
pencils subjected to great pressure, although in this 
case no heat is applied. The use of plumbago as a 
material for crucibles was precluded, too, by the great 
price of that material, the graphite or “ blacklead” of 
Borrowdale, having long sold for 45s. a pound, or 
upwards of 5000/. per ton. At the present time much 
German plumbago sells at 12/. per ton, and the better 
qualities from Ceylon hardly bring 35/. 

The almost complete incombustibility of plumbago is 
the more paradoxical when we remember that, like 
coke and anthracite, it is nearly pure carbon, and that 
even the diamond volatilises when at a great heat and 
in contact with air. As it is, plumbago crucibles 
employed in melting the softest steel, or in melting 
glass, wili withstand a very far greater number of 
heats than the most refractory fire-clay pots, and yet 
it is, at the same time, certain that taal will take up 
and combine a proportion of plumbago, as carbon, 
when melted with it, and possibly, too, when melted 
in a plumbago pot. In other words, it appears to 
have, when highly heated, a greater affinity for iron 
than for oxygen. 

Mr. Dixon, of New Jersey, U.S., some years ago 
established the manufacture of crucibles made of 
a mixture of plumbago and clay, the latter in 
sufficient proportion to give coherence and plasticity 
tothe whole. The manufacture was subsequently 
taken up in England, and is now very hanely pro- 
secuted by the Patent Plumbago Crucible Company, 
whose works are on the Thames, at Battersea. It was 
found, too, in carrying on the manufacture here that 
a great deal of otherwise inferior plumbago required 
washing only, in acids, to render. it fit for the best 
crucibles. Mr. Brodie’s process consists in subject- 
ing the powdered plumbago to a bath in twice its 
weight of commercial sulphuric acid, with seven per 
cent. of chlorate of potash, and continuing the heat 
until the escape of chloric oxide has ceased. This 
dissolves the iron, lime, and alumina present, and a 
further treatment with fluoride of sodium removes all 
silica by volatilisation. The material is then washed 
and dried at a red heat, and finally becomes a fine 
powder. When boiled, too, in aqua regia, or nitro- 
hydrochloric acid, plumbago parts with a percentage 
of iron. 

Until lately, plumbago crucibles were made by hand, 
upon a potter’s wheel, in the same manner as fire- 
clay pots. ‘The new works of the Patent Plumbago 
Crucible Company, now but about six months in 
operation, contain machinery, however, whereby the 
crucibles are rapidly moulded. Into a revolving iron 
cup is placed a plaster-of-paris mould, and within this 
is thrown a weighed quantity of the mixture of plum- 
bago and clay, sufficient with a slight paring of the 
upper edge to make a crucible of the intended size. 
The whole being in revolution, an iron arm presenting 
a smooth curved surface, and bent to the intended 
form of the inside of the crucible, is lowered vertically 
into the material, and is then moved slowly by means 
of a feeding screw towards one side of the mould, 
spreading out the plumbago in its course, and bring- 
ing the latter rapidly to the desired form. For this 
work no skilled Jabour is now required, and the exact- 
ness of form and uniformity of weight are better 
secured than by the hand process, while also the 
material is more completly compressed and consoli- 
dated. 

The crucibles are then well dried by being left for 
some hours in an apartment only very moderately 
heated, say, to about $0°. After this they are stamped 
with tlhe trade-mark of éhe makers, and are then burnt 
in a closed kila—an operation requiring, perhaps, a 
couple of days, and as much longer to let down the 
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heat, when the crucibles are ready for use. The whole 
process of manufacture is thus exceedingly simple. 
The English makers of these erucibles have introduced 
them in large numbers intoall the prinoipal-markets of 
the world, except America, which is supplied by its home 
manufacture. Our first.engineers have repeatedly cer- 
tified that, although comparatively expensive’ at first, 
the plumbago crucibles, by their greater durability, 
are much cheaper in the end than clay pots, however 
good the quality of the latter maybe. Large numbers 
are sent b mo for steel-melting, and it is the fact 
that, notwithstanding the prejudices of our stcel- 
masters against plumbago, all Krupp’s steel, unless it 
be his Bessemer steel, is melted in crucibles of this 
naterial. In Sheffield, where a steam moulding-press 
is now in use, at one establishment, for making fire- 
clay crucibles, a proportion of plumbago, although not 
a large one, is added, and it is not unlikely that, in 
time, only plumbago pots will be used in steel-melting. 


THE, PRICE OF IRON RAILS. 

‘Tnx results of careful tests, extending over a period 
of ten years, of all the rails purchased by the South- 
Eastern Railway Company during the same time were 
yublished in ENcinzERING of December 13th and 20th 
9 pages 561 and 569. ‘These results disclosed an 
irregularity in quality ranging from extreme and most 
dangerous brittleness to very considerable strength 
and toughness. In the latter respect, the steel rails 
tested were, with but one or two exceptions, greatly 
superior to the very best samples of iron, while at the 
same time even the tests borne by the steel rails were 
not so great as those now successfully withstood by 
the latest make of bars in that material. 

Following our publication of these tests, it was 
asserted in two journals, now conducted exclusively in 
the interests of the iron trade, that no value could 
attach to such tests, except the prices of the rails were 
also given. It was intimated that the prices, not 
having been given, were lower than usual, and that 
the many unsound and unsafe iron rails were thus 
defective from having been made of cheap and raw 
material for the express purpose of being sold at a 
low price. This, however, was not a reasonable con- 
jecture, inasmuch as a great company like the South- 
Eastern would not jeopardise the safety of their pas- 
sengers—including many royal personages, too—for 
the paltry consideration of a small saving in the price 
of rails. Notwithstanding all that is so often said to 
the discredit of railway companies, the accusation 
that they care nothing for the quality of the materials 
put down on their lines, so that they are obtained at 
a low price, those who have the least knowledge of 
English railway management know sufficiently well 
that the very contrary is the case. The heavy damages 
awarded in cases for compensation for personal injuries 
alone afford a sufficient reason for the use of the very 
best materials ; and, besides this, nothing is now better 
known among railway men than that very cheap ma- 
terials, in so far as a low price nominally represents 
cheapness, are almost invariably the dearest when 
brought into use. Iron rails of even the best quality 
cost less per ton than steel, yet all railway managers 
and engineers who have had experience with steel:rails 
under heavy traffic know them to be really the cheaper. 

We have, however, made inquiries as to the price of 
the rails tested, and so far from finding them below 
the average, they are much above it. They were 
nearly all high-priced rails. 

In January, 1856, the current quotations of rails 
were 8/. for Welsh and 8/. 10s. for Staffordshire rails. 
At about this time the South-Eastern Company pur- 
chased 3300 tons of rails from Bolekow and Vaughan 
—one-half at 7/7. 11s. and one-half at 77. 17s. 6d. per 
ton. The only rail of this lot, of which a test is re- 

ported, broke with three blows of a 3 cwt. ram, fall- 
ing 5 ft., 6 ft., and 7 ft. respectively, the 4 ft. piece of 
rail, 80 1b. to the yard, being supported on 8 ft. bear- 
ings. It gave only }in. deflection, and was reported 
“cold short.” Not long afterwards a contract was 
made with the Ebbw Vale Company for 2500 tons at 
9/. 10s. per ton, or 30s. above the current quotations 
for Welsh rails. These rails were only of fair quality ; 
indeed, they were rather soft, and, by so much, not 
durable. ‘Towards the middle of 1858, the market 
quotations of rails had fallen to 6/. 2s. 6d. for Welsh 
and 7/. for Staffordshire. At about this time 6000 
tons were purchased from Guest and Co. at 7/. per 
ton, and one of these behaved much better than the 
average when under the ram of the testing-machine. 
At the end of 1859 the market quotations were 
5/. 12s. 6d..in Wales, and 7/. in Staffordshire. Tlie 
Derwent Company about this time supplied 5000 tons 
at 6/, 14s., and these rails proved of fair quality, 


borne by steel. From July, 1861, to the end of that 
year, Welsh rails were quoted at 5/. A small lot 


badly on trial. The Ebbw Vale Company supplied | 
5250 tons at 6/7. 12s. 6d., or 32s. 6d. above the 
ordinary market quotations, aud these proved to be of | 
very good quality. 

In November, 1862, the market quotation of| 
Welsh rails was 5/. 10s. per ton. A contract was let | 
to the Aberdare Company for 15,000 tons at 6/. 14s., | 
or 24s. above the market rate for ordinary rails of the | 
district. Some of these rails turned out well on trial, | 
while others were marked “ bad,” having broken with | 
a single blow of 5 ft. fall. Towards the end of 1864’! 
rails had risen in price, in the open market, to 6/. 10s. | 
A contract was let to the Aberdare Company for 
3000 tons at 7/. 18s., and these were of variable and 
sometimes inferior quality. In May, 1865, rails were 
quoted 77. to 7/. 5s. per ton. A contract for 1000 
tons was divided between the Blaenavon and Cwmavon 
Companies at the high price of 97. 10s. per ton. These 
rails proved of good quality. Shortly afterwards 
3000 tons of very good rails were had from the Aber- 
dare Company at 7/. 18s. per ton. Since then good 
rails have been had from the same company’ at 
7/7. 2s. 6d., and from the Blaenavon Company at 
8. 10s. 

The samples of inferior rails were offered for trial by 
competing firms ; but as, on discovery of their inferior 
quality, none of these rails were purchased, no record 
of the price at which they were tendered has been pre- 
served. They were, it is fair to suppose, not below 
the ordinary market rates. To obtain a good iron rail 
a price of from 20s. to 45s. above the prevailing 
market rates had to be paid, and no one of these rails 
could withstand the usual test of steel rails, then sold 
at from 14/. to 15. per ton, the price being now very 
much cheaper. 








MR. W. FAIRBAIRN, C.E., LL.D., F.R.S. 


Ir is unnecessary to tell the readers of ENGINEERING why 
a portrait of Mr. Fairbairn finds appropriate place in the 
series we are pening; but some particulars of his career 
may be interesting. William Fairbairn was born at Kelso, 
on the Tweed, in 1789. Of his early education we know little 
more than that he was at school in Mullochy, Ross-shire, 
where he had none of the advantages of the kind that might 
have been deemed requisite preparation for the pursuits of 
his life. Indeed, his acquaintance with writing and arith- 
metic are described as then “imperfect.”. Mr. Fairbairn has 
been connected, as an engineer and machinist, with some of 
the most important structural and mechanical works of the 
last thirty or forty years, or especially those in which iron 
has been the material employed mainly, or for the most im- 
portant offices. His chief education for his calling, however, 
was of an entirely practical description. He was apprenticed 
as an engine-wright at the Percy Main Colliery, near North 
Shields; and he subsequently worked for two years as a 
journeyman in London. Travel was then not an unusual 
element in the instruction of a mechanic; and Fairbairn 
turned this mode of proceeding to good account, not, how- 
ever, neglecting what he could get from books, He visited 
South Wales and Ireland, and at last, in October, 1813, be- 
came settled in Manchester. He entered into partnership 
with Mr. Lillie in or about the year 1817. The firm was known 
as that of the leading machine-makers of the town, up to 
about thirty-two years ago; when the partnership was dis- 
solved, Mr. Fairbairn continuing the business. Amongst Mr. 
Fairbairn’s improvements about that time, according to a 
notice of him published in the English Cyelopedia (and 
written, as we happen to know, from local knowledge, sup- 
plemented by information from the best sources), were the 
introduction of lighter shafting, and other contrivances for 
driving the machinery of factories, more simple than the con- 
trivances previously in use, modifications in the valves of 
steam-engines, and the introduction of the double-flued 
boiler for alternate firing, productive of economy of fuel and 
of consumption of smoke, improvements in the feeding-appa- 
ratus of millstones, the adoption of a better principle of suspen- 
sion, and the use of ventilated buckets in water-wheels, the 
invention of the rivetting-machine; and, “about the year 
“ 1833, the introduction, which is claimed for him, of a more 
* ornamental style in the architecture of factories.” 

In 1830 or 1831, were made his experiments on the form 
and traction of canal-boats. These experiments were con- 
ducted on the Forth and Clyde Canal, and were published in 
1831. | Through those researches, his attention was directed 
to the advantage of iron as a material for ships; and one of 
his works then (which the present writer well recollects) was 
a small sea-going vessel that was constructed in Manchester, 
and conveyed through the streets, and down the nearest 
waterway, to its destination; and this is believed to have 
been one of the earliest attempts of any in iron shipbuilding. 
In 1836, Mr. Fairbairn began the development of iron con- 
struction in vessels of the , mee class, at Millwall, London, 
on the premises afterwards occupied by Mr. J. Scott Russell. 
A year or two later, Mr. Fairbairn constructed a corn-mill of 
iron, the castings and other work of which were sent out to 
Constantinople, where the building then erected is still in 
use. This is believed to have been one of the first attempts 
in the use of iron, exclusively, as a building-material. 

For information as to Mr. Fairbairn’s later contributions 





although not withstanding anything like the tests, 


made by the Rhymney omg C4 at 5/. 17s. failed, 








to practical building and engineering, reference may be made 
to the “Transactions of the British Association for the Ad- 


vancement of Science,” to the “ Philosophical Transactions,” 
of the Royal Society, and to the “Transactions of the 
Literary and Philosophical Society of Manchester.” Of 
the British Association he was one of the early members ; 
and since its establishment he has been. in the habit 
of contributing, almost annually, to its meetings, 
results of his more important experimental researches. 
In the early period of these, including experiments 
which have changed the whole practice of construction, he 
received important assistance from the late Eaton Hodg- 
kinson: whilst, on the other hand, the resources of his esta- 
blishment were freely opened for Mr. Hodgkinson’s experi- 
ments; amongst which were those that determined the best 
form of section for cast-iron beams. Amongst the experi- 
ments might be mentioned those on comparative strengths of 
hot and cold blast iron, and many with reference to other 


| materials. The next contribution by Mr. Fairbairn to en- 


gineering science may best be referred to in the words of the 
author of the notice already mentioned : ‘‘ When the means 
*“ for crossing the Menai Strait by the Chester and Holyhead 
“ Railway were under discussion, Mr. Fairbairn’s practical and 
“ theoretical knowledge of wrought and cast iron as materials, 
“ and of the available disposition of them in the best form for 
“ strength, obviously pointed to him as an authority to be 
“ consulted. The relative portions of merit due to Mr. Fair- 
“bairn and Mr. {Stephenson ultimately became the subject 
“ of somewhat angry dispute, much being said and written 
* on both sides. W ith the strength and other advantageous 
* properties of rivetted bellensphates Mr. Fairbairn was, of 
* course, well acquainted. Doubtless very high merit is due 
“ to all parties. Mr. Fairbairn and Mr. Hodgkinson engaged 
“upon an elaborate series of experiments, some of which 
* produced unexpected results; and from those experiments 
“ the best form and dimensions of the tubes were deduced ; 
“ and they have, perhaps, mainly led to the general use of 
“ wrought-iron plate-girders in ordinary building operations, 
“ as well as in railway engineering.” 

Subsequent to this period were further researches by Mr. 
Fairbairn into the strength of wrought-iron plates and rivets, 
as for use in shipbuilding. Particulars of these will be 
found in the. “ Philosophical Transactions.” Mr. Fairbairn 
has given great attention to the subject of explosions of 
steam-boilers. Much information as to other subjeets that 
have occupied his time may be gleaned from his excellent 
volumes entitled ‘“ Useful Information for Engineers.” His 
book on the use of iron in buildings is sufficiently known to 
need nothing more than a passing allusion to it as an in- 
valuable ak Mr. Fairbairn is a corresponding member 
of the Institute of France; and his fame mand high in 
foreign countries. On the meeting of the British Association 
at Manchester, in 1861, he was fittingly selected for the 
office of president. To the last meeting of the Association, 
in Dundee, he contributed a valuable paper, entitled, ‘ Ex- 
perimental Researches on the Mechanical Properties of Steel 
in its present improved State of Manufacture.” 

Our portrait is taken from a photograph by Mr. C. A. Du 
Val, a well-known portrait-painter of Manchester, who has 
also produced, lately, a very successful portrait, in oil, of the 
subject of this notice. 

The biography of Mr. Fairbairn would be one well entitled 
to more exhaustive treatment, and greater detail relating to 
his works, than we can here afford. 








PotivTion or Rivers By Gas-wasHines.—Our readers 
may not be aware of the great mischief which is occasioned 
by gas compaies allowing the water used in the manufacture 
of gas to flow into streams and rivers, and of the penalties 
which the companies render themselves liable to for that 
offence. The water thus polluted is not only rendered unfit 
for use, but is so poisoned as to injure health and even to 
destroy life. On the 16th of last November, a quantity of 
gas washings was allowed to flow from the Barnsley Gas- 
works into the town sewer, and thence into the rivers 
Dearne and Don, and the pollution of those streams was 
so great as to call for the interference of the gentry and in- 
habitants of the district, who instituted an inquiry, with 
a view to enforcing the provisions of the Nuisances Re- 
moval Act, 1855, by which any gas company allowing 
gas water or gas washings to flow into any river, stream, 
reservoir, aquéduct, or other place for water, or any drain 
communicating therewith, shall forfeit for every offence. the 
sum of 200/. It has been judicially decided that this’ Act 
applies to an involuntary proceeding or accident as well as to 
a wilful violation of the provisions of the Act. The Barnsley 
Gas Company, having ascertained and admitted that the 
offence had been committed accidently by some of their ser- 
vants, have been met in a liberal spirit by the persons injured 
by the pollution; and we hear that all proceedings to enforce 
the 200/. penalty have been withdrawn on the company pay- 
ing 20/. and the costs incurred. By arrangement the A mad 
sum has been this week paid to the Beckett Dispensary, one 
of the most useful of the Barnsley charities. We give 
publicity to these facts as a warning to all gas companies, 
their officials and servants, and we cannot too strongly im- 
press upon the public also the great and growing necessity 
for keeping all our public streams as free from pollution as 
possible.—Sheffield Daily Telegraph. 

Trousrcar Epucatros—The Society of Arts has issued 
invitations for a conference on “ Technical Education” to be 
held in its rooms on Thursday and Friday next week. A 
very full meeting is expected. Earl Russell, Earl Granville, 
representatives from various chambers of commerce and 
other public bodies, and mayors of towns, the seats of leading 
industries, have already signified their acceptance of the 
Society’s invitation. 

SreEL FoR Suresur~prnc.—The Barrow Steel Company 
have invited a commission, consisting of several of the first 
surveyors of Lloyd’s, to witness some tests of Bessemer steel 
plates made at their establishment, with a view to report 
upon the applicability of steel plates for shipbuilding, and of 
the trustworthiness of this material for standing strains con- 
siderably exceeding the maximum now permitted by Lloyd’s 
rules for iron in shipbuilding. 
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PETROLEUM AS STEAM FUEL. 
To THe Epitor oF ENGINEERING. 
Srr,—TI send you a photograph of the apparatus used on 
board the Palos American gunboat in Boston harbour in June 
last, of which several favourable accounts appeared in the 
rs. It was in operation about four hours and a half. 

e method appears to be no other than that which Pro- 
fessor Fisher, of Newhaven, operated upon, in 1864, patented 
in this country, and known as Stevens's. That the method 
may be understood, the annexed cut is given, showing the 
principle : 

The wood fire is first lighted when the coils, retort, and 
pipes, are at a red heat; the stop-cocks, i i, are turned, ad- 
mitting the oil and steam to retort. The oil is vaporised, 
mixed with the steam, and the wood fire lights it at the burners. 
The reader has only to suppose coils d and e — over 
the pipes, f, and the apparatus is in working order; 
when the gasjets are alight, the wood fire is withdrawn. 

Colonel Foote puts iron filings in the coil, ¢, adds another 
coil, through which hot air is forced or blown into the retort, 
e, and he puts gas-burners under the retort itself. His 
pamphlet gives one tabulated statement. The evaporation 
of 6000 Ib. of water in nine hours by 279 lb. of crude Ameri- 
can petroleum, the easiest of all these liquid fuels to burn, as 
well asthe most dangerous. 

It is evident that, in a boiler that has to do real work, the 
evaporation of 20 or 30 tons of water every ten hours, the 
conglomeration of pipes of Colonel Foote’s apparatus would 
soon run out of the fireplaces in the form of liquid or molten 
metal. The Americans, therefore, are not yet ahead of us. 
My apparatus at Woolwich, when tried in a large boiler, 
evaporated about 16 tons of water in ten hours, using shale 
oil, creosote, and tar. As regards my system, which, permit 
me to affirm, is the only one yet brought forward that can do 
real work on a large scale, the only thing that has to be 
settled is the relative proportion of grate to heating surface. 
In the first trial with a large boiler the oil-grate was made 
the same size as the old coal-grate, in order that the merits 
of the two fuel should be tried on exactly equal terms. 

This was done without our perceiving that in the small 
boiler, which had been a perfect success, the oil-grate was 
only half the size that weal have been allowed for a coal-grate. 
The result with the big boiler proved that it was impossible 
to introduce air and steamjnto the grate to ensure complete 
combustion with such a large extent of fire surface. The 
oil was far too powerful, the flame so large that every por- 
of iron connected with the boiler would have been soon at a 
red heat, and any portion put in the fireplace melted. 

It will be found that the oil-grate need only be one-third 
the size of that allowed for coal, to ensure the same amount 
of work being done, the oil giving less trouble and working 
with more certainty than the coal. This, of course, has to 
be proved, but it 1s all that has to be proved in my system, 
which is the only one that has been submitted to be over- 
hauled, examined, and worked by the Government engineers. 
The Blue-Book published by order of the House of Com- 
mons proves with what success. I am delayed proceeding, 
because I am unsupported, the work sag bye great for me 
alone. But so sure as I succeeded with the small 12 horse- 
power boiler, so will I succeed with the big boiler, as soon 
as the relative proportions of grate and heating surface, 
amount of air and steam to be sent to the flame, are de- 
termined. 

Yours, &c., 


34, Kensington-square, W. C. J. Ricnarpson. 





ALCOCK’S TRAVELLING-CRANE. 
To Tuk Eprror or ENGINEERING. 

Srtr,—Having been away from Manchester for several 
months on the Continent of America, I find, upon my return, 
one of my late travellers, Mr. Michael Alcock, has copied, and 
sent to you as his own design, some of my old drawings from 
the Windsor-bridge Ironworks ; viz., in No. 104, December 
27th, 1867, of Ene@rngeerRine, we have a travelling-crane. 
This design was given to me by John Ramsbottom, Esq., of 
the Crewe Locomotive Works, London and North-Western 
Railway. It is now nearly four years since Mr. Ramsbottom 
gave me permission to copy his crane, from which I made 
two, one for Messrs. John Brown and Co., Limited, Sheffield, 
and the other as referred to as Mr. Michael Alcock’s own 
manufacture. 

These two cranes were made under the personal superin- 
tendence of my late brother, Mr. Joseph Dunn, who had the 
entire management of the whole of the works and workmen, 
Mr. Alcock’s occupation being principally out of doors, taking 
dimensions, and viewing the siaes were work had to be put 
in. I see, also, in the following rumber, 105, January 3rd, 
1868, a design for a floating brid e, also purporting to be the 
sole production of Mr. Alcock. This design, in its general 
arrangement, is taken from one designed and put in work by 
the late Mr. Rastrick, engineer, of London. 

I and a Mr. Rake made several additions and alterations, 
adapting it to his particular requirements. I therefore sent 
in my estimate with the plan referred to. I lost the job, 
however, which cost me over 70/. in travelling expenses for 
myself and Mr. Alcock, and for the plans, specification, &e. 
Consequently there could have been no large wheels made as 
described by Mr. Alcock. Moreover, the plans for this bridge 
were wholly executed by my young men in the drawing- 
office at the works, and under the immediate superintendance 
of my late brother, from dimensions taken at Portsmouth by 
Mr. Alcock. 

It is now eight years since I put new prows to the float at 
a ae and I was asked to tender for the above soon after. 

anchester, Jan. 14, 1868. Tuomas Dunn. 


Tor San Pavto Ratmway.—The traffic of the San 
Paulo Railway continues rapidly to increase, the receipts for 
November having amounted to 17,000/., being more t 20 
per cent. in excess of any previous month. On one day they 
were 1200/, 








FOOTE’S APPARATUS FOR BURNING PETROLEUM. 
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A Litirpvtiay Stzamsntp.—Probably the émallest steam- 
ship in existence is one made by Mr. Thomas Smith, of 10, 
Walnut-tree-walk, Lambeth, and which we had an opportunity 
of seeing at work a few days ago. The steamship in question 
is a working model of the Great Britain, constructed on the 
exceedingly small scale of , in. to a foot ; the whole, including 
engines, boiler, masts, rigging, &c., weighing but one ounce 
troy. The engines are models of those with which the Great 
Britain was originally fitted, and they have four inclined cylin- 
ders, the crank-shaft being placed above the cylinders, and 
being connected to the screw-shaft by chain gearing having 
the proportions of 3to1. The engines alone are just equal in 
weight to a soverei The screw isa four-bladed one. The 
engines can be worked by steam from their own boiler, this 
being heated by a minute spirit lamp; but the small size of 
the boiler renders the time which they can be exhibited in 
action in this way very limited, ond: Mr. Smith, therefore, 
generally works them in the following manner :—the vessel is 

laced in an ann tank, in the centre of which is a 

ollow pivot supplied with compressed air by an air- 
pump. m the hollow pivot a light tubular arm extends 
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to the boiler in the model, this arm moving freely round 
the pivot, and conducting the compressed air to the engines. 
The arm is 10in. in length, and the vessel is thus constrained 
to move in a circular path 20in. in diameter. When we saw 
the model at work, a complete circuit was made in from four- 
teen to sixteen seconds, the speed through the water being 
thus about 20 ft. per minute, a high rate of speed when the 
size of the apparatus is considered. The model, like all Mr. 
Smith’s wok. is beautifully executed, a fact of which the 
smoothness with which it works is the best proof. 

TRapE IN AmMERICA.—Reports from America state that 
trade is still deplorably dull, and, as a consequence, the work- 
ing people, in order to keep themselves from want, are sub- 
mitting to any reductions of wages their employers choose to 
make. There are no longer any strikes, and these great 
reductions of wages not only enable many mills to con- 
tinue operations and keep their people employed, but also 
tend to keep down the prices of which are still ex- 
orbitantly high. The manufacturers in various parts of 
country continue to hold meetings, calling upon Congress to 
remove the inland revenue duties on manufactures. 
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SLOTTING-MACHINE AT THE LATE PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. DUCOMMUN AND CO., ENGINEERS, MULHOUSE. 
(For Description, see Page 67.) 
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RECENT PATENTS. 

Tue following specification of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 

rices, from the Great Seal Patent Office, Chancery- 
fom. 

(No. 847, ls. 10d.) Emile Watteeu, of Middles- 
borough-on-Tees, patents a compactly arranged com- 
pound nut-tapping machine. At the top of this 
machine is a horizontal revolving table, which carries 
a series of hollow vertical axes in which the taps are 
placed. The axes just mentioned are disposed in a circle, 
and are all driven from one central wheel by interme- 
diate pinions. The nuts are held by a notched dise on 
the underside of the revolving table, and the taps, 
which fall through the nuts when the tapping of the 
latter is completed, are swept, together with the nuts 
themselves, into a recess formed to receive them. 

(No. 856, 4d.) Joseph Betteley, of 14, Goree 
Piazza, Liverpool, patents various methods of making 
sheathing plates for ships, some of these plates being 
compounded of brass and a coating of a white metal, 
composed of lead, tin, and antimony. ‘The patent also 
includes making armour-plates of alternate layers of 
steel and iron welded together — a system of con- 
structing armour-plates which was patented some time 
ago. 
(No. 859, 10d.) George Davies, of 1, Serle-street, 
Lincoln’s-inn, patents, as the agent of George Gran- 
ville Lobdell, of Wilmington, U.S., a rotary digging- 
machine, one of the chief peculiarities of which is the 
form given to the digging teeth, this form being such 
that the teeth penetrate the ground to their full depth 
without drag, and then turn up the soil suddenly. 
The arrangement of the driving gear and of the clear- 
ing dises, &c., could not be described without refer- 
ence to drawings. 

(No. 861, 4d.) John Henry Johnson, of 47, Lin- 
coln’s-inn-fields, patents, as the agent of Jean 
Baptiste Frezon, of Paris, methods of treating wool 
oa other animal texile materials so as to destroy the 
vegetable matters mixed with them. The wool, &., 
is first subjected to a preservative poe, which Pp 
vents it from being injured by the agents used to 
effect the destruction of the vegetable matters. The 
preservative process is as follows: The materials are 
saturated with water, and are then immersed in a bath 
composed of alum, sulphate of alumina, sulphate of zine, 
chloride of tin, acetate of lead, acetate of alumina, 
or, by preference, a mordant known as Frezon’s 
mordant. ‘This bath is maintained at a temperature of 
140° Fahr., and the materials are immersed in it 28 
minutes, being constantly agitated during that time. 
They are next steeped in a saponaceous solution at a 
temperature of about 194°, and are then ready for 
being subjected to the action of the chemical agents 
used to destroy the vegetable matters. The agents 
employed for this purpose are chloride of lime and 
vegetable and mineral acids ; by preference, sulphuric 
acid. The bath is kept at a temperature of from 86° 
to 104°, and the materials are immersed in it about 30 
minutes. They are then dried at a high temperature ; 
the destroyed vegetable matter is removed by a beating 

rocess ; and they are afterwards scoured and purified 
ty washing in boiling water, then in water nearly at the 
boiling-point, then in running water, then in an alka- 
line bath at a temperature of 113°, and containing 
fallers’ earth and carbonate of soda, and finally in 
running water. 

(No. 862, 10d.) Robert Higgins, of Marchmont 
Park, patents methods of cultivating land by com- 
bining together several implements, worked by steam 
or other power on what is termed the “ roundabout 
system.” The principal feature claimed is the method 
of coupling two or more distinct implements by means 
of transverse slide-bars and rings or chains, so dis- 
posed as to permit the couplings to shift from one side 
of the implements to the other when turning. The 
arrangement could not be clearly described without 
reference to drawings. 

(No. 864, 1s, 4d.) William Edward Newton, of 
66, Chancery-lane, patents, 1s the agent of George 
Jeffards Wardwell, of Rutland, U.S., an arrangement 
of steam quarrying-machine designed for cutting 
vertical or inclined channels in the beds of quarries 
preparatory to under-cutting and separating the blocks 
of stone. Numerous points of arrangement and de- 
tail, which it would require the aid of drawings to 
explain are claimed. 

(No. 867, 10d.) Thomas Wrigley, of Todmorden, 

nts an arrangement of shifting firebars for steam 
Peilers, &e. According to this plan, the bars are dis- 


posed in the furnace transversely, and their ends slide 








in grooved plates which extend along each side of the 
furnace for its whole length. By the action of an 
eccentric placed on a shaft extending across the 
mouth of the furnace, the firebars are pushed inter- 
mittently towards the bridge, where each bar in turn 
drops down on to a second pair of grooved bars, 
along which it is returned by an intermittent motion 
to the front end of the furnace again. On arriving at 
the front end, each bar is successively raised up, to 
ayain take its place m the series forming the grate. 

(No. 871, 8d.) George Davies, of 1, Serle-street, 
Lincoln’s-inn, patents, as the agent of Emmett Quinn, 
of Washington, U.S., a steam-vacuum gauge, con- 
sisting of a number of tubes arranged in vertical rows, 
and inserted at the top and bottom into plates chan- 
nelled in such a manner as to connect the tubes alter- 
nately at top and bottom, thus forming a compound 
syphon. The two end tubes of the series are left open 
at the top, and to one of these the steam-pipe, or pipe 
leading from the condenser, is connected ; whilst the 
upper half of the other terminal tube is of wood, and 
has a groove in it fitted with plate glass. This forms 
the index tube, and through it the level of the fluids 
contained in the tube can be seen. The tubes are 
filled for half their height with mercury, and for the 
remainder of their capacity with a fluid of less specific 
gravity. Various details are provided for adjusting 
the instrument, &c. 

(No. 882, 10d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of William 
Wright, of New York, U.S., an arrangement of ex- 
ansion gear, in which the point of cut-off is regulated 
by the action of the governor. This gear could not 
be briefly described without the aid of drawings. 

(No. 885, Is. 2d.) Richard Moreland, jun., of 
3, Old-street, St. Luke’s, patents a method of con- 
structing floors. According to this plan, the floors are 
formed of wrought-iron main girders placed at in- 
tervals, and supporting on their lower flanges 
wrought-iron lattice or bow-and-string intermediate 
girders, which are arched on their upper sides. On 
these intermediate girders is laid corrugated iron, the 
corrugations running transversly to the girders, and 
above this is deposited a layer of concrete. In some 
cases the intermediate girders are also covered with 
corrugated iron on the under side, the space thus 
enclosed between the upper and lower plating being 
available for heating or ventilating purposes. The 
patent also includes forms of columns for supporting 
the flooring, and methods of constructing strong- 
rooms. We describe Mr. Moreland’s plans in detail 
on another page of the present number. 

(No. 886, ls. 2d.) Edward Donisthorpe, of Leeds, 
patents an arrangement of coal-cutting machinery, 
which it would require the aid of drawings to describe. 

(No. 888, Sd.) Henry Sharp and Francis William 
Webb, of the Bolton Iron and Steel Company, patent 
the arrangement of Bessemer plan which we illustrated 
and described on page 472 of our last volume. 

(No. 891, 6d.) Edwin Wilkinson Shirt, of the 
Tinsley Iron and Steel Works, Rotherham, patents a 
method of manufacturing plane irons and other edge 
tools. Instead of shaping a bar into the proper form 
at the smith’s forge, and at the same time welding to 
it a pieceof steel to form a cutting edge, Mr. Shirt 
takes a piece of plate iron of convenient width, and 
which has been previously rolled and had strips of 
steel welded to it for its entire length, and this com- 
pound plate being rolled to a proper section, the tools 
are cut from it by transverse cuts, each cut separating 
two tools from the plate. The steel may either be 
welded in a broad strip along the centre of the plate, 
or two narrower strips may be welded one along each 
edge, the section to which the compound plate is 
rolled being varied accordingly. 

(No. 892, ls. 2d.) George Richard Postlethwaite, 
of the firm of Griffiths, Son, and Postlethwaite, of 
Harbourne, patents an arrangement of machinery for 
manufacturing screw-nuts and washers, and which it 
would require the aid of drawings to describe. 

(No. 906, Sd.) John Grundy, of Wolstenholme 
Hall, patents making firebars of fireclay, in the form of 
blocks about 18 in. long, 6 in. deep and 6 in. wide, 
these blocks being each subdivided by slots which run 
in the direction of the length, so as to form each block 
into three bars. A piece of clay is left at the centre 
of each slot, so as to strengthen the bars by connect- 
ing them together at that point. Other forms of 
perforated blocks are also proposed for the same 
purpose. 

(No. 911, 8d.) David Foster and Rupert Cooke, 
of Sheffield, patent a method of casting hoops for tyres 
or other eplindsion’ articles in Bessemer or crucible 
steel. For this purpose the patentees use a metal 








mould having a movable centre pin or core and a cover 
which is also movable. The centre pin and cover 
are held in their positions by a cotter or other means 
so that when the cover is caused to make a partial re. 
volution it breaks off the “ get” or runner of the cast. 
ing. Directly after running the metal into the mould, 
the cotter is slightly eased, and the lid is then turned 
partially round by steam, hydraulic, or hand power, 
The cotter is then entirely removed, when the centre 
pin can be readily displaced by a blow, leaving the 
steel free to contract without hindrance. 

(No. 914, 1s. 10d.) William Wood, of Monkhill, 
near Pontefract, patents various improvements in the 
constructive details of pulping-engines and machines 
of a similar class. Amongst other things, Mr. Wood 
employs toothed or serrated blades or beaters in place 
of the ordinary straight ones, both in the revolving 
cylinder and in the plate or box of fixed blades; and 
he makes the blades of cast iron or steel, or other east 
metal, casting them in groups. In the case of the 
* swift,” employed for reducing rags, &c., to “ shoddy” 
or “mungo,” Mr. Wood makes the teeth of an oval or 
flat-sided section, instead of round, and makes the 
teeth in pairs of a staple form. ‘The staples or pairs 
of teeth are driven into the “lags” from the back; 
and when the lags are fixed in place, the bent part 
of each staple rests against the foundation, so that the 
teeth can neither be drawn nor pushed back. A 
method of making the body of the swift or drum 
entirely of iron, instead of iron and wood in combina. 
tion, as usual, is also described in the patent. 

(No. 918, 1s. 4d.) James Howard and Edward 
Tenney Bousfield, of Bedford, patent improvements in 
mowing-machines and in machines for spreading grass, 
These include an arrangement for facilitating the 
raising of the cutting apparatus of mowing-machines 
from the ground ; a method of giving a variable ineli- 
nation to the cutter-bar; and an arrangement for 
regulating the position of the tine barrels of spreading. 
machines with respect to the ground, as well as ap- 
pliances for throwing them in and out of gear and re- 
versing their action. ‘The various details above 
mentioned could not be described: without reference 
to drawings. 

No. 922, Is. 6d.) Enoch Harrison Aydon, of 
Wandsworth, and Edward Field, of Chandos-chambers, 
Adelphi, patent methods of smelting or treating iron 
or other ores, as well as apparatus applicable to blast, 
puddling, or other furnaces in which great heat is re- 
quired. The patentees propose, amongst other things, in- 
jecting into smelting-furnaces by the aid of superheated 
steam, air mixed with sulphuric, hydrochloric, or other 
acids, or one or more of such acids with or without 
nitrous oxide or bisulphide of carbon, or with both of 
them. They also propose the injection of petroleum 
or other liquid fuel, mixed with the above acids or 
with the waste gases of the furnaces. The various 
processes and details described in the patent are, 
however, far to numerous for us to describe them 
here, and we shall therefore postpone our remarks on 
them to a more favourable opportunity. 

(No. 924, 10d.) Philander Shaw, of Boston, U.S., 
patents the form of hot-air engine which we illus- 
trated and described on page 644 of our third 
volume. 

(No. 927, 8d.) -Walter Easterbrook, of Kilburn, 
patents an arrangement for locking points and signals 
in which the levers which it is desired to lock are 
secured by holding down their catch rods or spring 
hand-levers. This arrangement has the advantage of 
preventing any strain being put upon the locking gear 
by its being attempted to work the point or signal 
levers whilst they are locked. 

(No. 930, 10d.) Arthur Barff, of the Junior 
Atheneum Club, and Joshua Kidd, of 6, Great New- 
port-street, patent methods of burning petroleum or 
other liquid hydrocarbons in boiler and other furnaces. 
The patentees inject the petroleum or other liquid fuel 
by the aid of steam into a perforated retort or cham- 
ber, which is maintained at a low red heat, the 
vapours escaping from this retort being ignited and 
burnt as fuel. This plan appears to be but a very 
slight modification—or perhaps we might say compli- 
eation—of that patented by Messrs. Wise, Field, and 
Aydon in October, 1865. 

(No. 933, 10d.) William Clark, of 53, Chancery- 
Jane, patents, as the agent of Jean Georges Lucien 
Renard, of 29, Boulevart St. Martin, Paris, processes 
and apparatus for transforming feecal and other matters 
into solid blocks which can be readily transported or 
stored for use. According to thesejplans, the solid 
and liquid matters are separated, and. the former are 
worked up into a paste with streetscrapings, refuse 0 
slaughter-houses and fish-markets, fossitwand -other 
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phosphates, and other substances ; and the compost 
thus obtained is moulded and compressed into cakes or 
blocks. . 

(No. 935, 6d.) James Bird, of 6, Seymour-street, W., 
Connaught-square, and James Bird, of 2, Laurence 
Pountney-hill, patent a method of manufacturing arti- 
ficial fuel as bliows : The coal or other material is 
reduced, by screening or grinding, to about the aver- 
age size of fine sawdust, and is mixed during the 
grinding process with powdered resin or dried pitch 
in the proportion of about 4 lb. of these materials to 
each ton of coal. The mixture is next incorporated in 
a pug-mill, or similar contrivance, with the agglutina- 
ting compound, which is prepared in the following 
manner: Kight pounds of rye, wheat, or other meal 
containing a large proportion of gluten, is mixed with 
5 or 6 gallons of water and boiled for half an hour, a 
small lump of alum (about 2 oz.) being, by preference, 
dissolved in the water. To the paste thus formed may 
be added 1 pint of rosin, oil, or, preferably, 11b. of 
common glue, dissolved in a couple of gallons of hot 
water, after having been previously soaked in cold 
water. From 8 to 10 gallons of this agglutinating 
compound is mixed with each ton of coal, and the 
mixture is then formed into blocks which have slots 
moulded in them, these blocks being subsequently dried 
either naturally or artificially. 





DUCOMMUN’S SLOTTING-MACHINE. 


On page 65 we give illustrations of another of the tools 
exhibited by the firm of J. Ducommun and Co. last year 
in Paris, namely, a slotting-machine of 20in. stroke, and with 
a clear space of about 4{t. between the edge of the cutting 
tool and the frame of the machine. 

This frame is a box casting 11ft. 6in. high, with a base 
10 ft. 6in. long by 4 ft. wide, sunk about 9 in. into the ground 
or masonry of its foundation, and having all requisite arms, 
bosses, and projections cast solid with it, for carrying the 
gearing and the working parts of the machine. The machine is 
driven by a strap through a four-speeded cone pulley, and is 
double geared in the usual manner of a double-geared lathe, 
the shaft carrying the intermediate wheel and pinion being 
carried in eccentric bearings, which is Mr. Steinlen’s favourite 
method of throwing this part of the machinery in and out of 
gear; the cone shaft carries the customary fly-wheel outside the 
off-end bearing, and a spur pinion near the inner bearing 
which drives the spur-wheel, from which the dise shaft re- 
ceives its motion. 

We may here at once state that the top gear carries two 
sets of driving pulleys, the one 12in. in diameter and the 
other 18in., so that the machine may be worked at sixteen 
different speeds, though probable it is intended only to be 
worked at eight different speeds, the small-sized pulleys being 
used to work it with the double-wheel gearing, and the large- 
sized one without it. 

The machine is so constructed as to work with slow-speed 
cutting stroke and quick return stroke, by meansof Whit- 
worth’s well-known eccentric-shaft arrangement. To this 
effect the disc-shaft is carried in a long cast-iron cylinder or 
bush introduced into the body of the frame, and on the end 
of it an eccentric bossis provided, upon which the spur-wheel 
is allowed to run loose; motion is then communicated to the 
shaft in the usual’ manner by means of a slide block fitting 
into the slot of a cast-iron arm keyed upon the end of the 
shaft. 

We are at a loss to understand why the quick return 
motion has not been universally adopted in the case of the 
slotting-machine as well asin the horizontal shaping-machine, 
and that especially in the smaller sizes, where the weight of 
the ram is not sufficient to cause any severe strain to the 
working parts of the gearing through the increase of momen- 
tum in the ascensional stroke. Slotting-machines play such 
@ conspicuous or rather important part in the manufacture 
of the details of machinery, and especially of locomotive 
engines, that we are inclined to think if the quick return 
motion is worth adopting in the horizontal shaping-machine, 
it is equally worth adopting in the vertical shaping-machine 
or slotting-machine ; yet, as we know that Mr. Whitworth 
really had adopted it in his small-sized machines, and has 
discontinued the practice again, we fancy that he must have 
had some substantial reason other than that of the mere 
saving of the extra cost which it involves. 

The practice has of late been adopted, both by Whitworth, 
Sharp, and others, of relieving the dise shaft of the great 
strain which is thrown upon it by the leverage arising from 
the inevitably overhanging position of the working connect- 
ing-rod ; and, in order to do this, the vertical member of the 
frame carrying this end of the shaft has been swelled out at 
the top, and fitted with a bearing or friction-block, rendered 
adjustable by means of a wedge. This idea is no doubt very 
good, and, if properly carried out and attended to, the 
arrangement just explained leads to the double result of re- 
lieving the shaft, and of causing the machine to produce a 
steadier and cleaner cut; but, in the hands of a careless 
attendant, it may be easily converted into a regular brake, 
or, as the tendency of that bearing-block is to wear out much 
quicker than the upper portion of the bearing of the shaft, if 
it be not carefully attended to, it will soon be entirely useless. 

co! uence, moreover, of the difficulty of keeping it well 
lubricated, there is great danger of its ga ling, when, in order 
to have it refitted, the ram and the dise-shaft must be lifted 
out, which is a very troublesome and expensive operation. 
considerations have caused Mr. Steinlen to reject this 

mode of construction, and instead of it to make the upper 
part of the bearing of the disc-shaft adjustable by means of a 








cylinder introduced from the top into the vertical member of 
the frame in which that end of the shaft takes its bearing 
This cylinder is pressed down upon the upper plummer- 
block by means of screw-bolts, and sufficient play is not 
allowed between the flange through which the bolts are 
passed and the face of the frame to admit of its being made 
to act as a brake, while also the bearing may be oiled easily 
from the top. 

The stroke of the ram is altered by shifting the position 
of the crank-pin upon the dise by means of a screw. The 
ram is cast hollow, and the clear distance between it and the 
tables may also be regulated by raising the ram by means of 
a screw passing through the sliding-block, which secures the 
upper connecting-rod pin. 

The distance between the upper and lower edges of the 
guides and bearing faces of the ram is 5ft. 3in., or rather 
better than three times its stroke; and the maximum over- 
hanging distance of the cutting tool from the bottom edge of 
the guides of the ram is 2ft. 9in., or about one-half the 
length of hold which the ram has in its guides. 

The machine is fitted with longitudinal, transverse, and 
revolving table, which receive their feed motion from a cam 
cast solid with the spur wheel of the disc-shaft, by means of 
which an intermittent motion is communicated to a longi- 
tudinal shaft through a system of rods and cranks, and a 
reversible pall working upon a common toothed wheel. A 
small spur-wheel at the end of this shaft drives the screw of 
the longitudinal slide through an intermediate wheel ; and a 
pair of small bevel wheels, moved along by this table, drive a 
short cross shaft, also carried by the same, which, by means 
of a small spur-wheel, gives motion either to the screw of 
the transverse table or to the worm which drives the revolv- 
ing table, either of which may be thrown into gear with 
the small cross shaft at will. 

Like in the other machines made by this firm, which have 
already been described by us, the bearings of the shafts are 
fitted with bushes or plummer-blocks made either of wrought 
iron, case-hardened, or of a hard close-grajned description of 
cast iron. In our illustrations, Fig. 1 ae vertical longitu- 
dinal section ; Fig. 2, a front view; and Fig. 3, a plan. 








ENGLISH v. CLYDE-BUILT YACHTS. 
To Tur Epitor oF ENGINEERING. 


Srr,—TI trust that, as an Englishman having some know- 
ledge of yachts, I may be permitted to reply in your pages 
to some remarks in your number of January 3rd, taken, you 
say, from a Clyde contemporary, and which assert a supe- 
riority for Scottish builders of yachts over their southern 
neighbours, which I, for one, most emphatically deny them 
to possess. I just take exception to the following extraor- 
dinary statement : 

“We observe the Nyanza and Oimara, built by Messrs: 
“Steele and Company—two yachts, which have during the 
“yachting season of the past year carried almost everything 
“before them. Then there is the famous yacht Sea-Horse, 
“ built for the Earl of Cardigan.” 

Now, as the Nyanza has never competed for any prize, I 
am rather at a loss to know what “she” has carried before 
her. She was, indeed, entered for the Queen’s cup at Cowes, 
but did not start. Having effectually disposed of any claims to 
superiority put forward by Clydesmen on her behalf, I now 
turn to the Oimara. This large cutter, of 165 tons, came to 
the starting buoys five times, winning twice on her own 
merits, at Greenock and Plymouth, again by a fluke at the 
last-mentioned place, and failing of success at Ryde and 
Southsea. Now, on only one of these five trials had she a 
competing cutter of more than half her tonnage—that one 
being the Condor; and as we are told by Bourne and others 
that the velocity of two equally good shaped vessels, of 
different sizes, will vary as the square rootof their lineardimen- 
sions, there is nothing at all surprising that, with the strong 
breezes she had at Greenock and Plymouth, she saved her 
time over cutters of less than half her tonnage. In the race 
for the Queen’s cup, the second day at Plymouth regatta, the 
breeze was moderate, and the little English cutter Van- 
guard, 60 tons, built by Ratsey, was well within her time- 
allowance of Oimara; but, unfortunately, having left a buoy 
on her starboard hand, instead of her port, she was disquali- 
fied by the committee. So much for the Oimara’s claims 
when they come to be calmly investigated. And now I ask, 
in the name of all that is tarry and briny, what is the Earl 
of Cardigan’s Sea-Horse famous for? Again, what claims 
has Fife, of Fairlie, to be designated the “greatest yacht- 
builder living’? Whatever the Clydesmen may think or 
say of him, the rest of the yachting world will, [ imagine, 
be disposed to judge him by the pertormances of his vessels. 
Well, then, what superiority have Fife’s yachts shown over 
those built in the south of England, by Hatcher, Harvey, 
Wanhill, Ratsey, or Inman? Why, just this, that when 
his much-vaunted Cymba—the conqueror of the Clyde and 
cynosure of Dublin Bay—came to race on the Thames in 
1858, she was most ignominiously defeated by the Amazon, a 
much smaller vessel, built by Harvey, ot lowering her 
colours to the Musquito, Arrow, Lulworth, and Osprey, the 
same or following year. What chance of success would 
Fife’s Surge and Surf have against the English cutters 
Musquito, Volante, Vindex, and Phryne. Who would back 
them? Not their cannie builder, I should say. Well, then, 
with honourable mention of his Oithona 80-tonner, we have 
only to fall back on Fife’s latest and perhaps best produc- 
tion, the well-known Fiona. She is, no doubt, very hand- 
some and — just; but, until she has beaten the old Arrow 
in a breeze, 1 shall deny her championship, or any preten- 
sions put forward to have her designer dubbed “ the greatest 
yacht-builder living.” 

I remain, Sir, yours very respectfully, 
ULTRAMARINE. 
Royal Western Yacht-Club, 


STEAMSHIP PROPELLERS. 
To tHE Eprror oF ENGINEERING. 

S1r,—While I believe Mr. Bourne to be correct, when he 
says, “that for vessels of large size a screw at the stern is a 
“much more efficient propeller than paddle-wheels at the 
“ sides,” I cannot reason myself into his way of thinking, as 
set forth in his letter on “ The Randall Four-wheeled Steam- 
ship,” in ENGINEERING of January 3rd. 

i believe it was Mr. Bourne himself who first pointed out 
the fact that the greater part of the power ouakel in pro- 
pelling a vessel is consumed in overcoming the friction of 
the water against its sides and bottom. Nowa steamship 
propelled by a screw at the stern has all its frictional surface 
(except the cutwater) running in water that is more or less 
in motion ins the same direction ; and a vessel, were it run- 
ning at the rate of twenty miles an hour into still water at 
its bow, and in water going along with it at the rate of ten 
miles an hour at its stern, would have a frictional resistance 
equal only to one running at the rate of fifteen miles an 
hour in still water (were such a thing possible); whereas a 
paddle-steamer has, for the last half of its length, the friction 
of the water going at the rate of, perhaps, ten or fifteen 
miles an hour in the opposite direction. So when in the for- 
mer case the friction would be only equal to a speed of fifteen 
miles an hour, in the latter it would be, so far as the sides 
of the vessel were concerned, equal to from twenty-five to 
thirty miles an hour. Thus we have one reason why we 
should expect better results from the screw than the paddle. 
wheels. 

If the water closing in at the stern of a vessel come 
together in a direction at right angles with the line of motion, 
the vessel’s stern would, for a given speed, necessarily be of a 
certain curved form to give out the best results; but, as the 
water at the stern of a screw-propeller is in motion, and con- 
sequently closes together in a forward direction, the stern of 
the vessel would, if also made in the best possible form, be 
“stunter,” and consequently have less frictional surface ; so 
here we may look for another reason why the screw is more 
efficient than the paddle-wheels, and also look for one way in 
which, indirectly, a part of the power lost in rubbing the 
water in motion is regained. 

How it is possible to gain any more of the a lost by 
friction than can be done by a properly formed stern I don’t 
clearly see. Certainly a plate of iron held stationary in the 
place of the screw would receive noimpulse; therefore, what- 
ever the screw may receive must be due to its own motion. 

A screw of a given diameter, running in a column of water 
that has a forward motion of, say, ten miles an hour, with 
sufficient speed and power to bring that column of water at 
rest, would, I suppose, consume just as much coal, and drive 
the vessel forward with no more force than another screw 
running in still water and driving a column of water of the 
same diameter backward at the same rate of ten miles an 
hour, except that in the latter case (assuming the vessel to 
be going forward) the screw would have to possess a pitch, 
or receive a motion, proportionately greater than in the 
former, so, in that way, the one running in water under 
motion would be subject to less friction than the other. But, 
by the reading of Mr. Bourne’s letter, I should not infer 
that he looks at it in the light of simply one of friction. 

So long as no mechanical means for propelling a boat, 
which does not depend on the water for a foothold, has as 
yet been devised, and so long as there must necessarily be 
more or Jess slip between the propeller and the water in 
which it is working, the loss by slip must be put up with. 
The thing wanted is not that which will in itself give out the 
best result, but the one that will, after all drawbacks are 
deducted, accomplish the object sought in the most econo- 
mical manner. 

In Mr. Winton’s correspondence, published in the last 
number of your paper, he refers to the Cambridge and Oxford 
outriggers. The oar is, no doubt, an economical application 
of human power, because the man is in a position to apply 
his strength to good advantage; because the friction is re- 
duced to nil.; because the dip of the oar is too far from the 
side of the boat to affect it by the back current; and because, 
as the boats, no doubt, move nearly or perhaps more than 
their length at each stroke, the oars always strike in still 
water. 

The only drawback to the paddle that I think of, except 
those referred to above, is that of carrying the water up and 
over with it. 

The screw, besides the friction to which all mechanical con- 
trivances are subject, must have a tendency to carry the 
water around with it, and also to throw it by centrifugal 
force from the centre. But all power so consumed, serving in 
no way to shove the boat ahead, must be a dead loss. It is 
quite roy, | the loss in this way has been over-estimated, 
otherwise deflectors would have proved more serviceable. 

In comparing a screw stopping a column of water under 
motion with another screw putting a column of water in 
motion, I ought also to have admitted this fact—that the 
screw having the least pitch or the least motion would have a 
less tendency to whirl the water around with it, a less 
tendency to throw it out by centrifugal force, and con- 
sequently would lose less by this cause, as well as less by 
friction, than the other. 

Tam, &e., i 


E. E. T. 
Birmingham, January 14, 1868. 








CALEDONIAN Rattway.—It is understood that a meeting 
of this company will be held in Glasgow about the close of 
this month. The troubles of the company are in no small 
degree-attributable to the fact that the revenue remained 
nearly stationary last year, the total progress effected in 
1867 having been only 6016/,. An increase of 5 per cent, in 
the rates and fares, and a reduction of 2 per cent; in the 
working expenses, coupled with the ident growth of 
revenue, would restore the company to its former position, 
even allowing 75,0001. for interest on additional capital to the 





Plymouth, Jan. 10, 1868. 


extent of 1,500,0007. 
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IRRIGATION IN THE PUNJAB. 


At page 22 of our present volume, we referred to 
the beneficial effects that must arise from the extension 
of irrigation in the Punjab, with reference to the im- 
portant question of strengthening our Indian frontier 
defences. It would seem that that district has, 
indeed, engaged the earliest attention of the Director- 
General of Irrigation Works, but whether from the 
same point of view as that from which we considered 
the subject, or whether with reference to the actual 
requirements of the province, irrespective of other 
considerations, we care not now to inquire. The 
name as well as the geography of the province are 
suggestive of abundance of water; and yet, as Colonel 
Strachey observes in a memorandum on the subject, 
the pestilential character of certain portions of the 
country, on account of the swamps that exist for want 
of a proper system of drainage, and the discreditable 
condition of other tracts of land which, by irrigation, 
might be rendered rich and flourishing, are a disgrace 
to the administration. The wealth of water is vast, 
but as yet no great scheme has been initiated for its 
utilisation. Colonel Strachey has made several sug- 

estions regarding the improvement of the Western 

umna Canal, the Baree Doab Canal, and the Delhi 
and Goorgaon inundation channels, and he has sug- 
gested the formation of a navigable canal from the 
salt mines to Lahore, the irrigation of the Peshawur 
valley, the Yusufzie country, and the Kangra valley. 
His object, apparently, is to utilise the water-wealth 
of the province for purposes of navigation as well as 
irrigation, while, at the same time, the objects of a 
system of drainage are accomplished on a send and 
effectual scale. ‘The oldest of all irrigation works in 
Upper India is the Western Jumna Canal; and in 
proposing certain improvements, with the object of 
rendering it navigable as well as increasing the number 
of its channels, he says that one portion of the canal 
near Kurnaul is a disgrace to the Government, and 
has been so for years past. It creates pestilential 
swamps (known as reh lands), which must be got rid 
of, anes we are content to perpetuate the abominable 
nuisance which has been talked about for the last 
twenty-five years, during which period no serious 
attempt has been made to abate it. In addition to 
this, he condemns the imperfect character of all the 
navigable canals in the Punjab, and says that in 
most cases all canal operations are in much the 
same condition as when the province was annexed. 
And yet the value of permanent means of irrigation, 
even in the districts west of the Indus, would be very 
great in a political as well as a fiscal sense. Every- 
thing which will add to the wealth of the population, 
and security of obtaining a means of existence, must 
conduce to the confirmation of habits of order and 
peace. In this point of view Colonel Strachey urges 
that attention should algo be given to the irrigation in 
the Peshawur valley and the Yusufzie country, and 
also in the Kangra valley. His theory, which we cor- 
dially endorse, is, that a certain moral obligation rests 
on Government to undertake and improve works of 
this character—works that nature herself, in her eccen- 
tric abundance, suggests. He, therefore, projects new 
canals from the Chenab, Jhelum, and Indus, and re- 
commends the early completion of the Sutle) Cvnal, 
as well as the enlargement of the inundation canals. 
The preliminary measures for the Sutle} Canal have 
already been entered upon, and there is py of 
the work being proceeded with energetically ; but, as 
the Governor-General in his minute on the subject 
states, the projects are to ne taken i} consecutively, 
for not only are engineers not available, but Sir John 
Lawrence seems timorous ding the incurrence 
of such a vast expenditure as these works imply. And 
yet Colonel Strachey has urged his recommendation 
very ——— He says, for instance, with regard 
to the Western Jumna Canal: “For my own part, I 
** distinctly reject all share in any counsels which tend 
“ to delay in meeting this most crying evil. I most 
* fully odmit the great importance of doing what has to 
“ be done with the most scrupulous regard to economy, 
* and I am ready to sacrifice all thought of elegance 
“or congruity for the purpose of avoiding any con- 
“ siderable outlay, which is really not msoded to secure 
“efficiency. But it is impossible for me to affirm 
“with too great positiveness the moral obligation 
* which rests on our Government to put an end, with 
* all possible speed, to the discreditable condition of 
“the large tracts of land along the Western Jumna 
** Canal, which are converted into swamps of the most 
* pestilential nature, not only destructive to the health 
“and life of the population, but occupying, in a 
“ manner far worse than uselessly, some of what might 
* be the very best lands.” 








CENTRE BEARING FOR TURNTABLES. 


We give, below, a section and plan of a form of centre 
bearing which has been extensively used in America for rail- 
way turntables and also for swing bridges. It consists of a 

air of cast-iron discs, one fixed and one movable, these discs 
ing both grooved to receive a number of steel rollers, each 
turned to the frustra of a double cone. In the case of a 48 ft. 
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turntable, a railway about 30 ft. in diameter is laid around 
the pivot, and wheels are fitted to the table, these wheels 
bearing upon thisgrailway only when the table is out of 
balance, the whole ‘weight, when properly balanced, resting 
upon the centre pivot. 

With a weight of 14 tons balanced upon one of these bear- 
ings—this weight consisting of an iron turntable 54 ft. in 
diameter—the whole was revolved by a weight of 34 lb. hung 
by a cord, which passed over a pulley and was connected to 
the periphery of the turntable. In the case of railway turn- 
tables fitted with these bearings, the heaviest engines are 
turned by pressing against them by hand, no gearing being 
employed. Pivots of this kind have been applied, amongst 
other places, to two cast-iron turning-bridges, one at Galena 
and the other at Chicago, each of these bridges being 230 ft. 
long, and each covering two openings of 100 ft. each. 








THE INSTITUTION OF CIVIL ENGINEERS. 
At the ordinary general meeting, on Tuesday, the 14th 
inst., Mr. Charles Hutton Gregory, the President, in the 
chair, a report was brought up from the Council, stating that, 
under the provisions of Section IV. of the Bye-Laws, the 
following candidates had been admitted, since the last an- 
nouncement, as Students of the Institution. 
Name of Candidate. Proposed by 

Henry Adams ove Percy Westmacott 
Charles Augustus Alberga _... Thomas Rumball 

Robert William Peregrine Birch James Abernethy 
John Montrion Campion Henry Bolden 

Lindsay Heath eve «» Henry James Castle 
Arthur Willoughby Hemans ... G. W. Hemans 

Osbert Henry Howarth +» W. Martle 

William Henry Kin William Humber 

Frank Howard Landon B. P. Stockman 

Arthur Hemery Le Breton John Hawkshaw 
Frederick Herbert Mollet Frederick T. Turner 
George Pullin Pocock «. Thomas Brassey 

George Henry Roberts +. John G. Blackburne 


Edward Lee Robertson E. B. Webb 
Dampier Seabrook Shaw W. Martley 
James Henry Waller W. Martley 


Francis Wilton John Hawkshaw. 





—— 





Tus Institution oF Crvit Enernerrs.—aAt the ordinary 
eneral meeting on Tuesday, the 14th instant, Mr. Charles 
Fiutton Gregory, President, in the chair, the following candi- 
dates were balloted for and duly elected: as Member, David 
Phillips, Superintending Engineer, Peninsular and Oriental 
Steam Navigation Company, Bombay; and as Associates, 
Thomas Philip Sherard Crosthwait, Assistant Resident En- 
ineer, Vartry Waterworks, Dublin; William Cooke 
‘aber, Chicklade; George Farren, Engineer and General 
Manager to the Lundy Granite Company; Major James 
George Roche Forlong, R.E., Superintending Engineer, 
Public Works Department, Bengal; Thomas Ellis Owen, 
Executive Engineer, Public Works Department, Allahabad ; 
Middleton Rayne, Kingston-on-Thames; Henry Yarker 
Richardson, Sunderland; Jagannath Sadasewjee, Bombay ; 
James Stewart, Auckland, N.Z.; Captain Hector Tulloch, 
R.E. ; and Charles Wawn, Howden, Yorkshire. 

Tue CieveLanp Iron Traps.—tThe stocks of pig iron in 
the makers’ hands in the Cleveland district are officially 
estimated at 102,519 tons, showing an increase of 6054 tons 
as compared with June 30, 1867. The warrant stocks stood, 
at the close of 1867, at 71,826 tons, as com’ with 77,223 
tons, June 30, showing a decrease of 5397 tons during the 

t half-year. The total make of pig iron in the north of 
Sngland district in 1867 is estimated at 1,147,001 tons. The 
exports of Cleveland pig iron last year are computed at 
136,400 tons, as compared with 107,400 tons in 1866 and 
137,000 tons in 1865. There was a falling-off in the number 
of German buyers last year, but France and Belgium made 
up the deficit. The rail and bar iron trade of the Cleveland 
up does not show any improvement. Some of the rail- 
mills of the district are at work on orders for Holland and 


THE FOUR-WHEELED STEAMSHIP. 
To Tue EpiTor or ENGINEERING. 

Srr,—Steam-vessels, like locomotives, may be ed 
thus: first, the express or passenger ships; second, the ordi- 
nary or mixed; thirdly, the pon 9 or beast of burden. In 
this question we have simply to deal with the express steam- 
ship. As there isno scale to the “ ship of the future,” I take 
her length to be, in round numbers, equal to the Persia, and 
the draft of water only one-half that ship, and will say the 
cuttings to be made through the ocean, or water displaced, 
is likewise one-half of the Persia. “It is stated that large 

addle-ships are notoriously slow,” yet such is the Great 
Jastern, with her 30 ft. draft; but so far as we have gone 
with shallow ships, having great power, they have proved 
notoriously quick, both on our own and erican waters, 
As regards the first cost, that is a point worthy of manufac. 
turers to consider, recent contracts for screw ships varying 
from 20/. to 37/1. per ton. The point is, if we wish to cross 
the Atlantic in two or three days’ less time, how much is the 
fare to be? and how are we to run the race simply by a 
shallow ship of the future? I am perfectly aware that the 
wrought-iron frames of certain vessels have been incorporated 
with a system of lattice girders, but I am not aware that the 
cast-iron headstock of a marine engine has been incorporated 
with iron decks, and certainly do not see the advantage of 
incorporating it with wooden ones. The athwartship 
wrought-iron beams, for taking the headstock, as likewise 
the system of diagonal plates for binding the frames to- 
gether, I am pertectly acquainted with; but surely such 
putea as that is like putting one through the catechism. 
am likewise aware that the headstock, with such arrange- 
ments, will take the compressive strain, but when the ship is 
resting on a mid-wave, and the bow pitching out of the water, 
that the sometimes loose headstock between the athwart 
beams does not take the tensional strain, or even should it 
be bolted to the beams, are the bolts calculated to do so? 

The forward paddle-wheel should have a diameter 
and speed equal to the journey, and the tail water 
given off must be seized hold of, and the greater the hold 
(like paddy’s pig), the progressive motion imparted to the 
vessel will be greater to take up the tail water with a greater 
area of floats, and an increased diameter appears to me to be 
a very easy matter; nor have we a shallow ship of the future 
to prove that the slip of the aft paddle will be greater than 
the forward one, a with the excessive slip of the paddle, 
paddle ships still hold a firm footing as re “racers,” 
and it is a significant fact that the P. and O. are now begin- 
ning to like the large wheel with its slow movements. First 
cost and after repairs is a subject well worthy consideration, 
and when such a statement has been published, we will soon 
see where the advantage lies, or whether cheap screw ships 
(which I dispute), are to be preferred to paddle-wheel vessels. 
An explanation is asked about the weight of the machinery. 
I stated it “need ” not be more than one-half the engines 
now in use, the same power to be accepted. Well, I will 
simply state that I would drive the engine sharp at three 
times the speed of the paddle-shaft. by dodges every me- 
chanic is conversant with. To be censorious is not pleasant, 
but I do not fear the lash. 

I am yours, &c., 


January 10, 1868. Joun G. WintToy. 





To THE Epitor or ENGINEERING. 

Srr,—Seeing that you have noticed the model of the four- 
wheel steamer, which I left at your office, and having read 
Mr. Winton’s letter, in your paper of the 10th, I venture to 
send you a few remarks about the speed of this model. I 
tried it in 1856 against an exact duplicate model, but with 
two wheels only, with the same machine, and the result was 
so much in favour of the two-wheel boat; that I put the 
four-wheeler away in disgust. I attributed the deticiency 
in speed to the friction of two main shafts instead of one, 
division of power, and the aft wheels working in broken 
water. With regard to the remarks about outriggers, any 
one who has followed a match will see that a good sculler in 
an outrigger will keep up well with a pair-oar, four or eight 
oar outrigger, and it is a question with rowing men which 
is the faster of the two, a sculling or pair-oar outrigger, the 
men being about equal in strength and skill; this leads me 
to the form of the bottom of a boat for s Rowing men 
and outrigger builders entirely eschew a fiat floor, as they say 
it drags or sucks water. The truth of this is fairly exempli- 
fied by the very old experiment of wetting one side of a bit 
of plate glass, and placing the wetted side on another piece, 
when, by moving it backwards and forwards, the amount of 
skin friction will be found excessive. The inference I draw 
from this is that the form of the outrigger, as far as regards 
the section of the hull for speed, is correct. In fact, Messrs. 
Winans adopted something like this ‘section for their boat 
amidships, and Green, the Australian champion, brought here 
a model cigar-outrigger to row in, which proved a failure on 
account of the circular section being continued throughout, 
as in the cigar-ship, instead of allowing the keel, stern, and 
stem to be developed as in English outriggers, by which 
means the requisite length of floor is obtained. : 

It seems to me, theretore, the more wedge-shaped or semi- 
circular we can build the bottom of our vessels, the less skin- 
friction we shall have, as the tendency of the water will be 
to heave the vessel to the surface, which will be equivalent to 
light draught. What the ship of the future is to be I know 
not—whether to be propelled by paddle, screw, or hydraulic ; 
but I cannot help fancying there is a future for the latter 
system when we have done with grinding the water and 
puzzling it as to exit. 

I am, Sir, your obedient Servant, 

38, Conduit-street, W., Jan. 12, 1868. AnG@ELO SEDLEY. 


ANoTHER SUBMARINE CaBLE.—A proposal has been made 
for the submersion of a submarine cable between Callao, 
Guayaquil, and Panama. Communication would be effected 
with Europe by this means in thirteen days, and this time 
would be reduced to a few hours if Panama were united to 











Egypt, but no new orders are spoken of. 


the Atlantic cable. 








Jan. 24, 1868.] 
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CANADIAN ENGINEERING. 
To THE Eprtor or ENGINEERING. 

Srr,—The article recently presented by you to your 
readers on the subject of the Huron and Ontario Ship 
Canal of Canada has led me to the reflection that 
some notes on the relative practices followed in the 
Northern States of the American Union and in Canada, 
as compared with the practices here, would be accept- 
able to you; and as circumstances allotted my resi- 
dence for some years in Canada, with your permission, 
I propose to submit some short memoranda on the 
subject, premising that, although there is much simi- 
larity in many of the principles involved and partially 
adopted, yet special circumstances lead, in many in- 
stances, to wide differences in practice. 

In particularising some of these peculiarities, the 
foremost to notice is the fact that the price of labour 
in the Northern States and Canada is much higher 
than it is in this country ; next we may state that, while 
in this country good natural stone, readily capable of 
being worked into any required form, abounds very 
generally, and with good means of transport, similar 
materials and facilities are the exception in America ; 
again, the wonderful development of the iron trade of 
this country, and the very cheap rate at which that 
material can be made available for constructive pur- 
poses is very much greater than similar materials 
could be provided for and used there. On the other 
hand, timber is there a much more plentiful and 
cheaper article than here, and is, consequently, much 
more extensively used in constructive engineering than 
the more expensive materials iron and stone. A 
further circumstance is too important to be overlooked 
in relation to relative costs of works in the two coun- 
tries, that is, the relative differences in their money 
capitals ; for while money in this country is plentiful 
and will barely command four per cent., in the Nor- 
thern States and Canada it is very scarce, and will, as 
a rule, readily command seven or eight per cent. 

In America the high price of manual labour has 
led to the application of steam or other power to 
many branches of industry, to which such power has 
not been applied in this country; prominently in this 
category is the steam-excavator, which is in very 
general use there, while it is believed that, with one or 
two solitary exceptions, its use here is almost unknown 
and altogether unappreciated. J. regret that it is out 
of my power at present to send you illustrations of 
this very useful machine, but hope to be in a position 
to do so before long ; and, as any attempt to convey a 
correct idea of it by a written description would 
fail, shall content myself by stating that it is in fact 
a large hevehl dun crane on wheels; it has a 
movable jib which is armed with a large iron spoon or 
bucket, capable of holding fully a cubic yard of 
earth or clay; the mouth-part of this bucket is 

lated with sharpened and well tempered steel, the 

ottom is hung on hinges and secured with a spring 
catch. The mode of operating is, to bring the machine 
to the face of the material to be excavated, when, the 
jib being slung free, the spoon is set against the face 
of the work and at the bottom level, the machinery is 
then put to work, acting at one and the same time 
with a propelling and a lifting motion, much in the 
manner of the ordinary bag-and-spoon dredge. This 
action of digging and hoisting at once fills the spoon 
and raises it, the jib is then slung over the wagon 
which is to remove the material, the catch at the 
bottom of the spoon is smartly struck, and its contents 
drop at once into the attendant wagon, and the opera- 
tion is continuously repeated. Experience has de- 
monstrated that such a machine, well constructed, 
and of proper materials, with the attendance of about 
eight or ten men and one horse, will (in ordinary earth, 
clay, or gravel, or their mixtures),‘with ease and 
certainty, excavate and deposit in wagons one cubic 
yard per minute, being six hundred cubic yards per 
working day of ten hours. 

Very little reflection will show that with such aid 
excavations will cost much less than when they are 
executed by manual labour ; for, supposing we estimate 
the costs as under (which appear to be sufficient), say, 

$ c. 


For fuel and repairs of machine, per day 1000 
Engineer and stoker eS ée0 350 
Other attendants and horse ae 1050 
Say, 10 per cent. for contingencies ,, 240 


_ _ We have a daily expenditure of + $2640 
which, when divided by six hundred cubic yards, 
shows four cents. and four-tenths of a cent., or, say, 
twopence farthing sterling per cubic yard. There is 
no reason to doubt that this work, if executed by 
manual labour in America, would cost fully three 
times the amount ; and I am inclined to believe that 
even in this country, where wages are much lower, and 





the workmen are much more experienced, the costs 
would average more than double what is shown above. 
Here, then, we have a result worthy of the serious 
attention of the practical men of this country, both 
earthwork contractors and constructive mechanics. 

With regard, however, to the disposal of the ma- 
terial when the wagons are filled, as a general rule, 
the practice ot this country appears to me the most 
economical ; in fact, as far as my own observations 
have extended, I am free to state that the service roads 
in America are usually execrable, the rails being far 
too light,* badly laid, and carelessly kept up; conse- 

uently, the wagons are constantly being thrown off 
the track, and confusion of the entire arrangements 
ensues. On this point, as far as my observations 
enable me to judge, the practical men of America have 
yet to leara much from this country, where generall 
the service roads are made of suitable rails, well laid, 
and carefully attended to. 

While speaking on the subject of moving earthwork, 
it may, perhaps, be permitted to me to remark that, 
after having been many years absent from England, 
one of the most important aids that an earthwork con- 
tractor here, appears to be enabled to avail himself of 
is Fairlie’s patent locomotive engines, among which 
the engine shown in Fig. 8 of the patentee’s pamphlet 
seems to be singularly adapted to the purpose under 
consideration. This style of engine appears to have 
many advantages over any other “locomotive” with 
which I am acquainted, or have even read or heard of. 
Amongst others the following may be enumerated : 1st, 
all its wheels being driving-wheels, the weight on each 
is reduced to a minimum, consequently its wear and 
tear on the roadway is the smallest; 2nd, its coupled 
wheel bases being very short, and being fixed in bogie 
frames, it will readily and safely sor on any curve 
applicable to ordinary earth-wagons ; 3rd, its firebox 
being in the centre, and both ends of the locomotive 
alike, it works, with equal effect and safety, either end 
first ; 4th, its great amount of heating surface enables it, 
if required, to work with inferior fuel. For these 
reasons, it is exceedingly probable that for the removal 
of earthwork it will supersede all other !ocomotive 
~—. 

aving, above, made an estimate of the cost of 
operating the “steam-excavator,” it is perhaps per- 
missible to offer here an approximate estimate upon 
the cost of the removal of the excavated material, 
assuming the use of- the locomotive above referred to, 
and that the lead shall not exceed three miles and one- 
half; and, further, that there shall not be' an “ up 
grade” exceeding 1 in 100. We shall find, by re- 
ferring to the table of power given by the patentee of 
the above-named engine, that it will readily, and with 
great ease, move a train consisting of ¢wenty-three 
yard wagons, making ten clear trips there and back 
over the ground without being necessitated to exceed 
a speed of ten miles per hour, affording liberal time 
for changing wagons, showing full ability to remove 
the 600 yards per day, which the steam-excavator 
would fill, and even then not be wrought up to its 
maximum capabilities. Rating the costs as under : 





c. 
Repairs and fuel to engine per day 1000 
Engine-driver, stoker, &., ,, 3 50 
Other charges and roadmen ,, eos 10 50 
Say, 10 per cent. for contingencies... eos 240 

$26 40 


giving for this work, on 600 cubic yards per day, the 
same result of four cents. and four-tenths of a cent., 
or 24d. sterling, per cubic yard for a three and one- 
half mile lead, and then not taxing the engine to its 
full capacity. 

Thus we find that the getting, filling, and leading 
three miles and a half ordinary excavations need not 
cost more than fourpence halfpenny per cubic yard, if 
we were to avail ourselves of the best description of 

lant now known; if to this sum one penny halfpenny 

e added for tipping and slope-dressing, we arrive at 
an expense of sixpence sterling per cubic yard as the 
nett cost of execution. 

In regard to the cost of plant and superintendence, it 
does not appear to me of much importance in this way 
of considering the subject, as the probability seems to 
be that, whether the present practice is continued or 
that suggested above, these items will bear very simi- 
lar proportions to each other, when reduced to the 
cubic yard of work executed. Indeed, in light works 
the modes now adopted would probably have the 
lightest “plant charges,” while, if the works were 





* From this remark I would except the Grand Trunk 
seemed of Canada, which was under contract to Messrs. 
Peto, Brassey, Betts, and Co. Their service lines were gene- 
rally good, the intended permanent rails being extensively 
used therein. 





heavy, the mode suggested would have the advantage. 
But the quantity of material to be removed would 
alone determine this question. 

The present time appears to be peculiarly opportune 
for all who are connected with public works carefull 
to note the position ; everything connected therewit 
appears to be in hopeless stagnation, and it does not 
require much of prophetic talent to predict that a some- 
what different manner of conducting railway enter- 
prises and works of general public utility must be 
adopted before the present distrust is removed. 
Engineers will have to restrict their plans to “ the ab- 
solutely necessary works,” and contractors will have to 
study economy, or the capitalist will still be left with- 
out a fair dividend upon his investments, and if such 
continues to be the case he will draw still tighter the 

urse-strings, which are already stringently and fear- 
fully held, and the present dearth of profitable occu- 
pation to all who are dependent in a great degree 
upon this branch of national industry will be still 
more heavily felt, and the public requirements will be 
indefinitely postponed. 

Believing that I’ have indicated one source of 
reducing the cost of heavy excavations, consequently 
of public works generally, aud craving your indulgence 
for so far trespassing upon your pages, permit me 
to add that it will give me pleasure at a future time, 
should you deem my lucubrations worthy of space in 
your valuable journal, to offer some further remarks. 

I am, Sir, 
Yours obedientlv, 

London, January 20, 1868. §*+ee 


PARKESINE. 

A MaTERtAL of comparatively recent existence— 
which derives its name bas Mr. Parkes, the inventor 
and patentee of the process for its manufacture—is 
now coming into the general market on a really com- 
mercial and rapidly extending scale. Parkesine is a 
substance composed or manufactured of fibrous — 
table and of greasy or oleagineous materials. e 
precise mode of its manufacture, although subject to 
several patents, the specifications of which have been 

ublished in due course, is not publicly known in all 
its details; and we understand these details are kept 
secret by the managers of the only works now estab- 
lished for the manufacture of parkesine, viz., the works 
of the Parkesine Company, Limited, at Hackney Wick, 
near London. The appearance of parkesine in a raw 
state closely resembles vulcanised india-rubber. It 
takes any colour which is imparted to it by. mineral 
or vegetable colouring substances. It permits of 
being made sufficiently soft and plastic for being 
moulded into dies or moulds, from which it takes the 
most delicate impressions, down to lines of microscopic 
minuteness : it can be drawn when in the plastic state 
so as to form tubular coverings of me or other 
materials. When hardened, it is impervious to moisture, 
capable of taking a high polish, and it resists the 
action of weak acids. It can be made into thin sheets, 
which serve for veneering, covering, and ornament- 
ing walls, and for numerous similar purposes. The 
variety of properties we have just enumerated, and 
which very rarely are found co-existent with each 
other in any one material, readily suggests a very 
wide range of applicability of this material, and this 
range is still further enlarged when it is known that 








|the price of this material is very moderate. The 


specific gravity is small, so that a pound weight of 
parkesine represents a considerable bulk; and it 
allows of minute subdivision, particularly when con- 
verted into very thin sheets. When mixed with colour- 
ing matter, parkesine forms some of the finest 
imitations of leather, ivory, tortoiseshell, malachite, 
and other substances ; and it is, therefore, particularly 
applicable for the manufacture of all those numerous 
articles of luxury in which the ornamental properties 
of those materials come into request. The sole right 
of manufacture of parkesine in this country is in the 
hands of the Parkesine Company (Limited) —a com- 

any which counts some very celebrated names amongst 
its directors, and which established the works 
above referred to. There are depéts and agencies in 
several countries established for the sale of parkesine 
and articles manufactured from it. The head office in 
London is at 27, Walbrook ; the sole agents for Scot- 
land are Messrs. R. Maconechy and Co., 37, St. 
Vincent-place, Glasgow. 








Stet Hoors.—Messrs. Taylor Brothers and Co., Leeds, 
have just completed some very large cast-steel hoops, which 
are 10 ft. 6in. in diameter, 6 in. broad, and 1} in. thick. 
These hoops have been made from solid cast-steel ingots, 
which, after hammering, were rolled in a tyre machine. The 
extraordi size of the hoops will speak for the very 
superior quality of the steel. 
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Austrian Government Report on Locomotive Engines in the 
Paris Exhibition. By M. Joser Ritter v. StUMMER 
TRAUNFELS, [Seconp Norice.} 

Iy our last notice of M. Stummer’s “ Report on Loco- 
motive Engines,” we confined ourselves to translating 
the general introduction preceding this report, and we 
now select from the mes a we of that paper some parts 
which we consider particularly interesting to our 
readers. M. Stummer divides the collection of loco- 
motives into several groups, according to their desti- 
nation for quick or heavy trains, and according to their 
number of coupled honk. With regard to the large- 
wheel express engines, he considers the general ten- 
dency to be to discard the very large driving-wheels 
which at one time were fashionable, and to return to 
moderate sizes of wheels, coupling four wheels for ex- 

ress engines, and allowing them to take a somewhat 
eavier train. In respect to the engine exhibited by 

Messrs. Schneider and Co., M. Stummer says: “ The 

engine exhibited by Messrs. Schneider and Co., in 

Creusot, is remarkable for the excellent workmanship 

of all its parts, which—as in the case of all other arti- 

cles exhibited by this great establishment—very nearly 
approaches the best specimens of English manufacture.” 

The engine sent by Messrs. Robert Stephenson and 

Co. M. Stummer calls the true type of this class of 

engines. He gives a very complete and detailed de- 

scription of each machine referred to, which we con- 
sider unnecessary to repeat here. We will, however, 
translate his description and critique of steam-brakes 
as applied to some engines: “The most important 
detail of the engine exhibited by the Paris-Lyons 

Railway is a small apparatus which appears to be the 

only rational mode of applying the steam-pressure of a 

locomotive engine for working a brake. This appara- 

tus is the invention of M. Le Chatelier, and has been 
applied to 450 locomotives working on the Paris-Lyons 

Railway with most satisfactory results. Several other 

railway companies have since then adopted this system ; 

amongst these the Southern Railway of Austria, 
which employs this brake upon the heaviest gradients 

(Semmering incline) of its extensive line. It is well 

known how great a difliculty the problem of producing 

an effective and, at the same time, gently acting brake 
offers in practice. After long and very unsatisfactory 
trials, the attention of engineers was directed to the 
utilisation of the momentum of the train itself for this 
yee and this has been found a very suitable element 
for providing the power required for reducing the 
speed of a train when going down an incline or enter- 
ing a station, and, if necessary, for stopping the train. 
The application of the steam-pressure upon the piston 
of a locomotive for the purpose of stopping the train 
has hitherto been objectionable for two main reasons— 
1, the increase of pressure in the boiler caused by the 
cylinders pumping air into it from the smokebox, and 
2, the heat generated in the cylinders when compress- 
ing the air, which very rapidly becomes sufficiently 
great to char all lubricants, and cause the pistons 
to cut the cylinder. M. Le Chatelier evades these 
difficulties by carrying a steam pipe from the boiler 
to the lower portion of the exhaust-pipe, and by 
admitting through this pipe a measured quantity of 
steam just sufficient to fill the cylinder and to pre- 
vent it from drawing air from the smokebox. The 


steam is then compressed by the piston, and, in” 


order to prevent its being unduly superheated by 
the conversion of the work of the piston into heat, 
which would again cause the heating of the cylinder 
and the burning of the luoricant, a small quantity 
of water from the boiler is mixed with the steam, 
which keeps the latter saturated, and prevents over- 
heating. The apparatus consists of a box divided into 
three chambers, which are separated by valves or cocks. 
The small steam-pipe is connected to the first chamber, 
the second chamber communicates by means of anotlier 
small pipe with the water-space of the boiler, and the 
last chamber serves for mixing steam and water in 
a suitable proportion, regulated by the valves, and for 
admitting it to the exhaust-pipe of the cylinder. It 
has been supposed that a single pipe drawn from the 
water-level of the boiler would answer the same pur- 
pose, and bring down wet steam; but this is not 
correct, since the quantities of water and steam re- 
quire to be varied according to the speed of working 
and the rate of expansion of the engine. Moreover, 
the water-level in a locomotive boiler is too variable 
for allowing such an arrangement. The quantity of 
steam and water injected into the cylinder is kept 
slightly in excess over the actual requirements, and the 
driver has no difficulty in adjusting his valves to 


this condition, since he has only to attend to the 
production of a thin cloud of steam carrying a fine 
spray of condensed water out of the chimney. This 
is a certain and simple indication of the correct 
position of the valves. The resistance offered by 
the engine to the movement of the train or its brake 
power depends on the rate of compression of the steam, 
and is governed by the link motion the same as the 
tractive force of the engine. The steam brake is there- 
fore worked by the reversing lever itself, and since in 
that case it is desirable to reverse the engine without 
shutting off the steam, the reversing gear worked by 
a screw recommends itself as particularly useful. 
The value of the screw arrangement for reversing is 
becoming more recognised from day to day, and there- 
fore this circumstance is no disadvantage of M. Le 
Chatelier’s system. Another kind of brake exhibited 
by A. De Bergue, is founded upon the same principle 
of the suction and compression in the cylinder during 
the application of steam to the back side of the piston. 
The only difference consists in the material pumped 
into the cylinder, which in this case is air free from 
smoke and dirt, and which is not forced into the boiler 
itself, but into an air-reservoir placed on the top of 
the boiler. 

“Both these brakes offer convenient, effective, and 
safe means for stopping a train, or for diminishing its 
speed when seabed. De Bergue’s system completely 
prevents the entrance of air into the boiler, and there- 
fore increases the reliability of the action of pumps 
and injectors; the same effect, however, is practically 
produced by Le Chatelier’s brake, if the engine-driver 
attends to the admission of a sufficient quantity of 
steam. De Bergue’s brake does not completely 
prevent the heating of the cylinders, although it gives 
good results in practice upon the line of Montmorency, 
where it is used upon an incline of 3 kil. in length. 
Le Chatelier’s brake can be easily fitted to any loco- 
motive engine at an expense scarcely exceeding SV. 
De Bergue’s apparatus costs about 35/., and cannot 
easily be ap lied to old engines, on account of its 
greater aietien,” 
~ We conclude our abstracts from M. Stummer’s 
report, by translating his remarks on the Fairlie 
engine. M. Stummer calls this engine one of the 
most interesting exhibits in the group of heavy goods 
engines. “‘Lhe Fairlie engine holds the same 
position amongst the heavy engines which M. Krauss’s 
four-wheeled tank engine occupies in the lighter 
class. In the construction of heavy tank engines, it 
has long been known that the old form and position 
of the boiler, and of the driving mechanism, is un- 
favourable for practical success, since the large 
wheel-base caused difficulties in passing curves ; the 
boiler is generally inadequate for the supply of steam, 
and the complicated couplings of large numbers of 
wheels cause excessive resistances within the machine 
itself, which absorb a great portion of the power 
exerted by the steam. ..... The results of actual 
practice in England and in Queensland obtained with 
the Fairlie engine have been very satisfactory in every 
respect.” 

Mr. Stummer appends a complete engraving and 
description of the Fairlie engine, constructed for the 
Queensland Railway—the same as represented in our 
third volume—to his report ; and he states in conclu- 
sion, “ According to the reports of the engineers of that 
railway, these engines have given out double the 
tractive effect of the engines previously used upon 
that line, which were tank engines of the usual con- 
struction, the costs of the two kinds of engines being 
2500/. and 1850/. respectively. Upon the Neath and 
Brecon Railway, in England, which is worked by 
Fairlie’s engines, extensive trials were made in April 
last with one of these machines. This engine had 
four wheel-trucks, with wheels about 1.6 metres in 
diameter. Its weight in working trim was 40 tons, 
and the weight ot train drawn up by this engine 
upon an incline several kilometres in length and 
0.017 gradient, was 300,090 kilogrammes.” 

We have now extracted from Mr. Stummer’s report 
as much as our space will permit us, and we can only 
express the wish to see this whole report, translated 
into English, appear in print in this country. 


HOIST AT THE MANCHESTER GOODS 
STATION OF THE M. 8. AND L. RAILWAY. 
To tue Eprror or ENGINEERING. 

Srr,—Will you kindly state, in your next impression of 
ENGINEERING that the “hoist” illustrated by you on the 
4th inst. was made altogether from the designs, and under 
the patents, of Mr. T. A. Weston, and that we have the 
manufacture of same for this country? By inserting this, you 

will oblige, 








Sir, yours truly, 


THE PARRY PROCESS. 


Mr. Parry, the well-known manager of the Ebbw 
Vale Ironworks, is the patentee of a process for the 
conversion of iron containing sulphur and phosphorus 
into steel. The Parry process consists in a purifica- 
tion of the crude pig iron by the common puddling 
process, in a subsequent recarburisation of the wrought 
iron so obtained by melting it in a cupola with a great 
surplus of coke, and with a tuyere dipped or inclined 
downwards, and finally in the conversion of the car- 
burised liquid iron so obtained by the Bessemer process. 
Although the Parry process has never been carried out 
commercially, it has been the subject of some very in- 
teresting and instructive experiments conducted at the 
Ebbw Vale Ironworks. At the ironworks Kénigs- 
Hiitte, in Prussian Silesia, belonging to the Prussian 
Government, where a set of Bessemer converters 
were started some time ago, and the supply of pig 
iron was found contaminated with phosphorus, the 
managers of the works also made some experiments 
with a view to establish the praeticability of the Parry 
process under the peculiar circumstances in which 
they were placed. Dr. Wedding, the well-known pro- 
fessor of the Berlin Bergakademie, has published the 
results of these experiments, which we consider in- 
structive in many respects, although their result was 
negative as far as the commercial utility of the Parry 
process is concerned. 

The pig iron experimented with at Konigs-Hiitte 
was No. 2 grey iron, containing 0.497 per cent. of 
phosphorus. The first trials were directed to the re- 
moval of phosphorus by fining. A finery working 
with gaseous fuel was employed for this purpose, in 
order to obtain a flame of great purity. After four 
hours’ working the test sample psa. a percentage 
of 0.514, and three hours later the percentage of phos- 
phorus was 0.570. The waste of iron being 12.5 per 
cent., this increase of the percentage of phosphorus 
shows only the usual result, viz., the absolute neu- 
trality of the phosphorus for the agents brought to 
bear upon it, and the consequent apparent increase of 
its contents in the total mass of refined metal. This 
fact shows a strange dissimilarity with the re- 
sults usually obtained in the puddling-furnace dur- 
ing the first stage of the process which precedes the 
** boil,”’ since analysis shows that during this stage which 
is analogous to the process of fining in almost every 
respect, a great proportion of the ag ge is re- 
moved and taken up by the slag. In fact, the next 
experiment at Konigs-Hiitte, which was made ina 
puddling-furnace, gave the result of a reduction to 
().298 per cent. of phosphorus before the commence- 
ment of the boil. Dr. Wedding accounts for the 
difference of action in the finery and in the puddling- 
furnace by attributing to the high temperature and 
the protracted contact of the iron with the slag first 
formed a tendency to re-introduce the phosphorus 
from the slag into the metal. In the puddling-furnace 
the operation was successful, and the mill-bars pro- 
duced contained only from 0.1 per cent. to 0.07 per 
cent. of phosphorus. These bars were melted in the 
Parry cupola. The iron first produced was white, 
showing that the quantity of coke employed was in- 
sufficient. It required 6.1 ewt. of coke per ton of 
scrap bars melted for producing greyiron. This grey 
iron was very pure, and particularly free from phos- 
phorus; in fact, it presented the difficulty of being 
too pure, having an insufficient quantity of silicium for 
the proper working in the Bessemer converter. The 
waste in the cupola was 6.95 per cent., 1074 lb. of 
mill-bars yielding 100 lb. of grey iron. The practical 
result of these experiments, as far as the Kénigs-Hiitte 
is concerned, was the conviction of the authorities that 
it would be cheaper for them to purchase British 
hematite pigs for the Bessemer process than to con- 
vert their iron into Parry metal. At the same time, 
however, it was shown that the commercial practica- 
bility is a mere question of relative cost, and that 
there may be localities where the Parry process would 
afford economical advantages. The difficulty regard- 
ing the silicium may be overcome by an admixture of 
pig iron containing a high percentage of this element, 
or by an addition of silicium fluxes to the charge in 
the cupola. These are likely to be reduced during the 

rocess of carburisation and fusion, in the same manner 
in which this is the case in the blast-furnace. 








From Tue Nortu.—Upon the whole, industrial affairs are 
considered to have slightly improved of late on Tyneside. 
There is not, however, much doing in rails, although a few 
orders continue to drop in. The North-Eastern Marine 
Engineering Company has started its first engine in the 
Vencedor, a screw steamer built by Messrs. Ric D, 








TanGYE BROTHERS. 


Duck and Co., of Stockton, for the Brazilian trade. 
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KUMAON IRONWORKS. 


Tur manufacture of iron in the district of Kumaon 
has for many years past been carried on by the natives ; 
but it is only within a very recent period that any in- 
vestigation into the mineral resources of that district 
was undertaken by Government. 

The valley, in which the iron ore was formerly pro- 
duced, runs nearly north and south, extending from 
Dorahath, on the south, to Pundood Khal, on the 
north. This valley is formed by two rivers, the Kote- 
lar and the Khetsaree, the former running north and 
the latter southward, both being terminated by the 
valley of the Ramgunga, which crosses them at right 
angles, thus making the Kotelar valley about nine 
miles long, and the Khetsaree valley about six miles, 
The range of hills on the east side of the valley is 
where the ferruginous deposit lies, the dip of the strata 
being to the north-east. 

In 1850 there were, in all, 627 families and 140 
forges employed in mining, smelting, and refining 
the produce from seven mines. One of these mines 
was, however, not then worked, as in the severe win- 
ter of 1846 the works were covered with snow; and 
another had been closed owing to the produce of the 
ore, which is of specular iron, proving, under native 
treatment, too brittle and hard to work. An insuffi, 
ciency of workmen was also assigned as a reason for 
these two mines being shut. The following is a de- 
scription given, at the above date, of the Simul-khet 
mine, the largest in the district : 

* Tt has four entrances, all horizontal, and the work- 
* ings have penetrated 350 ft. into the bowels of the 
“mountain. The ore, hematite or red oxide of iron, 
** is disposed in veins in a gangue of clay slate, itself 
“highly impregnated with iron. The direction of the 
“lode is very various, at one time lying at an angle of 
*° 30° above the horizon, at another ‘’ as much as 
90° below it; its general tendency is, however, a 
“ slope of about 25° below the horizon. The veins are 
“very brachiose, and vary considerably in breadth 
“and thickness, ranging from 3 ft. to 18 ft. wide, and 
“from 23ft.“to 15 ft. high. The generality; seem, 
* however, to be from 3 ft. to 5 ft. wide by from 4 ft. 
* to 6 ft. thick. 

“Should a rupture or slip occur in the vein, the 
* miners suppose it to be terminated, and conse- 
“ quently leave off working it. The workings are 
* perfectly dry. Were it not so, it would lead to the 
* abandonment of the mine, as the workmen are totally 
“ignorant of the Rasianiien or working of any 
* any hydraulic engine, and the expense of cutting 
* low-level adits precludes their construction. The 
* extent of the deposit may be stated as included in a 
* range of hills thirteen miles long; and the quality 
“of the ore is good, although the native workmen 
do not extract more than nine per cent. of iron 
** from it.” : 

In October, 1854, Lieutenant-Colonel H. Drum- 
mond, who was deputed by Government for the pur- 
pose, commenced an examination of the iron resources 
of the province of Kumaon and Gurhwal, for the 
purpose of carrying on investigations with a view to 
“satisfy the peoole of England that sufficient induce- 
“ment existed for the investment of capital in iron- 
*¢ works,” and his report is dated 15th August, 1855. 
In that document the whole of the iron. deposits in 
Kumaon, it is stated, may be divided iuto three sepa- 
rate parallel lines: first, the beds of ore in the line of 
the Bhabur; second, those of Ramgurh and Mungla 
Lekh; third, those of Khetsaree and Chowgurkha. 
Between these great deposits there are a few smaller 
beds of ore and other highly ferruginous deposits, 
forming a succession of connecting steps between each 
parallel. Colonel Drummond was of opinion that the 
establishment of ironworks there would be accom- 
panied with but few obstacles; but it would not be 
possible to introduce any improvements in the native 
system of manufacture, which required no less than 
11 ewt. of the richest description of ore and 11 ewt. 
of charcoal to preduce 1 ewt. of iron, and he therefore 
advocated the introduction of an entirely new system, 
An analysis of the Bhabur clay iron ores at Dechowree 
showed that selected specimens of. the best quality 
contained 66.3 per cent. and ordinary specimens 55.6 
per cent. of metallic iron, andthe Eastern Bhabur ores 
contained from 62.4 to 41.6 per cent. of iron. 7 


of fuel exists in the forests of Kumaon and Gurhwa 
which were stated, in August, 1855, by the commis- 
sioner of the division to be “ boundless, and, to all 
** appearance, inexhaustible,” and from. which any 
amount of charcoal could be obtained. 

Before complying with Colonel Drummond’s appli- 
cation for a lease of these mines, Mr. W. Sowerby, an 





engineer formerly in the employ of the East Indian 
Railway Company, was instructed to make a further 
investigation of the deposits of iron ore in the Lower 
Hills, which examination he commenced on 22nd Sep- 
tember, 1855. In Dechouree, a site was selected, on 
the southern side of the Boer stream, for the construc- 
tion of an experimental furnace. The water-wheel for 
supplying the blast having been completed on the 17th 
March, 1856, the heating and charging of the furnace 
commenced on the 18th, and continued till the 24th, 
when the blast was put in. Shortly afterwards, it 
became apparent that the air-chest was leaking from 
the shrinking of the timber of which it was composed, 
and at midnight the operation had to be stopped. On 
clearing out the furnace, it was found that the ore had 
commenced smelting in the most satisfactory manner ; 
and Mr. Davies, the smelter, at once placed the 
metallic lumps which had been removed from the fur- 
nace into a small cupola which had been made for 
brass castings, and without difliculty ran them into 
nigs. The furnace was again heated and charged on 
the 10th, 11th, and 12th April, 1856, and the blast 
was put on about midday on the 13th; but, owing to 
the failure to prevent the accumulation of cinders in 
the hearth, the liquid metal could not be drawn from 
the furnace; and thus the second experiment ended 
also in failure, and the prosecution of the undertaking 
was discontinued for that season. 

Mr. Sowerby afterwards returned to England, and 
whilst at home he received instructions to order ma- 
chinery to be sent out, with a view to the establish- 
ment of more extensive works at Dechouree, which, it 
was proposed, should be handed over to certain 
English capitalists willing to embark in the enterprise 
so soon as the works had been proved to be practi- 
cable and capable of being conta, on at a profit. 

Mr. Sowerby brought home with him some pig iron 
which had been produced at Dechouree, on which a 
series of experiments were made at the Royal Wool- 
wich Arsenal in 1857. The pig was first re-melted 
into a bar, 24in. long and 1.5 in. square, for testing 
the transverse strength, and the remainder was cast 
into ingots for proving its tensile strength and specific 
gravity. The first experiment required 5100 lb. to 
break the bar, or 937]b. more than the average of 
twenty-two samples of English C.B. iron was found 
to be. In tensile strength the Kumaon iron proved 
from 20 to 30 per cent. above the English average ; 
whilst as to specific gravity, the experiments showed 
the Kumdon iron to be .010 higher than the average. 
‘From these experiments,” remarked Mr. Sowerby, 
“it is, therefore, obvious that the Kumaon iron is, 
“from its extreme elasticity, its transverse and its 
“tensile strength, admirably adapted for making rail- 
“way bars and all other kinds of railway iron. And, 
“ further, from its high specific gravity, its resistance to 
“a crushing force, and beautifully close structure, as 
“seen when fractured, it is equally well suited for 
“ making shot and shell.” 


Considerable delay occurred in starting the new 
works at Dechouree and Ramghur, chiefly in conse- 
quence of the non-arrival of the machinery from 
England and from Roorkee, which, instead of 
being on the ground in October, 1858, did not arrive 
till June, 1859. The first blast-furnace at Dechouree 
was blown in on the 16th February, 1860; but, owing 
to the total failure of the water-wheel, it had to be 
blown out at the end of the following month, having 
been, with frequent interruptions, in blast for about 
six weeks. At this time the furnace erected at the 
old works in 1857 was still capable of being used, but 
the wheel and blowing-cylinders had been allowed to 
fall to ruin, and had consequently to be removed. 

There would appear to have been great laxity of 
supervision in the erection of these new furnaces, the 
consequence of which was that their cost greatly ex- 
ceeded what they had been previously estimated at, 
and Mr. Oldham in his report on them states, “In 
** scarcely a single feature have they been constructed 
“in accordance with the original plans and drawings 
‘submitted to Government and sanctioned by them ;” 
and, with reference to their cost he said, “1 have no 
“hesitation in expressing my firm conviction that, if 
** carried out as they have Rae commenced, these works 
** will, at Dechouree alone, cost two lakhs of rupees, 
“if not more.” On the subject of the healthiness of 
the locality for Europeans the same authority stated, 
“The works at Dechouree stand at an elevation above 
the sea of a little more than 2000 ft. The bungalows 
“ for the European workmen are about 500 ft. higher, or 
“about 2500 ft. above the sea.” ‘On the whole, I 
“arrived at the conclusion that, with fair precaution, 
“there is not at Dechouree anything calculated to 
“render the place more dangerous to the health of 








“ Europeans, or more destructive to their lives, than at 
“any (or, atleast, at the majority) of the stations in 
“the plains of India.” 

As already mentioned, the blast furnace, which 
commenced working on the 16th February, was blown 
out on the 3lst March. The furnace was charged 
with 200 maunds of charcoal on the 12th February, 
and fired. The first charge of iron-stone and flux was 
put in on the 16th February. The furnace worked 
continuously from that till the 11th March, when the 
breaking down of the water-wheel caused a stoppage 
for more than twenty-four hours. The furnace was 
started again on the 13th; the wheel broke down 
again, and the furnace was standing for six hours on 
the 20th; again on the 25th; again on the 27th, for 
seven hours; on the 30th, for five hours; and it 
finally ceased working on the 31st, when the water- 
wheel was utterly broken down, and the furnace was 
cleared out. The total out-turn during the above 
period was 1591.24 maunds, or 56.8 tons, giving an 
average of about 1 ton 64 ewt. per day. The highest 
yield per day was 70 maunds, but this was only pro- 
duced by the use of picked charcoal. The iron pro- 
duced varied considerably. There was a fair propor- 
tion of white iron, but the majority of the iron was 
good grey foundry pig, and some of it was of excellent 
quality. The selakive proportions of the different 
materials used for each ton of pig iron were—char- 
coal, 2.75 tons; limestone, .957; and iron-stone, 3.50 
tons. The yield of the ore was consequently only 
28.6 per cent., and the cost for materials alone was 
Rs. 49 46, or nearly 5/. per ton. Including estab- 
lishment, interest ou capital, and other charges, the 
ascertained cost amounted to 8/. 5s. per ton at the 
furnace. 

The result of Mr. Oldham’s inquiries on the spot 
showed that the Dechouree works could not, with the 
then existing management, be profitably carried on by 
Government. On May 2, 1860, Lieutenant-Colonel 
Drummond pressed his application for a lease of these 
works, in order that they might be carried on by a 
company, of which he was the representative, offerin 
to find a capital for the purpose of 25,0007. This 
offer was accepted, and in the following year the 
works were made over to the company upon easy and 
equitable terms. There can be but little doubt that 
this company was formed for working the Dechouree 
iron-mines upon the strength of a belief that a 
reasonable demand for iron in the neighbourhood 
would arise, and that they would be employed for 
some time, and, toa great extent, in furnishing iron 
for a projected tramway which would connect their 
works with the East India Railway, and which is 
several times referred to in the correspondence relative 
to the Kumaon Ironworks, published from time to 
time by the Government of India. Finding that these 
expectations were not realised, the company, after 
producing about 500 tons of iron, closed their works 
in 1863, and up to the present time they have not 
been resumed. 

With proper means of communication from the 
works, to enable their produce to be conveyed 
wherever a market might be found, there can be but 
little doubt that all cast-iron work could be supplied 
from Kumaon to the north-western provinces of tndia 
cheaper than it could be obtained from England. The 
natives, it is well known, are not good puddlers, being 
deficient in strength and energy ; but, by the introduc- 
tion of the Bessemer process, rolled bars should be as 
easily manufactured there as anywhere else. 








ROLLING-MILL ENGINES, 

WE give, on page 68, engravings of a pair of plate-mill 
engines constructed by Messrs. Tannett, Walker and Co., of 
Leeds, for the Freedom Iron and Steel Company, of Phila- 
delphia. The engines were built under the direction of Mr. 
James Livesey, of Westminster, who has superintended the 
construction in this country of larg quantities of machinery 
for the United States and Canada. e engines have cylin- 
ders 36in. diameter and 4 ft. stroke, and are fitted with Mr. 
Ramsbottom’s hydraulic apparatus to reverse the rolls by 
reversing the engines, dispensing with the fly-wheel and 
the spur-wheel commonly used for reversing the mill. These 
engines are the largest which have yet been constructed on 
this principle. The links are moved by a small hydraulic 
F omg fixed between the engines, and the lever which moves 
the valve of this cylinder, as well as a second lever which 
moves the steam stop-valve, are in such a position that the 
attendant can instantly start, reverse, and stop the engines 
whilst watching the process of rolling. The valves are Mr. 
E. R. Walker’s patent equilibrium slide-valves, by which the 
degree of back pressure on the valve may be varied at plea- 
sure. These vies were illustrated pee | described in the 
third volume of ENGINEERING, page 412. The pinion on 
the fly-wheel shaft gears into a large spur-wheel on a second 
motion shaft coupled direct to the plate mill by a friction 
coupling. 
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REVERSING ROLLING- MILL ENGINES: FREEDOM IRON AND STEEL COMPANY 
MESSRS. TANNETT, WALKER AND CO., ENGINEERS, LEEDS. 
(For Description, see preceding Page.) 
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ANTI-PRIMING APPARATUS. 
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ANTI-PRIMING APPARATUS. 
NAPIER v. Pooney. 

THs was a case tried at the Court of Passage, Liverpool, 
on the 7th and 8th inst. As the subject possesses consider- 
able interest, we have represented the boiler and apparatus 
in the annexed engravings, and will endeavour to give a fair 
— of the points at issue without prejudice to either 
side. 

Messrs. Pooley’s boiler is evidently not designed to give 
dry steam. The space between the tubes and the furnace 
crowns might well have been less, and thus have given more 
steam-room. There are small escape-valves on the cylinder, 
and these click every stroke of the engine. The water, which 
escapes there, amounts to 8 or 9 gallons per hour. Mr. 
Napier sometime ago patented the apparatus represented as 
an anti-priming apparatus, and had described it in the 
columns of a contemporary as certain to separate all priming 
water from the steam, and to allow only perfectly dry steam 
to leave the boiler. Messrs. Pooley communicated with 
Mr. Napier on the subject. Mr. Napier visited Messrs. 
Pooley’s works several times, inspecting the nature of the 
complaint made by Messrs. Pooley about the water found in 
the cylinder. Mr. Napier offered to apply his “ anti-primer” 
to their boiler for 35/., guaranteeing that it would entirely 
prevent priming; and if it did not, Mr. Napier agreed to 
remove the apparatus at his own expense, and to charge 
nothing. 

The apparatus was applied, and it was found that there 
was not only no improvement, but, in the opinion of Messrs. 
Pooley, it was worse than before. Mr. Napier offered then 








to reduce his price for the anti-primer to 15/., seeing that it 
had been of no use to Messrs. Pooley; but at the same time 
stating that he had been misled as to the priming of the 
boiler, that it did not prime at all, and that they had been 
asked to cure an evil that never existed. Messrs. Pooley felt 
annoyed at being accused of misrepresenting the priming, 
which had been shown to Mr. Napier, and which he, as an 
engineer, looking for a bad case of priming on which to 
show the powers of his ‘apparatus, ought to have judged for 
himself at his several inspections. Further than this, they 
felt convinced that the anti-primer acted in their boiler as 
a primer, that it had increased the evil, and they refused 
to pay either amount. They bargained for an apparatus 
that would entirely prevent priming, they were willing to 
ay 35/. forsuch an apparatus, but they had made no 15/. 
argain ; they would pay 35/. or nothing. 

The case was brought into court. Mr. Napier had as pro- 
fessional witnesses Mr. James Kennedy, of the late firm Bury, 
Curtis, and Kennedy, and Mr. J. J. King, patent agent and 
consulting engineer. The defendants had the advice of Mr. 
ey who could not attend in person, but sent his 
deputy, Mr. Bowden; they had also Mr. Samuelson, consult- 
ing engineer, Liverpool, and Mr. McFarlane Gray. A state- 
ment of this case has appeared as a leader in the columns of 
a contemporary ; that account is evidently prepared by the 
plaintiff himself, and ought not to have appeared as a leader 
without his name. For the particulars we are now giving 
we are indebted to Messrs. Pooley and to Mr. Gray. 

Mr. Gray’s evidence was, that the quantity of water dis- 
charged from the escape-valves was not conclusive as to the 














priming of the boiler. Messrs. Pooley assured him tha 
there was now more water than before. He saw that it was 
useless to depend upon the evidence about the water in the 
cylinder, for even from his own papers on the “Laws of 
Steam” in the Artisan for 1860, it was shown that a — 
deal of water might be expected from the cylinder. e 
indicator-card showed that at least 35 cwt. of steam passed 
through the cylinder per hour, and even 11 gallons of water, 
which was about the most that had been collected in one hour, 
was not a great proportion of the total. He recommended 
Messrs. Posey to withdraw the case, unless they had some 
other ground on which to proceed. Messrs. Pooley argued 
that, as the anti-primer had made the priming actually 
worse, the thought if that was proved _—_ have 
reason to claim a verdict in their favour. Abandoning the 
cylinder and its water, experiments were then made to collect 
the water that would run from a drain-cock in the bottom of 
the expansion valve, and to com this quantity with the 
anti-primer on, with what was collected in the same way 
when the anti-primer was removed. The result was that, 
under the same conditions of working with the anti-primer 
on, a gallon of water an hour ran from this cock, and with it 
taken off only half a gallon was obtained in the same time. 
This was not the result of one, but of several trials. 

Upon examining the position of the “anti-primer” return- 
sien Bo Gray daoved d that, instead of ewes, Bey we the 
water-level, it terminated at half-an-inch above the -height 
of the glass gauge, and it was, at the time he was examining 
the boiler, sometimes out of the water and sometimes just 
touching it. Now, it is evident that steam would leave the 
boiler by this 9 in. pipe, which was a straight pipe, in pre- 
ference to taking the circuitous course through the bent 6 in. 
pipe. It is also evident that there could not bea better way 
to get wet steam than by dipping a vine ie this way to 
skim the water-level. This was evidently overlooked by 
Mr. Napier. The water-level in this boiler is lower than usual 
in such boilers, and the tubes are also much higher than 
usual. The boiler is insured with the Manchester Boiler 
Association, and by Mr. inn ’s directions the glass 
gauge had been fixed so that half-glass was three-quarters of 
an inch above the top tubes. The water was often as low as 
the middle of the top tubes, that is about 3in. below Mr. 
Napier’s 9in. pipe. The construction and arrangement of 
the “anti-primer”’ had been entirely in Mr Napier’s hands, 
and the gauge-glass was on the boiler, and he put the 9in. 
return-pipe not, as he said, 3in. below the water-level, but 
actually above it. Messrs. Pooley went into court to prove 
that the apparatus was not a preventer of priming, and 
could not possibly prevent priming with the ordinary use of 
the water-gauge. , 

The question may be asked, why then did not Messrs. 
Pooley work the boiler with the water higher? Messrs. 
Pooley did not know of this error until the case was in court. 
They had left the arrangements entirely to Mr. Napier, and 
he had not given them any instructions whatever as to alter- 
ing the height of the water-gauge. The fact established by 
the experiments conducted by Mr. Gray was that the con- 
densed water run from the puugen. | was one gallon per 
hour with the “anti-primer” on, and half-a-gallon without it. 
Messrs. Pooley wished to prove that, and were yrs ared to 
show that this result was quite in aecordance with what even 
Mr. Napier would have admitted, and did admit in cross- 
examination—that if the 9 in. pipe did not dip into the water, 
steam would leave the boiler by the pipe, and carry water 
with it, that then it would not be an “anti-primer.” Now, 
as this was the condition in which he left it—not an “anti- 

rimer,” but the o' ite, Messrs. Pooley claimed a verdict 
in their favour. ey bargained for an apparatus that 
would effectually prevent priming, and, instead, they had 

ot an ingeniously constructed priming - promoter. Mr. 
Gor was not allowed to give this evidence; he was sto 
by the counsel for the prosecution, who told him to con 
himself to answering questions—to remember he was not an 
advocate, but a witness. Mr. Gray had never been in a 
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witness-box before, and thought that the terms of the oath 
administered to him, to tell the whole truth about the matter, 
entitled him to tell them this; but it appears that, according 
to the practice of the courts, to tell the whole truth means to 
tell only what you are asked for. “ioe? 

Had Messrs. Pooley been aware of this mistake of level 
before going to court with the case, probably they would 
have altered the height of the water-gauge and tried the 
apparatus then. But it was only in taking out the apparatus 
to test the boiler without it that the error was discovered. It 
was Mr. Napier’s error, not theirs, and confident in the just- 
ness of their case, they hoped to be permitted to make the 
jury understand their position, but no opportunity was 
afforded them of doing so. Their own counsel did as well as 
he could; but it is so difficult to change a lawyer into an 
engineer in a day, that he had some difficulty in understand- 
ing what must be plaim'@notgh'to the readers of ENGINEER- 
Ing, and he failed ’ “immportance of this point of 
height of water level. *"*" ‘“" ~~" 

remark of the plaintiff's counsel, that one of the wit- 
nesses was not an advocate but'a witness, is suggestive of the 
necessity of either having’ counsel’ trained as engineers, or 
engineers trained as counsel) There never was a greater 
muddle than was this case before the court. Such questions 
as this were quite common : 

“Do you, as an engineer, consider that with this apparatus 
there will be no water in the boiler?” 

It appears that the boiler is remarkably free from priming, 
considering the constravtion of ‘the boiler. Messrs. Pooley 
and also Mr. Napier were deceived with regard to the 
amount of priming going on originally ; but there is no mis- 
take about there having been an increase in the priming by 
Mr. Napier’s anti-primer. Now that it has been removed, 
there is above one-third of a gallon of water per hour run 
from the oe before it comes tothe cylinder. As now 
a great portion of the condensation caused by the radiation 
from the boiler or by the steam-chest must be carried over 
with the steam, there must be a good deal more in the steam 
passing through the pipe. This water is all water of conden- 
sation. The salt-test has been applied, and equal volumes of 
water from the feed-cistern, from the steam-pipe, and from 
the boiler, with salt in the boiler, weighed respectively : 

3 Ib. 84 oz. feed-cistern. 
3, 84 ,, steam-pipe. 
3,, 9% ,, boiler. 

As there will be less air in the water from the steam-pipe, 
perhaps the difference between 31b. 8}0z. and 3 Ib. 8} 0z. 
would b be further diminished by aérating the water from the 

The taste of the water from the steam-pipe was 


steam-pipe. 
rackish ; that from the boiler was of course very 


elightly 
The verdict was for the plaintiffs, Mr. Napier and his 
brother. 








RT. HON. LORD BOSTON’S CONSERVATORY: 


Tue adaptability of iron, whether wrought or cast, to 
ornamental shapes has long since led to its extensive 
adoption, by some of our pone Phew ng for the construction of 

tes, railings, ornamental columns or pilasters, cornices, &c., 
Both in public and private buildings; but it is a compara- 
tively short period only since it has been brought into more 
extensive use, and adopted as the staple building material in 
the structural detail of erections where elegance and light- 
ness form the chief requisites. In fact, and we believe we 
may vy bes without incurring their displeasure, few architects 
as yet know how to proportion the details of iron structures, 
and fortunately, as a rule, they err on the safe side ; while 
on the other hand, as a rule, engineers have paid too little 
attention to the esthetics of the art of building, and the 
whole of their energies, we may safely say, have been concen- 
trated upon the mere economical and utilitarian branches of 
that art. In support of this statement we need but point to 
the unsightly girder bridges which span a number of the 
principal thoroughfares of the metropolis, without any 
attempt at ornamentation even by the painter’s brush. 

Believing this subject to be one of real importance, in 
which the engineer and the architect are interested alike, we 
purpose illustrating some of those iron constructions with 
which we are acquainted, which may be held up as creditable 
specimens of architectural practice of this kind; and, on 
pegs 72, we give engravings of the conservatory attached to 

rd Boston's new mansion, at Hedsor, in Buckinghamshire, 
with details of its glass-covered roof, the interesting feature 
of which is, that although it has a n of upwards of 22 tt., 
and is more than 40 ft. in length, is hipped at both ends, and 
fitted with lantern and ventilators, yet it is supported with- 
out the assistance ofa single tru principal, and is so light 
in appearance as to remind us very mash of Shakespere’s | 
“airy nothings that have a local habitation and a name.” | 
At the same time, having had the privilege of inspecting it | 
just as it was on the point of completion, we may say that it | 
stands as firm as a rock. | 

The structure of the roof rests, at the sides, upon two brick | 
walls faced with sculptured stonework, and at the ends upon | 
two rolled beams bearing upon these walls, the conservatory | 
communicating at one end with the mansion proper, and at | 
the other end with'the library, access to which is had through 
the conservatory, and which is thus made into a very cosy | 
retreat for his lordship, whence he nay overlook on one side 
the silvery stream of the Thames, where it meanders through 
his estates, and on the other the variagated flowers and 
curious plants which he may rear in the conservatory, the | 
whole being overshadowed by a mass of trees, whose stately | 
equanimity is disturbed only by an occasional south-westerly 
blast, or by the monotonous shriek of the homely rook. But 
quitting the library, and returning to the unpoetical theme of | 

conservatory roof, we find that its supporting ribs or 
main framing consist of an upper seethngelen frame 26 ft. 
long, and about 8 ft. wide, made of bulb iron 6 in. deep, with 
a ae SS wide at the top, and the bulb below 2} in. wide. | 


This is supported by four corner or hip ribs made of 
iron of exactly 


same sectiog, and bent to a true elliptical 





shape, the main portion of the roof both at the sides and at 
the ends being circular. In order to relieve the walls from 
all thrust, a solid frame, made of stout angle iron, 6 in. x 34 in. 
X fin., is bedded into the stone template forming the inner 
coping of the’biick walls and of the end girders, andthe four 
hip mbs abut —, and are firmly fixed to this ‘ftame by 
means of stfong'screws. pie 

The roof ‘ff glazed in with 21-ounce glass, bent to # radius 
equal to the Balfepan of the roof, and the glass is carrié@*by 
sash-bars spécially rolled to the shape of a cross in seettén, 
24 in. deep, and father less than an inch wide, giving #feage 
or rebate ;4, in:’of an inch in width for the glass to rest ; 
the sash-bars ‘are 154 in. apart ; a foot is forged on ch 
of them through which they are rivetted to the — 
frame, and at the top small brackets are rivetted to thé bars 
through which they are rivetted to the bulb-iron frame. The 
bottom panes of glass rest upon a couple of pins,‘ each 
rivetted to the angle-iror frame, and sufficient space has‘ beer 
provided between that ftame and the glass to allow the water 
of condensation to escape into the lead gutter outside; at the 
top, as well as along the hip ribs, the glass rests upon the 
upper edge of a strip of flat iron rivetted to the web of the 
bulb-iron. 

Cast-iron window-frames, provided with swinging sashes 
all along the sides, are fitted to the upper framing of the 
roof, ond these carry a triangular lantern roof hipped off at 
both ends, the ridge consisting of a T iron 8in.X2in., with 
its table bevelled to the slope of the roof, and the hip ridges, 
which are connected to the main ridge by means of small 
castings, are made of T iron, 2in.X2in., screwed on to the 
top of the corner pillar of the window-frames; the glass 
with which this roof is covered in is of the same thickness as 
that in the main roof, and rests upon light sash-bars of a 
T section, 1}in. deep by #in. wide. It will be observed that 
Care has been taken to make the rebates of the glass as 
narrow as practicable throughout the roof, in order to obscure 
the glass covering as little as possible. 

The swinging sashes are worked from the floor of the con- 
servatory by a couple of vertical shafts fixed to the wall of 
the main building. These shafts are fitted with a hand- 
wheel at the bottom; and at their upper extremities they 
carry a worm, which gears upon a worm quadrant keyed 
upon corresponding horizontal shaft lines, fixed on each side 
to the rectangular upper frame of the roof; and as they are 
made to revolve, they open or shut each row of windows 
simultaneously by means of levers and rods. 

In our illustrations, Fig. 1 is a general elevation of the 
conservatory and the library. The Figs. 2, 3, 4, 7, 8, 9, 10, 
and 12, and a section through the roof, enlarged sections 
through the windows and sash-frames, and sections of the 
sash-bars in main and lantern roof; and Figs. 3, 5, and 6 
show enlarged details of the gearing for working the windows. 

The general design of this work is due to Mr. J. T. 
Knowles, senior, his lordship’s architect, to whose kindness 
we are indebted for this information; and the structural de- 
tails of the roof were worked out and executed at the 
Regent’s Canal Ironworks, under the immediate superin- 
tendence of Mr. Henry Grissell. 








Tue Uritisation or Intsh Boe-Lanp.—Though several 
rojects proposed for the purpose of utilising Irish bog-land 
om resulted in failure, it‘ appears that at last a scheme has 
been devised by which stiperior fuel can be obtained from 
peat. Mr. Hodgson, a member of the Irish Institute of 
Civil Engineers, has invented a plan by which—we speak on 
the authority of the President of the Institute—he has not 
only attained mechanical perfection in the treatment of peat, 
but has laid the foundation of a sound commercial under- 
taking. The great difficulty encountered hitherto in the 
utilising of this substance for purposes of fuel in Ireland has 
arisen from the existence of the large quantity of water 
which the bog-land contains; but Mr. Hodgson’s system 
appears to be specially adapted to obviate the prominent 
obstacle to success to which we have referred. This system 
may be briefly described as follows: He uses a tube of iron 
5 ft. long, and 4in. in internal diameter, at one end of which 
a hydraulic ram works. The tube is filled with the peat to 
be operated upon, and at each stroke of the ram a cake one 
inch thick is produced, the peat in the tube being at the 
same time pushed forward an inch. As each cake requires 
about a minute to traverse the length of the tube, there are 
60 cakes produced at the time. Numerous experiments have 
proved that a tube of this description worked by a ram will 
produce 100 tons of compressed peat weekly. In order to 
make the peat serviceable for fuel it is necessary that the 
tube be supplied with dry turf. This is obtained by using 
the upper surface of the bogs, which having been exposed 
for a few hours to the atmosphere on a fine day is rolled 
slowly over iron plates, heated only by the waste steam of 
the compressing-machine. By this treatment the turf is 
rendered sufficiently dry to face the tubes, and it has been 
ascertained that by the combustion of 26 tons of compressed 
fuel, power and heat enough can be obtained to dry and 
compress 75 tons of excellent peat. It has been further 
computed with a tolerable degree of certainty that -_ 
acres of bog-land are sufficient to yeild during fine weather 
some 5000 tons of compressed fuel. The cost of production 
as far as it has hitherto been ascertained by experiment is, 
for 400 tons per week, 3s. 114d. per ton, exclusive of the ex- 
—_ of management. The total cost of production cannot 
more than 5s. 10d. or 6s. per ton, and as the peat has 
been sold for 9s. a ton at the works, and for lls. 6d. in 
Dublin, a considerable margin is left for profit. Though, as 
we have intimated, failure has attended the several projects 
having a similar object which have been hitherto devised, the 
subject is worthy ot the highest consideration, as in Ireland 
it is one of unquestionably national importance. 

Pott anp Trruis (Rvussta) Rariway.—Contracts will 
shortly be let for the rolling stock uired for this line, and 
will, it is stated, form the subject of a keen competition. The 
ee a competitors will be the Creusot Works, the 

kerell Company (Belgium), and the Graffenstaden Works. 





OUR ROADS. 
To THE EpiToR oF ENGINEERING. 
Srr,—The facts stated in “B.B.’s” letter, in your last 
week’s publication, are interesting and important to the 


public generally, as showing the difference in the humidity 
of the atmosphere of London, Vienna, Brussels, and Paris, 
and to myself in particular afford valuable information with 
regard to the different degrees of success 1 may expect to 
meet with in the principal Continental cities. 

Your correspondent is doubtful about the effect of the 
system in Paris, because the difference between the mean 
humidity of Paris and London is as 44 to 76 per cent. 

This fact would, of course, lessen the effect of the patent 
solution to that extent, but the ratio of saving would be pro- 
portionate. 

The action of the chemicals laid upon the roads has a 
wider range than “B.B.” assumes. In the first place, when 
they ate spread in‘sofutién fromi ‘the ‘water-cart, they are 
charged to the full’ extent of their power of absorption with 
water, the evaporation of which they retard for a consider. 
able period. 

Then, as the evaporation proceeds slowly, the moisture is 
attracted both from the atmosphere above and'the earth be- 
neath, keeping the surface of the road in a cool and moist 
condition. 

Judging from the effect produced in England by several 
éxperiments on an extensive scale, and allowing for the differ- 
ence in the humidity of the atmosphere, as quoted by “ B. B.,” 
I should suppose that the surfaces of the Parisian streets 
would remain moist for three or four days after one applica- 
tion of my patent solution. 

I am, Sir, your obedient Servant, 
19, Duke-street, Westminster. W. J. Coopzr. 
January 22, 1868, 








Economy 1x Gas.—A new and economical method of 
manufacturing gas from bitumen has been in course of trial 
for the past fourteen days at the Royal Arsenal Gasworks, 
Woolwich. The trials and experiments carried out were of 
avery interesting and useful nature, and the system promises 


to be of great + sam to the public. The trials were 
ordered to take place by Her Majesty’s Secretary of State for 
War, with a view, as suggested by Captain the Hon. Arthur 


Cochrane, C.B., of increasing the illuminating power of gas. 
The experiments consisted in extracting gas from bitumen 
alone, and also with a mixture of Durham coals, at the 
various rates of from 5 to 25 per cent. The gas thus pro- 
duced showed on the disc, from a single burner, an equal 
illuminating power to fifteen standard spermaceti candles, 
the bitumen giving off its gas with much greater rapidity 
than the coals. The bitumen was also tested for fuel and 
heating purposes, and was pronounced to be a safe resource 
for investment of capital in case of a failure, as anticipated, 
of the Scotch and West of England coal mines. The bitu- 
men was likewise tested in all the various ways most suited 
to gas purposes with satisfactory results. A report has been 
accordingly made to Sir John Pakington, and 200 tons of 
bitumen have been ordered by the War Department for the 
use of the Royal Arsenal Gasworks. The trials were made 
by Mr. Wallace, superintendent, by order, at the request of 
Captain the Hon. Arthur Cochrane, of the Steam Reserve at 
Sheerness. 

THE ATLANTIC AND GREAT WESTERN Rattway.—In con- 
sequence of the recent announcement of the election of a 
fresh board of directors in America, the Committee of Ad- 
ministration in London of the Atlantic and Great Western 
Railway have issued a report in which they mention that an 
intimation has been given by the representatives of the 
American Board that they hope to arrange an earlier re- 
sumption of payment than that indicated by the Committee 
of Administration. In relation to this, the committee state 
that as they have no interest other than to concur in an 
sound and practical plan, provided it deals justly with all 
claims, they will carefully examine and report on any pro- 
position which may be put forward by the American Board 
or its representatives here, and if for the benefit of the 
creditors will recommend its adoption. They also mention 
that the receiver’s statement of earnings and expenditure for 
the seven months ending the 31st of October fast, showing 
the results, as compared with the same period in 1866, ex- 
hibits an increase in net revenue, notwithstanding the heavy 
decrease in gross receipts, which is most satisfactory, and 
reflects the highest credit on the receiver’s management. 

Tue Evpurates AnD ATLANTIC.—The wreck of the 
Euphrates, which was lost with all hands on the 14th inst., 
has been cast ashore at Trecastell Farm, on what is known as 
the Black Rock, about twelve miles south of Holyhead. The 
cargo was palm oil, bar-wood, and ebony from Calabar. The 
palm-oil casks are for the greater part broken up, but the 
palm oil is not lost. Fortunately palm oil washed ashore 
behaves like tallow in the bilges of a steamer; it is rolled up 
into balls, and the beach is covered with these for about half 
amile. These balls vary in size from one inch to four inches 
diameter, but a few are as much as eight inches. So well 
has this balling been done, that it is thought very little of 
the cargo will be lost, and ten coopers and a number of men 
with horses and carts are busy collecting the cargo. Captain 
Wyld, for the Glasgow underwriters, is superintending the 
work. The Atlantic, loaded with nitrate of soda, went on 
shore at Crymarn, a place 3 miles N.E.*of the Euphrates. 
Nitrate of soda cannot exist in the presence of moisture, and 
therefore, although at the expense of considerable waste, it is 
imported as nitrate of soda from the rainless district of Peru. 
When it arrives in this country, the base is changed, and 
nitrate of potash formed, which is not subject to the same 
waste. The cargo of the Atlantic has been exposed to the 
sea, and has:disappeared entirely. 

HARTLEPOOL Years — e joint committee of the 
Hartlepool Port and Harbour Commissioners, and the 
Hartlepool Corporation, who some time ago offered a 
1 for the best design for the protection of the head- 
and, have selected the plans and estimates of Mr. Thomas © 
Fenwick, C.E., of Leeds, 
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METHOD FOR THE DETERMINATION 
OF SILICON IN IRON AND STEEL. 
By V. Eacrertz, Proressor at THE SCHOOL OF 

Mines, Fau.rin, SWEDEN. 
To THE Epiror or ENGINEERING. 

Str,—I beg to enclose a translation of the method 
which Professor Eggertz brought out for. the deter- 
mination of silicon in iron and steel, in ease you 
should consider it worthy of a place in your. paper. 
The method for carbon-estimation, commonly. called 
“the carburisation test,’ brought out by Professor 
Eggertz, translated by me, and published in the 
Chemical News of. May 30, 1863, has proved of prac- 
tical advantage to several of the Bessemer works in 
this country; and as it appears that the silicon has an 
equally important influence in the Bessemer process, 
not only in respect of the pig iron used and the mani- 
pulation of the process, but as essentially affecting the 
strength of the material produced, it appears to me 
important for the development of this great invention 
to have an easy and sure method of detecting this 
foreign matter, both in the pig iron used and in the 
steel produced. Having found it preferable to all the 
other methods previously known, and as it is described 
in such complete detail, I have preferred forwarding it 
to you instead of to the editor of the Chemical News, 
as your paper must have a larger circulation among 
the pred and iron works, to which its application 
properly belongs. 

I am, yours truly, 
C. P. SANDBERG. 

London and North-Western Railway, Crewe, 

January 14, 1868. 





Everysepy who has been engaged in the analysis 
of iron and steel is well aware how very uncertain 
the determination of silicon becomes when the method 
hitherto used for its separation in the form of silica 
is followed, because not only cast iron, but also bar 
iron and steel, is never found absolutely free from slag 
intermingled with it. This slag is decomposed by the 
ordinary method of dissolving the iron in acids, and 
its silica then augments the amount of silica formed 
from the silicon contained in the iron or steel; ac- 
cordingly, too much silicon is obtained when the 
ordinary method has been employed, as nearly the 
whole of the silica remains unacted upon, a very small 
portion only going into solution. 

The same thing cannot be said of certain sorts of 
cast iron, but these sometimes contain blast-furnace 
slag. In the collections of the Mining Institution at 
Fahlein are some specimens of spiegeleisen which 
evidently contain particles of slag; at the same time, 
pig iron containing slag may be considered as rare. 

It ought also to be mentioned here that, according 
to the Berg- und Hiittenmannisch Jahrbuch, vol. xi., 
page 289, crystallised silicon has been found in crystal- 
lised cast iron from Krain, in the form of small silvery 
plates, which were neither acted upon by boiling aqua- 
regia nor by ignition in oxygen gas; but they were 
converted into .silica by fusing with carbonates of 
potash and soda. 

Crystallised silicon is insoluble in hot solutions of 
carbonate of soda, but soluble, with development of 
hydrogen, in hot solutions of caustic potash, and also 
in hot hydrofluoric acid. In working at the deter- 
mination of silicon in cast iron at the Mining Insti- 
tution, there has never been occasion to suspect the 
presence of crystallised silicon. Cast iron which had 
a thin white pulverulent coating of silica on its surface 
has heen sometimes observed. 

After fruitless efforts to dissolve iron in highly 
diluted organic and inorganic acids, which should have 
no effect on the refinery slag, such a solvent was finally 
discovered in bromine, which, when mixed with water, 
dissolves the iron without the slightest action on the 
accompanying slag. 

But as experimenting with bromine in large quan- 
tities is very disagreeable, trials were made to use 
iodine instead ; and this, like bromine, has been proved 
to have no effect on the slag, nor on the oxide or 
protosesquioxide of iron or protosésqnioxide of man- 
ganese. . 

At the same time bromine dissolves iron quicker 
than iodine, and is, perhaps, more easily obtainable in 
the requisite state of purity. 

Neutral chloride of copper may also be used as a 
means of solution, if copper is not precipitated. 

Moreover, as continued experiments have shown 
that a solution of carbonate of soda can separate 
finery slag from the silica, which has been formed by 
the use of iodine or bromine on the silicon contained 
in the iron, the following method for the determination 
of silicon and slag in bar iron or steel has been used and 





onsidered successful; the same method may be em- 
ployed for cast iron, because blast-furnace slag, when 
such is found, is not perceptibly changed by iodine or 
bromine, nor by solutions of carbonate of soda. 

Three grammes of bar iron or steel which has passed 
through a sieve of 0.2 of a line at the most (the filing 
or boring must be made with great precaution, so that 
no scale nor the least trace of the file may get into the 
sample, and so affect the results); 15 grammes of 
iodine are added in small portions at a time to 15 c.c. 
of water in a beaker of 100 c.c. capacity. The water 
must be previously boiled to expel the air, which would 
otherwise oxidise the iron. The iodine is stirred in 
the water with,a glass rod, in order to get rid of the 
air which has accompanied it, and the floating iodine 
and iron particles are allowed to sink. 

The beaker with the iodine* and water, which is 
kept covered with a watch-glass, is cooled in ice 
water before the iron is put in, and during the solu- 
tion it is kept at the temperature of 0° C. For the 
first few hours it must be ‘well stirred every hour, or 
oftener, with a glass rod, but afterwards not so fre- 
quently. 

By means of the low temperature and the careful 
admixture of the iron (by which heat is prevented), 
the solution may be performed without the least de- 
velopment of gas, and the iron has less inclination to 
become oxidised by the air at this low temperature. 

By pressure, and by agitating with the glass rod, 
the saletlen of the iron particles which collect at the 
bottom of the beaker is much facilitated ; but if no iron 
is visible, the beaker may be kept at an ordinary tem- 
perature, or, preferably, in ice ‘water. If some of the 
solution has risen, and dried up on the sides of the 
beaker or on the glass rod, it must be well moistened 
with the same solution before the water is added. 

About 30 e.c. of water, which should be very cold 
in order to prevent the formation of basic salts, are 
added to the solution; it is then well stirred, left to 
settle, and the fluid with the lighter particles of 
graphic is poured into a filter of Qin. diameter ; 
the filtration is kept up without interruption until 
there remains only a somewhat heavy dark powder of 
slag, &c.; at the bottom of the beaker about 5 c.c. of 
water, with a few drops of hydrochloric acid, are now 
poured in and stirred with the glass rod; if hydrogen 
gas is given off, it is an indication that. there is still 
some metallic iron undissolved. 

The acidified water is quickly poured on the filter 
in order not to act on the slag. If a development of gas 
is perceived, a little iodine, with carbonate of soda and 
water, is added for the complete solution of the iron, 
and the residue is thrown on the filter and washed with 
cold water until a drop of the filtrate gives no re- 
action with a solution of 0.2 per cent. of ferrocyanide 
of potassium contained in a small porcelain crucible. 
Iron solutions containing 0.00001 gramme of oxide of 
iron per c.c. show in this way very distinct reactions, 
particularly if a drop of nitric or hydrochloric acid be 
added. The filtrate is evaporated to dryness, in which 
operation some of the iodine is sublimed away. Thirt 
c.c of hydrochloric acid, 1.12 sp. gr., are then added, 
and it is again evaporated in order to obtain the silica 
which may be dissolved in it. When intending to esti- 
mate the amount of graphite, it must be washed only 
with water, because hydrochloric acid would dissolve 
the slag. 

The filter, previously dried and weighed, is again 
dried and weighed when containing the precipitate. 
It is then ignited, and the residue weighed. After 
ignition, the residue is boiled in a solution of soda, in 
order to extract the silica, and weighed. It should be 
observed that some part of the silica which has been 
formed from the silicon in the iron may possibly unite 
with the slag during the drying and ignition. In con- 
sequence of this, it is difficult to extract it by means 
of a soda solution, whence this method is not to be 
recommended in exact determinations of silicon. 

When using bromine as a solvent, there must be taken 
6 c.c. to 3 grammes of finely powdered iron or steel 
with 60 c.c. of water, which has been previously boiled, 
and cooled to 0° C.; and this temperature preserved 
by placing the beaker in ice water until the solution is 
complete, which usually takes place in two or three 
hours; it is cautiously stirred once or twice with a 





* The iodine should not leave any residue when exposed 
to a high temperature. Impure iodine may be purified by 
sublimation in the following manner : It is sintal on a large 
watch-glass resting on a plain glass plate, and heated on a 
sand-bath to 107° (the melting-point of iodine), a plainly 
polished beaker is inverted over the watch-glass, and on this 
the iodine is condensed. The purity of the iodine may be 
tested by dissolving in it 3 grammes of iron containing a 
small but accurately determined amount of slag; if these 
results agree, the iodine may be considered fit for use. 





glass rod; if stirred hastily, the solution proceeds too 
violently. The solution ‘is placed on.a table or in ice 
water, and stirred with the glass rod now and then. 
The further operations. are conducted in the same 
manner as when using iodine. Bromine is preserved 
under water, and is taken up by a pipette, which is 
introduced into the bottle, the upper end being kept 
closed by the finger. 

When it is preferred to dissolve iron or steel in 
pieces, instead of in powder, it may be done; but in 
this case it is not necessary to place the beaker in ice 
water, as the metal is Jess violently acted upon in this 
form. Several days are required for the solution ; the 
iron, and particularly the steel pieces, must be kept 
clear from the graphite which adheres to their 
surface. 

In experiments using the solution at the tempera- 
ture of 40°C. for iodine, and 25°C. or 30°C. for bromine, 
it occasionally happens that yellowish-brown basic 
salts have formed; therefore this temperature must 
not be used, but the solution of iron ought to be 
operated upon at a temperature of 0°. 

In order to determine the silica (formed from the 
silicon in the iron).and slag, the filter, which contains 
graphite (in combination with iodine or bromine and 
water), silica, and slag, is unfolded, whilst it is still 
wet, on a watch-glass. The contents are washed away 
from the filter (which ought to rest only upon one- 
haif of the filter whilst in the funnel) with a very fine 
jet from a wash bottle (so as not to obtain too much 
water) into a platinum or silver crucible of the capacity 
of 30¢.¢. “The loosening of the mass may be facili- 
tated by a fine paint-brush. The water in the crucible 
is evaporated to about 6¢.c.  3c.c. saturated solu- 
tion of carbonate of'soda, free from silica, are added, 
and the crucible put in the copper ring in a water 
bath, the hole being large enough to allow the crucible 
to project }in, shove it. It is kept in the boiling 
water ] hour, during which time the liquid is stirred 
two or three times, and the insoluble mass crushed 
with a platinum spatula, The liquid is carefully 
poured from the insoluble mass on to a small filter, and 
to the mass in the crucible is added 1 c.c. of saturated 
solution of carbonate of soda and 2 c.c. of water. 
When this has been boiled 1 hour,* the whole contents 
of the crucible are thrown on the filter and washed. 
The solution of silica in soda is acidified by hydro- 
chlorie acid, and mixed with the iron solution, and 
the whole evaporated to dryness on a water bath. 
When the solution attains the thickness of ordinary 
syrup, it is stirred very often with the glass rod, until 
the mass’becomes a dry powder, and heated until the 
smell of hydrochloric acid has nearly gone off; the 
beaker is then placed in boiling water for 6 hours, 
15 ¢.c. of hydrochloric acid of 1.12 sp. gr. are then 
added, and the beaker left on the water bath 1 hour ; 
when the red powder is entirely dissolved, 50 c.c. 
water are added ; and when no crystals of chloride of 
iron are visible, the solution is thrown on a filter and 
washed with cold water, warm ‘water forming basic 
iron salts, which make the silica apppear red. 
The filter containing the silica is dricd and ignited 
in a porcelain crucible, gradually increasing the 
temperature to a full red heat, and weighed}; if 
silica is coloured red by oxide of iron, a little 
hydrochloric acid, 1.19 sp. gr.,° must be poured 
into the crucible. 

(Lo be continued.) 








Lixcotn.—A railway siding is being laid down by the 
Manchester, Sheffield, and Lincolnshire Railway Company 
from its previously existing lines into the works of Messrs. 
Ruston, Proctor, and Co. Messrs. Ruston, Proctor, and Co. 
are now making locomotives. Messrs. Clayton, Shuttle- 
worth and Co. are erecting extensive additional buildings on 
the east side of their works. Some new buildings are also 
being erected by Messrs. Foster and Co., of the Wellington 
Engineering W orks. 





* 0.1 gramme of ignited and pure silica obtained from 
analysis is dissolved in the above manner in 6c.c. of a 
saturated soda solution and 12c.c. of water. If any residue 
is observed after the second boiling, this arises from some 
impurity which has united in small quantities with the 
silica, rendering it insoluble. When strong hydrochloric 
acid is boiled with this insoluble silica, it may afterwards be 
dissolved. When the solution from the 1 gramme of silica 
is diluted with water to the volume of 50c.c. at the ordinary 
temperature, it has no tendency to come into the form of 
jelly. Quartz powder is dissolved by the preceding method, 
but very slightly, but ignited titanic acid and finery slag are 
not acted upon, and the tersilicate slag from blast furnaces 
but very little. ; 

+ When the silica is quickly exposed to a high tempera- 
ture, a considerable loss may arise from the spirting of 
the water combined with the silica. Silica dried at 100° C. 
has been proved to retain 1 equivalent of water to 3 equi- 
valents of silica, that is, about 6 per cent. of water, which is 





lost by a strong ignition. 
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series of trials has been 
Yorks with a 9-in. steel 


AN extensive and most interestin 
recently carried out at the Essen 

un made for the Russian Government by M. F. Krupp. 

e trials were conducted under the supervision of Major- 
General Majewski and Captain Doppelmair, of the Imperial 
Russian Artillery, and lasted from June 3rd till November 
27th, 1867, during which time a total number of 700 rounds 
gun we have represented in 
It is made of a cast-steel central tube, 
with two layers of steel hoops shrunk on ; the breech- loading 
na is Krupp’s cylindro-prismatic system, which we 
lained and illustrated in detail on a previous oc- 
e total weight of the gun is 14,950 kilo 
The bore is 9in. English, an 
rifled with thirty- two grooves, shown in detail in Fig. 
depth of the grooves is 2.87 mill. ; 
breech and 16.1 mill. at the muzzle; the pitch of rifling, 
13.716 metres and 14.044 metres. 
experiments was, first, 


were fired from this gun. 
Figs. 1 and 2 above. 


the width, 18.6 mall. “at the 


The programme of the 
to ascertain the proper charge of 
vowder for giving an initial velocity from 1200 to 1300 Eng- 
ish feet per second to a projectile of 126 kilogrammes in 
weight, without exceeding the limit of elasticity of the gun 
by the pressure of the gases in the chamber ; second, to prove 
the power of endurance of the 9-in. gun for actual service 
with the charges required for the first-named condition. 
maximum of 700 rounds has been fixed for this purpose, and 
the rounds were fired in as rapid succession as the circum- 
stances ‘permitted. Four different kinds of powder were used 
i riments, all of which were the manufacture of 
Ritter, in Hamm (Prussia), 
tie powder with cylindrical channels, such as used in the 
Russian service, specific gravity 1.65 to 1.70. This 
onal prisms, the dimensions and form of 
. 4; No. 2, — Pevitics 


viz., No. 1 prisma- 


which we have shown in Fi 
without channels, of three differ ent kinds, 5 
1.68 to 1.72, 1.73 to 1.77, 1.78 to 1.82; No. 8, 
powder, fine- grained; No. 4, Eng lish coarse 

made according to a sample obtained from 
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The cartridges were made up in two different w sizes, yea 
in Fig. 7, for the prismatic powder. The small- ed powder 
was contained in cylindrical bags of 190.6 mil i in diameter. 
The projectiles were solid cast-iron shot coated with lead, 
total weight 125 kilogrammes. For measuring the initial 
pressure a Rodman apparatus was applied, and the measure- 
ments of velocity were made by the c nograph of Captain 
Leboulengé, of the Belgian Artillery, who was present durin, 
these tri After some pre firing, the trials wit 
different kinds of powder showed that the powder No. 1 in 
cartridges containing 27 prisms, and having a total weight 
of 16.35 kilogrammes, gave an excessive pressure of gas and 
an insufficient velocity. The solid prismatic powder in smaller 
cartridges, containing 16 kilo es, was incompletel 
burnt, and only slightly improved results were obtained with 
channelled powder in these and in some larger cartridges. 
With 19.5 kilogrammes of channelled prismatic powder, ar- 
ranged in a long cartridge, so as to touch the projectile, an 
initial velocity of 388 metres was arrived at, the Rodman ap- 
paratus indicating a pressure of 4200 atmospheres The“ Arm- 
strong” powder was then tried. A charge of 19 kilogrammes 
in a cylindrical cartridge of 190.6 mill. gave a velocity of 
ya metres, with a pressure of 4135 atmospheres. Prussian 

-grained powder, in a charge of 19.6 kilogrammes, gave 

a velocity of 383 metres, with 4054 atmospheres; and this 
last charge was finally adopted asthe most suitable for test- 
ing the gun for its endurance. For the primary experiments 
117 rounds had been made, and 583 remained to be fired for 
completing the trial forendurance. These 583rounds were fired 
in nine days ; the number of rounds per day varied from 36 to 
110, on account of casualties requiring repairs of the gun- 
e, the meas apparatus, and of other accessories. 

Every evening, after the cessation of firing, impressions of 
the touch-hole and of the ends of the rifled grooves were taken 
in pry equ and every morning, before the commence- 
ment of the trials, the diameter of the chamber was measured. 
After the first 16 rounds the chamber was found enlarged to 
| an extent shown in the Table on the next page, the maxi- 
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mum enlargement being 0.54 mill. in one direction, and 0.75 
mill. in the other at right angles to the first, but no appreciable 
further alteration of the size of bore took place after this u: 
to.the 700th round. The breech-loading arrangement 8 

the test without any signs of defect ; it worked with ease and 
rapidity, and was found intact after the completion of 700 
rounds. The copper packing-ring, which is used behind the 
cartridge to close the breech, ani ‘indicated on Fig. 7, proved 
very effective and serviceable. The Table on the next page 
shows the results of measurements of the internal diameter of 
the gun-chamber. Fig. 7 indicates the position in which each 
measurement was taken, each line being marked with a letter, 
which is given in the first column of the Table. The second 
column shows the respective distances of each of those lines 
from the face of the breech-block; the third column -gives 
the original diameters found by measurement, and all follow- 
ing columns the subsequent extension or expansion after the 
number of rounds which is given at the top of each column 
up. to 700. 

This, we believe, is the first 9-in. steel gun which has suc- 
cessfully passed the ordeal of a trial of this kind, and the 
facts elicited by this carefully conducted trial. are therefore 
of more than usual interest. They assign to steel the posi- 
tion of oe only suitable material for large-size ye 

uns, and show the = a. of buildin, guns of 
steel with superposed shrunk upon abe other. The 
Russian Government ap ston to have been extremely well 
satisfied with these results. The Emperor of Russia con- 
ferred the Order of St. Wladimir upon M. F. Krupp, and the 
Order of St. Anne upon M. Pieper, one of the ers at 
the Essen Works, after the receipt of Major-General Hajew. 
sky’s official report. 








Tue LATE Dr. Farapay.—In an excellent letter, addressed 
to the Times a few days ago, “ Y.” (Dr. Percy) eloquently— 
and, we think, most justly—advocates the granting of a 

nsion to the widow of the late Professor araday. Dr. 

ercy writes: ‘‘ Faraday was of the people of i. and 
the people of England will honour his memory owe 
him much, and they will gladly coknswishos sis 6 0 a, 
tion. His ‘widow survives, and to the tender devotion of 
excellent lady during more than forty years, Faraday, if he 
could speak from his grave, would be foremost to ascribe the 
success of his life. Faraday died poor, and his widow is a 
sacred charge upon the nation. He was in the receipt of a 
pension of 300/. a year from the national exchequer, and 
assuredly if ever a pension should be continued to the widow 
of one of England’s greatest men, Mrs. Faraday is that 
widow. Whatever arrangement may be pro by the 
Treasury in regard to another female relative of Faraday, the 
whole British public would receive with unqualified satisfac- 
tion the announcement that a pension of not less than 300/. 
a year has been conferred on his widow. There is not a 
working-man in the kingdom who would not feel himself 
honoured by such a grant. Let there be no higgling over 
the value of an annuity to the extent of a thousand pounds 
or so more or less, but let the thing be done —— = 
fully, and speedily, and not a dissentient voice will 
The Government has the rare opportunity of honouring the 
memory of one of the greatest philosophers the world has yet 
seen, and, at the same time, of stimulating the intellectual 
energy of every working-man—even the humblest and the 
— in the kingdom. Let them do what ought to be 

e in this case, and they will never have cause to regret.” 

American River SreamBoats.—The loss of property by 
steamboat disasters on the western rivers of America during 
1867 amounted to $3,000,000. The total tonnage on the 
western rivers and the lakes for 1867 was 992,500. 
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TABLE OF MEASUREMENTS OF THE INTERNAL DIAMETER OF KRUPP’S GUN 
(See preceding Page.) 
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VENTILATING GRANARY AT TRIESTE. 

In the good old times, when labour and grain were alike 
plentiful, and when every village or hamlet stored its own 
corn, and rejoiced in its own windmill or waterwheel, super- 
intended by a real “miller, hale and bold,” the precocious 
individual who dared but to have hinted at the possibility of 
such a thing as a patent granary would most certainly have 
been summarily “ bonneted” for a fool, if not half murdered 
as an idiot. 


Now-a-days all these things are changed ; competition, in- | 


stead of being confined within the area of a parish or two, 
has a continent or two for its arena. Commercial success, or 
the reverse, hinges upon the nicest management and upon 
refinements in economy; we can no longer allow the ox 
which treads our grain to go unmuzzled, nor can we permit 
rats, mice, weevils, or such small game to feast unmolested, 
swallowing the percentage by which we stand or fall. 

These een conditions have enforced many modifications 
in the primitive systems of treating and storing grain; suc- 
cessive improvements have been introduced, culminating at 
last in the ventilating-granary system of Mr. Devaux, of 
which the Trieste granary, illustrated in this number of our 
journal, may be considered the type form. 

The fundamental principle upon which the new granaries 
are based is one of obvious simplicity. To prevent heating 
and fermentation in large bodies of grain, it is necessary that 
the air should have free access to all parts of the mass. This 
is ordinarily obtained by tossing at turning the grain by 
manual labour; in fact, the corn is thrown through the air, 
instead of the latter being forced through the former, as is 
done in Mr. Devaux’s grana‘ies. The old arrangement is 
about as rational a mode of procedure to effect the required 
ends, under present conditions, as driving the cab-horses in 
London to the nearest waterworks to obtain a drink of water 
would be, as a substitute for the present plan, of bringing the 
water to the horses by mechanical agency. In earlier days, 
driving horses to water and stirring about grain were both 
ag sa enough ; but the time has gone by for such things to 

economically carried out on a large scale. 

Notwithstanding the obvious advantages of the new sys- 
tem, and the prestige and clear reasoning of the eminent 
banker, its inventor and patentee, years of labour and a 
very large expenditure of capital in testing and illustrating 
the various points of detail. were required before the vis 
inertia of conflicting and existing interests were overcome, 


























and the invention fairly launched forth on its now uniformly 
successful career. The loss is to the public; the anxiety and 
annoyances to which an originator 1s always subjected are 
amply recompensed when—as in Mr. Devaux’s case—a 
retrospection shows him all his anticipations of being of 
| eminent service to the public fully realised, and all his de- 
tractors zealous disciples. 

Before we refer specially to the Trieste granary, it will be 
well to describe the system generally, and to point out the 
various modes in which the several improvements are carried 
out in practice. In a good granary the desiderata are as fol- 
| lows: (1) Economy in space, since it is a well-ascertained 
| fact that the cost of a granary is almost directly proportional 
| to the cube contents. (2) The substitution of machinery 
| for manual labour, the cost of which is increasing every day ; 
this involves adequate arrangements for receiving, deliver- 
ing, distributing, and ventilating the grain. (3) The grain 
should be stored in such a manner that heating and fermenta- 
tion, or the devastations of weevils, may be at once stopped 
by forcing a current of fresh air through the grain. The 
other conditions are that, rats and mice may not have access 
to it, and that the risk from fire may be reduced to a mini- 
mum. All these conditions are fulfilled in the most com- 
plete manner in Mr. Devaux’s granary, the arrangement of 
which we will now describe. 

The building itself isa mere shell, without any floors pro- 
per, but with passages about 3ft. wide running all round 
and across it at the basement level, and at about the level of 
the top of the bins. These bins are large rectangular cham- 
bers from 4 ft. to 10 ft. square on plan, and from 40 ft. to 60 ft. 
high, as may be required ; the sides are formed of sheet iron 
closely ear oag with small holes, and stiffened with bar 
iron and tie rods. Running up the centre of each bin is a 
tube about 2 ft. diameter, but varying according to the size 
of the chamber, also of perforated sheet iron, and the space 
round this tube enclosed by the outer casing is occupied by 
the grain, which is consequently exposed to the air on two 
faces. Ina7ft. square bin, with a 2ft. tube, the surface 
exposed per foot in height will be 4 x 7 + 3.14 x 2=35 

uare feet, about ; and the quantity of in in the same 
height of bin will be 7*— 2*x.78 = 46 cube feet, about. It 
follows, therefore, that the natural ventilation of wheat stored 
in such a bin would be the same as that obtained on an ordi- 
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12x46 
nary granary floor covered with a thickness of rea =15in 
of grain, If the wheat be in good condition, this amount of 


ventilation will suffice to keep it so; and ifit be in the worst 
ssible condition, it will only be necessary to turn a moderate 
last into the centre tube, the upper end of which would, of 
course, be stopped up, when the air would rush out of the 
perforations in that tube right through the body of the 
wheat, escaping ultimately through the perforations in the 
outer casing of the bins. It is found in practice that a few 
hours of this treatment makes the worst a a to 
terms, although previously it may have heated to such an 
extent as to ata it peed ible to keep the hand in con- 
tact with the iron bin.* ar aeall country granaries, judi- 
ciously arranged windsails would probably be all the agenc 
required to impel the air into the tube, especially as the dra 
up would increase in proportion to the temperature of the 
grain, but in the large ies at Trieste and Rotherhithe 
engines and fans are very important features of the work. 

e p ing generalisation is sufficient to show the 
principles of construction : the subsidiary details, such as the 
\means for receiving and distributing the grain, will be best 
explained by describing the arrangements adopted in the 


|, Trieste granary, which we have very fully illustrated with 


that view. 

The Trieste granary was constructed for the Lombardo- 
Venetian Railway Caapeny: and is capable of storing 100,000 
quarters of wheat. The Austrian military authorities, ap- 
preciating the advantages of the system, had large granaries 
erected in Verona and other places; the one at Verona had 
bakeries attached, of sufficient extent to supply the Austrian 
army of 50,000 men with bread daily. 

Referring to the general — it will be seen the granary 
is broken up into three blocks, the contents of the centre one 
being 830,000 cubic feet, and of each of the side one, 695,000 
cubic feet. It will be remembered, 216,000 cubic feet is the 
maximum allowed by our Building Act. The roof is a species 
of “ queen post,” but the posts are supported on iron stan- 
chions running “between the bins at intervals. The bins, 
7 ft. 3in. square by 42 ft. high, with a centre tube 1 ft. 9 in. 
diameter, are grouped in fours, and ranged in rows with a 3 ft. 
passage between. The total number is 486. The grain is 
delivered in railway wagons, for the accommodation of which 
there are nineteen docks, at a level of 22 ft. above the bottom 
of the bins. Hoppers are placed between the docks, con- 
nected by troughs to seven elevators, which raise the 
grain to a height of 8 ft. above the top of the bins, and shoot 
it into the distributing troughs, which are nine in number. 
The grain is moved along these troughs by means of Archi- 
median screws 15in. diameter, broken up by couplings at 
short intervalss so that in filling a near bin it may not be 
necessary to work the whole length of screw. Doors are 
placed in the bottom of the troughs, and shoots provided, 
each commanding four bins. 

It is now necessary to follow the course of the grain after 
it has been ventilated. At the bottom of? each bin is placed 
a door, on the opening of which the grain is projected, by 
the action of gravitation, on to the upper surface of an end- 
less band running beneath the floor. It is carried by these 
bands or creepers, of which there are eighteen, to another 
set of elevators, and by them it is lifted into a hopper placed 
at a convenient height above the delivery staging, which is 
about 9 ft. above the basement floor level, Weighing-ma- 
chines are placed under the spouts of these hoppers, and the 
only portion of the work required to be effected by manual 
labour, namely, weighing the grain and tying the sacks, can 
be proceeded with at leisure. 

In the detail drawings of the bins, doors at various heights 
may be observed. These are introduced for the purpose of 
taking samples from the several portions of the bins. As the 
grain is drawn away at intervals, it becomes necessary to 
stop the centre tube at a level corresponding to that of the 
grain in the bin. This is very simply effected by a wooden 
“butterfly” valve, wrapped at the edges with felt, and 
worked from the higher gallery by a rope. 

The engines, of 30 horse power, are placed in a corner of 
the granary. Their chief work is to drive the various 
lengths of shafting, the total length of which is upward f 
one-third of a mile. The whole of the artificial ventilation 
is supplied by one fan, 6 ft. diameter, the blast from which 
passes into about three-quarters of a mile of rectangular 
flues, measuring about 1 ft. by 1 ft. 3 in. 

The largest ventilating granary at present erected near 
London is the one at Canada Wharf, Rotherhithe. It is 
about one-half the size of that at Trieste. The most suitable 
locality, of course, is on the wharves of any large dock ; and 
we should think the facilities offered by the new Millwall 
Docks would not be lost sight of by the directors. 

At Canada Wharf, the granary is divided into four blocks, 
about 110 ft. by 40 ft., and containing about 216,000 cubic 
feet. There are four rows of bins in each block, and 224 
bins in all. The size of each is 7 ft. 3in. square by 41 ft. 
high. The number of screws employed is eight, which also 
is the number of elevators acting in the double capacity of 
landing and delivery ladders. No less than twelve fans of 
4 ft. diameter are employed, and they are driven by a pair of 
horizontal high and i pressure engines of 30 horse power. 

e grain is brought to the wharf in the company’s own 
barges, and three steam-cranes are engaged in loading and 
unloading them. The granary, as carried on at Canada 
Wharf, is well worth a visit from any one interested in the 
corn trade of the metropolis. The mechanical eye would 
doubtless detect imperfections in some of the details, involv- 
ing a considerable waste of power; but this affords additional 
evidence of the latent capabilities of the system, since even 
in its imperfectly developed state its practical success is in- 
disputable. 

Many forms of granaries have now been patented; but 
Mr. Devaux’s system is the only one which has shown itself 
to be of real benefit to the public. The one in London, 
which can store grain at remunerative rates, lower than 
those demanded at floor granaries, has compelled the 
keepers of the latter to reduce their tariff; and in any saving 
of that nature, it needs no demonstration to show that the 
public must indirectly participate. 











* Draft up tube when hot. 
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PUBLISHER’S ANNOUNCEMENT. 

Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 


Charles Gilbert. 
Office for Publication and Advertisements, No. 37, 


Bedford-street, Strand, W.C. 
ENGINEERING is registered for transmission abroad. 


D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 


Le bureau d’ ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez EB. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NovvzaU PoRTEFEUILLE DE L) INGENIEUR 
pDEs CHEMINS DE FER may be obtained, price 91. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

THe Institution or Crivitn Enainerrs. — Tuesday, 
January 28, at 8 P.M. ‘On the Relation of the Fresh- 
water Floods of Rivers to the Areas and Physical Features 
of their Basins.” By Colonel P. P. L. O’ Connell, R.E., Assoc. 
Inst. CE. 

InsTITUTION OF MecnanicaL ENGINEERS. — Thursday, 
30th inst., at Birmingham (hall of the Midland Institute), 
at 4 p.m. Sir William Armstrong’s paper, “On Water- 
pressure Machinery” (announced for reading at the meeting, 
last summer, in Paris); and Mr. Charles T. Porter's paper 
“On the Allen Engine and Governor.” 

Royat Unirep Service Instirution.—Friday, January 
31. Lecture at 3 p.m., “ Cavalry: how far its Employment 
is Affected by Recent Improvements in Arms of Precision. 
By Major-General Michael W. Sinith, C.B. 

Socrety or Arts.—Monday, at 8 p.m. Second Cantor 
Lecture by Dr. Letheby. “Comparative Digestibility of 
Foods. Functions of different Foods. Construction of 
Dietaries.” Wednesday, at 8 p.m. Ordinary meeting. “On 
the Climate and Industrial Prospects ot the Colony of 
Natal.” By Dr. Mann, Superintendent: of Education and 
Special Commissioner for the Colony. 
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RAILWAY ECONOMY. 


THE ultimate value of railway materials, as com- 
pared with their first cost, affords a comparison of 
special interest to railway managers. In this compari- 
son the materials which are cheapest in first cost are, 
as is well known, often found to be the dearest in the 
end. The heaviest and most costly item of renewal 
upon every railway is that of rails, and it is now 
notorious that there is no dearer material of this class— 
no more absorbent sponge upon dividends—than 
“cheap rails.” It is now well understood that, b 
paying double price, or (say) 14/. per ton, an iron rail 
may be had at least twice as durable as the ordinary 
make at 7/. The relative wear of rails is best com- 
pared with that of tyres, for the tyres deliver upon 
the rails the whole of the abrasion and blows causing 
wear, and in virtue of a primary law of mechanics, 
viz., the equality of action and reaction, the tyres are 
subjected to the identical forces which wear out and 
tear out the rails. The tyre wears much the faster of 
the two, however, since in running over, say, a hun- 
dred miles of line, and touching, only once, every 
point in that line, a 6 ft. tyre presents every point in 
its own circumference 28,000 times to the rails, and, 
therefore, supposing the tyre and rail to be of the 
same material, the latter would suffer 28,000 times the 
wear of the former. In the case of a 3}ft. carriage 
tyre it would, if made of precisely the same material 
as the one hundred miles of rails over which it rolled, 
necessarily suffer 48,000 times the wear which it 
caused to them, inasmuch as every point in its cir- 
cumference would be presented to the rails 48,000 
times in running over one hundred miles of line. 








Each rail, however, has to withstand the wear of 
many hundreds, and often of several thousands, of 
separate tyres in every twenty-four hours, but in 
no case does the rail receive as many individual 
pressures or blows in an hour, or a day, as the tyre 
which passes over it. Were the tyre and rail both 
rolled from the same bloom of Welsh, or Cleveland, 
or Staffordshire iron, the former would be very soon 
knocked to pieces. As it is, the tyre is made of a 
wholly different class of iron, and at a cost of upwards 
of 25/. a ton, whereas the rail may not have cost 6/. 
Were rails made of the same material, at the same 
cost, as the best Lowmoor or Bowling tyres, they 
would no doubt withstand exactly the same amount of 
wear, which amounts to saying that they would wear 
from twice to three times as long as at present. 

If it came to steel rails and steel tyres, however, 
the wear of the latter would be but about double that 
of iron tyres, but the steel rails are of almost exactly 
the same quality as steel tyres, and they would wear 
therefore not merely twice as long as iron rails, but 
from four to eight, ten, or even twenty times as long, 
according to the very variable and always uncertam 

uality of the iron rails. Instances of the superior 
Jenehility of steel over iron by from sixteen to twenty- 
four fold have been furnished from the experience with 
steel rails on the London and North-Western Railway, 
and there is now abundant experience to prove that 
the average life of steel rails is at least six times that 
of the ordinary iron rail of commerce. ‘The first cost 
of the steel rail is twice that of the iron rail, yet the 
former is much the cheaper in the end, as may be 
easily proved by the simplest calculation in compound 
interest, or by a reference to Inwood’s tables. Even 
in cases where the traflic is so moderate as to wear 
out an iron rail in eight years—and this is about the 
most that can be counted upon with heavy engines 
and modern traffic—and where, therefore, the steel 
rail will last forty-eight years, the saving is very de- 
cided. ‘This saving may be put in several ways. In 
respect of the value of material worn out yearly, steel, 
even at double the first. cost of iron, loses but one- 
third as many pounds’ worth in value a year. If old 
iron and old steel fetch half their original price when 
new, then the yearly sum which must be put aside at 
5 per cent. compound interest to renew a ton of steel 
rails at 14/., and lasting for forty-eight years, is but 
83d., inasmuch as forty-eight eightpence-halfpennies 
successively funded at five per cent. compound in- 
terest, will in forty-eighty years amount to a good 71., 
which, with a ton of old steel of the same value, will 
purchase a ton of new steel rails at 14/. A sinking 
fund, however, to renew a ton of iron rails originally 
worth 7/7. when new, and 3/. 10s. when worn out in 
eight years, would amount to about 7s., or nearly ten 
times that required for steel. In other words, it would 
require an investment of 7s. yearly, progressively for 
eight years, to amount to 3/. 10s., whereas a yearly 
investment of but 84d. at the same rate (5 per cent.) 
of compound interest would amount, in forty-eight 
years, to 7/., and this, together with a ton of old steel 
rails, would then buy a ton of new ones. 

“ But,” a certain class of uncalculating economists 
are ready to say, “if the extra price of steel rails was 
“funded at compound interest, it would far more 
** than cover the cost of renewing ironrails.” No, it 
would not. We have often ve this argument, and 
that from those who, we had supposed, were as capa- 
ble as onrselves to compute compound interest and the 
present value of annuities. 

Let us suppose a ton of steel rails to cost 14/., and 
to last forty-eight years. Iron rails shall cost 7/. per 
ton, and, when worn out at the end of eight years, 
shall cost 3/. 10s. a ton, in addition to the value of 
the old iron, for renewal, and 15s. a ton for relay- 
ing. The first difference in cost between the steel 
and iron is 7/. per ton, and this then is the fund- 
able sum. If let alone for forty-eight years, accumu- 
lating at 5 per cent. compound interest, it would, of 
course, amount to 72/. 16s.; but it is subject to 
periodical claims for renewal and relaying. Besides, 
too, the money must be supposed to be borrowed in 
some form, either upon debentures at 5 per cent. 
interest, or withheld from dividends at the same 
rate, and hence the 7/. bears a yearly charge of 7s. for 
interest. 

Thus, instead of the 7/. being left to accumulate 
for forty-eight years, it is subject, at the end of eight 
years, to a deduction of 3/. 10s. for the difference be- 
tween a ton of new and a ton of old iron rails, to 15s. 
for relaying them, and to 56s. for interest, or to 7/. 1s. 
inall. Now, the original 7/. representing the difference 
between the first cost of a ton of new steel rails and 
a ton of new iron rails would have amounted, in 
eight years, at 5 per cent. compound interest, to 





10.3425/., or not quite 10/. 7s. Taking off the 7/. 1s. 
for a ton of new iron rails, the cost of relaying them, 
and eight years’ simple interest, but 3/. 6s. would be 
left. This, compounded for another eight years, would 
amount to less than 4/. 18s., which would be altogether 
insufficient to pay for the second renewal, including re- 
laying and simple jnterest upon the money originally 
reserved and fund@d. Even were the steel rails to 
last but three times as long as iron, this difference 
in first cost, funded upon the best possible terms, 
would still prove insufficient to renew the iron rails 
every eighth year. ‘ 

Such simple and indisputable calculations are the 
best answer to the inconsiderate remarks occasionally 
uttered by responsible railway engineers and managers, 
to the effect that, even if steel rails lasted for ever, the 
compound interest upon their increased cost would 
render them more costly than iron. If all railway 
engineers, not already acquainted with the formula for 
compound interest, would take a few lessons therein, 
or else purchase Inwood’s and Thoman’s tables, we 
should soon hear much sounder views expressed. 








SPECTRAL ANALYSIS AND THE 
BESSEMER PROCESS. 

Tux application of the spectroscope for conducting 
the charges in the Bessemer apparatus has become a 
practical reality. Professor Liellegg, of Gratz, of 
whose experimental researches with the spectroscope 
in the Bessemer steel works of the Southern Railway 
Company of Austria we have only recently given an 
account, has succeeded in pointing out a sufficiency of 
marked changes in the spectrum for enabling the 
managers of these steel works to watch and conduct 
the charges with the assistance of the spectroscope in 
preference to the routine previously adhered to at those 
works, a routine, which as a matter of course, was a 
strict copy of that existing, in the Bessemer steel 
works of this country. By the aid of the spectroscope 
the manufacture of Bessemer steel, in the Gratz steel 
works, has been considerably improved with regard to 
that exact uniformity of hardness which formerly was 
more difficult to ensure under all circumstances. The 
great certainty with which the exact. moment of com- 
ony decarburisation can be fixed by spectral analysis 
1as reacted upon the amount of care now bestowed 
upon keeping the percentage of carbonin thespiegeleisen 
to a uniform or at least to a correctly ascertained 
amount, and regulating the quantity of spiegel em- 
=m by exact calculation. The accidental irregu- 
arities and differences of hardness between the dif- 
ferent charges have thereby been lessened to a very 
considerable extent, and an increased reliability has 
by these means been given to the Bessemer process. 
Some other Austrian Bessemer steel works, and the 
Government works of Neuberg amongst these, have 
sent engineers to Gratz in order that they may subject 
and introduce it into their own respective establish- 
ments, and an account of Professor Liellegg’s dis- 
coveries has.been published in the Austrian Gazette 
Sor Mining and Metallurgy. 

The spectrum pointed out by Professor Liellegg, 
belongs to the flame of carbonic oxide. It can be 
seen in the flame escaping from the mouth of the con- 
verter during the preliminary operation of heating this 
vessel with coke only; and in that case the lines re- 
ferred to are very faint, and it requires some practice 
or knowledge of the precise spots in the spectrum 
where these bright lines should be looked for, to dis- 
cover them. During the first period of the Bessemer 
process the spectrum is very faint. ‘The yellow 
portion is almost invisible, and even the sodium line 
is missing ; the blue and purple portions are extremely 
faint. The absence of the sodium line can be ac- 
counted for only by the consideration that there is no 
real flame formed by incandescent gases escaping from 
the converter at that early stage, But only a mass of 
sparks carried by the nitrogen from the blast, the 
oxygen of which remains in the converter, combining 
with silicium. As the flame gradually appears in the 
centre of the volley of sparks, the spectrum widens and 
shows yellow light, until suddenly the sodium line in 
the yellow field becomes visible, first only for moments 
as a flashing bright streak, and after less than one 
minute as a constant and clearly defined line. The 
appearance of the sodium line marks the commence- 
ment of the decarburisation, although this line does 
not belong to the charge of iron at all, but rather to 
the accidental presence of sodium compounds in very 
minute quantities. It is therefore only indirectly con- 
nected with the combustion of carbon; i.e., the ap- 
pearance of the sodium line is a signal of the com- 
pletion of the continuous spectrum, and this continuous 





spectrum belongs to the combustion of carbon, As 
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soon as the sodium line has taken a steady and per- 
manent appearance, the characteristic lines of the car- 
bonic oxide may be looked for in the greenish-yellow, 
in the green, and in the purple field. In each of these 
three fields one bright line becomes clearly visible at 
that time. As the flame increases in size and bril- 
liancy, the spectrum comes out more and more clearly. 
Bright lines increase in number in each of the first- 
named three fields, and ultimately, at the height of the 
process, some bright lines show themselves in the red 
and, occasionally, also in the blue field. The green 
field of the spectrum, however, is the real point of 
observation in practice, as in this the lines are most 
clearly visible, and in it they appear first and disappear 
last. The spectrum, as a whole, is by no means 
steady or constant, but its fluctuations do not displace 
any of the bright lines; they only alter the back- 
ground or the continuous spectrum upon which they 
appear. After the “ boil,” the maximum intensity is 
reached ; and at that stage, and only with very hot 
charges, a bundle of bright lines appear in the bluish- 
purple portion of the spectrum. About four or five 
minutes before the end of the charge of three tons, the 
lines begin to disappear in rapid succession, and in the 
inverted order of their appearance—first, the bluish- 
purple, then the blue lines, after these the red, &c. 

hen the last green line disappears, the vessel is 
turned, and the charge completed by the addition of 
spiegeleisen. ‘The yellow sodium line does not disap- 
pear to the end of the operation. Sometimes the 
vessel is turned when all lines in the green field with 
the exception of two have disappeared. This de- 

nds upon the special experience of the case, and 
it is clear that it is of less importance whether the 
one or the other mark be taken, if it is only re- 
gularly adhered to, and the charge of spiegeleisen 
regulated accordingly. The age sag results are highly 
satisfactory, since they make the regularity of the 
“temper” of Bessemer steel practically independent 
of the skill and experience of the charge-manager, the 
changes of the spectrum being made more marked and 
unmistakable than those of the appearance of the flame 
itself. Hitherto, no experience with British hematite 
irons has been gained, and the use of the spectroscope 
in this country must be preceded by some careful trials 
and observations in order to fix the character of the 
changes. It is highly probable that they will prove very 
similar, if not absolutely the same as those observed with 
Styrian charcoal iron, but mere probabilities are not 
sufficient in a case like this. If the Bessemer stcel 
makers should gain no more by the use of the spectro- 
scope than the possibility to show to the noisy dis- 
believers in the uniformity of Bessemer steel that a 
child may conduct the charge without the least chance 
of error, just the same as a boy can now work the 
whole mechanical apparatus of the converters, the 
gain would be very great. But there is a greater gain 
immediately to be realised by the use of the spectro- 
scope. ‘Ihe steel-masters will become less dependent 
upon the skill and attention of their charge-managers 
or foremen, and the percentage of waste or unsuitable 
material produced by carelessness or mistakes will be 
lessened in the general run of practice. 


PLACENTIA BAY AND SYDNEY 
CABLE. 
Tus cable, laid during the past summer, was manu- 
factured and laid by the Telegraph Cofistruction Com- 
any, for the New York, Newfoundland, and London 
elegraph Company. The line runs from Placentia 
Bay (which is only separated by a narrow isthmus from 
Trinity Bay, the terminus of the Atlantic cable) to 
Sydney, in Breton Island. touching at the island of 
St. Pierre, and was constructed in order to cut out of 
cirenit the land lines through Newfoundland from 
Heart’s Content, Trinity Bay, to Cape Ray. These 
land lines run through a wild country, and in winter 
many parts are almost inaccessible, so that in spite of 
the strenuous exertions of Mr. Mackay—the able 
superintendent of these lines—it has been impossible 
often to restore communication, when interrupted, for 
several days. These land lines were constructed also 
some twelve years ago, aud their insulation is very 
imperfect. By the laying of the Placentia cable, only 
eighty miles of land line remain between Heart’s Con- 
tent and the terminus of the Placentia cable, This 
length is well constructed, insulated with Siemens’s 
insulators, and follows a good road accessible both 
during winter and summer, and the whole work does 
reat credit to the ability and exertions of Mr. Mac- 
a by whom it was erected. 
The manufacture of the Placentia cable was com- 
menced in April last, and in accordance with the terms 





of the contract should have been laid by the end of 
July ; the laying was, however, delayed a month to 
enable the contractors to dispatch their ship, the 
Chiltern, to repair the Atlantic cable, broken in Trinity 
Bay; and although the cable was repaired by Mr. 
Clifford, the Telegraph Construction Company’s engi- 
neer, in forty-eight hours after the Chiltern’s arrival, 
the landing of spare cable, &c., with the voyage to and 
from Newfoundland, occupied a month. 

The total length of cable manufactured for the Pla- 
centia line was 320 nautical miles. The core consists 
of a copper strand, weighing 150 lb. to the nautical 
mile, insulated with 320 lb. of gutta percha. For the 
main or deep-sea portion of the route, or 312 miles, 
this is protected with twelve iron wires, each 0.148 of 
an inch diameter, and the cable complete weighs 2°25 
tons to the nautical mile. The iron wires of the main 
cable have no outer serving to protect them from rust. 
The shore ends, eight miles in all, are much heavier, 
weighing 11.5 tons to the nautical mile, and are pro- 
tected from rust by Clark’s serving and compound. 
The electical qualities of the core were very excellent. 
The resistance of the dielectric at 75% Fahrenheit was 
455 megohms (i¢., millions of B. A. units) per 
nautical mile, which is considerably higher than the 
resistance of the Atlantic cores. 

The conductivity of the copper was slightly 
less, being 88.8—the Atlantic being 93°8, and pure 
copper 100. 

The Chiltern left England on the 13th of August, 
and arrived at Placentia Bay, Newfoundland, on the 
26th, when the expedition was joined by the Gulnare 
surveying-ship, commanded by Staff-Commander Kerr, 
R.N., who had, during the summer, made a thorough 
survey of the proposed route of the cable. The result 
of the survey was to prove that at some places on the 
proposed line a better route could be taken, also that 
the proposed landing-places at the Island of St. Pierre 
could be changed with advantage. Mr. Cyrus Field 
availed himself of the knowledge gained by Captain-Kerr 
on these points, and arranged with Sir Samuel Can- 
ning (the Telegraph Construction Company’s chief 
engineer) that the cable should be laid on the route 
suggested by Captain Kerr. 

On Wednesday, August 28th, the shore end having 
been landed during the afternoon on the south side of 
Placentia harbour, aud the electrical apparatus ar- 
ranged in the hut on shore for the purpose of testing 
and speaking to the ship (if necessary) during the 
paying out, the whole arrangement being nearly iden- 
tical to that used for the Atlantic cables, the paying- 
out of the shore end commenced at 11.45 p.m., G. T., 
the Gulnare steaming ahead to make out the buoys 
placed for the line of cable. At midnight the two 
miles of shore end had been paid out ; and when seven 
miles of cable had been submerged, the course of the 
ship was altered, and the Gulnare steamed ahead to 
ane the next buoy, which was about 65 miles from 
where the cable was landed, and placed to indicate the 
position for a change of course. At 10.30 a.m., 
August 29th, a dense fog prevailed, which left little 
hope of sighting the Gulnare ; but the fog shortly after 
lifting, the Gulnare was sighted, and 65.66 knots of 
cable had been paid out when the Chiltern was abreast 
of buoyed position. At 5 o’clock the fog again made 
its appearance, and the cable could only be paid out 
very slowly, the ship being often stopped for the pur- 
pose of sounding. At 8.30 p.m. the fog was so thick 
that it would have been dangerous, owing to the close 
| proximity of the rocks which abound about the island 
jof St. Pierre, to continue the work, the ship was there- 
|fore anchored with kedge in 57 fathoms of water, and 
jit was 9.30 a.w., G.'T., August 30th, before the fog 
\cleared sufficiently to admit of the paying out to be 
continued. At 11.30 the ship was again stopped to 
|admit of a splice being made to join the heavy shore- 
end cable to the main cable; and after paying out the 
jlarge cable to within 300 fathoms of the shore, the 
ship anchored, and a raft was constructed upon which 
the remaining shore end was coiled. This operation 
and the laying of the 300 fathoms of shore end took 
until 7.45 p.w., when the cable was landed at Ansi- 
Dinnant, on the north side of St. Pierre. The island 
lof St. Pierre belongs to the French, and is the chief 
rendezvous for their vessels engaged in the cod-fishery. 
|The governor, with the principal inhabitants, had 
assembled from an early hour to witness the operation 
of landing the cable, and before departing for the 
town at night wished success to what they termed the 
Atlantic cable. Through the courtesy of Sir Samuel 
Canning, the governor was enabled to speak by the 
cable with the French Minister of Marine the same 
evening. 

The length of this section of the cable is 112.12 








The cable was tested during the night by Mr. Laws, 
on behalf of Mr. Latimer Clark, who had the super- 
vision of the cable for the New York and Newfound- 
land Telegraph Company, and found to be electrically 
one of the most perfect cables ever laid, the resistance 
of the insulator being 4498 megohms per knot, that of 
the copper being 8.32 ohms per knot. 

The shore end for the St. Pierre and Sydney section 
is landed at the same gully, both beiug taken into the 
same hut, where they are joined to the land lines 
which connect the town of St. Pierre with the cable, 
the town being about two miles distant from where 
the cables are landed. On the morning of the 31st 
the laying of this section was commenced, everything 
going on very smoothly, in spite of a heavy head sea, 
which at times made the little Gulnare toss and tumble 
in a very lively manner, and her deck extremely wet. 
It was, however, bright and clear, and continued so 
until the main eable was, at 9.39 a.m., September Ist, 
cut and buoyed in about ten fathoms at the entrance 
to Lloyd’s Cove, Sydney, 187.41 nautical miles of cable 
having been laid to this point from St. Pierre. The 
next day was occupied in turning over the remnant 
of the main cable left in the ship, so as to get at the 
shore end coiled below. On September 3rd, one end 
of the shore end was landed, and the cable paid out 
towards the buoy. The buoyed end was then raised, 
and the main cable picked up, and the shore end payed 
out until there was only sufficient of the latter left for 
splicing, when the ship was brought up and the great 
splice. made. The anchor was then lifted, and the 
bight shipped, care being taken to spread it so that it 
should not lie in a loose entanglement on the ground. 
The section thus completed gave as good results elec- 
trically as the St. Pierre and Placentia section, the 
resistances of the dielectric being 4257 megohms, and 
that of the copper 8.34 ohms per nautical mile. 

The whole work appears to have been very suc- 
cessful throughout, and does great credit to Sir G. 
Canning, Mr. L. Clark, and Mr. Laws. ‘The New- 
foundland Company deserve credit also for the spirit 
and good sense which they have shown in at once con- 
structing this line, when they found their lines through 
Newfoundland unable to carry on the traffic through 
the winter. 








ADDITIONS TO GREENOCK Su1ppine.—The Greenock ship- 
owners are investing largely in new iron sailing ships, and 
the shipbuilders on the Clyde have more orders from Greenock 
firms on hand at present than has been built for Greenock 
merchants for the last two or three years, and scarcely a week 
passes but we hear of some new contract having been signed. 
Amongst the vessels Messrs. Steel and Co. have an iron ship 
building for each of the following Greenock firms: Messrs. 
R. Shankland and Co., one of 1280 tons; J. and W. Stewart, 
one of 1280 tons; Messrs. Baine and Johnstone, one of 900 
tons; Messrs. Barclay, Curle and Co., one of 1100 tons, for 
Messrs. Carmichael and Co.; Messrs. R. Duncan and Co., 
one of 1900 tons, for Messrs. A. O. Leitch and Muir, and 
one of 1200 tons for Mr. Robert Cuthbert ; Messrs. M‘Millan 
and Sons have two ships of 780 and 1100 tons, for Mr. John 
Kerr. Total, eight vessels of 8500 tons. Besides the above, 
we believe other two vessels, if not contracted for, are about 
to be fixed by Greenock firms with Clyde builders. 

MasTers AND WoRKMEN IN AmERIcA.—Throughout the 
United States at the beginning of the New Year the working 
men submitted to a marked reduction of wages in nearly 
every branch of labour. Prices were cut down from 10 to 
25 per cent. ; and owing to the great numbers out of employ- 
ment the reduction has been made with scarcely a disturbance 
among the working people in any part of the country. The 
alternative was presented of receiving reduced pay or of 
being turned out of employment altogether, and the labour- 
ing classes, finding their trades’ unions powerless, have sub- 
mitted. There is scarcely a strike now known to be in ex- 
istence in any part of the country, and the employers com- 
pletely control the labour market. In Quebec, Eder the 
difference that has so long existed between the shipbuilders 
and their men on the question of reducing wages continues ; 
but no disturbance of the peace has been lately reported. 
The Quebee Board of Trade has unsuccessfully attempted to 
mediate in the dispute ; but the men refuse to yield, and the 
shipyards will probably be closed altogether. 

Tue Frevcn Navy.—Warlike preparations in France 
have latterly extended to the naval forces. The most marked 
activity is observable in the Government ship-yards. At this 
moment no less than 39 ships of different sizes are building 
for the Admiralty. Four of these are rams, on the “ mixed ” 
principle, being half of wood and half of iron. One ram, the 
Ocean, is to carry eight guns of the heaviest calibre in battery, 
and four others in towers. On the same system four corvettes 
are also being constructed to carry two guns on each side, 
and four others in as many immovable towers. These vessels 
will be comparatively small, and provided with powerful 
engines, so as to attain great speed in the water. The French 
men-of-war steamers number 348; add to these 116 sailing 
vessels and the 39 in course of construction, and we have a 
total of 503. 

Frencn Irnoy.—The St. Dizier Chamber of Commerce 
states that at the close of 1859 the price of rough charcoal- 
made pig at St. Dizier was 5/. 16s. per ton, while now it has 
fallen to 4/. 6s. 6d. per ton. First-class rolled iron has also 
fallen at St. Dizier from 11/. 8s. per ton in 1859 to SJ. 8s. per 
ton in January, 1868. 








knots, two miles of shore end being laid at each end. 
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GUNPOWDER STEEL. 


As Falstaff was said to be not merely witty himself, 
but also the cause of wit in others, so 7’e Engineer not 
only writes absurdities, but also brings those in whose 
favour it writes into an untenable and ridiculous posi- 
tlon. The last victim of the caresses of our contem- 
porary is Mr. James Hargreaves, the inventor of a 
new process for steel-making. Mr. Hargreaves’s pro- 
cess has had the misfortune to please the editorial 
mind of our contemporary, and, as a natural conse- 
quence, it is already the subject of doubt, if not of 
ridicule, amongst the profession. Zhe Engineer, in in- 
troducing its new favourite to the public, takes a 
review of the past history of steel-making, and says: 
“Mr. Bessemer has demonstrated the great truth— 
“that steel and iron making are simply @ chemical 
** manufacture, to be carried on like the usual opera- 
*‘ tions in chemical works.” Unfortunately, Zhe En- 
gineer does not say what are the usual operations in 
chemical works, and the benefit of this “great truth” 
may therefore be lost to future generations after all. 
But The Engineer does state that the Richardson pro- 
cess is “the only process as yet generally recBived as 
“ capable of eliminating a portion at least of the phos- 
“ phorus avd iron in the charge.” This, we believe, 
is a slight mistake. There are plenty of means for 
getting rid of the iron in any fara. only they are 
not “generally received” with great favour. The 
Martin process is next referred to. “The Martin 
“ process, of which we lately gave an account, is in- 
** tended to enable us to manufacture steel on a large 
“scale with but a comparatively small outlay for 
“plant. For, although atmospheric air is to be got 
“ for nothing, injecting it at a pressure of 20 lb. or so 
“into a mass of molten metal is a process requiring 
“ costly plant and a large expenditure of power.” We 
also have given an account of the Martin process, but 
we never stated that it requires the injection of air at 
20 lb. or so of pressure; nor did we make out that the 
plant was at the same time very cheap and “ very 
costly.” Having in this way hoisted his flag, Falstaif 
goes on to narrate how he found another “rival 
plan” to all the above. This plan, he says, may be 
* shortly defined as being an elaboration of the second 
“ nrinciple of the puddler.” We know that the pud- 
dier’s first principle is to get the highest wages he can 
obtain; but we have never heard of his second prin- 
ciple (unless it is to do the least possible work for 
those wages), nor does 7e Engineer condescend to 
enlighten us on this subject. The first glimpse of real 
information comes out, however, in the statement that 
the editor has read something in the “Journal of the 
Liverpool Polytechnic Society” about Mr. Hargreaves’s 
process. That journal, some time back, contained an 
account of Mr. Hargreaves’s experiments for decarbu- 
rising iron by means of nitrate ofsoda. The steel thus 
formed by means of the mutual action of saltpetre, 
sulphur, and carbon—the constituents of gunpowder 
—is expected to be either better or cheaper than steel 
made by other processes. To a metallurgist such 
news would have, first of all, conveyed the idea of great 
expenditure. A ton of nitrate of soda costs 10/. To 
make malleable iron by its application, 8 per cent. of 
the nitrate being required, according to the inventor’s 
own statement—the outlav for the nitrate alone would 
exceed 16s. per ton of pig iron used. To a chemist, 
the knowledge of the limited supply of nitrates would 
have shown the immediate probability of a rise 
in the market value of nitrate of soda, if wanted in 
such enormous masses as the iron trade of the 
Cleveland district would demand. But to the editor 
of The Engineer nothing occurs except the “ indirect 
*ouarantee of the importance of the process given 
“by the fact that at least five patents, Nos. 1122, 
* 1520, 2046, 2114, and 2657, were taken out for it in 
“ course of last year.” There have been more than five 
patents taken out for perpetual motion during the same 
time ; consequently that latter invention must stand 
still higher in the estimation of our contemporary. 
The Engineer further ‘ sees” that Mr. Hargreaves 
accepts M. Fremy’s nitrogen-theory, aad further states 
that M. Fremy never revealed his method of procedure 
in steel-making, and seems to have lost confidence in 
the notion—a fact which will mach recommend Mr. 
Hargreaves’s plans, to the public. Zhe Engineer, how- 
ever, assigns gréat value to the new process in every 
possible form, except as an assistance to the Bessemer 
process. ; 

It is, of course; taken for granted that sulphur and 
phosphorus will be removed from the iron, and. any 
process capable of — this, Zhe Engineer proceeds 
to say, “ will be an incalculable boon to ¢he world, It 
“would rain Sweden and Styria, and it would 
“diminish the advantages of the Ruhriand West- 








“ phalian districts and of the Wear Dale.” These are 
the ideas of incalculable boon to the world formed in 
the clear and far-seeing editorial mind of The Engineer. 
It may be, indeed, taken as a proof of the lack of 
technical education in this country that a paper like 
The Engineer has a possibility of existence. 





THE KOOMAYLO ROUTE. 


Ir has now been definitely settled that the advance 
into Abyssinia shall be vid the Koomaylo (or Goo- 
maylee) Pass. An exploring party, under Colonel 
Merewether, C.B., and Lieutenant-Colonel Phayre, 
starting from the camp at Mulkutto, which is station 
No. 1, proceeded to Koomaylo by the plains south- 
west of Zoula, so as to turn the Gedem spur, and they 
found a good line for a road and tramway, with no 
obstacles except at the torrent which has to be crossed 
between the sixth and seventh miles. As the direct 
line from post No. 1 to either Uddoda or Wah is very 
much intersected by torrents after entering the Huddas 
gorge, and not only difficult but dangerous in conse- 
quence, it was decided that it would be better to keep 
the line from. post No. 1 to Koomaylo, and thence fol- 
low the foot of the hills, seven miles, to Uddoda. 
Thus both passes would be approached by one safe 
line, the first thirteen miles of which will have a tram- 
way. Koomaylois 415 ft. above sea level, and 12 miles 
7 furlongs distance from post No. 1. Eight miles 
beyond Koomaylo is Lower Sooro, where the flowing 
water is first reached, and the Sooro defile commences. 
Middle Sooro is 2 miles 2 furlongs further on, and 
1143 ft. above sea level: This defile had, at the time 
of this reconnaissance, been made roughly passable for 
mules up to this point, and similar works were going 
on through the remaining two miles of the defile to 
Upper Sooro, where the running water first emerges 
from the hill-sides in seven or eight strong springs. 
From this point to the flowing water of Rayraguddy, 
near Senafe, a nearly waterless track of about twenty- 
eight miles occurs. The road from Upper Sooro to 
Barutguddy, a distance of eight miles, was found to 
be excellent, excepting here and there when crossing 
the banks of the torrent at the angles ; these require to 
be cleared of stones and thorny bushes, both of which 
harass the traveller and his cattle beyond expression ; 
the gradient is very easy—between | in 37 and 1 in 40. 
Height above the sea 2710 ft. “Hence, to the Rayra- 
guddy stream, the road to the Navaguddy is hard and | 





good; and the expedition passed ex route Sonakhe, at 
two and a half miles (3160 ft. above the sea), and at 
five and a half miles reached the branch torrent of the | 
Mudhullo, which flows into the Navaguddy from 
Tekoonda. The bed of the Navaguddy is a little 
rougher and more jungly from this point ; still the 
ascent is easy as before, and the roadway hard, only 
requiring to be cleared of thorn jungle and loose stones | 
in certain parts. It was stated by the inhabitants 
that a few years ago there were two wells in the open 
part of the Navaguddy, which, when the Koomaylo | 
route fell into disuse, owing to the predatory habits 
of, and high; tribute demanded by, the Shohos, were 
filled by stones and earth by the first storm, and since 
that time have not been reopened. ‘The Undul tor- 
rent, where these wells are stated to be, is about 
fourteen and a half miles from Upper Sooro, or half- 
way between that and the Rayraguddy stream. 
Colonel Merewether accordingly arranged for well- 
diggers from Zoula to go up there, and either to re- 
= the wells or dig others, as might be found best. 
Should this effort to obtain water midway between 
4 2] Sooro and Rayraguddy (about twenty-eight and 
a half miles) be successful, it will remedy the only 
objection to this route. From this point the Nava- 
guddy turns for a short distance to the eastward, and 
after entering a gorge narrows to 150 ft. and 200 ft., 
but still maintains its easy gradient, though more 
stony than before. The roadway, however, from the 
entrance of this gorge up to Rayraguddy requires | 
very little clearing to render it easy for laden cattle of 
all kinds. For wheeled carriages it is easy in point of | 
gradient, but a good deal of heavy rock-work would | 
be required before it could be made practicable, as to 
width and ease of draught, for their proper transit. 
The rocks throughout this route are shales and con- 
glomerate limestone, mica, clay slate, and granite. 
From Koomalo to Upper Sooro the strata have an 
inclination of about 15° southward ; above that to 
Rayraguddy they are nearly vertical. At seven miles 
from the entrance of the gorge is the watering-place 
of Henderat, which, however, only contained a supply 
of water sufficient for a few men. For the remaining 
five miles to Rayraguddy, the road is still easy as 
regards gradient, but narrower, more rocky, and 


very tortuous. Rayraguddy is 5600ft. above sea 











level; the average gradient from Middle Sooro, which 
is 1143 ft. high and thirty miles distant, would there- 
fore be 1 in 354. The water at Rayraguddy was 
pure, cold, and abundant. Its course, however, is 
only for about a mile anda half. There is no place 
for encampment except in a narrow strip of bushes, 
and under the lofty precipices that bound the bed of 
the torrent. Tentsare not required, and could not be 
pitched if they were so ; but ajregiment could be made 
quite comfortable without them, if they had their bed- 
ding and warm clothing. The onward route to 
Senafe, nine miles distant, lies up the Rayraguddy, 
which in some places is not more than 15 ft. to 25 ft. 
and 50 ft. ion. The ascent is still gradual on the 
average, but it is broken abruptly here and there by 
blocks of granite 3 ft. to 6 ft. high, which would have 
to be ramped for the passage of cattle or wheeled car- 
riages. The torrent is so tortuous through this gorge 
as nearly to double its direct length. At about six 
miles the road emerges from the head of the gorge, 
and winds up to Senafe through open ground terraced 
for cultivation. 
PROPOSED TRAMWAYS IN THE 
MADRAS PRESIDENCY. 

Tue following extract from the Proceedings of the 
Madras Government has reference to the construction 
of a proposed tramway from the Poothanoor station of 
the Madras Railway : 

“Bearing in mind the great importance of facilita- 
ting access to the military station of Wellington, as 
well as of improving the means of communication of 
the plateau of the Neilgherries with the plains, and 
with both coasts of the Peninsula by the Madras 
South-Western Railway, the Government are of 
opinion that the time has arrived for taking into con- 
sideration the expediency of constructing a tramway 
or light railway from the Poothanoor station of the 
Madras Railway to Mettapoliem or, still further, to 
Kullair, at the foot of the Coonoor Ghaut, which will 
shortly be open for cart traffic on an easy gradient. 
His excellency in council has accordingly resolved to 
refer the subject to the consulting engineer for rail- 
ways, who, after examination and inquiry, is to report 
whether a tramway on the same narrow gauge as that 
on which the line is laid between Arconum and Con- 
jeveram, or a light railway on the 5 ft,,6 in. gauge, is, 
in his opinion, most suitable; he is also to state in 
what direction it will be advisable to carry the line, at 
what cost it is likely that it can be made, and what is 
the nature and extent of the traffic that may be ex- 
pected to be attracted to the line, and may be 
reckoned upon to yield a return on the capital required 
to be expended.” 

We should have thought that the experience gained 
from the Arconum and Conjeveram line would have 
been such as to ensure the condemnation of any 
scheme for making a branch line of a different gauge 
to the main line with which it is intended to join. 
Such an arrangement is open to the gravest. objections, 
necessitating as it does the break of bulk in all goods 
transferred from the one line to the other. Neither the 
engines nor carriages of the one can be made avail- 
able for use on the other, and the smaller line must 
therefore keep up an amount of rolling stock sufficient 
to meet emergencies and exceptional occasions, much 
of which may have to be idle for a great portion of 
the year. In the case of both lines being of the same 
gauge some of the rolling stock of the main line could, 
on such oceasions, be run over the branch line, and so 
the latter would only require to maintain sufficient 
rolling stock for ordinary occasions. But, if the 
branch be constructed as a light railway, it is obvious 
that it would be unsuited for the ordinary rolling stock 
of the main line, and its heavy'locomotives must on no 
account be run upon it. Light locomotives, light 
rolling stock, and slow speed are the inevitable ac- 
companiments of a light railway; and, as a rule, it 
may be generally assumed that the lighter the con- 
struction of the line, the heavier will be the cost of 
keeping it in repair. A light railway at the foot of 
the ghauts, where the country is always subject to 
heavy floods, should never even be thought of, much 
less constructed. If it be desired, in the present 
instance, to adopt that plan of construction which 
shall prove most economical in the long run, we would 
sincerely recommend that the proposed branch should 
be constructed as strongly and permanently as_ the 
main line, and we have little doubt that similar advice 
will be given to Government by the officer to whom 
the subject has been referred. 








Psaum or THE RattRoap.—The New York Herald stating 
that at a recent funeral after a railroad accident the hymn, 
“I would not live alway,’ was sung, suggests that it be 
printed on the back of passengers’ tickets. 
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NOTES FROM THE NORTH. 


Griascow, Wednesday. 

State of the Pig-Iron Market.—The local pig-iron market 
has not recovered much from the flatness and low prices which 
set in this day week. Prices fell still further on the following 
day, down to 1s. 4$d. cash, at which a moderate amount of 
business was done. The demand has since become a little im- 
proved, and prices have been as high as 51s. 9d. cash, and 51s. 
10d. to 51s. 11d. one month. No. 1 Gartsherrie and No. 1 
Coltness were quoted yesterday at 57s., the lowest price that 
has for a long time been taken for these celebrated brands. 
The following are the pig iron shipments, from all Scotch ports, 
for the week ending January 18, 1868; 





tons. 

This year oe eve eve oe 5,437 
Last year eee ene eee o0e 5,051 
Increase ... ose 386 


Total since December 2, 1867. we 26,488 
For corresponding period in 1866-67... 27,831 





Decrease... ove ese sis 1,343 


Govan Bar Ironworks.—The remaining furnaces at these 
works, situated near the head of Crown-street, have this week 
been put out cf blast, occasioning a most unwonted change in 
the appearance of the neighbourhood, particularly at night, 
when the vicinity, now immersed in the common darkness, was 
lighted up by the huge fires. It appears that the course men- 
tioned has been adopted on account of the present state of the 
iron market. It is also in contemplation, it is said, to curtail 
the manufacture of malleable iron; but it is pleasing to learn 
that, notwithstanding these changes, the most of the men are 
still likely to be kept in employment by openings being found 
for them in other departments. To many persons to whom Mr. 
W. S. Dixon, the proprietor of these works, is known, it will 
cause great regret to learn that he has been seriously ill for 
about two months. He has recently been visited by two very 
eminent physicians—Professor Christison, of Edinburgh, and 
Dr. Jenner, of London, without receiving any benefit from 
their advice. Mr. Robert Addie, whose extensive ironworks 
and collieries in the Coatbridge district are so well known, has 
also been seriously ill during the last week or two, the illness 
being due to a severe paralytic attack. 

The Effect of Depressed Trade.—Since the general reduc- 
tion of wages in the pig iron and coal trades took effect, large 
numbers of labourers connected with both branches, who were 
obtaining from 16s, to 20s. per week in the year 1866, are now 
compelled to do the same amount of labour for from 12s. to 15s. 
There are instances in the Coatbridge district of able-bodied 
miners who, since New Year’s Day, have not earned, on an 
_average, above 1s. 8d. per day, and some of the malleable iron- 
workers have heen but little better off, in a pecuniary sense. 

The Caledonian Railway—Resignation of the Directors.— 
The heads of the joint-purse agreement between the Caledonian 
and North British Railway Companies, to which reference was 
made in a ‘* Note” last week, were adjusted and signed in 
Edinburgh a few days ago; and meetings of the shareholders of 
both undertakings have been called for the 31st instant—the 
Caledonian in the City Hall, Glasgow, and the North British 
in the Queen-street Hall, Edinburgh—for the purpose of con- 
sidering, and, if so resolved, of ratifying and approving of the 
said agreement. The new arrangement, which will come into 
operation on the 1st of February, is to endure (according to the 
Scotsman) for twenty years, and the working of the two sys- 
tems is to be conducted by joint committees of the two boards, 
meeting each half-year alternately in Glasgow and Edinburgh. 

But a more startling bit of news comes to hand this afternoon. 
It is no less than the resignation of the directors. One of the 
evening papers says: The explanatory statements of the direc- 
tors and auditors of the Caledonian Company, called for by the 
report of the Investigation Committee, are in the hands of the 
printer, and will be posted this evening to the shareholders. In 
the mean time, the chairman and directors have placed their 
resignations in the hands of the committee, although, we 
believe, they will be present at the meeting of shareholders to 
be held on the 29th instant, when Col. Salkeld will preside. 
In the interests of the company, it is to be hoped that some of 
the abler and more experienced members of the board may be 
induced to continue in office, and with an infusion of fresh 
business blood in the direction, including perhaps the gentle- 
men of the Investigation Committee, the affairs of this great 
national undertaking may be so managed as to recover the con- 
fidence of the shareholders and the public. 

This circumstance will probably account for the check re- 
ceived by the Caledonian stock in the share market to-day. 
The shares have been manifesting a gradual upward tendency 
for some days, and they even reached 75} yesterday. To-day, 
however, they have been as low as 743 on the local exchange, 
whiie in London they have been down at 74. 

Devon Valley Railway.—It is very gratifying to learn that 
satisfactory progress continues to be made in the construction 
of the uncompleted portion ot the Devon Valley line of railway. 
In aadition to the workmen engaged on the line from Tillicoul- 
try to Dollar, squads of men are working to the east of Dollar, 
some of them being engaged at present in the lowering of 
Dollar burn. Notwithstanding the recent heavy rains, the 
banks along the line are all standing in good condition, and 
there has within the last few days been a large delivery of per- 
manent sleepers, rails, and chairs. 

The new Hutchesontown Bridge over the Clyde—The old 
stone bridge which, tor mapy years, has been the connecting 
link between the district of Hutchesontown and the north side 
of the river has this week been given into the hands of the con- 
tractors for the purpose of demolition. The new accommodation 
bridge, which I mentioned as practically finished early last 
summer, has only now come into requisition. The new bridge, 
which is to be built in place of the condemned one, from 
designs by Messrs. Bell and Miller, of this city, and which have 
been approved by Parliament, will be immediately proceeded 
with. te will be a structure of great beauty, creditable alike 
to the eminent engineers just mentioned, and to the Bridge 
Trustees. 





The “ Richardson Process” — Meeting of the Institution of 


Engineers of Scotland.—The ordinary meeting of this institu- 
tution was 44 on the evening of Wednesday last, when Mr. 
St. John Vincent Day, C.E., read a very elaborate paper on the 
‘Richardson Process” of making malleable iron. This process 
is now exciting a great amount of interest among malleable iron 
manufacturers, locally, in. England, and in America, and there- 
fore it was to be, expected that Mr. Day’s paper would bring 
out a large audience, as it did. Various samples of the iron 
were exhibited amongst the members, and a very interesting 
and yigorous discussion followed the reading of the paper. Mr. 
Ferdinand Kohn, who was that evening admitted to the mem- 
bership of the institution, took part in the dis cussion, at the 
special request of Mr. J. M. Rowan and the president, and spoke 
with confid of the of the process. I expect to be 
able to send you a copy or a very full abstract of Mr. Day’s 
paper in a few days, 

Justice’s Rotary Engine.—As you have described and illus- 
trated this engine, the following letter to the editor of the 
Dundee Advertiser may have some interest for your reader: 

‘*T0 THE EDITOR OF THE DUNDEE ADVERTISER. 

“ Srr,—Having some time ago pointed out in your paper the 
extraordinary noise made by this engine, the same, in my 
opinion, amounting to a ‘nuisance,’ I am glad to inform you 
that yesterday, by a personal inspection of the same (through 
the politeness of Messrs. Low and Duff), this defect has been 
removed by a very simple contrivance. 

“The engine itself is a most ingenious and simple piece of 
mechanism, and occupies such a small space that probably it 
will in time supersede the present cumbrous steam-engine. 

“D. Sturrock, H.F.I.C.S. 

‘2, Park-place, January 21, 1868.” 

The Sewage Question.—At the ordinary meeting of the Glas- 
gow Association for the Consideration of the Sewage Question, 
held last week, Mr. Charles Randolph, of the well-known en- 
gineering and shipbuilding firm, read a paper which has already 
received notice in London, as may be noticed from a letter by 
Mr. Michael Scott, of Westminster, which has appeared in one 
of our daily papers. Mr. Randolph’s paper was ds remarkable 
character, his plan of dealing with the sewage also e:nbracing a 
method of materially increasing the quayage and the water area 
of the Glasgow harbour, to the extent, indeed, in each case, of 
twice the present accommodation. The letter would be interest- 
ing doubtless to many of your readers. I have not seen Mr. 
Scott’s plans yet, but Mr. Randolph’s I have seen, and think 
very highly of them. I regret that they are too large to send 
you for use in the pages of ENGINEERING. 











TECHNICAL EDUCATION. 


A MEETING was held yesterday, at the Society of Arts, and 
is continued to-day, to consider the subject of increased 
facilities for imparting technical education. The Council 
had proposed the following programme of the topics for dis- 
cussion at the meeting : 

1. The necessity for improved national education for the 
working-classes generally. 

(a.) Improved primary education, and the measures 
necessary for securing the same. 

(4.) Additional facilities in primary schools for affording 
the elder children the means of learning the 
elements of scientific knowledge. 

2. The necessity for the establishment of schools for tech- 
nical and industrial education in relation to science and art, 
in which pupils after leaving the primary schools may obtain 
instruction suited to the special industries with which they 
may be connected, as workmen, foremen, or managers. 

3. The best measures for securing the foregoing object. 

4. How far technical education can be promoted by the 
aid of existing educational endowments. 

5. To request the Council to appoint a standing committee 
of members of the Society of Arts and others, to take what- 
ever steps may be required to advance the objects approved 
by the conference, and to send deputations to the Govern- 
ment to support such applications as may seem desirable. 





RatLways in Russta.—Russian railways are rapidly on 
the increase. The Ryasan-Morschansk line, a portion of 
the Moscow-Volga line, has just been opened. It is 150 
miles long, and has taken only a year and three months to 
construct. The Koslow-Woronesh Railway, a link in the 
long line to be laid down between Moscow and the Sea of 
Azof, will be completed in a few weeks; the Moscow-Odessa 
Railway is progressing so fast that it will, perhaps, be 
finished this year; and the works between Poti and Tiflis, a 
line which, after its extension to the Caspian harbour of 
Baku, will monopolise a considerable portion of the Persian 
trade, have just begun. For these extensive enterprises, the 
funds are supplied by the Russian Treasury and the German 
and Dutch money markets. The shareholders being guaran- 
teed by the Government have the additional attraction of a 
very low price, so that, notwithstanding the reluctance 
recently manifested to take up Russian loans, numerous 
capitalists are to be found who will invest in this lucrative 
sort of stock. On the average, ordinary shares may be had 
at 75, and preference at 85. The man to whom Russia is 
indebted for the rapid development of her railway system, 
and whose name will not be forgotten in the annals of her 
might and eulture, is Herr von Delvig, a Courland baron, 
Government director of railway matters. 

Roap-MAKING 1N TurRKEY.—The Turkish Government 
have given notice that they are ready to receive proposals for 
making a highway carriage road from Trebizond to iecamaen, 
between which towns there is a very large traffic. Appli- 
cants “must be prepared to give guarantees that they are 
able to provide the whole cost of the undertaking, upon 
which a safe and profitable return would be yielded by the 
tolls received for the use of the road,” and they are to address 
their proposals to the Imperial Ottoman Embassy in London. 





Seven Years’ Rartway Accipents.—In the seven years 
1860-1866 there were 297 poms ers killed in railway 
accidents in the United Kingdom, 169 of them from cases be- 
yond their own control, and 128 through their own miscon- 
duct or want of caution. In the same seven years 4516 
passengers were injured, 4,468 of them from causes beyond 
their own control, and 47 through their own misconduct or 
want of caution. In the seven years there were 1,477,649,511 
ordinary passengers, and 504,893 holders of season and 
pees tickets, aru g together 1,478,154,404 travellers 

y railroad in the United Kingdom. The result of the rail- 
way accidents of the seven years was that one passenger in 
8,746,475 was killed and one in 330,831 was inj from 
causes beyond their own control; and one passenger in 
11,548,081 was killed and one in 31,450,093 injured owing 
(according to the companies’ returns) to the misconduct or 
want of caution of these ers. This stat t is, toa 
certain extent, more unfavourable than the facts ; for, as it 
is not known how many times the season and periodical ticket- 
holders travelled, they are counted only once. 

Frencu Rattway Revenve.—The amount acquired upon 
the six great French railways, last year, was as follows :— 
Eastern, 4,197,249/. ; Orleans, 4,229,920/.; Paris, Lyons, and 
Mediterranean, 8,363,087/.; Western, 3,377,446/. ; Northern, 
3,727,683/.; and Southern, 1,766,617/. At the close of 1867, 
the Eastern was working 1660 miles; the Orleans, 1952 
miles (exclusive of some lines still being worked on capital 
account) ; Paris, Lyons, and Meditteranean, 2342 miles; 
Western, 1315 miles; Northern, 876 miles; and Southern, 
1086 miles. 


Locomotive TRADE IN Scortanp.—Notwithstanding the 
dulness of the times, we learn that Messrs. Neilson and Co., 
of Hyde-park Locomotive Works, have, during 1867, turned 
out eighty-six locomotive engines, a large proportion of 
which were for the English lines. This we believe to be the 
largest output for the year of any locomotive factory in the 
United Kingdom. The works, when fully employed, are, 
without working extra time, capable of turning out over one 
hundred engines annually. 


Tue Krinnina-PaRk Founpry, Guascow.—Mr. George 
Bennie, of the Kinning-park Foundry, Glasgow, has recently 
returned from Bohemia, where he has secured extensive con- 
tracts for the manufacture of mineral-oil plant. Some of the 
new works about to be erected in Bohemia are in the neigh- 
hood of the famous watering-places, Teplitz and Carlsbad. 
The oil is to be made there from a bituminous lignite, con- 
taining -a very — proportion of volatile matter. The 
works for which Messrs. George Bennie and Co. have con- 
tracted to supply the plant belong to an Anglo-Austrian 
Company. 

RatLtway CoMPENSATION.—In the seven years, 1860-66, 
in which 169 passengers were killed in railway accidents in 
the United Kingdom, and 4468 injured, both classes from 
causes beyond their own control, the returns of the railway 
companies show that they paid 1,372,624/. as compensation 
for personal injury, or an average of 2961. per case. In the 
same period the companies paid 667,155/. for damage or loss 
of goods. 


Soutn YorKsuH1re.—The iron trade in South Yorkshire is 
not very active. The coal trade is also quiet for the season. 
To London and the south only a moderate business is being 
done, the carriage-rates charged being such as to give the 
Derbyshire coal-owners an advantage of nearly 2s. per ton. 
The deliveries to Lancashire have also fallen off to some ex- 
tent, the local coal-owners having reduced their prices to a 
point below the Yorkshire rates. 


Deatu or Mr. FrepERIcK Siticut.—We regret to an- 
nounce the death, at his residence in Ampthill-square, of 
Mr. Frederick Slight, well known for many years as the 
secretary of the London and Brighton Railway. He was 
appointed to that office at a very early age about twenty 
years ago, the period when Mr. Laing, M.P., first became 
chairman of the Board. The deceased continued to act as 
secretary down to the time of the important inquiries of the 
investigation committee last year; and it is believed that the 
anxieties connected with the: financial.embarrassments of the 
concern produced a lamentable effect upon him, both men- 
tally and physically, issuing in a complete and premature 
decay of his powers. Mr. Slight was only 43 years old at the 
time of his death.— Express. 

From THE ATLANTIC TO THE Rocky Movuntatns.—An 
unbroken railway communication is now open from the 
Atlantic seaboard to the Rocky Mountains, a distance of 
more than 2000 miles. The line passes over the Mississippi 
and Missouri rivers on bridges—at Rock Island on the 
former, and Omaha on the latter—so that, if necessary, the 
entire journey can be performed in the same carriages. 

Tue SourH-WestERN Rat~way.—In consequence of the 
death of Mr. Godson several appointments and promotions 
have just been made in the staff of the South-Western Rail- 
way. Mr. W. M. Williams is appointed chief superintendent 
of the line, in succession to the late Mr. Godson. Mr. Ver- 
rinder, superintendent at the Waterloo Terminus, and Mr. 
Tyler, o ee are appointed assistant-superintendents, in 
conjunction with Mr. Williams. Mr. G. W. Hill, district 
superintendent at Windsor, succeeds Mr. Verrinder as super- 
in tendent at Waterloo. 


Crupap Rea anp Bapasoz Rattway.—This compan 
has this month completed its branch line to the Belmez Goa - 
basin. This result is expected to have an important influence 
upon the original undertakings, as it will not only lead to the 
development of a coal-traffic, but will also assist the reduc- 
tion of the working expenses. 

TELEGRAPHS IN ITALy.—At the sitting of the Chamber of 
Deputies, at Florence, on Tuesday last, it was stated that the 
Italian Government was considering the possibility of re- 
ducing the rate charged on simple despatches, and would 
study the means of extending the telegraphic service to all 
communes where it would produce a revenue really equal to 
the expenses incurred in construction and working 
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GREENWOOD’S MILLING-MACHINE. 

Ix constructing machines for milling straight work, con- 
siderable difficulty has hitherto been eyes pm in arrang- 
ing them, so that they should be capable of operating on 
articles of various sizes. To.increase the of {such a 
machine, so as to make it generally useful, and fore suit- 
able for small workshops, it is necessary to provide for the ver- 
tical adjustment either of the spindle which carries the boring- 
tool or of the slide which supports the work. When the 
spindle has been made capable of being raised and lowered, 
it has been the practice to carry the bearings upon screws, an 
arrangement which is apt to give t unsteadiness to the 
spindle ; and when, to avoid this difficulty, the slide has been 
made adjustable vertically, inclined surfaces or similar con- 
trivances have been employed, and the amount of the vertical 
motion has thus been limited to such an extent as to dis- 

ualify the machine for general use. To avoid these objec- 
tions, Mr. Thomas Greenwood, of the firm of Messrs. Green- 
wood and Batley, of Leeds, has designed and recently patented 
the machine shown in the omneuel engravings. 

In this machine, which is shown in the engravings in side 
and front elevation, there are formed in the bed of the 
machine, immediately below the spindle, vertical guides, 
which receive a sliding block, on which the slide carrying the 
work is mounted. The raising and lowering of the slide is 
effected by a vertical screw, which enters a tapped hole in 
the bottom of the sliding block. Referring to the engravings, 
AA is the bed of the machine, cast with an opening through 
it, corresponding in form to the cross-sectional profile ofthe stem 
of a vertical sliding block, B. One side of this stem is wedge- 
shaped, and it is brought up to and held in contact with cor- 
responding guides formed on the bed by means of a set screw, 
Cc. The block, B, is cast hollow; but the bottom of the stem 
is closed. There is, however, along slot hole left in the bottom 
to allow a clamping screw, D, to pass up the block, and con- 
nect with a slide, E, which the block is intended to carry, and 
also a round hole, which is tapped to receive the vertical 
screw, F, by which the block, and consequently the work 
which it carries, is raised or depressed as required. The 
screw, F, is fitted with a collar, which rests upon a bracket 
support, G, bolted to the under side of the bed of the 
machine, and its head is squared to receive a spanner for 
turning it in its bearings. Mounted in bearings, H, carried 
by the bed of the machine, is a horizontal spindle, I, fitted 
with a hollow head, as usual, for receiving and driving the 
mandril, K, which at its other end is supported by a centre 
carried by a bracket-arm, L, forming part of or attached to 
the casting which forms the bearings for the spindle, I. The 
cutter, M (which may be of any desired shape to suit the 
work in hand), is made fast to the mandril, K, by a clamping 


ut. 
The spindle, I, is driven from the shaft, N, by spur gear- 
ing, 1, 2, the shaft, N, also carrying two sets of he pulleys, 
one set for receiving a band from the prime mover, and the 
other for conveying motion by means of a band to pulleys on 
a shaft, O, mounted in oat bearings at the side of the 
machine (see Fig. 1). A band, P, from a pulley on the inner 
end of the shaft, O, is led up over guide and tension pulleys, 
3, 4, 5, for the purpose of driving a pulley, Q, which is keyed 
to a slotted spindle, R, supported in a bearing carried by a 
bracket piece, 5, made fast by bolts to the sliding block, B; 
the tension pulley, 3, being carried by a stud in a fixed bear- 
ing, whilst the guide pulleys, 4 and 5, are fitted on studs car- 
ried by the bracket piece, 8, and therefore rise and fall 
with the sliding block. The spindle, R, is slotted to receive 
and drive a worm, R', which is carried to and fro by the lateral 
traverse of the slide, E, by being let into a socket formed in a 
bracket, E*, made fast to the slide, E. This bracket, E', car- 
ries a ry screw-shaft, E*, for giving motion in the usual 
way toa table, T, which carries the work and presents it to the 
action of the rotary cutter; and a worm-wheel, E’, fitted to the 
screw-shaft, E?, gears into the worm, R', and thus transmits the 
motion from the slotted spindle, R, to the traversing screw. In 
order toarrest the motion of this screw when the work has passed 
the cutter, the worm-wheel is connected to its screw-shaft by 
a sliding clutch, U ; this clutch being embraced by a sliding 
piece, U', fitted with a handle for throwing the clutch in an 
out of action by hand when required, but also carrying a 
finger, «. —_ this 4 takes a catch formed on one end 
of a bell-crank lever, V, having as its fulcrum a pin on the 
side of the slide, E. Fitted to the table, T, is an adjustable 
stop, ¢, which, as the table is traversed forward to pass the 
work under the cutter, will strike upon the raised end of the 
crank lever, V, and tipping it will release the catch from the 
finger, w. A strong coiled spring pressing upon the slidin 
iece, U', with which it is connected, will thrust it back, anc 
with it the clutch, thereby arresting the action of the travers- 
ing screw. The work is adjusted latenally to its cutter by means 
of an —— screw, B', which is carried by the block, B, 
and works in a tapped lug, carried by the shde, E. A 
vertical slot is made in the end of the bed, A, to receive this 
screw and allow of its moving up with the block, B ; when the 
slide is adjusted it must be clamped to the sliding-block by 
means of the screw-bolt, D. 7 
From the foregoing explanation it will be understood that 
when the block, B (which carries the slide and table for adjust- 
ing the lateral position of the work and feeding it under the 
cutter), is required to be raised or lowered to suit the size of 
the work, it will only be necessary to slacken the set screw 
C, and to turn the screw, F, by meansof a spanner, and that 
to whatever position the block may be adjusted within the ex- 
tended range provided for it, it will still serve to support the 
work firmly and without vibration, thus ensuring good work, 
while at the same time a greater variation in the sizes of the 
work than was heretofore admissible in a milling-machine is 
provided for. The milling-machine shown in the engravings 
is adapted to operate upon long pieces of work intended to 
receive, say, a transverse cut, for which purpose the work 
must be traversed laterally under the cutter. It is however 
proposed in ordinary cases, in place of the bracket-arm which 
carries the centre, and for supporting the outer end of the 
mandril, to employ a standard or poppet. 





MILLING-MACHINE FOR STRAIGHT WORK. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, ENGINEERS, LEEDS. 
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INAUGURAL ADDRESS. 

By Batpwin LaTHAM, C.E., President. 

Ir is with mingled feelings of pleasure and anxiety that I 
enter upon the duties and responsibilities of the important 
office of President of this society. It gives pleasure by reason 
of the honour conferred upon me, which I assure you I feel 
deeply ; but I also feel some anxiety as to the results of my 
term of office. We have just terminated the most successful 
year in the annals of the society, and I succeed, in the duties of 
the office of president, a gentleman who has devoted a larger 
amount of time to the affairs of this society than usually can 
fall to the lot of a professional man to give. | It is my intention, 
so far as lies in my power, diligently to discharge the duties 
imposed upon me; and 1 earnestly solicit your hearty co- 
operation and support. On an occasion like the present, I know 
it is expected that the President of this society should give an 
address upon some subject associated with the objects of the 
society. Year by year the task becomes more difficult ; but on 
this occasion it is my intention, after having drawn your atten- 
tion to some matters of passing importance to our profession, to 
speak to you of the results that have been attained from the 
prosecution of the sanitary works that have been carried out in 
the towns of this country. . es 

At the present time we cannot be unmindful of the position 
in which our profession is placed, the period being marked by 
by the almost total suspension of public works. The present 
condition of things may not be without its lesson, and the time 
may not be unprofitably employed in taking our bearings and 
ascertaining our position, in order that in future we may steer 
clear of the rocks and quicksands of speculation. 

Engineers are, in a measure, responsible for the present posi- 
tion of affairs; and every engineer should know that the success 
of great public works is due, not only to the care and skill 
which have been displayed in the design or execution of the 
works, but also to the financial results of the enterprise; for 
unless public works, of whatsoever character or description, are 
made to pay, the employment of the private capital employed 
in their construction will be diverted into other channels. 

In the railway system of this country we have an immense 
capital employed, but, unfortunately, at the present moment 
this description of property is at a discount, and there is a want 
of confidence in the public mind in all public works, arising, in 
a great measure, from the financial disclosures of the condition 
of some of the railway companies of this country; for when 
we know that upwards of 600 millions of money have been 
authorised by Parliament to be raised for the railway companies 
of the United Kingdom, and that probably upwards of 500 
millions of the money have been actually raised in the shape of 
ordinary capital, preferential capital, debenture stocks, and de- 
benture loans, we cannot but see that any commercial panic or 
failure of the system, tending to deteriorate the value of the 
property, must be attended with an immense amount of incon- 
venience and loss to the country. In a great measure the pre- 
sent financial position of some of the railway companies of the 
United Kingdom is due to the influence of Parliament in en- 
couraging a rivalry that has led to the construction of many 
unprofitable works and to the deterioration of others. Thecon- 
duct of Parliament with regard to the legislation on railways 
appears to have been most incongruous; at one period the com- 
mittees report against the possibility of maintaining competitive 
schemes ; on another occasion powers are given to increase the 
capital of existing companies, and, after all, schemes are 
sanctioned that tend to divide the traffic and divert the legiti- 
mate profits of the original undertaking. All the great works 
in this country that have been established with the sanction of 
Parliament should have their interests protected; at the same 
time judicious regulations as to the limitation of profit and as to 
the general management of the concern should be imposed, 
which would give the public those advantages which are sup- 
posed only to accrue in the face of competition—competition 
often ruinous, and which is ultimately terminated by failure or 
combination. It cannot but be seen that the opening of upwards 
of thirteen thousand miles of railway in the United Kingdom, 
apart from the capital employed in their construction, has given 
an immense impetus to the trade and commerce of our country; 
moreover, the works of this character have not been without 
their influence in increasing the value of property throughout 
the kingdom. The knowledge of these simple facts will, at no 
very distant date, lead, it is to be hoped, to the resumption of 
operations whereby the benefits of our great railway system 
may be further extended; and, when this day does come, we 
shall be the wiser and more able to meet its requirements: in 
the mean time we must direct our attention to other works, 
and so provide employment for the industrial classes of this 
—- 

With our railway system has sprung up the system of electric 
telegraphy which has been so generally adopted and usefully 
employed throughout this country. This branch of engineering 
has received very great attention, and has reached a high degree 
of excellence. Thecompletion of the Atlantic cable, the suc- 
cessful measures taken in grappling for the original and broken 
cable in deep water, are now facts of history; but we well know 
that the news of the success attending the various operations 
of laying the cable sent a thrill of joy through the veins of every 
true citizen. We rejoiced with those who had successfull 

linked the New and Old Worlds; we felt thankful that their skill, 
indnstry, perseverance, and enterprise had been rewarded with a 
success that marks tlre event as an era in history. The present 
period is a critical one for those who have devoted their atten- 
tion to the telegraph system of this country; for it is not im- 
possible that Parliament, in {the ensuing session, may be asked 
to adjudicate upon a measure by which the telegraph system of 
the country may be handed over to the Post Office authorities. 
It is thought by some persons that, by combining the offices of 
the telegraph and thefpostal arrangemerts of the country, a great 
reduction of expenditure will accrue, and that therefore the cost of 
forwarding telegrams will be reduced. We cannot but see that 
the proposed measure is one of those steps tending to centralise 
power in the hands of Government, and it may have the effect 
of stopping the efforts of private enterprise; therefore a measure 





of this kind, although it may be attended with some advantages, 
yet, as it may tend to cramp the spirit of enterprise of the 
country, it should be carefully watched by those interested in 
the development of all public works. 

The past year has been signalised by one of those International 
Exhibitions of the industry and commerce of the nations of the 
earth. The late Exhibition of Paris differs somewhat from the 
former Exhibitions, inasmuch as an attempt was made to render 
the visitor conversant, not only with the products and state of 
the manufactures of different countries, but likewise with the 
habits and customs of their inhabitants. Exhibitions of an 
international character were inaugurated by our own country- 
men with a view to stimulate the trade of the country, by in- 
ducing a spirit of rivalry and competition, which would lead the 
manufacturers to vie with each other in advancing and perfect- 
ing our arts and manufactures. 

The International Exhibition of Paris of the past year cannot 
be studied without giving a lesson to the manufacturers of our 
country; for we saw in it how closely we are being copied and 
followed in those manufactures that mark the modern progress 
of science, and that we have a task to undertake if we hope to 
maintain our supremacy and sway the commerce of the civilised 
world. There are those at the present day in this country who 
believe that, unless immediate steps are taken to avert the 
calamity, our manufactures are fated for destruction, and our 
commerce doomed to perdition; and who look to the little pro- 
gress made by our country, between the Exhibition of 1862 and 
that of last year, in support of their views. It does appear that 
the short time that has elapsed between these Exhibitions is not 
sufficient to throw out in strong contrast with other nations the 
improvements and advances that we, as a nation, have made; 
but, if we take a longer period, dating from the Exhibition of 
1851, of which the late and lamented Prince Consort spoke 
prior to its firmation, ‘as a new starting-point from which all 
nations will be able to direct their future exertions,” we shall be 
enabled to see that we have been moving forward in the march 
of human progress. 

In chemistry important discoveries have been made ; amongst 
others, those beautiful colours known as the aniline series have 
been produced. Hydrocarbon oil distilled from coal is manu- 
factured on a large scale. The art of photography has been ex- 
tended until it is become of infinite service to every branch of 
art and manufacture. The fine arts of painting and sculpture 
have not been surpassed. Electric telegraph communication has 
become oceanic. Magneto-electricity has been adapted and used 
for illumination of lighthouses. The manufactare of iron has 
been improved, and steel is now made by one process. ‘The art 
of shipbuilding has made great strides. The appliances and 
munitions of war have been perfected. Economic appliances in 
connexion with steam power have rapidly advanced. Greater 
attention has been paid to the value of human life and the con- 
ditions best calculated to preserve its integrity. Steam power 
has been successfully applied to the cultivation of the soil. 
Numerous inventions have been patented tending to abridge and 
facilitate labour. The old established manufactures of the 
country have been improved, and new industries have arisen, 
which have a vitality that promises long endurance. The wealth 
and commerce of the nation have increased. 

Although it must be clearly seen, when viewed through the 
long vista of time, that we have progressed, and are still pro- 
gressing, in our arts and manufactures, we cannot lose sight of 
the fact that foreign nations have advanced faster than we 
have. ‘They started in the race with a place far below us, and 
are now treading closely on our heels, and even now compete 
with us in our own markets for works requiring engineering 
skill and knowledge, as can be seen from the returns of the 
exports and imports of our es which show that the value 
of the exports of raw and unmanufactured iron has year by year 
steadily increased, while our exports of machinery have de- 
creased, and the imports of manufactured iron and steel into 
the country have increased. We find that Austria, Belgium, 
France, Prussia, and Switzerland are the nations that have 
made the greatest progress; and these are the nations, by a 
singular coincidence, which have puid the greatest attention to 
the education of their populations. The art of learning has 
been fostered by them, and has grown up and developed itself 
simultaneously with the development of the manufactures of 
those empires. The foreign workman is taught the principles 
that govern his every-day operations; and, by the aid of his 
theoretical knowledge, the successful copying of English de- 
signs, and the use of English tools, he has been able to develop 
and advance his particular manufacture in his own country ; 
and so an impulse has been given to foreign industries, that we, 
in this country, only realise by the startling results. It cannot 
be gainsaid that the English nation have displayed in a greater 
degree than any other nation talent for inventions and all the 
energy and enterprise ry for ; and, therefore, if 
we develop and cultivate the intelligence of our citizens to the 
same extent as in foreign countries, we shall never be beaten in 
the great race of human progress. We, as a nation, must re- 
move every obstacle to the progress of our people; we must 
teach our workmen applied science, which will give them con- 
fidence in the development of improvements; above all, we 
must teach them to emulate those truly great men who have 
risen by their own exertions from lowly positions to be the 
brightest ornaments of our profession, and whose memories still 
endure in all that perpetuates the memory of men on earth—in 
the offsprings of their genius and in the respect and homage of 
mankind. We cannot be unmindful of the fact that, in order 
to secure the result we hope to bring about by the means of 
technical education, we must place iabour and capital in closer 
relationsbip, and must adopt measures that will put an end to 
strikes and lock-outs. The combinations of capital against 
labour, and labour against capital, must cometoanend. The 
restrictions of trade societies compelling men to work with an 
average ability must be removed. Labour, like trade, should 
be free, and, having all the blessings of liberty, it will expand 
and progress. 

We will now consider briefly the results of the sanitary works 
that have been carried out in this country. History teaches us 
that in remote periods works of drainage and water supply were 
considered necessary, whenever men congregated together in 
large masses; hence we find that the oldest cities of the world 











were sewered and well supplied with water. But then came a 
period in history, when the benefit of sewers and abundant sup- 
plies of pure water appear to have been forgotten, or at least 
ignored; when sanitary science, like many other branches of 
science, descended to the very lowest ebb, only to be revived in 
its true spirit within the memory of living man. In our own 
country, the evils arising from retaining decaying animal and 
vegetable substances in the vicinity of our dwellings, and in 
some cases in our habitations, was patent to the early sanitary 
reformers. Year after year the fearful scourge of epidemic and 
endemic diseases, and the clear and unmistacable warnings of 
the cause, compelled parliament to pass that measure known as 
the Public Health Act, 1848, the aim and object of which was 
to maintain and improve the state of the public health of the 
country. No sooner was the measure passed, than a large 
number of towns took advantage of it; and there are now about 
650 towns and districts in this country that are governed in 
their various sanitary operations by that Act and its subsequent 
amendments. The sanitary laws of the country are intended 
te promote the adoption of such measures as are calculated to 
secure the health of its citizens. Pure air and water must be 
considered absolute necessaries, if life and health are to be main- 
tained. The crowding together of masses in the cities, towns, 
and villages of our country naturally leads to the production of 
much offensive matter, which, if retained in the midst of our 
populations, will vitiate the atmosphere, and poison the water 
supply ; and the human body, robbed of its life-giving elements, 
is poisoned by the emanations of its own creation, and soon 
becomes the victim ot disease and death. The modern works of 
sewerage and water supply have been experiments made for the 
purpose of improving the state of the public health, and that 
they have accomplished the end for which they were inaugu- 
rated will be seen by the following table, containing the results 
in twelve towns: 
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It will be seen at a glance that the sanitary works which 
have been carried out in these towns have had a marke’ effect 
in staying the ravages of disease and death, and of prolonging 
the average Curation of life, in those towns that have adopted 
proper measures. By reference to the last column we see that 
a great reduction has been made in the number of deaths trom 
that painful and lingering disease, that is so fatal in our 
country; which is an unlooked-for success, and is probably due 
to the drying of the soil by works of sewerage. How much 
society loses annually by preventible diseases it is impossible to 
fully estimate, as health is so intimately connected with all the 
branches of every-day life. We kuow full well that the power 
of Po ability forms the basis of all description of labour, 
and that the full value of work cannot be got from a sickly, an 
therefore feeble, population; therefore those communities that 
are in bad sanitary condition are considerable losers. The 
national prosperity of the country is impeded by the undue 
amount of sickness we have to support, and the losses of human 
life we have to sustain. If upon no other than economic 
grounds, it is true economy to spend some little of our earnings 
in the prosecution of sanitary works. An estimate of the pro- 
bable result of the value of sanitary works can be propounded 
in this, way; Ist. The saving in the cost of funerals, inclusive 
of mourning and fees, which may safely be set down at 5/. each. 
2nd. The saving by reason of the escape from sickness, with its 
cost, and the value of lost labour; and it may safely be taken 
that, for every life saved by sanitary works, twenty-five per- 
sons escape sickness, and that 1/. per case would represent a 
moderate value of the result. 8rd. The value of the labour 
saved to the country by prevention of premature death. For 
every aduit female 5s. per week, and for every adult male 10s. 
per week, or a mean of 7s. 6d. per week, may be taken as the 
value of the labour over and above the cost of maintenance. 
Taking a town in this way, and comparing the result with the 
expenditure that has been incurred in providing the means by 
which these results have been obtained, we shall see at a glance 
the result of sanitary operations. We will take, for the sake of 
example, the town of Croydon, in connexion with which many 
of you are aware I have laboured for some years: 

Expenditure in Croydon. 


£ 
Purchase of freehold lands ee “ oie «. 50,000 


Construction of waterworks .., ae aa «. 70,000 
» sewers, sewage irrigation works, public 

baths, abattoirs, and general improvements «» 75,000 

£195,000 


The average mortality of the town of Croydon for seven years 
previous to the construction of sanitary works was 23.66 per 
thousand ; and for thirteen years since ey have been in opera- 
tion it has been 18.64 per thousand, showing a saving of 5.02 

r thousand per annum. The mortality in the year 1848 was 
28.16 per thousand, and in the year 1867, 16.6 per thousand; 
in 1848 the population was 19,380, in 1867 it was 50,750,, 
showing that the population increased 160 per cent., and the 
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death-rate reduced 40 per cent., between the extreme 


the year 1855, has been 37,375. 


87.875 x 5.02 x 132489 lives saved. 


tenths, or 1463, would be adults, or persons above the age of 


20 years, and probably one-tenth would be infirm from age: oy 
making this deduction, we have still 1317 lives, in the full 
vigour of life, saved. By using the figures before quoted in 
connexion with the lives saved, we shall get the money-value of 
the benefits conferred by the works: 


£ 8. 
2439 funerals, &c., saved, at 52. each an ee 12,195 0 
2439 x 25= 60,795 cases of sickness prevented, at 1/. 60,975 0 


+ 166,828 5 
£239,998 5 
These figures show that in Croydon, in the short space of 
thirteen years, a sum exceeding by 25 per cent. the total ex- 
penditure for all purposes has resulted from the prosecution of 
the sanitary works, Although it has been here attempted to 
ut a money-value on life, we feel individually that life is price- 
ess, and that we may look to the 2439 persons saved from the 
jaws of death in this town alone as the living testimonies of the 
great value of sanitary works. 


1317 value of labour, at 19/. 10s. for 64 years 


It cannot but be seen that the case has been understated. | 


The averages do not give the full saving, when the —_ 
increases rapidly, and the scale of mortality as rapidly declines ; 
and, moreover, it should be considered what would have been 
the probable increase in the death-rate if the original state of 
affairs had been allowed to continue to the present period; for 
an examination of the mortality tables, prior to the existence 
of sanitary works and the efforts of sanitary labour, shows a 
gradual increase. With all the benefits that have been con- 
ferred by the prosecution of sanitary works, it cannot be over- 
looked th 


at the first efforts of our sanitary reformers have been | 


riods* , 
The mean population for thirteen years since the med os have! the sewers themselves which is of such vital importance that 
been completed and in successful operation, cormmencing with | mention of it must not be omitted, and that is the subject of 
By taking the mean saving of | ventilation. 
life of 5.02 per thousand, and multiplying it by the mean popu- | ignored in all the early sewer works of this country, and it can 
lation in thousands, and again by the number of years, we get | never have occurred to the designers of those early sewer works 
fi Of this number six-| 


| demands the earnest consideration of the members of our 
The various questions concerning the provision of 
water for our fast increasing populations are of great moment, 


marred by reason of the state of pollution of the watercourses | 


and rivers of the country. 


and, by a natural process, those foul streams that taint our 
rivers and water supplies may be turned from a course of de- 
struction into a channel'that will add to the material wealth of 
the nation. The results of sewage irrigation, as it is termed, 
are marvellous. Large and luxuriant crops are produced, while 
the foul streams are converted into comparatively pure water. 
The following analyses will show the result: they are by Dr. 
Oddling, a result of samples taken every quarter of an hour for 
24 hours on the 23rd and 24th of November last. The sewage 
at the time was flowing over 30 acres of land, on which it had 
been continuously flowing for about two days ; the volume of sew- 
age passed on to the area in the 24 hours was 3,274,300 gallons, 
and the effluent water, flowing off after purification, was 
2,245,200; so that 314 per cent. of the whole volume was lost 
by evaporation and absorption. As the land was completely 
saturated prior to the ex 
15.75 per cent., or one-half the entire loss, is due to evaporation 
through the plant and from the water surface. ‘This would 
tend to condense any impurities that remain in the effluent 
water in the proportion of the reduction of volume. In the 


The growing evil of the system has | 
found a remedy in the application of the liquid sewage to land; | 





There is one subject in connexion with the construction of 
It appears to have been to a very great extent 


that the volume of water poured into a sewer always displaces 
an equal amount of the mephitic air of the sewers. It may be 
taken for certain that deleterious gases are liberated in every 
system of sewers from the very moment fecal or other decom- 
posing matters are admitted into them, to the time the sewage 
is utilised upon the land, or entirely dissipated by being poured 
into the sea. The very fluctuation of the flow of sewage 
through a sewer will give those gases a force, in an unven- 
tilated system of sewers that will enable them to pass through 
any trap, and so into our habitations. On the other hand, the 
fluctuation in the flow of sewage is a valuable aid to a system 
of properly ventilated sewers. The happiest results have 
attended the introduction of a system of sewer-ventilation in 
Croydon: the average improved rate of mortality in Croydon 
has been reduced two per thousand by it; and in Liverpool, 
which has been proverbially an unhealthy place, the mortality 
has been sobenal from 42 to 30 per thousand, chiefly by the 
| Ventilation of the sewers. With regard to the gases escaping 
from the ventilators, the principle of oxidising them by char- 
coal, as recommended by Dr. Stenhouse, is easy of application, 


gained in a sanitary point of view, the advantage of having 
water always at command for the purposes of extinguishing 
fires, watering streets, flushing sewers, and dispensing with the 
drudgery and labour of carrying water, are very great. I can- 
not conclude my remarks on water supply without referring to 
the failures of reservoir dams, which unfortunately have of late 
been socommon. The thrilling interest taken in these failures. 
due to the calamitous results arising from them, will, it is to be 
hoped, lead, in all future works, to more care and attention being 
paid to the construction of the work itself and to its position, 
with a view to secure immunity from such sad catastrophes, 

That sanitary works have answered the purpose for which they 
were intended, and that sewerage and waterworks have been the 
means of accomplishing this end, are abundantly shown by the 
results, whereby the lives of thousands of our teeming popula- 
tions have been saved, and much misery and suffering prevented, 
and, at the same time, the social and moral habits of the people 
raised by the means that have been adopted. 

In concluding my address, it may be remarked that modern 
engineering had its birthplace in this country, and we trust 
that it will ever find its home in it. We cannot but feel just] 
proud of the great strides that our profession has made, and is 
still making, and of the great benefits it has conferred on the 
civilised world. A century and a half ago there were no modern 
engineering works of note—no canals, railways, harbours, or 
roads worthy of the name; but at the present day works of 





and has proved very successful in its results. There are other 


modes of disinfecting or dissipating the sewer gases that may 
be adopted in particular cases; but, as the method to be 
adopted depends upon local conditions, no general rule can be 
laid down for the guidance of the engineer in the matter, and 
he must, therefore, in every case, adapt general principles to 


local circumstances. 


Sewers remove by the aid of water those matters that are so 
pernicious to our health and life; and, therefore, the question 


of water supply, as one of the great aids to sanitary success, 


fession. 


and the matters relating to the purity and the modes of pre- 
serving or effecting the purification of our water supplies are 


also of great importance. 


Men in all ages and countries have given a great amount of 
attention to the means of procuring good and abundant supplies 


of water. In bygone ages, works of great extent have been exe- 


cuted in order to convey life-giving streams from great distances 


to the crowded cities of their times, and many of those works 
have been of so colossal and durable a character as to outlive 
the very cities they were intended to supply. In our own day 
we ro necessity for water so great, that schemes are 
proposed of a magnitude surpassing those that have been before 
executed in any age or country. We have the scheme of Mr. 
Bateman to bring the water of the upper tributaries of the 
Severn from the Welsh hills, by a conduit, 183 miles long, for 


| the supply of water to the 3 million inhabitants of London, and 


peer it may fairly be taken that | 
f 


analyses given, the result that would be obtained by condensing | 


the water supply is shown in the third column: 


























a Water Supply| Sewage of 
of Croydon. |Croydon after| Water Supply 
Average of the} Purification | of Croydon 
wells, No- * Irrigation,} condensed to 
vember, 1867.) Nov., 1867. | some extent 
Analysis by | Analysis by | as Sewage. 
Dr. Oddling. | Dr. Oddling. 
Grains per | Grains per | Grains per 
gallon. vallon. gallon. 
Total solid residue 21.777 26.180 25.233 
Mineral matter ... 21.409 25.025 24.807 
Volatile matter ... 368 1.155 -426 
Chloride of sodium 1,454 8.400 1.684 
Ammonia ......... 032 042 037 
Nitrogen as am- 026 .032 .030 
MONIA o.e00000- 
Nitrogen as oxides 243 419 281 
Nitrogen as -? 002 144 0023 
ganic matter 4 


A comparison between the second and third columns will show 
how nearly the sewage has returned to the state of the pure 
water as supplied to the town. It may be observed, that the 
total amount of organic and volatile matter contained in the 
effluent water after passing over the land is less than the aver- 
age amount contained in the water supplied by any one of the 
existing London water companies; and, therefore, it may safely 
be laid down that sewage, after such purification, is fit to be 
turned into any fresh watercourse. It may be remarked that 
the analysis of the sewage was made at a period of the year 
very unfavourable to the system We mustall have seen that, 
as the process of applying sewag» to land has become successful 
in effecting the purification, doubts has arisen as to the pro- 
bable effect of spreading large volumes of it over areas in the 
immediate vicinity of populous places. The result of the a 
plication of sewage to land, in a sanitary point of view, is equally 
assuring ; for we find, upon examination, that Norwood, whic 
has its irrigation area close to an inhabited district, during the 
three ae the sewage has been applied to the land, has had a 
mortality of 18.17 - thousand in 1865, 15.13 in 1866, and 
14.21 in 1867; while the same area, but inclusive of more dis- 
tant localities, has had, during the same period, the respective | 
mortalities of 21.26, 20.04, and 16.60; so it appears that in the | 
rapid growth of the plant, the assimilation of nitrogenous and 
carbonaceous matter, and the elimination of large volumes of| 
ox 
might prove baneful in its effects. 


the inhabitants of the towns on the line of the aqueduct. By 
this scheme it is proposed to give a constant supply of water at 
sufficient pressure for all purposes, the lowest reservoir in the 
scheme having an elevation of 450 ft. above Trinity high-water 
mark. It is ultimately intended to bring 200 million gallons of 
water per day into London, the present supply being about 100 
million galions per day; but at first it is only intended to 
furnish 120 million gallons per day, and it is estimated that 
the work will cost 8,600,000. We have also the scheme 
of Messrs. Hemans and Hassard, of tapping the lakes of Cum- 
berland and Westmoreland, and impounding the water of that 
very wet locality, carrying it by a conduit 240 miles in length. 


| The minimum elevation of the source of supply would differ 


| but slightly from that of Mr. Bateman. 


t The cost of this pro- 
ject to convey 250 million gallons of water per day to London is 


| estimated at 12,200,0002.; if 200 million gallons only were re- 





quired, the estimated cost is 11,200,0002. 

Then we have the scheme of Mr. Remington for coilecting 
the waters of the Dove, the Wye, and the Derwent, from the 
hills of Staffordshire and Derbyshire, and conveying them to 
London, by an aqueduct 138 miles in length, and at sufficient 
elevation to distribute the water for all purposes. The quantity 
of water proposed to be supplied ‘by this scheme is 83 million 
gallons per day, and the cost of the works are estimated at 
5,000,0002. 

We have also the scheme of Mr. Dale for supplying the popu- 
lous towns of Lancashire and Yorkshire with 131 million gallons 
of water per day, to be taken from the lakes of Cumberland and 
Westmoreland; and it is estimated that this scheme will cost 


; about 9,000,000. 


Other schemes have been produced for improving the modes 
of increasing and perfecting the local supplies of water, whose 
authors think that, by proper means, we may enjoy in their 
virgin purity those supplies of water that nature has directly 
placed at our disposal. 

Vast sums of money have of late been spent in establishing or 
extending systems of waterworks in our populous cities and 
towns, and the experience that has guaaselly been gained leads 
us to draw some general conclusions applicable to all works. 

Water supplies should be abundant and pure. The average 
quantity of water supplied to the population of 120 towns of the 
country is 25 gallons per head per day; in some of those towns 
the supply equals 50 gallons and upwards per head per day, and 
in others it is as low as 10 gallons per head per day. In study- 
ing matters relating to water supply, the —_ of the supply is 
of paramount importance; the results of using impure water 
are generally more speedy and certain than those arising from 


| impure air, as the poisonous matter taken into the stomach 


passes at once, by the process of venous absorption, into the 
system. Year by year it becomes more difficult to preserve the 
purity of our supplies of water. The greater the attention paid 


| to the cultivation and manuring of land, and the continual in- 


crease of our population, tend materially to destroy the purity 
of our water supplies. It is an axiom, in seeking for water, that 
the purity of water and fertility of soil are never to be found 
together. 

The supply of water should be constant, and should be distri- 


m by the plant, we have the antidote for what otherwise | buted at such an elevation as to command the highest houses. 
| Such a supply is invaluable, and, in addition to the results to be 


pro- 


great utility and magnificence have been constructed, and there 
is no obstacle so great that it cannot be surmounted by the 
diligence and skill of our profession. If mountains obstruct our 
progress, we tunnel them; if a valley or stream intervene be- 
tween us and the object of our ambition, we bridge it. We set 
up barriers to curb the fury of the ocean, and we multiply the 
means of international communication, thus bringing man and 
his fellow-man into closer communication and relationship. We 
make use of the great power of electric currents so that we are 
able to flash our thoughts from land to land with the instanta- 
neous velocity of lightning. We perfect the machinery used in 
the manufactures of this country, and multiply the con- 
veniences and luxuries of civilised life, and bring them within the 
reach of all classes of our communities. We tap the living 
streains of water, and bring home the life-giving element to 
quench the thirst of our communities. We remove, in an expe- 
ditious and inoffensive manner, from the midst of our popula- 
tions, those matters thrown off by nature and destructive to life, 
and thus set a bound to the tide of disease and death. We 
bring up from the buried stores of nature materials that are 
used for the comfort of man, or are fabricated into countless 
forms, and without which we should be unable to carry out 
those great works which mark the progress of modern engineer- 
ing, and stamp the age in which they are executed with their 
character. The great progress made by our profession shows 
that its members have been equal in ability to the varied tasks 
they have had to perform; but let us not trust to our prestige, 
but endeavour to open up new fields for labour that may im- 
prove our manufactures and facilitate our commerce, and s0 
defy legitimate competition. 

In the sanitary works of the country, in agricultural engineer- 
ing, in the gigantic schemes for ship canals proposed in distant 
parts of our own empire, and likewise works of like magnitude 
proposed in other countries by our own countrymen, and in 
which English capital would be expended, we may find an out- 
let for our talent and employment for our industrial classes, 
We cannot be unmindful that our profession imposes upon us 
an important trust; we have received it in its full vigour from 
the hands of those who have gone before us, and it is now our 
privilege to extend its usefulness, and hereafter to hand it down 
to posterity, not only unimpaired, but improved and perfected. 
As our profession is dependent for adv t many 
branches of art and science needing the strength and skill of the 
mechanic, the scientific knowledge and attainments of the philo- 
sopher, and as it is not the knowledge of a single individual, but 
the accumulated knowledge of individuals and ages that makes 
up the whole profession of an engineer, this fully demonstrates 
the necessity of individual members of our protession mak 
themselves conversant with the works and labours of others, an 
by promoting an interchange of thought and idea, adding much 
to the general store of information which will not only advance 
our profession, but promote the true interests of the individual 
member. 

It is by the aid of societies like this that we are enabled to 
accomplish that good for our profession we must each and all 
earnestly desire. I am right in saying that this society has 
made greater progress, judging from the number of its mem- 
bers and the variety of the papers that have been brought before 
it, than any other engineering society during the period it 
has been established. The-benefits of the society are ours to 
enjoy, ours to preserve, and ours to transmit; then let us each 
individually strive to advance its interests, remembering that 
in promoting those interests we are truly advancing our own 
best interests. Let us strive to sink all jealousies, remember- 
ing that the field is extensive enough for the operations of 
various engineering societies and individual members of our 
rofession ; let us have no rivalries, except that rivalry of vie- 
ing with each other to promote the true interests and advance- 
ment of our profession. 











THE SOCIETY OF ENGINEERS. 


Ar the first ordinary meeting for this session, held on 
Monday, the 20th inst., Mr. W. H. Le Feuvre in the chair, 
remiums for papers read during 1867 were presented to 
essrs. S. W. Worssam, jun., for his paper on “ Mechanical 
Saws ;” A. Rigg, jun., for his res on “Heavy Guns; 
J. Gresham, for his paper on “ The Injector ;’ Ewing Mathe- 
son, for his paper on “ The Quality of Iron.” Me 
Mr. Baldwin Latham, President for 1868, delivered his in- 
augural address. A vote of thanks to the retiring President 
was passed. - 
The following candidates were balloted for, and duly elec 

as Members :—R. F. Fairlie, J. T. Chappell, Henry Gore, 
Lieutenant-Colonel Henry Wray, R.E., and George 5 cw 
as Associates, James Knox, Edward Harlock, an¢ - 





Salmon. 
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OUR THREATENED INDIAN 
FRONTIERS. 


In our recent article on the subject of the position 
and probable intentions of the Russians in Central 
Asia, we confined ourselves to a mere examination of 
the question as to how the advances of Russia towards 
our Indian frontier were to be viewed, and what 
precautionary measures ought, in consequence, to be 
adopted by the Indian Government. Until quite 
recently the balance of opinion has appeared to be 
against the establishment of any outposts beyond our 
frontier line ; but with the progress of the Muscovite— 
and perhaps owing in some measure to the military 
spirit aroused in India by the preparations there for 
the Abyssinian campaign—different view now seem to 
prevail. The ominous state of affairs in Central Asia, 
and the increasing force of — opinion which 
is now beginning to make itself felt in England, as 
well as in India, have induced the Government of 
India to inquire into the pecuniary cost of holding 
Herat; and the result is that it is estimated the oc- 
cupation of that city, and the maintenance of lines of 
communication between it and India, would annually 
cost from three to four millions sterling. On this 
point the Friend of India suggests, that “If our 
‘military authorities had been as eager to seize 
“ Herat as the policy of the hour is in favour of in- 
* action, the estimate would have proved as inconsider- 
* able as itis to-day heavy.” 

It will be remembered that the ameer did oe to 
the governor-general for assistance against his brother, 
a compliance with which request would have given us 
the advantage of military occupation at a very trifling 
expense. It was, however, refused; and he then 
turned to the Russians and Persians, who promised 
what he needed. Our occupation of Herat now might 
by some be viewed as an unjustifiable interference 
with the treaties between the ameer and his new 
allies. The Lawrence Gazette, of 2nd October last, 
however, shows that Herat is in many respects the 
rightful property of the British Government. Among 
other proofs of this, one 1s cited to the effect that prior 
to the rebellion of 1857, when the war with Persia 
broke out, the British army went by the Scind river 
and gained its victories. There would have been no 
difficulty in taking possession of other cities, had not 
Faruk Khan, the Persian agent, proceeded to England, 
and there signed the treaty of peace, stipulating that 
the British should restore the conquered cities, and 
that Herat should be made over by the King of Persia in 
lieu of them; but the rebellion broke out in Hindustan 
and prevented that step being taken, so that Herat 
remained in the possession of Dost Mahomed, and the 
British Government, from a feeling of friendship for 
him, did not care to deprive him of it, and to please 
him he was looked upon as a malik of Herat. Under 
these circumstances Shere Ali Khan could have 
possessed no right to make over the country to the 
Russians and Persians, it being the rightful property 
of the British Government. 

By the latest accounts from Russian Turkistan, it 
appears that the ameer is now stirring up _ revolt 
against the Russian power all along the frontier, and 
even in the interior of the newly acquired province. 
A rebellion of Doonghanes is also, at the same time, 

oing on in what is still left of Chinese Turkistan. 

ussia is reinforcing her troops both in the Syr-Daria 

rovince and in Western Siberia; and, in order the 

etter to command Chinese Turkistan, military opera- 
tions are, it is stated, to be directed from Fort Vernoe, 
and not, as hitherto, from Omsk, the capital of Western 
Siberia. How little the Rfissian statesmen care for 
the commerce of Central Asia, except as a secondary 
object, may be imagined from the official proposal to 
stop all trade between Russia and Bokhara, even if it 
lead the Bokhara merchants to send their caravans to 
Peshawur. On this point the S¢. Petersburg Journal 
makes the following significant remark: “ In opening 
* relations between Peshawur and Bokhara, such com- 
“ plications may arise as at the present time we are not 
** competent to realise.” 

The question now arises, is the British Government 
to establish its right to Herat by occupancy, or is it 
considered that any probable emergency will best be 
met by consolidating the strength of our frontiers, 
with a view to meet, on our own ground, the long- 
contemplated invasion? In a recent article in the 
Dethi Gazette, it is stated that no country in the world 
could have a better line of defence than has India in 
the valley of the Indus. “To complete the defence 
~ which nature has provided for us, we should erect 
= fortresses at commanding positions so as to control 
o the passes that lead from Upper Asia to the valley 

of the Indus, and put that part of the country into 





“‘ easy communication with the sea-coast by means of 
“arailway. By these two measures, the erection of 
“ forts and the construction of the railway from Kotree 
“to Peshawur, and with the military occupation of 
“ Cashmere, India would be perfectly secure on the 
“ north-west and north-east. If it be urged that the 
** physical obstacles in the way of the construction of 
“ this line are too many, then the extension of the line 
“from Lahore to Peshawur would answer in some 
“degree the same ends, although, until the hiatus 
“ between Kotree and Moultan is filled up, even that 
“line would be incomplete. At present it takes as 
“long to convey troops over that section of the 
‘journey as from England to Bombay. Sir Henry 
“Durand has long and unsuccessfully represented the 
* political importance of railway communication on 
“the Indus to the Government of India.” Let us 
hope that the present aspect of affairs in Central Asia 
may lead the Government seriously to review their 
former decision on this important subject. 








NOTES FROM INDIA. 
Tue trade of British India during the year ending in April last, 
as compared with the preceding twelve months, was as follows: 





1866-67. 1865-66. 
£ £ 
Imports ... 30,639,282 29,515,426 
Exports 46,551,256 2 
Re-exports... 1,178,356 5 °° 6%,591,801 
£78,368,894 £92,106,727 


Including treasure, the whole trade of British India in the year 
ending April, 1867, was 95,440,1102,, or a fifth of that of Great 
Britain. 

On the recommendation of the Governor-General, the Secre- 
tary of State has consented to the creation of the office of 
Sanitary Commissioner in the provinces of Bengal, the North- 
West, the Punjab, the Central Provinces, with Berar, Oudh, 
Assam, and British Burmah. Thus India will have no less than 
ten sanitary commissioners, nine of whom are local. 

The heavy rains in autumn last inundated more than half the 
district of Sarun, in the Patna division, and the overflow of the 
Gunduk and Ganges caused further devastations. From the 
Murhal Pergunnah down the Gunduk to Sonepore, and on to the 
Ghogaree, all the crops have been seriously damaged. The 
meas ys | of the Gunduk embankments, and the inadequate 
provision of sluice-gates, are greatly to blame for this calamity: 
just as in Nuddea irrigation, or the management of the water 
resources, is neglected. 

The East Indian Railway Company haveat last determined to at- 
tach second-class carriages to passenger trains, labelled ‘reserved 
for native ladies and gentlemen.” ‘This, the local papers state, 
is a step in the right direction, from a business point of view. 
If the railway company wish for the patronage of the better 
class of natives, their prejudices muss be respected. It is 
doubtful, though, whether the antipathy to European habits or 
money has hitherto made rich natives travel third class in the 
—s of Domes, rather than go second class, 

The Government of India having lately determined to aban- 
don their sanitary dep6t for troops at Landour, the premises on 
which have all been rented from private proprietors for some 
years past, and to construct a new —_ at Pohsee, this has 
given a good opportunity for the East Indian Railway Company 
to purchase a few of the bungalows, and establish a sanitarium 
there for subordinate European servants of the company. 

At Bagerhat, on the edge of the Soonderbuns, fifty miles 
south-east of Jessore, there is a curious physical phenomenon 
known as the Burrisal guns. It is a duil roaring sound, as of 
the booming of a distant cannonade, said to be fired by aérial 
bands in honour of Khanja Ally. At Bagherat the sounds are 
heard at all seasons, but particularly when the weather is calm 
and the sky clear. They are most distinet during a lull after a 
storm or a heavy shower of rain. At Burrisal they are equally 
prominent, and noticed with great curiosity. Mr. Pellew, 
survey-superintendent, attributes them to the breaking of long 
lines of waves on the coast; but this will not account for the 
at Balasore and elsewhere. The only tract which enjoys the 
phenomenon in places where the sea is distant, nor for its absence 
honour of these salutes is that which extends from the eastern 
border, from the river Baleswar to the foot of the Chittagong hills. 

Central Provinces.—The bad state of the road between 
Saugor and Jubbulpore, a distance of 110 miles, has at last at- 
tracted attention. The two stations are connected by what is 
called a road, but it is nothing better than a track, and is a dis- 
grace to the Government of the central provinces. In the rainy 
season an empty cart even cannot get along; and as far as the 
transport of heavy packages is concerned, Saugor is cut off from 
the rest of the civilised world during the rains. The dik takes 
over two days between Jubbulpore and Saugor, and the latter 
place has not even advanced so far in civilisation as to have a 
telegraph connecting it with the outer world; and yet it is the 
headquarters of a large district, and has a populous town. A 
fine range of barracks for European troops is in course of 
erection at Saugor. There are four good-sized rivers to be 
crossed between Jubbulpore and Saugor, and several nullahs; 
only one of the four rivers is bridged, and during the rains it is 
often a work of time and danger getting the dak across these 
obstructions. 

Madras.—Owing to the partial failure of the monsoon, it 
has been thought advisable to take precautionary measures 
against famine, and, in those districts where the rainfall has 
been short of the average, the collectors have been authorised to 
commence public works, on their own responsibility, for 
purposes of relief.. The districts which are likely to suffer most 
from the want of rain are North Arcot, Madras, and Nellore. 
From the other divisions of the presidency reports are more 
favourable. 

On the 9th December last the corner stone of the Rajah of 
Cochin’s School-honse at Ernacollum was laid with considerable 


ceremony by the rajah himself. This building has been de- 
signed to accommodate from 350 to 400 boys; the extreme 
length will be about 120 ft., and the breadth 64ft., giving an 
area of nearly 8000 square feet, including the verandahs. The 
building is estimated to cost 30,000 rupees. : 

With reference to the harbour of Cochin, the Superintendent 
of Marine has informed the Chief Secretary to Government that, 
after carefully considering the proposal of Colonel Walker for 
retaining the line of coast on the Vepery side of the harbour by 
erecting small wooden groynes, he is of opinion that they are 
much too slight to withstand the force of the sea on the Malabar 
coast. They are to be of but 3 ft. in thickness, the posts bein 
driven 7} ft. into the sand, and he believes they would be wash 
away in the first heavy monsoon sea. At Madras, when the 
pier was under construction, eight feet in perpendicular height 
of sand was washed away in one night. He is satisfied that 
the groynes would be of much service on the Vepery side, in 
the positions which Colonel Walker has selected; they would 
extend the beach, and thus check the escape of the freshes 
laterally, thereby throwing the force of the current more into 
the die shenadl But to be permanent they must be con- 
structed of stone. On the 31st October the highest fresh known 
for many years came down the T — river, ia Tinnevelly, 
and flooded the country, doing considerable damage to roads, 
bridges, and channel banks. The Ambur bridge, in course of 
reconstruction, was washed away, as might have been expected, 
the piers being of the narrowest, and the height of the bridge 
considerable; the road from Ambur towards Tinnevelly, along 
the north bank of the river, was partly destroyed, and numerous 
cross roads were injured; two aqueducts and part of a bridge 
across the Sutamelli channel were carried away; some stones 
were displaced in the anicut, and the banks of all the main 
channels were breached in places; in the Tinnevelly talook 
there were eight breaches, in Tenkarai six, and in Ambasamu- 
drum fifteen. These have all now been closed, and the crops 
have sustained no injury. 

Bombay.—We learn from the Bombay Builder that arrange- 
ments have been made to convey water from the river Taptee 
to the Bhosawul station, which suffered severely from drought 
in the hot weather. The distance is one mile and a half by a 
direct line. Not far from the river the ground rises nearly 
150 ft., at which height a small iron tank, about 20 ft. square 
and 6 or 7 ft. deep, will be sunk, into which the water will be 
raised by a force-pump. The water will be twice filtered in the 
course of its passage from the river to the reservoir. 

The Bombay and Bengal Steamship Company is now being 
wound up voluntarily ; and its business is to be assumed by a 
new company. 

The Bombay Government has decided that the proposed dock 
scheme for Bombay harbour is not practicable for the present. 

There was a rumour, on the 24th of December last, that the 
Government engineer for railways had received a telegram to 
the effect that the Taptee viaduct was in such a precarious 
state as to necessitate the stoppage of the traffic. This, how- 
ever, turned out to be incorrect. Some repairs, which are now 
being executed, were found to be required, and on their comple- 
tion the traffic will be carried on as usual. For some time past 
locomotive engines have not been taken over the viaduct. 

Burmah.—The Rangoon Times states that the vanguard of 
the Bhamo exploring party was to have left Rangoon on 30th 
November for Maudalay. The party was to be formed at 
Maudalay ; Captain Bowers, Superintendent of the Dalla dock- 
yard, and Mr. Stewart, merchant of Akyab, have been deputed 
by the mercantile community, and two missionaries are also to 
accompany the party. 








THE HEATON STEEL PROCESS. 
To THE Epitor oF ENGINEERING. 

Srr,—I have read with considerable interest the article on 
“The Manufacture of Steel by the Use of Oxidising Salts,” 
in the last number of The Engineer, but I have felt greatly 
surprised to’find that Mr. Hargreaves lays claim to either 
the chemical or the mechanical part of the process. 

Ever since 1844, Mr. John Heaton, now the managing 
director of the Langley Mill Steel and Iron Works Company 
(Limited), has been experimenting with a\view to the manu- 
facture of steel by merely removing a portion of the carbon 
from the pig iron, together with any phosphorus, &., which 
it might contain. Mr. Heaton in 28 genes me March 17, 
1866, claims the “ use of nitrate of soda, or nitrate of potash, 
* to act upon cast or pig iron when such iron is in a molten 
“ state, for the purpose of converting the same into steel, and 
“the means and apparatus employed therein.” In April, 1866, 
Mr. Hargreaves paid a visit to Mr. Heaton at the Langley Mill 
Works ; and after his return home, having read a copy of his 
patent, and seen the process worked by Mr. Heaton, with the 

lant described in his patent dated May 3, 1867, Mr. 
once ut in a claim to part of the invention as his own. 
In a letter, vated May 16, 1867, now in my possession, he 
says, “ What I mean a claiming the chemical part of the 
* invention is, that the use of the nitrates is of my own in- 
“vention.” He as distinctly disclaimed the mechanical part 
of the process, giving Mr. Heaton full credit for that as his 
own. Mr. Heaton has never claimed the use of the nitrates 
as his idea. He was well acquainted with many of the ex- 
periments which had been made during a long course of 
ears, and the patents which had been taken out, such as 
ambert’s, July 4, 1830, in which “saltpetre” is named ; 
Southall’s, February 8, 1844; Hunt’s, January 12, 1855, in 
which “ nitre, potash, or soda, or their salts,” are named; 
and particularly those of Sir F. C. Knowles, dated July 10, 
1857, and July 7, 1858. What Mr. Heaton claims is the use 
of the nitrates of soda or potash, and according to his patent 
of May 3, 1867, that of the chlorates of soda and potash 
“to act from the underside upwards upon the cast or pig 
* iron, when such iron is in a “ molten state.” 
Mr. Hargreave’s patent is dated May 22, 1867, and the 
application was not made till he had seen Mr Heaton’s first 
patent, and had also seen the process at Langley Mill. 

I am, Sir, 
Your obedient Servant, 

January 21, 1868. N.N. 
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THE MONITOR QUESTION. 
To Tue Epitor or ENGINgERING. 


Sir,—The section of the side-armour of the Dictator class 
of American monitors, represented on page 541 of ENGINEER- 
ING, shows correctly the tapering of the armour-plating at 
certain points of these vessels; but the assurance of your 
correspondent that no diagram has ever been published show- 
ing this mode of applying the plating is erroneous. Scott 
Russell, in his great work on Naval Architecture, plates 138 
and 140, furnishes transverse sections of the Dictator and 
Puritan, as well as of the original Monitor, in each of which 
this peculiarity of reducing the thickness of the plating gra- 
dually, as it approaches the armour-shelf, is accurately repre- 
sented. 

I abstain from discussing the motives which have induced 
your correspondent to mislead your readers by giving a false 
colouring to this subject. The plain fact is, that the Dictator 
and Puritan, and all the monitor vessels, were built under 
sheds open to the public; the entire engineering fraternity 
of the country, thousands of artisans, foreign naval officers 
and engineers in great numbers, watched the progress of the 
work. In addition to this publicity, several foreign Govern- 
ments were furnished with minute working drawings of 
every part of these vessels. What a ianaliieding position 
your correspondent occupies in view of these facts! “My 
“‘ information comes from a higher source than Mr. Bourne’s, 
“ it comes from the official records of the Navy Department,” 
exclaims this amanuensis, this patriotic citizen, who is so 
anxious to expose to the European world the supposed im- 
ees ot the defensive weapons of his country. But 

undreds of engineers, native and foreign, will say, “ My in- 
“ formation came from a still higher source; I saw the work 
“ done, I measured the plates, and counted the bolts.” 

The propriety of gradually reducing the thickness of the 
any under the water-line has been questioned by =}! ; 

ut the efficiency of the monitors, so fully established by 
their resisting effectually the tremendous hammering during 
the late war, goes far to show that the plan is not objection- 
able. It should be borne in mind also, that the rolling of a 
monitor is less than one-third of that of a broadside vessel, 
and hence that two feet of armour below water-line in the 
former is as safe as six feet in the latter. This notwith- 
standing, much may be said in favour of carrying full thick- 
ness of plating down to the armour-shelf. Indeed, previous 
to the experience of the war, I deemed that plan indispens- 
able for sea-going monitors, and hence it formed a distinguish- 
ing feature of my design of 1862, a copy of which I presented 
to Mr. Bourne in 1865, and which he has inserted in his 
recent admirable work on screw propulsion. 

With reference to the “Navy Yard monitors” of the 
Kalamazoo class, I can assure the readers of ENGINEERING 
that I have had nothing to do with these vessels, excepting 
the planning of turrets and gun-carriages. It is proper to 
observe, however, that the decision of the Navy Department 
to employ 8-inch thick solid slabs behind the 6-inch side- 
armour plating, received my entire approbation. 

fours very respectfully, 
New York, January 7, 1868. J. Enrcsson. 








COMPOUND ENGINES. 
To tue Eprror or ENGINEERING. 


S1z,—From the first I have been a regular reader of your 
interesting paper, and have taken special interest in every- 
thing connected with the economy of fuel used in working 
steam-engines. 

The week before last you gave us an article on compound 
engines. I thought your remarks fair and just in the main, but 
would very much like to have something definite from the 
makers of, or any firm or — working engines of this class. 
There is Messrs. Carrett, Marshall, and Co., Leeds, who must 
have some practical experience, and perhaps, if so minded, 
could give your readers very full and accurate data of the con- 
sumption of fuel by such of their ee, engines as are at 
work, with other interesting particulars. The Messrs. Car- 
rett, Marshall, and Co. advertise their compound engines as 
infinitely superior to either the “ Wolf” or McNaught en- 
gines. They claim that their compound engines work with 
a steadier motion and greater economy of fuel than any other 
single-cylinder engine, but do not name any rate of con- 
sumption. They claim many other advantages. As to com- 
pound engines, I may state that the angle at which the 
cranks are keyed on the shaft is the most suitable for such 
engines; but they are not the only engineers who have done 
this. 

Then, again, we have the Reading Ironworks (Limited), 
who claim to make engines of either “ double or single cylin- 
“ der, by which economy of fuel is secured at from 2 lb. up- 
“ wards per indicated ‘horse power.’” These engines were 
referred to by a correspondent who signed himself J. C. E. 
(see page 242 of ENGINEERING, vol. iv.). He says: “These 
* horizontal engines work with from 2¢Ib. to 2} Ib. of coal 
“ per horse power,” which I think your readers will agree 
are good results, and not to be des by even makers of 
compound engines; but the Reading company go further 
than this. They advertise the Corliss engine as “this ad- 
“ mirable engine, which is now knewn, and has been proved 
“ to be the most economical in its consumption of fuel,” and 
“ perfect as regards its regularity of motion.” ey then 
enumerate several distinguishing features of this engine; 
finally offering references “to engines at work from 60 to 
** 500 indicated horse power.” 

This is a fair challenge to Messrs. Carrett, Marshall, and 
Co. when they claim for their compound engines a superiority 
above all single-cylinder engines. As I only desire to have 
correct data, I trust that Messrs. Carrett, Marshall, and Co. 
will excuse the liberty I have taken in bringing their claims 
before your numerous and qualified readers, and supply the 
information solicited. 


I am, Sir, your obedient Servant, 
January 20, 1868. J. W. 





FOOTE’S APPARATUS FOR BURNING 
PETROLEUM. 
To THe Epitor oF ENGINEERING. 

Srr,—I think Mr. Richardson’s letter of last week barely 
does justice to Colonel Foote’s apparatus for burning petro- 
leum. The facts are scarcely so fully stated as they might be 
to make the system fully understood ; and therefore, with your 
permission, I will endeavour to explain as concisely as pos- 
sible the method of working it. 

In June last, and again in September, when in New York, 
I had the opportunity afforded me of witnessing trials, and 
was very much struck with its efficient operation. The wood 
fire is lighted first below the retort, to heat it to such a degree 
of redness as would be perceptible in the dark ; vaporisation 
of the oil begins, when the wood fire is withdrawn, and the 
gas jets lighted, and until steam is raised in the boiler a dense 
smoke is emitted, which must always be the case where there 
is not a proper supply of air. When steam is produced in 


the boiler, the stop-cock is opened communicating with the | ¥ 


coil of pipes on the top of the ae ; these pipes contain 
iron filings, and they are placed in such a position as to be 
kept at a moderately red heat ; the steam in passing through 
them becomes decomposed, the hydrogen gas passing on to 
the retort, the oxygen, of course, being arrested by the iron 
filingsand pipes. There are no other pipes in the apparatus 
so far as I could see. The air comes direct from a small air- 
pump, and enters the retort, where it mixes with the gas. 

In the retort, then, we have vaporised oil, hydrogen gas, 
and atmospheric air in any proportion we may desire, a com- 

und remarkable for its combustibility and the amount of 

eat given out when burning, and under the most perfect 
control. Your correspondent seems to think that if Colonel 
Foote’s plan were subjected to a very severe test, which he 
gives, the pipes would very soon be melted. Nodoubt sucha 
thing could be done if tried, but the pipes are carefully pro- 
tected from anything like direct contact with flame. was 
shown a set of pipes which were stated to have been under 
the test descri for six months: externally they were very 
little the worse, but they must have been worn a great deal 
more internally ; they were not taken out for any fault, but 
to show the little they had suffered by the ordeal they had 
gone through. When in full operation there is no smoke 
given out, only a very light blue vapour ; there is no actual 
contact of flame with the inside of the firebox. It is all 
radiant heat ; and atmospheric air being supplied from within 
the retort, the whole might be pusthelly enclosed, except an 
outlet for the unconsumed gases. 

Mr. Richardson states that about one-third the area of 
coal-grate would be sufficient for oil-grates, but does not tell 
us how the heat from such a small area is to be applied to 
such an extensive surface. I can conceive how the plates of 
a firebox could very easily be rendered useless by the impact 
of flame from such an intense heat as petroleum gives. 
Even in coal-burning boilers this is sought to be avoided as 
much as possible. 

In conclusion, I think there can be no application of heat 
superior to that which distinguishes Colonel Foote’s plan. 
There is no soot or deposit of any kind to render the firebox 
or tubes worse conductors of heat. There is certainly a liability 
on the part of the coil of steam-pipe, to’give out, placed where 
they are; but the purpose for which they are placed there 
could easily be effected in any other less dangerous position. 

i am, yours respectfully, 
Leith, January 20, 1868. Scotvs. 
METROPOLITAN TRAMWAYS. 
To THe Epiror or ENGINEERING. 
_ Srr,—As merely an observer, having no interest whatever 
in such a scheme, I certainly admire the pluck that the 
M. T. C. (Limited) display in carrying their point. A “ Mem- 
ber” very truthfully remarks that the metropolis requires 
reorganising. Yes, very true, it does; but where are we to com- 
mence—on the river, our streets, lanes, alleys, or our rickety 
buildings? I see, you remark we ought to insure our lives in 
this great Babel. Singularly, last publishing day I was for- 
cibly reminded of this, having narrowly escaped being shot 
by an accidental discharge of a firearm. I was told it was 
simply an accident, so, therefore, took but little notice of it, 
notwithstanding part of the bullet grazed my body. I would 
not trouble you with such, but if it is the habit of gunmakers 
to load firearms in their shops, for the benefit of customers, I 
consider such a practice should be at once put down; soa 
“Member” must perceive I was very nigh taking my last 
look about me. I have been often on London-bridge, and I 
will ask a “ Member” calmly, do the M. T. C. (Limited) intend 
eying down a tramway there? if so, does it not strike him 
that the omnibuses and other vehicles will require to cross 
the road when the car approaches, putting everything into 
confusion. Or is the car-driver to proceed slowly ; in fact, 
taking his turn amongst the throng? if so, the poor aorses will 
have enough to do to haul a heavy car loaded with about three 
times the number of passengers that an omnibus carries. The 
difficulty of starting such a load “D. T.” fully explained, 
and certainly the difficulty would be pon | proceeding 
at such a pace, or otherwise walking over the ground, as the 
traffic at London-bridge is ofttimes forced to take. I see I 
have mistaken the form of rail laid down between Kennington 
and the bridge: it was half an inch above the level of the 
ground, and yet that half-inch was an obstruction; and if a 
“* Member” looks at the present state of Westminster-bridge, 
he will see ridges formed on hard whin blocks; much higher, 
and at his own end of the bridge, in the centre path, there is 
a block of whin-stone projecting considerably above the level 
of the macadamised ; and surely such ruts will form 
where cast iron and macadam is laid down. And is the traffic 
at Birkenhead or Kingston to be compared to London? I 
simply ask for information, as I have never been at either of 
the former places. As regards the projecting flange that was 
removed from the bridge, surely a “ Member” is mistaken, 
as it seemed to me to be about 3in. in depth, and as such is 
so much in their favour, although a smooth flat rail is not. 
Should you insert this, it is my last on the subject. 
OBSERVER. 











THE DENSITY OF SALT WATER. 
To tue EpiTor oF ENGINEERING. 

Srr,—I have, in the course of a good many years of my life 
spent as a sea-going engineer, been often confused and as. 
tonished by the difference of opinion ang a. bey gpm 
anent the density of water in a steam boiler, what it ought 
to be, and what was in reality the weight of salts contained 
in one gallon of the mixture at any given density, as well as 
by the utter impossibility of getting any two of the various 
kinds of hydrometers to correspond in their indications. 
This confusion was still further increased by referring to any 
books that I have seen that profess to expound this affair, 
and which invariably assert that the specific gravity from 
3% to }inds increases in regular arithmetical progression. 
This is equivalent to saying, that the volume of water does 
not increase in bulk by any addition of salts until the point 
of saturation is reached. is, I think, is a mistake. 
Again, if you-refer to Thomson’s“ Cyclopsedia of Chemistry,” 
ou will find that 100 s of water can only dissolve 37 
chloride of sodium, or that the salt in a saturated solution at 


60° temperature is — of the whole weight, and not }, 


as the books say. 2 

Through all these conflicting ideas and incomprehensible 
tables and hydrometers I was lately induced to y= a 
few experiments, to try if I could arrive at any more definite 
conclusion on the subject, and the results of these experi- 
ments I beg to submit to your consideration. 

I have only summoned courage to address you upon this 
subject in the hope that it may draw the attention of some 
one who is better able to investigate the matter than I am, 
and thus correct any errors my observations may contain, 
which no doubt you will understand might very easily occur 
in such experiments when made with the rude applianees 
and apparatus that are at hand on board ship. 

Consequently, not by any means asserting the absolute 
accuracy of the following Table, but only considering it an 
approximation to something nearer the truth, as I think, 
than anything else I have ever seen as yet, 

I am yours most respectfully, 



































A. B. 

Trieste, January 4, 1868. 

Table referred to in the above letter. 
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The water experimented upon was taken from the Gulf of 
Trieste, in the Adriatic, and contains a great deal of lime 
salts in solution. / . 

I suppose the solution to be saturated with chloride of 
sodium and lime salts, somewhere between eight and ten 
volumes, but am not chemist enough to say so definitely. 
However, after the tenth volume, the sp. gr. rises very slowly, 
and attains its greatest density at twenty-two or twenty-three 
volumes; between the tenth and twenty-second volumes, I 
think that magnesian salts are added to the solution, and 
chloride of sodium precipitated. 








Lrverpoot Szwace.—In his evidence the other day before 
the Rivers Pollution Commission, Mr. Newlands, borough 
engineer of Liverpool, stated that the borough of Liverpool 
extended for about six miles north and south on the margin 
of the Mersey, and about two miles inland. Up to the year 
1846 the sewage was discharged into the dock basins, but 
there had since been constructed under his superintendence 
210 miles of sewerage works, with eight outlets into the 
river, and the bulk of the sewage was at the = 
treme north and south ends of the town below low-water mars. 
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ABYSSINIA. 


Tue navigation of Annesley Bay is not yet suffi- 
ciently well known, nor, we should presume, is the 
channel properly buoyed or otherwise made clear, to 
enable vessels to be taken up to Zoula with impunity. 
Hitherto there has, it is true, been no serious mishap, 
but we have accounts already of no less than six 
vessels which have grounded, and one of them lost its 
false keel. News of the 16th December states that 
the projected tramway across the plain and the screw- 
pile pier were to be put in hand forthwith ; but it was 
feared that probably three months would elapse before 
rail communication could be established between Zoula 
and Lower Sooroo ; the surveys for this line have, how- 
ever, been completed, and it will reflect but little credit 
if the line is not opened considerably within that time. 
Preparations are being made with the erection of tele- 
graph posts to connect Zoula with Senafé, and all the 
necessary establishment, &c., is organised, awaiting the 
completion of the line, which will no doubt be extended 
inland as the advance guard of the army goes forward. 
Great complaints are made regarding the present state 
of the postal arrangements, but these will, of course, 
be improved in time. The ame ag = establishment 
gives greater promise of success, but it is also free 
from the many complications which attend an army 
post-office. The water supply at Mulkutto camp is 
improving in quantity; and a large condenser fad 
recently been received, which was to be set up on the 
artificial island constructed about 200 yards from the 
shore, and to which a second pier will run parallel to 
the one first erected, at a distance of about 180 yards, 
the two forming a good harbour for the boating. The 
American tube-pumps are also doing their work, and 
many of them are to be set up at points in the Koo- 
wren: Pass. It is reported that a hospital for 200 
patients is to be erected at the foot of the pass, the 
framework and fittings for which are already on their 
way. 

On the 11th and 13th December two unusually 
high tides occurred, which completely covered the 
ground onwhich the commissariat store-shedis erected ; 
the greater portion of the landing-place at the shore- 
end of the pier was also covered, and the water found 
its way oer heaps of straw, beans,'&c., in the neigh- 
bourhood. The correspondent of the Zimes of India, 
writing on this subject, says, “There is no ground 
“about here at all handy that can be used without 
“risk of similar occurrences ; for, with the exception 
“ of a very narrow strip of about two or three yards 
‘wide, running along the beach, the rest appears to 
“be actually under high-water level, and unless re- 
“claimed can never be safely used. With the number 
“‘of ships to be discharged, the number of troops, 
“followers, cattle, and horses to be fed, it is simply 
‘impossible to remove the goods inland unless months 
“are devoted to this one object, and a very considerable 
*‘ addition made to the number of labourers and means 
“of transport. In this work the tramway would be 
“of great use; but the line is too short, and there 
“are not sufficient trucks, the bushes of nearly all 
“sent. do not fit the axles, and are consequently useless. 
** An attempt is being made to keep out the sea by a 
* slight enienhontl but then when it rains it will 
‘keep in the water.” 

With regard to the road through the passes to the 
high table-land which our sappers are now so busily 
engaged in constructing, it 1s stated that “ramps” 
are to be used to make a winding road at the Sooroo 
Pass, as Colonel Merewether did not approve of blast- 
ing, for fear of bringing the rocks down about the 
heads of the sappers. A letter from the camp at 
Mulkuttoo, of 28th November, stated that in three 
days’ time the roads would be cleared up to Lower 
Sooroo, eight miles distant from Koomayloo, and 
shortly they would be cleared right through to Sooroo 
Pass, and be fit for wheeled vehicles. Colonel Wil- 
kins reports that the gradient from Koomayloo to 
Raraguddy is, with certain exceptions, 1 in 41. With 
reference to the roads to Senafé and Tekunda, he says 
that they are very circuitous, their twinings and 
windings being interminable. He counted sixty angles 
in a march of nine miles, and this was a type of their 
general character. In a recent report he stated that 
the Sooroo Pass was 1100 ft., Barut Geddee 2700 ft., 
and Raraguddy 5600 ft. above the level of the sea. 
The same officer also gives the following description of 
the country :—“ In the course of a visit to the summit 
of the Kohaito mountain, on the Tekunda route, the 
edge of the mountain was scarped all round, and con- 
sisted of white sandstone. On the top was a plain, 
three miles long, extending from east to west; the 
country round on that side was well wooded with 
cedars and corinda-bushes. Many ruined buildings, 


evidently of great antiquity, crowned the hills ; broken 
stone pillars were still standing, but no account could 
be obtained from the chief of Tekunda as to these re- 
mains, nor could any of the guides give any informa- 
tion as to what period or to what people these struc- 
tures belonged.” 

The following is a table of distances between Maul- 
kutto and Senafé, contained in an official despatch by 


Lieutenant-Colonel R. Phayre, Quartermaster- 
General : 
Miles. 
Mulkutto to Koomayloo ... ese so 13 
Koomayloo to Lower Sooroo eee ove eee 8 
Lower to Upper Sooroo__.... ose eee eee 
Upper Sooroo to wells being dug near the Undul 
Uea — ove ain ove eee ove ose 
ndul to Rayragu eee eee one 14 
Rayraguddy to Senalé eve eee ove 9 


Total oe ove ove eee eve 62% 
Senafé, it may be here stated, is the site of the first 
station, or camp, for the army, on the high table-land 
of Abyssinia, 


BRIDGE FOUNDATIONS AND PIERS. 


WE avail ourselves of the permission given at the end of 
the following letter, a private one addressed to Mr. Colburn 
by the Hon. William J. McAlpine, the eminent American 
engineer, to make its contents public : 

“Tam getting into a controversy with some of the en- 

ineers who are building bridges over the Mississippi and 
Tiiesouri rivers. I have taken the ground that it is impos- 
sible to obtain a safe foundation for the piers of those bridges 
by wooden piles. 

“Tn such sand the timber will not stand to drive more 
than 25 ft. deep. Some of the piers of every one of these 
bridges have to be located on what are bars at low water. 

“The scour of the Mississippi in freshets is not less than 
30 ft. in some places, and on tha Missouri 40ft. The piers 
of a bridge will produce the deepest scouring known on the 
river, and especially if an ice gorge, or-one of drift logs and 
trees, occur at the head of the piers. 

“These sand bars cannot be ee out to a depth of 
20 ft. and kept clear long enough to drive the wooden piles 
without an expensive curb, and then piles of 50 ft. to 60 ft. 
length must be used to drive them from above water (perhaps 
in a half flood). Much of the force of the blows of a ram 
will be absorbed by the vibrations above the ground, and 
prevent as deep penetration. At any rate, this penetration 
cannot be taken at more than 25 ft. below the dredged bed of 
the stream. 

“The support of these piles is derived almost wholly from 
their frictional surfaces in contact with the earth. Piles 
driven by the same hammer and fall, to different depths, 
will sustain loads in the ratio of the squares of the depth of 
the penetration, and a scour which removes any of the 
material around them will reduce their sustaining power in 
the same ratio. 

“Tn the case assumed, piles driven 25 ft. long in 20 ft. water, 
that is, to a depth of 45ft., and the earth subsequently 
scoured out to a depth of 30ft., will lose their support as 
follows: As (45—20)? : (456—30)?, or 25? : 15?, or as 625 : 325, 
or a loss of about two-thirds of their supporting power. 
Hence the number of these piles must be trebled to give the 
same support. 

“ But there is no safety in providing merely for a scour of 
30 ft. below low water. It may, almost certainly will be 
more, and then the destruction of the bridge is certain. 

“The notices which you have been giving lately of the 
destruction of so many of the Indian bridges, I think, may be 
accounted for by the action of this scour during freshets. 

“* Engineers almost always make their soundings either in 
low water or low stages, and never during the high floods. 

“‘The Indian river beds are like those of our Western rivers, 
when the sand is scoured out in places very deep during a 
high freshet, and these holes silt up in, part as the freshets 
subside, and hence the existence of these deep scourings are 
rarely known to the engineer. I fear that our Western 
American engineers have the same ordeal to pass through 
that has been experienced in India, and it is my object to 
call attention to the subject to prevent disasters from the 
same causes. 

‘* After a good deal of study I have come to the conclusion 
that iron piles (or more properly columns)* will give the 
best foundations for these itleen and may be pli far be- 
low the scour, at but little more cost than the present plan, 
and may be driven without regard to the weather or freshets 
in the river, and in one-third the time that would be occupied 
in building piers on wooden piers. 

“At Harlem I used iron columns of 6 ft. diameter, but I 
mined under and outside, and extended the concrete, filling 
to a diameter of over 10ft. (and a depth of 4 ft.), thus 
securing a base of nearly three times as much area. The 
lateral support of iron piles is about half aton per super- 
ficial foot, while the base support is from five to eight tons 
per superficial foot. At Harlem I had about 27 ft. depth of 

netration, which gave me about 200 tons support from the 

rictional surface, while the support from the area of the 
bottom was twice as much, or nearly 400 tons. 

“In that case a scour equal to half the depth of the pene- 
tration would have reduced the supporting power but one- 
fourth, while in wooden piles (always comparatively small) 
it would have reduced it three-fourths. 

“We find that the cost of cast-iron columns driven by the 
plenum process is equal to about one dollar per foot for each 
inch of diameter of the column, adding a little for the ex- 
panded base and for bracing the columns above water. 














* IT use the word “pile” when the support is mainly derived 
from the frictional surface, and “column” when it is chiefly ob- 
tained from the area of the base. 


“A pier for one of the single-truck railway bri across 
the Mlocissippi could be ane with two mee of 8 ft. 
diameter, driven to a depth of 60 ft. below low water, with 
an expanded iron base of 12 ft. diameter, and a further ex- 
pansion of the concrete filling to 16 ft. diameter. 

“These bridges (on the hg of the rivers) are re- 
quired by law to be elevated 50ft. above the level of low 
water, making a length of column of 110ft. The starlings, 
or, as our workmen usually call them, the ice-breakers, would 
be of heavy oak timber covered with sheet iron, and com- 
pactly filled with stone, sloping up stream on an angle of 
45°, supported by one of the columns at one end and by two 
small iron piles at the uP rend. The two main columns 
forming the pier woul cross-braced, and opposite the 
meeting of each set of these braces would be inserted within 
the column a di of seasoned oak wood, say, 8 in. 
thick, to take up a portion of the momentum of the shock of 
a floating mass, and distribute it to the four shells of the two 
columns. 

“My experience at Harlem, and Mr. Fleming’s at the 
Peedee river, show that these iron columns are capable of 
withstanding excessively severe shocks. A’steamer of 500 
tons ran against one of my columns at a speed of five miles 
an hour. The column had penetrated then but 12 ft. into 
the sand, and was not filled with concrete. It was not sensi- 
bly affected by the shock. At the Peedee river a similar 
po. Gace but 8ft. in the sand stood the shock of a “raft” of 
trees two miles long, and nearly the width of the river, and 
was only affected by being bent over a few inches. The 
columns of the Charing Cross, Chepstow, and a dozen more 
bridges are evidences of the stability of such columns as sub- 
stitutes for stone piers. 

“The next objection is the possible corrosion of the iron. 
Cast iron pete in proportion to the amount of — in 
it. The use of as white iron as can be turned obviates this 
difficulty. Such iron will not corrode a tenth of an inch in 
a century. 

“ The last objection is that in our severe climate the water 
freezing inside will burst the column. These columns are 
sealed at the bottom and top, and no water can get in; but, 
if it does, the concrete filling will yield to a pressure of one- 
tenth of the strength of the iron shell, and no evil will 
follow. 

“These and similar arguments I have been using until I 
have got the presidents, directors, and contractors of these 
railway companies crazy on the subject ; and I sup that I 
have written two hundred pages on the subject, and delivered 
half-a-dozen lectures. 

“Tt would be a capital idea for you to publish a series of 
articles on this subject. It would give you 500 additional 
subscribers in America. 

“T send these notes for your use. You may incorporate 
them in an article of your own, or you may modify them, 
and put my name to the article. I do not suggest the latter, 
for I think that you can take the ideas and weave them into 
better shape than I could do.” 








“ENGINEERING AT CROYDON.” 
HEALTH OF CROYDON. 
To THE Eprror or ENGINEERING. 

Srr,—I have read with great interest your article on “ En- 
gineering at Croydon;” and I wish, with your kind - 
mission, to call attention to one prominent feature which 
seriously affects the merits of the whole question, and that is 
the statement as to the “ death-rate.” 

The writer of the article must have been misinformed on 
this point. According to the Registrar-General’s returns, 
the death-rate was 20.9 per 1000 for the past year (1867) ; 
in 1861 it was 17 per 1000. 

The article [referred to states the death-rate of 1867 as 
having been 16.6 per 1000, thus making an advantage to 
appear in favour of the latter year over that of 1861 of .4 per 
1000. The correct figures proves that the year 1867 gives an 
increase of 3.9 per 1000 over the year 1861. Now, although 
these plain facts tend to refute to a general extent the object 
of your argument, which was to prove the beneficial results 
of the system carried out at Croydon, I am satisfied that 
your ‘desire to give publicity to the truth only will induce 
you to lay the above before the readers of your excellent 


paper. 
January 22, 1868. 


I am, yours obediently, 
Aw OLD SUBSCRIBER. 








HORSE POWER. 
To THE Eprror or ENGINEERING. 
“Steam-engines should be bought and sold by the number 
of units of actual power they exert above that required 
to work themselves at the speed they are intended to work 
at.” 

Str,—In engineering phraseology, there are three modes of 
——.. the mechanical capabilities of engines. The 

inal, the indicated, and the actual. The first may justly 
be described as having “no meaning.” The second mode gives 
the whole power exerted by the steam in the cylinder or 
cylinders. The ‘third and only sensible mode gives the 
amount of power really available to the owner to apply to 
the purposes for which he bought his engine. It is for the 
introduction of the latter mode of measuring the power of 
steam-engines that I appeal to you, Mr. Editor, and your 
readers, for that aid ever afforded to deserving appeals for 
publicity. In a former letter, dated 8th inst., I state how 
thoroughly mystified all students and junior engineers are 
" our present system of rating by the nominal horse power. 

0 corroborate this I may refer to a letter, signed 
“Younker,” which appeared in EnGingerina, of last 
Friday—a letter which in part accords with my ideas, but 
which also contains several grave errors. 

I would first refer to Messrs. John Penn and Sons’ practice 
of rating by the nominal horse power. If engineers have 
sound reasons for their designs, this firm must have them. 
Yet we find them giving a Warrior with engines of 1250 
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nominal horse power, the cylinders being 112in. diameter 
X4ft. effective stroke; to compete with a with 
rated at 1200 nominal horse power only, yet fitted 

with cylinders 127 in, diameter x 4ft. 6 in. effeetive stroke. 
This is not an isolated case, Then we have the Black Prince, 
fitted with sister engines to those of the Warrior's, rated the 
same, viz., 1250 nominal horse power. While the indicated 
horse power of the Warrior's is , that of the Black Prince 
is 5772 indicated horse power, or 302 more than that of the 
former, In my experience, I have met with a larger ratio of 
difference between stationary engines made off the same 
patterns. The following data, taken promiscuously, will 
give an idea of the ratio subsisting between nominal and in- 
jeated horse power in the most modern marine. engines, 
The numbers placed first being “nominal horse power,” and 
followed by the number of indicated worked to on trial, 
Most of them are ironclads belonging to H.M. navy. Agin- 
court, 1350-6867 ; Bellerophon, 1000—6400; Jumna, 700— 
4200; Fatikh 1360,—7000; Mahroussée, 800—6400 ; Sappho, 
360—2100, Now every “ Younker” wil] know that the eon- 
tract price of the foregoing engines cannot be fixed by their 
rated “nominal horse power,” but by the actual or, at least, 
indicated power expected from them; else how can the cylinder 
capacity be fixed, strengths taken out, &e. Besides, the Ad- 
miralty specified that the engines shall work up to a certain 


certain number of times the nominal horse power. I should 
say this is a cogent reason why they should discard the 
meaningless term. But our lords of the Admiralty do not 


move quickly ; then why should the chief constructors? But 
the same system prevails throughout the United Kingdom ; 
so we must not be hard on the Admiralty for initiating the 
change I desire. 

The following is from “ Younker’s” letter :—“ The whole 
* question is one of boiler power,” and if he had “ a boiler 
* capable of evaporating a certain bulk of water per hour,” 
he “ would expect the‘ same’ effect, whether ‘ he’ used a ‘large’ 
“ or ‘small capacity of cylinder; that is, if there was not 
“a great disparity between the two piston speeds.” Does 
“Younker” really mean this? It appears clear to me that 
the fact ofa boiler evaporating a given quantity of steam is 
in toto beside the question. “Whatever quantity of steam 
may be generated is of no account as a motive power, so long 
as there is not any machine to apply it. To use the steam we 
must have what, in “ common parlance,” is termed “an en- 

ine.” This engine is, in fact, a meter, and measures out 
fhe steam in such a way that the force inherent in the steam 
can be usefully applied. So that the capacity of cylinder and 
speed of piston must define the amount of useful effect 
“Younker” would get from his boiler, in spite of his great 
expectations. I think this is now clearly understood. And 
I may further explain that the object which I have in address- 
ing you, Sir, is to introduce a system of “ rating” and “ test- 
ing” of the meter, or motor, which shall place the guality of 
the engine-maker’s machines on a fair footing; that every 
steam-engine may be known and classed at its just mechanical 
capabilities as a useful power which the purchaser can apply 
to his own purposes. Not, as at present, where an engine 18 
sold as of, say, 60 horse power and may work at 50 or 60 
indicated ;which does not mean the number of horses’ 
power that can be applied to drive the machinery in 
the mill, but an unknown quantity very variable. In 
illustration I may state that not long ago an eighteen 
inches cylinder of a horizontal engine was taken out and 
replaced with another of the same dimensions, the engine 
then being additionally loaded to the extent of seven horse 
power, or, as [ would say, “ seven units,” and the engine- 
man said she was running easily, and there was less firing at 
the boiler since the alteration. Now it would be futile to 
attribute this increase of power to the brasses being “lined 
up,” &. We must look deeper for the causes, I have met 
with many similar cases. The speed of the engine was not 
increased and new gearing introduced, neither did it become 
necessary to have a skilled mechanic in attendance to kee 
things square; on the contrary, less attention was needed. 
I do not wish to be understood as ignoring the necessity for 
further improvements in “steam generators ;” but I think 
the object which I aim at can be best discussed by leaving 
out the question of boiler power, at least, for the present. 

Taking the noticeable points in “ Younker’s” letter seriatim, 
I observe the following grave error. He says: “If I call 
“ the power of an engine 33,000 minute-foot-pounds, or 560 
“* hour’-foot-pounds, &c., so that a one-horse engine might 
“be called an engine of 550 ‘ hour’-foot-pounds ; 100 horse 

ywer, 55,000 ‘hour’ -foot-pounds; 1000 horse power, 

«550,000 ‘hour’ - foot - pounds ;” this should be 33,000 
minute-foot-pounds, 550 second-foot-pounds, &c., for it would 
be 1,980,000 “ hour” -foot-pounds ; but it would be better (as 
suggested by you, Sir) stated in “foot-tons”—-still better 
making the name of Watta standard. I had intended to 
suggest that 33,000 foot-pounds per minute be termed a 
“unit,” classing engines, or the force required to work 


any number of machines, pumps, &c., as 2, 20, 60, 
&c. “units,” in every case the “actual” units to be 
taken, in contradistinction to our present system of 


nominal and indicated power. I do not make the name of 
the measure a sthe qud non, neither Jo I advocate any 
sf dynamometer for testing the mechanical capa- 

ilities of engines. But I would reserve the steam (Richard's 
indicator) dynamometer to note the changes which occur in 
the cylinder during successive strokes. It would be needed, 
of course, to show the action of the valves, and would, until 
some better way was a por be useful in obtaining the 
quantity of steam admitted into the cylinder during the ap- 
plication of dynamometer to first-motion shaft. 

I have thought of a hydraulic test! It would need to be 
done cheaply as well as correctly. The testing or measuring 
apparatus would need be simple, effective, and easily trans- 

rted. In my former letter I named M. de Prony’s friction 

ynanometer. In modified forms it has done good service, 
to wit, as used by M. Egen to experiment on hydraulic 
machines for the Prussian Government in 1828. Then 
Captain A. Morin’s most valuable experiments were made 


mactails only. Trodgold and others (co ete tees 
in only. 0 coming up to our day 
have used e Did aoe the engineers who Maid | the Atlantic 
cable readily note the strain or pull on the eable as it was 
paid out? I am not unfamiliar with the use of the dynamo- 
meter as used to obtain the amount of “thrust on serew- 
shaft,” and the “tractive force” of a locomotive engine. 
But these are questions of detail. Our first step is to 
create some feeling—so contrive as to bring into play the 
existing machinery of combinations amongst engineers, and 
especially among all users of steam er. e may, en 
passant, just refer to the several associations, societies, &e., 
for the prevention of explosions, assurance from loss by ex- 
plosions, and for the economy of steam power, as some are 
named. These combinations of users of steam power, I be- 
lieye, are most influential down in Lancashire, a locality 
where the largest textile manufacturers are to be found, In 
conclusion, I beg that you, Sir, will continue to lend the aid 
and influence of your pen and columns in bringing the 
matter fairly before the engineering and manufacturing 
public. 
I am, Sir, your obedient Servant, 
January 22, 1868. J. 








THE BESSEMER STEEL RAIL AT DERBY 
STATION. 

To THe Epitor or ENGINEERING. 
Sir,—Since my notice respecting this rail was inserted by 
you a fortnight ago, I have ascertained that, during the time 
that this steel rail has been laid down, not less than four sets 
of iron rails, and, therefore, eight sets of iron rail tables, have 
been worn out, whilst the one table of the steel rail, which 
has been in use 104 years, is little the worse for wear. 

Now it is certain that the iron rails laid down in juxta- 
position with this steel rail were of good quality, as they had 
to stand a traffic of 30,000 tons per diem ; so I shall not over- 
state the cost of them at 7/, 10s: per ton, whilst Bessemer 
steel rails, as good or better than the Derby steel rail, can be 
had for 111. ifs. per ton in any quantity, 

We shall have, therefore, 

d. 

0 

0 


£ a. 
0 


Cost of steel rails per ton laid down, say ... 12 
: ; 4 


iron ra oes vee oo | 


Balance in favour of iron rails at the outset £4 0 Operton 


£4. d. 


32.00 
8 0 0 


But at the end of 10} years the steel rails remain 
little the worse for wear, whilst four sets of iron 
rails have been worn out, eosting per ton ose 
And saleable as scrap for, at best, 40s. per ton ... 


Gross cost for iron rails per ton in 10) years ...£24 0 0 
Now grant, for the rt of comparison, that the steel rails 

are worn out at the end of 10} years, then we have, 

s. d. 

Original cost per ton of steel rails laiddown 12 0 0 

Old steel rails, worth for rolling into tem- 

plates, ship bolts, &c., at end of 104 years 


6 0 Operton 
Actual cost of steel rails per ton for 10} years £7 O O 
Balance in favour of steel rails per ton £17 0 O 

But the Bessemer steel rail is not worn out in 10} years. 
It is apparently little the worse for wear; in fact, it will 
outlast four more sets of good iron rails; so.that the balance 
in favour of Bessemer steel rails, as compared with good iron 
rails, will be upwards of 30/. per ton. 

I hope the writer in The Engineer will not again have to 
complain that no suitable comparison of the relative cost and 
value of steel and iron rails has been set before the public. 

Cheltenham, January 21, 1868, Rosert Musner. 





AN OLD PLATELAYER, 
To THE Epitor or ENGINEERING. 

Srr,—I have not long been acquainted with your journal, 
but, since I have been a subscriber, have received great plea- 
sure and, I hope, some profit from its pages. Every man is, 
he 9 on most pleased with what he is most familiar—at 
least I am so—conséquently, the notices and correspondence 
about permanent way are of great interest to me, who have 
been all my life employed in that department of railway 
work. Iwasa boy when the Leeds and Selby was made, 
and worked upon it chiefly as a block-driller. From that 
time to this, covering a period of more than thirty years, I have 
.been in the service of one of the largest railway companies in 
the kingdom, and am still in its employment. on, Sir, 
during all this time I have seen many novelties introduced, 
and, I am sorry to say, that novelty has been, with very few 
exceptions, their only recommendation, In rails, we have 
had great variety, “ fish-bellies” with “ half-lapped” joints, 
single-topped and double-topped rails, rails with bottoms 
only l}in. and rails 14in. wide, rails split through their 
whole length, east-iron and wrought-iron, and now steel rails. 
These rails have been sup upon stone bloeks, and cross 
sleepers of wood, on longitudinal timbers, on cast-iron cross 
sleepers, cast-iron longitudinal sleepers, and cast-iron pots. 
They have been connected with these orn A cast-iron 
and wrought-iron chairs, and without chairs. We have had 
cast-iron keys and wrought-iron keys, wood keys made of 
every variety of timber, from oak to fence rails. We have 
used straight spikes, twisted spikes, wood trenails, and fang 
bolts. Icould greatly enlarge this catalogue, but enough 
has been enumerated to convince the en r that, if we 
have not improved our ways, we have many attempts 
to do so. This fact, however, remains: permanent way 
construction has not kept pace with the improvements ac- 
complished in other departments of railway work. Putting 
aside, as of little co uence, the earliest t ways, 
and commencing with old London and Birmi and 
Grand Junction lines, if we compare the permanent way 
as originally laid down on these works with that now in use 


in the soundness of its way—what, I ask, are the improve- 
ments during these thirty years of experience? The answer 
is, one only—the fish joint. The rails and chairs have been 
made heavier, wood sleepers have entirely superseded the 
stone block. Originally, wood sleepers were laid down on 
the embankments only, the a laid with block ; 
but, except the fish joint, there has been no improvement in 
the principles of construction. 

We have the same oak keys, but of inferior quality; the 
same chair, only larger; the same rail, but heavier, The 
trenail is certainly a comparatively new introduction, but its 
utility is more than questionable, and therefore cannot, in 
my opinion, be considered an improvement upon the spike. 

I repeat, there has been no improvement in principle, 
with the one exception named, Nor do I look for any ; in- 
deed, I think the double-topped rail (steel), chair, and cross- 


sleeper principle to be the best (judging from experienee) of 
any of the systems now in use ; but, however good the prin- 


ciple may be, there is very great room for improvement in 
the details, and, until more attention is paid to them, we 
shall never be able to arrive at that full improvement of 
which the principle is, I believe, capable, if carried to its full 
development. 
Should you think the ideas of an old platelayer upon this 
important subject of sufficient interest to be received into 
your columns, I shall be happy at some future time to point 
out existing defects, and what I think may be done to remedy 
them. 
I remain, Sir, your obedient Servant, 

Ay OLp PLATELAYER. 








BAKER’S ANTI-INCRUSTATOR. 
To tHe Epitor or EyGIneerine. 
S1z,—I am not a “ disinterested” engineer ; in fact, I may as 
well start at once by saying that I am interested in the anti- 
incrustator. I took it up after much hesitation, as I could 
not at first bring myself to believe in it. The inquiries I 
made satisfied me that the anti-incrustator was of great 
value; that if it would act in one case, it would act in all 
under like conditions, and, therefore, that any difficulties of 
construction or application to be overcome were those that 
experience could master. I did not, like “ Fiat Justitia,” 
run my head against a lot of theories as to the action of the 
instrument; I simply took a practical man’s view, and I am 
highly pleased with the result. I fixed an instrument on a 
large boiler, which was covered with scale, and under the 
tubes and in places inaceessible to the scaling - hammer 
thickly coated with hard deposit. The proprietors had been 
spending large sums on “patent boiler composition” for 
years with little or no benefit. Ina fortnight after fixing 
the anti-incrustator, the boiler was opened, and the scale was 
found lying on the bottom in hard thick flakes as large as 
saucers, the scruff or small stuff having been all blown out 
through the mud-coek. 
In every instance that I am aware of a valuable invention 
being brought forward, there have been plenty of “ Boilers” 
and “ Fiat Justitias” to throw the wet blanket of incredulity 
over the affair. I do not presume to judge other men’s mo- 
tives for any course of action. I earnestly seek for facts, and 
the only way to arrive at truth is to get chapter and verse 
for everything, not to fire a random shot and then run away. 
My experience has satisfied me that the anti-incrustator is a 
most valuable discovery, and Iam quite certain that a very 
short time will suffice to break down the barriers of prejudice 
that we, “the great people of England,” are so apt to set up 
against anything fresh or “ newfangled,” and, still worse 
what we do not understand. There can be no mistake about 
the value of the anti-incrustator, if proved successful. Iso- 
lated cases of failure from imperfection of the instrument or 
other causes should be fairly and accurately stated, and suc- 
cesses in like manner chronicled, so that all persons, buyers 
and sellers (all of whom I take to be “ interested”), may to- 
gether produce sufficient reliable data to enable any practical 
engineer to advise his employer for or against the instrument 
on sound practical principles. As for such statements as 
have appeared in your columns, to the effect that the anti- 
incrustator is unsuited to marine boilers, unsupported by 
facts, they are worse than useless, and it is difficult to assign 
to them any position worthy of discussion in the columns of a 
scientific journal. 
I am, Sir, your obedient Servant, 
THE AGENT FoR THE AnTI-INCRUSTATOR, 
January 22, 1868. South Wales District. 





To rue Eprror oF ENGINEERING. 

Srr,—It was not my wish to have again appeared in your 
columns ; but the attempt toimpugn my veracity, comapelo me 
to take some notice of “ Fiat Justitia’s” last communication. 

I enclosed you my card with my letter, and you, Sir, can 
tell whether I then gave a correct address or not, although 
my movements and business would seem to be better known 
to your correspondent than myself. 

As for being interested in this or that patent, I take it we 
are all more or less interested, “Fiat Justitia” not excepted. At 
any rate, 4 wholly disinterested engineer is a novelty I have 
not at present come across. 

Yours truly, 
VULCAN. 





LocomorTives.—At the close of 1866, the Great Eastern 
Railway Company owned 369 locomotives ; the Great 
Northern, 437; the Great Western, 814; the Lancashire and 
Yorkshire, 437; the London and North-Western, 1347; the 
London and South-Western, 247; the London, Brighton, and 
South Coast, 236; the London, Chatham, and Dover, 111; 
the Manchester, Sheffield, and Lincolnshire, 218; the Mid- 
land, 563; the North-Eastern, 827; the South-Eastern, 241 ; 
the Caledonian, 479; the Glasgow and South-Western, 152; 
the North British, 367; the Great Southern and Western 





on the London and North-Western—a line second to none 





by a modified form of the brake used by M. Egen. In 


(Ireland), 112; and the Midland Great Western of 
66. Total for the seventeen companies, 7023. 
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Tue widening of the Metropolitan Railway between King’s- 
cross and Farringdon-street stations, with the deviations of 
the branches to the Great Northern Railway, has been 
practically completed, and on the 15th of January was 
formally inspected by Captain Tyler on behalf of the Board 
of Trade. 

A constantly increasing traffic has rendered this extension 


necessary, and the new lines are intended for the service of 
the Great Western, Great Northern, and the Midland trains 
(the former line being turned into the widening by a cross- 
over road, the points of which are at the east end of the 
King’s-cross station platform), so that the Metrgpolitan Rail- 
way proper will be relieved of the extra traffic which has 
hitherto imposed upon a limited rail accommodation. The 
widening commences in King’s-cross station, and for some 
distance it runs parallel with the old line towards Farring- 
don-street ; then dipping, it crosses beneath the Metropolitan, 
and rising on the other side, again runs parallel with it, 
the rails being laid with such a ient as to overtake 
those of the Metro litan at a point a little westward of 
the new station at Farringdon-street. Under the same con- 
tract is included the erection of the substructure, and the 
extensive system of sidings, platforms, and hoists for the new 
Smithfield Dead-meat Market. The works on the widening 
have presented unusual difficulties, in co uence of the 
necessary deviation of two existing branches, through one of 
which the traffic has been unceasingly maintained, the extent 
of driven tunnel work, and the tedious process of underpinnin 
a portion of the Metropolitan Railway retaining walls an 
the foundations of Vine-street and Ray-street bridges ; indeed, 
but for the excellent quality of the old brickwork, a different 
and more costly plan of construction, involving a stoppage in 
the traffic, welt have been necessary, especially Stee 
laces where the sides of the tunnel were cut away at the 
ll-mouthed junctions. In all these cases the new work was 








THE WIDENING OF THE METROPOLITAN 


MR. JOHN FOWLER, ENGINEER. 
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carried out in short lengths, with the greatest care, and with 
the best materials, cement-set brickwork being used through- 
out. 

The le on the next page shows the general arrange- 
ment of the new works at King’s-cross, the lines represent- 
ing the Metropolitan Railway and the Great Northern 
branches as they were originally constructed, and the centre 
lines of the deviations and new works. From A to B, a 
length of 1 furlong 6 chains, is that branch of the widening 
to the St. Pancras station of the Midland Railway; the 
length, C D, is the diversion of the Great Northern and 
Metropolitan Junction Railway (single line), known as the 
Hotel curve; from E to F is the diversion of the eastern 
curve, or up line, from the Great Northern to King’s-cross 
(also a single line). 

Fig. 1, page 90, is a sectional plan from the bell-mouth, 
formed by the junction of the former curve with the widening to 
the bell-mouthed tunnel, where the Midland branch turns to 
St. Pancras station, diverging frgm that part of the widening, 
which it is intended ultimately to extend to Paddington. Fig. 2 
is a transverse section of the Hotel curve taken on the line A B; 
and Fig. 3, a section on CD. At this place the tunnel of 
the original line of this curve intersected the side walls of 
the ee compe main line, thus making a bell-mouth, 
which has been cut away by the widening, and another has 
been formed by the junction of the diverted Hotel curve and 
the new line. The width of the Metropolitan railway arch 
has therefore been reduced to 28 ft. 6in., and the arch of 
the old bell-mouth has been cut away on one side, and is 
supported on a brick abutment, which, on section C D, is 
strengthened with cast-iron standards, shown at aa, Fig. 1, 
and in detail, Fig. 14. Figs. 5,6, 7, and 8 are different cross 
sections taken on the respective lines lettered on the plan, 
and they show the various constructions employed, as the 
new work gradually leaves the old, until at Fig. 8—a 
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section on line, N O—the bell-mouth of the widenin 
is completed; and the Metropolitan Railway arch is left 
untouched, except that one abutment is_ partially 
cut away, and the space between the two tunnels is filled 
in with concrete. This part of the work is strengthened 
by brick spandrils, which are shown in dott lines 
in plan, Fig. 1, and in Figs. 3, 6, and 7. Fig. 9 is @ 
section on the widest bell-mouth on the work, oni» 
it does, the two 25 ft. tunnels and a 4ft. 6in. interm 
pier. It is constructed with an arch of 6 rings in thickness, 
springing from abutments 4 bricks thick, strengthened with 
counterforts placed at short intervals apart, and filled with 
concrete, as shown in the plan. Fig. 13, above, isa sectional 
plan of the eastern curve. A a 

The Hotel curve, during its diversion, was ry iP and 
another line to the Great Northern, known as the iden- 
lane curve, which was constructed at the same time as the 
Metropolitan, has been closed permanently, as shown in plan, 
Fig. 1, at the point where the Hotel curve joins the widen- 
ing, as now constructed; the deviation in this case is ex- 
tended only so far as is shown, terminating at the point 
where the new walls overlap the old. The arch in this 
length was constructed over the old tunnel (Fig. 11), which 
was entirely uncovered, and employed as a centering for the 
diversion, it being pulled down afterwards, and the invert 
extended to the side walls. The arch here is consequently 
so much wider than is necessary by the thickness of the 
tunnel over which it was erected. The arch finishes out 
beyond the crossing of the Fleet sewer (drawings of w! 
are in preparation), and is exchanged for girder covered way, 
as seen in Fig. 10, which is a longitudinal section of the di- 
version, and which shows the point where the covered way 
commences. This figure also shows the junction of the 
original and the new tunnel. 

(To be continued.) 
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RUSSIAN IMPERIAL SALOON-CARRIAGE. 


We give, as a supplement to the present number, a 
chromo-lithograph of the fine imperial saloon-carriage con- 
structed by Messrs. Winans, Harrison, and Winans, at the 
Alexandroffski Works, near St. Petersburg, for the Nicolai 
Railway. Our illustration, which is printed in ten colours, 
represents the whole of the arrangements and the details of 
the decorations so fully, that but little description will be 
necessary. The total length of the carriage is about 85 ft., of 
which length 26 ft. is taken up by the main central saloon. 
The remainder of the space is taken up by the emperor's and 
empress’s cabinets, each 12 ft. 6in. in length, and by the at- 
tendants’ apartments, end galleries, &. The width of the 
carriage outside is 9 ft. 9 in., and the height of the compart- 
ments at the centre is 8ft. The carriage is carried on a pair 
of eight-wheeled"bogies, placed as shown in the longitudinal 
section. Each bogie has a wheel-base of 12 ft. As will be 
seen from our engraving—in which all the details of colour- 
ing, &e., are faithfully given—the fittings and decorations 
of the carriage are of the most sumptuous character through- 
out, and no expense has been spared to render the vehicle as 
luxurious as possible. This carriage, we should state, forms 
the principal vehicle in a train devoted to the accommodation 
of the Emperor of Russia and his suite. 
the carriage has been prepared with the greatest care from a 
most elaborately finished drawing, with which we have been 
kindly supplied by Messrs. Winans. 


_NITRO-GLYCERINE AND GREEK FIRE. 

We have received the following memorandum relative to the 
treatment of nitro-glycerine and the extinction of Greek fire. 
The memorandum has been prepared under authority, and has 
been issued by Lieutenant-Colonel C. B. Ewart, R.E., by order 
of the Secretary of State for the Home Department: 

“ Nitro-glycerine is not applied as an incendiary agent, and, 
if used as an explosive, it will not be scattered loosely about, 
but will be caphgel in cans or other closed vessels. If such 
should be discovered, they should be carefully removed, some 
heavy body should be attached to them, and they should be 
thrown into deep water, without any attempt being made to 
open them. 

“ True Greek fire is simply a solid highly combustible com- 
position, very similar to ‘Carcass Composition.’ What is now 
commonly called Greek fire consists of a solution of phos- 
phorus or of sulphur and phosphorus in a very volatile liquid, 
the bi-sulphide of carbon, to which occasionally some mineral 
oil is added with the view of increasing its incendiary powers. 
When this liquid is thrown on to any surface exposed to the air, 
the solvent evaporates, leaving a fim of the phosphorus or 
sulphide of phosphorus, which will then inflame spontaneously, 
but will not very readily set fire to wood or combustible mi- 
terials. 

“The proper mode of extinguishing the flame produced by 
such an incendiary agent is to throw upon the burning surface 
“ quantity of wet or damp sand, ashes, sawdust, lime, or any 
other — or wet sacking or carpeting, any material, in 
short, by which the flame can be stifled by exclusion of air. 
No attempt should be made to remove the covering for some 
time after the flame has been extinguished. The place should 
afterwards be thoroughly scoured by playing upon it for some 
time with a powerful jet of water. 

“Should any scattered liquid be discovered which has not 
become inflamed, it should be washed away, as above directed, 
as quickly as possible ; and if a jet of water is not,immediately 
at hand, it should in the mean time be covered in from the air 
by application of any of the materials named above.” 


Our engraving of 
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WIDENING OF THE METROPOLITAN RAILWAY. 


MR. JOHN FOWLER, ENGINEER, 
(For Description, see preceding Page.) 
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THE ALLEN ENGINE. 


Wr give, this week, two two-page engravings, showing 
fully the arrangements and details of the well-known “ Allen” 
engine, our engravings having been prepared from working 
drawings with which we have been supplied by Mr. Charles 
T. Porter. We had intended to accompany our illustrations 
with a description of the various peculiarities of the Allen en- 
gine, and of the numerous mechanical refinements which have 
been adopted in its construction in order to specially adapt it 
for working at high speeds; but we find ourselves compelled 
at the last moment to defer the publication of our account of 
the engine until next week, when we shall enter into the 
matter fully. 


“ Important, 1F Trug.”—The occurrence of sulphur and 
outers in Cleveland pig iron has hitherto prevented its 

sing used for conversion into Bessemer steel. For the latter 
purpose only the pig iron obtained from the purest spathic 
and hematite ores has been employed; and the increasing 
demand for steel has led to some apprehension lest the iron 
trade of Cleveland should eventually suffer from the eompe- 
tition of the Bessemer steel manufacturers, unless some 
practicable and economical method could be discovered 
whereby the north country pig iron could be converted into 
steel. During the past year a considerable number of ex- 
periments have been attempted to solve this important 
problem, and at length it would seem there is a fair prospect 
of success. At the last meeting of the Middlesborough iron 
trade samples of steel made from Cleveland iron were ex- 
hibited by Messrs. Fox, Head, and Co. These appeared of 
superior quality, and excited great interest, as it was stated 
that by the new process steel rails could be manufactured at 
from 9/. to 10/. per ton, or about 3/. per ton under the price 
of Bessemer steel rails. Should these anticipations be well 
founded, it is certain that a great impetus will,be given to the 
iron trade of that district. 

Tue STONEWALL Jackson.—This armour-plated ram has 
been sold by the United States government to the Tycoon of 
Japan for 450,000 dollars. The Stonewall Jackson was built 
at Bordeaux in 1864 for the Danish government, and was 
subsequently sold to the Confederate States. She carries 
300-pounder Armstrong guns, and is more than 1000 tons 
burthen. She has two screws, and steams as fast as 14 knots 
per hour. Her armour-plating, which is altogether 3 ft. 2 in. 
thick, consists of two plates with oak between. 

LivERPOOL ScavENGinG.—The scavenging of Liverpool— 
even after allowing for manure, &c., sold—cost that town, last 
year, no less than 64,271/., as compared with 40,247/. in 1866. 

the nett estimated cost for 1863 is set down at 53,0002. 

Hut. Western Docx.—Mr. Hawkshaw reports that 
since January, 1867, about 350,000 cubic yards of earthwork 
and 24,000 cubic yards of masonry and brickwork have been 
executed at this dock. He thinks, however, that a greater 
result might have been achieved with “more energy on the 
yart of the contractor.” If due diligence is shown, Mr. 

lawkshaw thinks that the dock may be completed this year. 
The lock-gates and the hydraulic machinery have been let to 
Sir W. Armstrong and Co., and ample time has been given 
to them to finish this portion of the work. The payments 
made by the Hull Dock Company to Mr. Hawkshaw in 1867 
amounted to 3350/. 

Warmine Rarmway Carriaces.—It is stated that, since 
the occurrence of the lamentable accident at Angola, plans 
for heating railway carriages without incurring the danger of 
fire, have been the general topics of discussion amongst rail- 
way men in America. The employment of the foot-warmers 
used in England has been adyocated in some quarters. 

















TESTIMONIAL TO THE INVENTOR OF THE 
REAPING-MACHINE. 

A crircuMSTANCE which has several times been alluded to 

in the columns of ENGINEERING, as prospectively to be realised, 


has at last become a veritable fact. The Reverend Patrick 
Bell, of Carmyllie, Perthshire, has been presented with a testi- 
monial of One Thousand Pounds, in token of the pre-eminent 
services which he has rendered to agriculture and necessarily 
to the human race. Who Patrick Bell is, and what he has done 
for agriculture, are subjects on which the readers of this 
journal can scarcely afford to be ignorant, and we hope that 
very few of them are in a state of ignorance regarding them. 
For such as are so it may be desirable to pen a few remarks, 
which, it is hoped, may not be uninteresting to our readers 
generally. 

Some forty years ago, last autumn, Patrick Bell, the son of 
a farmer, and then simply an alumnus of the University of St. 
Andrews, was smitten with a desire to invent some machine 
for lessening the manual labour of harvest operations, labour 
that he regarded as doubly oppressive sometimes by the heat of 
the weather, and always by the very awkward position in which 
the reapers were obliged to stoop when engaged at their work. 
It was in thejyear 1826 that he commenced his inventive efforts 
with this object in view, and after applying his mechanical 
ingenuity in a variety of ways, he had the unspeakable delight 
of seeing his invention—tbe first practical reaping-machine— 
doing good serviceable work in the harvest-field in the autumn 
of the year 1827. Notwithstanding the many patents that 
have since then been taken out for reaping-machines, both in 
this country and in America, and notwithstanding the great 
fame of the Hornsby, the Eclipse, the Buckeye, the McCormick, 
and other well-known reapers, there does not seem to have been 
any really practical improvement made upon the reaping-ma- 
chine since it leit Mr. Bell’s hands in its most finished state 
forty years ago. As in many other instances, the original 
inventor has not derived the benefit, or at least his due share of 
the benefit, accruing from theinvention. He was so poor at the 
time, that the late Lord Panmure deemed it his duty to offer 
him the amount of money requisite to secure a patent 
for his machine. This he respectfully declined, and ever since 
he has been in that humble worldly state for which country 
clergyman of the Church of Scotland are almost proverbial. 
The Americat? patentee, Mr. McCormick, has made money 
largely from his machines—as much even as 40,000/. in the 
year 1866, in America alone—and other persons whose names 
are identified with reaping-machines have also reaped some 
pecuniary benefits from the sale of the same ; but poor Mr. Bell 
has all the while been poor, and poor he seems destined to be 
for the rest of his days. ; 

As a benefactor tohis race Mr. Bell is undoubtedly entitled 
toa high rank. Entertaining this opinion, a number of his 
countrymen, landed proprietors and farmers, belonging chiefly, 
if not entirely, to the Highland and Agricultural Society of 
Scotland, resolved, now many months ago, that they would 
raise a testimonial to present to Mr. Bell as a simple acknow- 
ledgment of the incalculable benefits conferred on mankind by 
his reaping-machine. To reward him they justly deemed to be 
beyond their power: that is vey? arse 3 now by a vote from 
the national exchequer by the House of Commons. A com- 
mittee was formed, and appeals were oy bee to the agri- 
cultural interest; but, if the truth must be told, we are com- 
pelled, although with regret, to say that the agricultural in- 
terest generally turned but a deaf ear to the frequent eloquent 
appeals which were made for funds from time to time by Mr. 
Scott Skirving, the convener of the committee. What sum the 
committee aimed at securing we know not; but this we a 
that an extraordinary amount of labour, up-hill exertion, 
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appeals in season and out of season have only brought in a 
pais thousand pounds. The farmers and landowners uf Scot- 

vi bo no room to congratulate themselves upon the cha- 
racter of the testimonial which, in their name, the Marquis of 
Tweeddale presented to Mr. Bell the other day in Edinburgh. 
The largest amount subscribed by any single individual was 50/., 
and even it was not given by a person identified with, or one of, 
the “ agricultural interest.” The donor in question was a cer- 
tain James Young, a chemical manufacturer, of whom our 
readers have heard before now, a gentleman who has also made 
a name for himself as an inventor, and whose monument— 
erected by himself during his lifetime—may be seen in the 
gigantic paraffine and paraffine-oil works at Bathgate, and at 
a Taiewell, near West Calder. But, even with this handsome 
subscription from an “outsider,” the paltry thousand pounds 
was not fully subscribed till the day of the presentation. The 
sum of 30/. was still wanted to complete the 1000/2. ; and it was 
left for the noble marquis, who presided, to announce, in the 
presence and hearing of Mr. Bell, his intention to make up the 

uired amount. 

‘As one of the most thorough-going agriculturists in Scotland 
during the last forty or fifty years, the Marquis of Tweeddale— 
himself an inventor—was perhaps the fittest person in Scotland 
to preside, and he performed the duties devolving on him in an 
admirable manner. In the course of his reply, the reverend 
gentleman who was the recipient of the testimonial uttered the 
following interesting remarks: 

“« My feelings to-day are very different from what they were 
on that day forty years ago when I left my father’s house on a 
cold winter’s day—a day similar to this—and made my bow 
before the Highland Society. I came with a small wooden 
model under my arm, and as my friends had advised me to call 
upon the secretary of the society, and let him know what I was 
about, I waited on Mr. Gordon (latterly Sir Charles Gordon), 
who was secretary, with fear and trembling—with feelings very 
different from those of to-day. Sir Charles looked over the 
wooden model, and after a while he said he was‘no mechanic 
himself, and could not give an opinion on the subject ; but that 
there was a celebrated mechanic in Edinburgh, and he would be 
very glad to give me an introduction to him, if I would take it. 
That was Sir John Graham Daiziell. I went to Sir Jobn with 
my wooden model—it was more like a piece of a rotten tram 
than anything else. Having examined it, he said it was a very. 
difficult thing to say what would be necessary to. put it in.proper 
form ; but, so far as he was able to judge, it was very like the 
thing. He recommended me to get one constructed on a large 
scale, which I did next year, and it was then tried among corn, 
and succeeded very well. I need not say anything further to 

ou about the history of the reaping-machine, as it is as well 
oe to yourselves as tome. I can only assure you that this 
will be a high day with me during my lifetime, and with those 
with whom I am connected.” 

Will no member of Parliament, from his place in the House of 
Commons, do as was done in the case of Arkwright—move that 
a national testimonial from the funds of the state be presented 
to the inventor of the reaping-machine, the Reverend Patrick 
Bell? Failing that, will no Scotch nobleman or commoner who 
has the ear of the present prime minister, himself also a great 
agriculturist, see that Mr. Bell is placed on the Literary Pension 
List? We shall not rest satisfied until something is done upon 
which we can more heartily congratulate both Mr. Bell and our- 
selves as a nation, than we feel it desirable to do with reference 
to the testimonial just presented to him. We bestow peerages 
and great wealth on such of our soldiers as successfully command 
our armies in foreign wars. But ‘‘ peace bath her victories as 
well as war.” Patrick Bell long ago acquitted himself well as 
one of the victors; let us make sure that he reaps some reward 
ere it be too late, as in the case of poor Henry Cort. As his 
invention was a practical one forty years ago, he cannot now be 
regarded as young or even in his prime. 








THE SEACOMBE AND EGREMONT FERRIES. 


On the 9th of January, at an adjourned general meeting 
of the Wallasey Local Board, held at the public offices, 
Egremont, the premiums were awarded for the best schemes 
for the improvement of the above ferries. J.C. Boyd, Bsq., 
occupied the chair, and the other members present were 
Messrs. Pooley, Percival, Dixon, M‘Innes, and Chadburn, 
and Captains Williams and Smith. 

Two prizes of 1001. each were offered for the best plans for 
improving Seacombe and Egremont ferries, and two prizes 
of 501. each for the second best plans; in response to which 
there were twenty-six competitors, who submitted about 
forty sets of plans. The plans were publicly exhibited for 
some weeks :in the Water Tower, at Liscard; and a sub- 
committee of the Local Board, together with Mr. Carson, the 
ferry manager, was appointed to select two plans such as 
were considered worthy of the premiums which had been 
offered for the best schemes for improving Seacotnbe, arid the 
same for Egremont. They, however, selected seven designs 
which were considered the most suitable, all displaying great 
ingenuity, which were marked as follows: 

For Seacombe :—“ Justitia ” 1 and 2, “ Red Wafer,” 
- “ Archimedes,” and “ Crux.” 
or Egremont :—“ Crux ” and “Old Stager.” 

These designs were submitted at the meeting of the Board 
on the 9th inst, and, after some discussion, the prizes were 
unanimously awarded as follows, viz. : 

For Seacombe:— First prize, “‘ Archimedes.” 
Second ditto, “ Crux.” 

For Egremont :— First ditto, “Old Stager.” 
Second ditto, “ Crux.” 


The letters of the successful competitors were then opened 
by Mr. Ewer, the law clerk, when it was found that the 

ans marked “Archimedes” were those of Mr. Benjamin 

aughton, C.E., and Mr. G. J. Crosbie Dawson, 
Inst. C.E., Engmeers’ Office, London and North-Western 
Railway, Euston Station; those plans marked “ Old Stager ” 
were by Mr. Oharles Cubitt, Assoc. Inst. C.E., of 3, Great 
George-street, Westminster (nephew of the late Sir William 
Cubitt) ; those plans marked “ Crux” were by Messrs. A. C. 








Andros, M. Inst. C.E., and James Young, Assoc. Inst. C.E., 
of 140, Culford-road, De Beauvoir Town, London. 

The cost of the improvement, as estimated by the several 
plans sent to the Board, varied, for Seacombe ferry, from 
61,0007. to 7000/., and for Egremont from 36,0001. to 40487. 

The average of all the estimates were, for Seacombe, 
36,000/., and for Egremont, 16,800/. Messrs. Benjamin 
Haughton and G. J. Crosbie Dawson sent in two designs for 
Seacombe ; the estimate of the one adopted was 45,418/., and 
of the alternative design 54,7367. Messrs. A. C. Andros and 
James Young’s estimate for Seacombe was 34,040/.; Mr. 
Charles Cubitt’s estimate for Egremont was 16,186/.; and 
Messrs. Andros and Young’s estimate for Egremont was 
8625/. 

Of course the proposed improvements cannot be carried 
out until the Board have obtained an Act of Parliament to 
enable them to raise the necessary funds, and have power to 
complete the works. 








NOTES FROM THE NORTH. 


GLascow, Wednesday. 
State of the Pig-Iron Market.—A week ago the price of pig iron 
in the Glasgow market was bidding fair to come down to the 
lowest ebb reached during the whole of last year. Since then, 
however, there has been a very decided manifestation of an 
upward tendency. On Wednesd»y last 51s. 9d. cash was ac- 
cepted; but almost every day since the market has become 
firmer, prices mounting upwards, until now they have risen to 
52s. 74d. one month and 52s. 6d.cash. These prices prevailed 
esterday, when a large cash business was done in warrants. 
No. 1 Gartsherrie and No. 1 Coltness have both improved 1s. 
per,ton ; yesterday they were quoted at 58s. The following are 
the pig iron shipments from all Scotch ports for the week end- 
ing January 25, 1868: 

tons. 

This year ae pan ese on 5,733 

Last year eve eee ove eve 6,039 





Decrease... ove one ese 301 
Total since December 25, 1867 ee 82,226 
For corresponding period in 1866-67... 33,870 





Decrease... ove ove ove 1,644 


The Caledonian Railway,—This seems almost destined for 
some time yet to come to be a standing title for one of my 
“ Notes.” The proposal to effect a joint-purse arrangement 
with the North British Railway Company has been published in 
full detail, and has restored confidence considerably in the 
minds of the shareholders, evidence of which seems to show 
itself in the improvement in the price of the shares. Other 
official documents have also appeared in the newspaper during 
the last few days, and to-day there has been held a large meet- 
ing of the shareholders, in the City Hall, for the consideration 
of them. No ulterior measures were resolved upon ; but a large 
committee was appointed to confer with the directors, and to 
report to a special meeting. A strong desire is expressed that 
there should be a change in the personnel of the board of direc- 
tors; in the mean time, however, it is'deemed imprudent to in- 
sist on it until the arrangement with the North British Com- 
pany is finally brought into operation. Edinburgh insists that 
ultimately there must be a reconstructed board, in which that 
city shall at least have three representatives, Glasgow having 
five, Dundee, Aberdeen, and Carlisle having one each, and the 
other four places in the board being filled by representatives 
from other districts, 

Royal Scottish Society of Arts.—On Monday night the usual 
meeting of this;society was heldjin Edinburgh, when Mr. Thomas 
Stevenson, of the celebrated firm of lighthouse engineers, gave a 
description of ‘‘ Some Arrangements for Lighthouse Illumina- 
tion.”” He specially described the apparatus recent)y erected 
at Buddonness lighthouse, at the mouth of the Firth of Tay. 
This apparatus is remarkable from its employing in one-instru- 
ment every kind of dioptric apparatus now in use. Mr. Steven- 
son stated that a reproduction of the Tay light would shortly 
be seen in the Industrial Museum. Professor Swan, St. 
Andrews, read part second of a paper on “ New Forms of Light- 
house Apparatus,” describing an apparatus for utilising all the 
rays of light from a flame for lighthouse illumination, and 
stating that the problem of transmitting any ray in any direc- 
tion whatever, by means of a single dioptric agent, had now 
been solved for the first time. Mr. Stevenson’s and Professor 
Swan’s papers were remitted to a committee, consisting of 
Professor Piazzi Smyth, Mr. Sang, and Dr. Ferguson. Dis- 
cussion on a paper on trades’ societies, strikes, and lock-outs, by 
Mr. David Smith, Belfast, was deferred till the next meeting 
of the society. 

Chair of Engineering in Edinburgh University.—Some time 
ago I mentioned that Sir Dayid Baxter, of Dundee, had offered 
to endow a chair of Engineering in the Universijy of Edinburgh, 

roviding the Government would supplement his endowment. A 
etter from the Treasury has been received by one of the deputa- 
tion whom the eenators appointed to urge the claim on the 
Government, and from it we are informed that the sum of 2000. 
annually will be asked from'Parliament to supplement the 200/. 
resulting from the interest of Sir David Baxter’s benefaction of 
5000/7. Dr. Lyon Playfair made some mention of this matter 
last week at the Society of Arts conference on technical edu- 
cation, but it is also proper that I should take some notice of it 
in these “‘ Notes” for the benefit of such of your readers as have 
not seen the full report of the proceedings of that conference. 

State of Trade in the Coatbridge District.—The various 
malleable iron works in the district are fully employed—some 
of them being exceedingly busy. In the tube works and 
foundries full time is given. In the tinplate works there are 
plenty of orders. ‘The machinery and entire plant of the Dun- 
dyvan Malleable Works have been disposed of, and are to be 
removed at once; so that the hopes indulged in as to opera- 
tions being resumed there are entirely cast down in the mean 
time, and the stoppage of the work will be a loss to the town. 
They have been sold privately to Messrs. Martion and Sons, 
ironmasters, Marryton, Coatbridge. As an offset to this, how- 
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ever, the steel works of the Messrs. Smith, at Gartcosh, which 
have been idle for some months, are expected to be in full opera- 
tion in a day or two. At Gartsherrie and the other ironworks 
activity prevails, and the men are working peaceably at the 
reduced wages. Amongst the colliers and miners some dis- 
satisfaction prevails as to wages; but the high price of provi- 
sions, &c., deters them from striking. During the early part of 
last week a large number of the blast-furnace men employed at 
Calderbank by the Monkland Iron and Steel Company were out 
on strike rather than accept a reduction on their wages to the 
amount of 10 per cent. In consequence of the * turn out,” all 
the furnaces but one were put out, and the village at night pre- 
sented a cheerless picture. The strike extended over a week or 
so, but it has now been brought to a termination by the men 
accepting the terms offered by the managers when the strike 
commenced. The “damped” furnaces have again been put in 
blast, and nearly all the old hands have resumed work at the 
reduced wages. The miners attached to the Calderbank Works 
have had their wages reduced as much as 6d. and 74d. per day. 

sion of Trade at Bathgate Paraffine Works.—For 
some time past trade in general in Bathgate and_ neighbourhood 
has been in a somewhat depressed condition. Lately between 
thirty and forty hands have been discharged from the works of 
Young’s Paraftine Light and Mineral Oil*‘Company. Amongst. 
them there were retort-men labourers, masons, and coopers. 
The retort-men still employed, as well as the engineers and 
fitters, have had their wages reduced one shilling per week. It 
is said that this reduction will become general throughout the 
works. 

The Iron Trade at Motherwell.—This branch of industry 
— to be improving at the Malleable Ironworks at Mother- 
well, and although orders are said to be not very abundant, in- 
dications are better. The prospects of a good spring trade on 
the Clyde are hopeful, and it is everywhere considered that the 
worst times have been seen in the Scotch iron trade, and that 
next month will witness a great revival of commercial prosperity. 
At Calder an additional blast-furnace has just been ‘fired up.” 
This last-mentioned act is a consequence of the total “ blowing 
out ” at the Govan Ironworks, the property of the same owner, 
Mr. W. S. Dixon, and. to which reference was made last: week. 

Miners’ Affairs.—In the Kilmarnock district, the reduction 
in the miners’ wages from 4s. to 3s. 6d. per day has taken 
effect after a short attempt at a strike in the case of one of the 
largest collieries, that of Woodhill, in which there are about 
300 miners employed. These men have returned to work on 
the employer’s terms, after having worked out their fourteen 
days’ warning, and withdrawn their tools from the pit.. In 
other collieries in the same district the workmen are going on 
at the reduced rate, In the Wishaw district a number of 
collieries have commenced on the short “ darg ;” a large number 
of the men have resolved to restrict their labour to eight hours 
per day, so as to keep the stock of coal down. 

Fron-moulders’ Affairs—The unfortunate strike and lock-out 
of the moulders at Aberdeen is now atan end. After a good deal of 
discussion between the workmen and their employers, the follow- 
ing decision was come to by the latter: ‘ The terms on which we 
will receive back the men—as many of them as we require—into 
our shops are just that the notice printed and exhibited on the shop 
doors is a distinct statement of a principle which shall guide us 
in the management of our shops. All the shops in town must 
be opened at the same time; and all the men now employed in 
the shops are to remain and work at such work as the employers 
think proper. Other shops in the south or elsewhere, where 
union men have refused to work, must be opened; otherwise, 
should the employers associated for mutual protection find it 
necessary to order a lock-out until these shops are opened, the 
ironfounders in Aberdeen will agree with their brethren to do the 
same.” The return of the moulders to work has consequently 
been sanctioned, and the condition referred to is that the masters 
shall be judges of all kinds of hands, the number and age of 
apprentices, and of all kinds of work at which labourers or other 
hands shall be employed. 

In Glasgow things are in a very unsatisfactory state in the 
moulding trade. A general meeting of the members of the 
Scottish Ironfounders’ Association was held a few days ago, 
when it was intimated that the lock-out and strike at Aberdeen 
had come to an end; butas the Moulders’ Union had still shut 
a number of shops, both in Glasgow and elsewhere, the, ditt. 
culty was not overcome. The meeting, therefore, adopted the fol- 
low resolution: ‘‘ That notice be given to the union moulders 
that on and after the lst February next their services will be 
dispensed with uutil the directors of this association can inti- 
mate to the trade that all the vomeyix in the trade that are 
still struck or shut by the Moulders’ Union have been opened 
free of all restrictions.” ‘This decision is expected to cause a 
general cessation of work in the trade throughout the whole of 
Scotland at the end of the present week. 

Shipbuilding and Shipping Items.—Messrs. Scott and Com- 
pany, shipbuilders, Greenock, are recommencing work this 
week, and besides the extensive repair on those vessels lately 
mentioned, they have contracted to build a screw steamer of 
560 tons, the keel of which will be laid immediately. Two other 
keels are expected to be laid shortly. This will bea relief toa 
number of men who have been hanging on for some time ex- 
pecting a commencement. On Monday it is said that not a 
single ship-carpenter was idle in Greenock. This is surely a 
great contrast to the state of affairs prevailing in the east end 
of London. 

I have learned this afternoon that Messrs. Randolph, Elder 
and Co. concluded a contract at Liverpool yesterday to build 
two screw steamers, each of 2500 tons and 500 horse power, 
for the direct Pacific trade from Liverpool to Valparaiso. It is 
satisfactory to know that Messrs. Randolph, Elder and Co. are 
almost as busy as they could possibly be. 

There was launched, on Saturday afternoon, from the West 
Shipbuilding Yard of Messrs. Charles Connell and Co., a finely 
modelled composite sailing ship, named the County of Stirling, 
of 1174 tons, to class fourteen years A 1 at Lloyd’s. She is 
owned by Messrs. R. and J. Craig, Glasgow, and is intended for 
their Java line of packets. ¥ 

The City of ee a beautiful iron sailing ship of 1200 
tons register, was launched last week by Messrs. Barclay, Curle 
and Co., from their Stobeross building-yard. 
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METHOD FOR THE DETERMINATION 
OF SILICON IN IRON AND STEEL. 


By V. Eccertz, Proressor at THE SCHOOL OF 
Minzs, Fauter, SWEDEN. 
(Concluded from page 71.) 

Tue oxide of iron is easily dissolved in the heat 
of a water bath. The silica is again thrown on 
a filter, washed, dried, ignited, and weighed. 0.016 
gramme of silica answers to each 0.001 gramme 
of silica when 3 grammes of iron have been used 
in the analysis. ‘To ensure the purity of the silica, 
it may be mixed in a — erucible with ten 
times its weight of pure fluoride of ammonium, diluted 
with water to the thickness of syrup. The water must be 
evaporated on a water bath, and the crucible heated, 
with a cover on it, by a gradually increasing heat 
over a spirit-lamp to a full red. If nothing is: left in 
the crucible, the silica was pure, and has passed off 
as silicon fluoride; but, if anything remains, the 
operation with fluoride of ammonium must be repeated 
until a constant weight is obtained. When iron con- 
tains tungsten, for instance, some tungstic acid is 
formed, and this accompanies the silica for the most 
part, being dissolved by the soda solution, but not 
volatilised by the use of fluoride of ammonium. 
Vanadic acid also accompanies the silica, behaving as 
tungstic acid. Instead of using fluoride of ammonium, 
it is preferable to use hydrofluoric acid, with which 
the silicaismoistened, and the evaporation is conducted 
on a water bath. 0.1 gramme of pure silica obtained 
from analysis is easily dissolved by 2c.c. of hydro- 
fluoric acid (of the strength that 2c.c. of it are 
neutralised by 1.5 c.c. of a saturated solution of am- 
monia 0.95 sp. gr.). When using hydrofluoric acid, 
getting it on the hands or exposure to the evaporating 
gas must be carefully avoided. The mass left on the 
filter from the soda solution may be composed of— 
besides graphite—slag, oxide of iron, oxide of titanium, 
&c. (but not copper, at least, when the iron does not 
contain more than 1 per cent.) ; this is dried, ignited, 
and weighed. The method of separating oxide of iron 
and slag, when the iron or steel contains both these, 
is not yet known. If the composition of slag were 
always alike (which it is not), it would be easy to calcu- 
late its amount from either the silica or oxide of iron 
obtained in the analysis. In apiece of Bessemer iron 
very red short (that is, it could not be bent at a white 
or yellow heat without being broken), which contained 
no sulphur, by several experiments 0.3 per cent. of 
oxide of iron has been obtained, and oly traces of 
silicon. After ignition, the oxide of iron may possibly be 
found as sesquioxide. ‘The amount of oxygen, in case 
that the red shortness is due to this, as it probably is, 
amounts to less than 0.1 per cent. 

When the iron or steel for analysis contains titanium, 
a part of this substance follows the slag in the form 
of titanic acid. Ifsuch is the case, this must be melted 
with ten times its weight of acid sulphate of potash, 
by which it is dissoived ; the mass is dissolved in cold 
water, and the solution precipitated by boiling; the 
weight is determined, and subtracted from that; of. the 
slag. This ingredient has not, however, been found 
in bar iron or steel in such a quantity as to merit 
special attention. 

Regarding the determination of silicon in cast steel 
where only a trace of slag is found, the method given 
below for cast iron may be employed; but 3 grammes 
at least ought to be taken for each experiment, and 
the acids for solution in proportion. 

In experiments conducted at the Mining Institution 
for the determination of silicon and slag in bar iron 
and steel, the amount of silicon has generally varied 
between 0.01 per cent. and 0.1 per cent.; but in two 
sorts of good cast steel from Krupp’s it has amounted 
to about 0.3 per cent. Slag in cast steel has been 
found only in traces, but in another case it amounted 
to 0.2 per cent.; in good iron wire, prepared from 
bar iron, converted in a refinery hearth from charcoal 
pig iron, 0.33 per cent.; in puddled iron (armour 
plate), from 0.75 to 3 per cent.; and in an* English 
iron rail, to 4 or 5 per cent. 

For the determination of silicon in cast iron, in 
which no finery slag is found, and only exceptionally 
blast-furnace slag, the following method has proved 
suitable: 2 grammes of iron, which has passed a sieve 
with holes of a diameter of ,; in. at the most, is put 
into a beaker of 100 c.c.. capacity, containing 30 ¢.c. 
of hydro-chloric acid, sp. gr. 1.12. The beaker is 
covered with a close-fitting watch-glass, heated without 
delay, and the liquid kept at a gentle boiling for half 
an hour. 

All the carbon chemically combined with the'iron is 
separated from the liquid in the form of an ill-smelling 
hydrocarbon gas, by which operation a disadvantageous 


formation of humus and oxide of iron is prevented (in 
case that the solution should be required for further 
researches). 

If the carbon formed in the solution is left in con- 
tact with the air some minutes before the boiling is 
begun, it undergoes such a change that it cannot after- 
wards be decomposed into gas and evaporated; if 
necessary, some hydrochloric acid is added, and the 
solution evaporated on a water bath, until the smell 
from hydrocarbon gas has ceased. If the graphite in 
the iron is to be determined at the same time, it is 
placed, as well as the silica, on a filter previously dried 
at 95° or 100°, and weighed; well washed with hot 
water containing 5 per cent. nitric acid, again dried, 
weighed, and iguited in a porcelain crucible. By de- 
duction of the weight of silica and of the filter ash, 
the amount of graphite is determined. (It must be 
observed that the silica dried on a filter contains 6 
per cent. water, or only 94 per cent. silica.) If, for 
instance, the filter weighs 0.125 gramme, and its ash 
0.001 (the combustible substance being 0.124 gramme) 
and the filter+graphite+silica 0.182 gramme, and 
the residue after ignition 0.025 gramme (0.001 
gramme of this is filter ash), the weight of the silica 
(0,024 gramme) is, after the drying, 0.0255 gramme, 
and thus the weight of the graphite becomes 0.182 
—(0.124-++-0.001+ 0.0255) =0.0315 gramme. To the 
solution, after the separation of graphite and insoluble 
silica, is added 4 c.c. nitric acid, 1.2 sp. gr., and 
evaporated to dryness, The further proceedings are the 
same as previously described for the determination of 
silicon. If it is intended to determine only the silica, 
the whole solution is evaporated to dryness immedi- 
ately after boiling. When the silica is red, strong 
hydrochloric acid is added, as previously described. If 
the silica is contaminated with titanic acid, vanadic 
acid, or tungstic acid, it is operated upon with fluoride 
of ammonium or hydrofluoric acid, as previously men- 
tioned, whereby the silica is onmeniel: and calculated 
by loss. By the above method of dissolving iron in 
hydrochloric acid, the silicon changes, without evapo- 
ration, for the most part, to insoluble silica, which may 
be filtered and determined. Sometimes a very unim- 
portant part is dissolved, especially if the boiling has 
been short. 

When iron is dissolved in hydrochloric acid without 
heating (white cast iron is very difficult to dissolve in 
this way), a still less portion is dissolved, and generally 
so little that it may be neglected for practical pur- 
poses. The washing is performed with hot water 
containing nitric acid, as previously described. 

When the iron is dissolved in nitrie acid, a great 
deal of silica enters into solution. 

The different sorts of cast iron appear io be slightly 
different in this respect. In dissolving cast iron with 
heat, in very diluted sulphuric acid, a great deal of 
silica is dissolved, but very little when the water is the 
least possible; as the water evaporates, the silica 
settles and becomes insoluble. The method given 
below rests upon these circumstances, and has proved 
very satisfactory, and by this the taking away of the 
acid is avoided, which is both necessary and trouble- 
some when using hydrochloric acid with heat. The 
amount of silicon has, according to both methods, 
turned out alike. ‘Traces of silica are always. found 
left in the solution and wash-water. Regarding the 
determination of silicon in iron, it should be observed 
that only such vessels may be employed as are unacted 
upon by the reagents used in the analysis, as other- 
wise an undue proportion of silicon may be obtained. 

Two grammes of cast iron which have passed a sieve 
of 0.2 of a line, are shaken by small portions at a time 
into a beaker of 100 c.c. capacity. * 5 this beaker has 
been previously put 18 ¢.c. of water with 3 ¢.c. pure 
sulphuric acid of 1.83, or 15 ¢.c. sulphuric acid of 
1.28 sp. gr. with 6 c.c. of water. 

The beaker is covered with a watch-glass, and placed 
on a water bath; if the graphite rises on the siden of 
the beaker, it is pushed down into the liquid by a 
glass rod. When the iron is dissolved, the watch- 
glass is changed, after being washed, for a paper cover, 
and the solution evaporated on a water-bath until no 
condensation occurs on a watch-glass held over the 
beaker ; 30 c.c. of water are then added, and it is 
frequently stirred with a glass rod, whilst on the water 
bath, until the white iron salt has completely dissolved. 
The insoluble mass is thrown on a filter, washed with 
hot water containing 5 per cent. nitric acid, 1.2 sp. 
gr. (in order to dissolve all compounds of iron) 
as long as an iron reaction is given with ferro- 
cyanide of potassium. The filter, with its contents, 
is placed in a carefully tarred porcelain crucible ; it 
is then cautiously dried, ignited, and weighed. The 
silica contains 48 per cent. of silicon, and its purity 


such is considered necessary. If the cast iron con- 
tains vanadium. this is obtained for the most part as 
a yellow-brown vanadic acid with the silica, from 
which it may be extracted by warm hydrocoloric acid 
or ammonia. 

When intending to determine at the same time 
the amount of graphite in the cast iron, the solution 
is treated, after the separation of the chemically com- 
bined carbon, by boiling, as is previously described 
when dissolving the iron in hydrychloric acid. In 
determination of graphite the use of hydrochloric acid 
is preferable. 

‘he greatest amount of silicon which has been 
found here in grey charcoal pig iron was 2.7 per cent., 
and in white (spiegeleisen) 0.8 per cent. The amount 
of silicon in pig from coke blast-furnaces is rarely 
more than 4 per cent. The least quantity of silicon 
in grey cast iron has been 0.2 per cent., and in white 
(spiegeleisen) it has not been less than 0.01 per cent. 
The amount, has usually been from 1 to 2 per cent. in 
cast iron suitable for the Bessemer process, about 
1 per cent. in good Franche Comté, and in pig iron 
for puddling about 0.5 per cent. 

From many ironworks have been obtained pig iron 
suitable for refining on the charcoal hearth, which 
contained about 0.2 per cent. silicon; but from others 
a greater amount of silicon has been found in the 
same sort of pig iron, and it is generally presumed 
that different quantities of silicon require a different 
construction of the furnace, and a different method of 
working the refinery. It has been clearly proved by 
numerous experiments what a great influence the 
amount of silicon has upon the nature of cast iron, in 
being more or less easily refined, &c., and at the 
same time the great importance of paying more atten- 
tion to its manufacture than has hitherto been done, 
in order to obtain cast iron, which, with regard to its 
silicon, may be suitable to the purposes for which it is 
to be employed. 

The amount of silicon in iron of different degrees 
of hardness from the same charge of the blast fur- 
nace ought to be pretty well valued by the fracture, 
after some determinations have been made by analysis. 
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CANADIAN ENGINEERING. 

To tue Eprror or ENGINEERING. 
Sir,—There is a description of work, called crib- 
work, extensively used in the United States and Canada 
which is little known in this country. It is used 
chiefly in piers, wharves, docks, abutments of bridges, 
weirs, mill-dams, &c. It is composed of timber 
framing, with dovetailed angle-joints, with diagonal 
and cross bracing well tenoned or dovetailed into the 
front, back, and end ‘timbers, built layer upon layer 
horizontally, the courses, angles, and bracing being all 
secured by good sound oak trenails, and it is formed 
with a floor of rough timber at or near the lowest 
course. 

In lake or river works the ground or bed is usually 
prepared by dredging; the timbers are prepared on 
shore, floated to the intended site, and put together 
and secured while afloat, rough stones being continu- 
ally laid upon the floor above alluded to, and added so 
as to keep the framingat, or a very little above, the water 
surface, the work being so continued until the bottom 
of the crib is fairly grounded, when the frame is 
carried to its full intended height, and the interior 
completely filled up with rough stone to give weight 
and solidity to the structure; the surface is then 
finished in accordance with its peculiar requirements, 
sometimes being covered with timber bearers and 
planking, and sometimes with gravel or macadamised 
metalling. 

In wharves, &c., these cribs are usually made of a 
somewhat greater width than they are high, and they 
are constructed in lengths of 25 ft. or 30 ft., according 
to the facility of procuring the necessary timbers. In 
bridges piers or abutments they are at once con- 
structed of the size required. 

In making weirs or dams across running streams, 
a much greater proportion of width is adopted at the 
bottom; but’ scarcements are made as the work in- 
creases in height, so as to leave the work immediately 
below the erest of the weir equal in width to about 
half or three-quarters of the depth. The framing is 
thoroughly filled with rough stone, and a few feet of 
each side of the apex is carefully ages and well 
spiked down. The up-stream side has then a large 
mass of earth, clay, and gravel applied as puddle 
behind it, which is again secured by a further portion 
of rough stone or boulders, running owt the slope to 
about 24 or 3 to 1. 

One of the best examples of these weirs is that 











is examined by the method previously mentioned, when 
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works, which weir is about half a mile in length, and a 
great portion of it in 24 ft. of water, built in or about 
the year 1826, and has often withstood floods pouring 
over it the full width of the river, with a height of 
fully 8 ft. over the crest of the weir. 

The examination of such works as these often sur- 
prises English engineers, who are apt in the first in- 
stance to think that there is a great waste and ex- 
travagance in such a liberal use of timber ; but, upon 
a closer examination of the prices of the material and 
labour available in the country, they find that these 
works are both cheap and efficient. Experience has 
shown that, in all the region of the great lakes and 
other timbered districts, this description of works can 
be executed at from two and a half dollars to three 
dollars per cubic yard equal to, say, from 10s. 6d. to 13s. 
sterling—a rate that would in many cases be insufli- 
cient to provide coffer-dams and pumping, if the system 
in use in this country were adopted. 

Here, then, we see an adaptation of the materials 
with which the country abounds to a very useful class 
of works, which, although they may be deemed to 
some extent of a temporary character, are ex- 
ceedingly efficient ;] and the cheap rate at which they 
can be executed not only warrants their use, but the 
dearness of money very generally compe/s their adop- 
tion, the choice being only between this class of work 
or no provision at all for the emergency. 

On this subject, also, it appears to me that American 
engineers might, with benefit, adopt some of the 
English practices. In particular, it may be suggested 
that much greater care should be given to the perfect 
seasoning of the timber, and also to the subjecting it 
to some chemical action which would materially ex- 
tend the period of its duration. Perhaps you, Sir, or 
some of your numerous correspondents may be able 
to give some information which could be made avail- 
able for this purpose at a cheap rate. If such a re- 
sult should follow these brief notes, it would greatly 
sratify the writer, and be productive of much benefit 
in the United States and Canada. More especially 
would it be beneficial if such chemical action had the 
effect of rendering the timber uninflammable, as well 
as of increasing its durability. 

I have an impression (although I am writing from 
memory only) that about eighteen or twenty years 
ago a Mr. Payne took out a patent for a system of 
preserving timber, which he called “ Payneising,” and 
which, I believe, consisted in injecting into the timber 
first a solution of diluted sulphuric acid, and after- 
wards a solution of chloride of calcium, by which 
means the whole of the capillary cells of the timber 
were filled with sulphate of lime or gypsum, the 
timber, if I recollect aright, being placed in iron tanks 
and the air exhausted therefrom before the solutions 
were applied. Can you, Sir, give any information on 
this matter ?—if the patent is in existence still ; if it 
has been to any extent a success, and if the timber 
would still retain its floatage power, or whether the 
application would render it of a greater specific gravity 
than water? I think there can be no doubt of its 
rendering timber unimflammable, and, unless it should 
injure it in its tensile power, or decrease its resistance 
to compression, although it might to some extent 
diminish its elasticity, it appears to me that some such 
application would materially tend to remove the very 
serious objections now entertained to timber bridges 
for railway purposes. 

I purpose making some remarks on the timber 
bridges of America, with your permission, at a future 
time, but think the subject too important to come in 
at the end of the present already too lengthy com- 
munication. 

I am, Sir, 


yours obediently, 
London, January 28, 1868. gee 


** 


Tae Rewarps or Screncs.—We are a practical people, 
we English, enthusiastic for physical science, eager for wealth, 
desirous, above all things, of increasing the dominion of man 
over nature and her forces. In this generation our two 
representative men in that work have been Professor Wheat- 
stone and the late Mr. Faraday. Consequently, it is stated, 
that the Government intend to grant Mr. Wheatstone a 
knighthood—to elevate him to the position of a mayor who 
has entertained a prince—and it is certain that it will require 
pressure to get Faraday’s pension continued to his wife, who 
1s in need of it. It is all their own fault, of course. Fara- 
day ought to have wasted his life in a futile endeavour to 
protect patents, as poor Henry Cort did, and then his heirs 
would have been ste and Mr. Wheatstone ought to have 
devoted his genius for subtle observation to electioneering, 
and then he would have been made a baronet or a peer; but 
still the country does not seem quite content with the perfec- 
tion of its arrangements. Suppose Mr. Disraeli, who is sus- 
pected of a suspicion that brain-work is useful, improves 
them just a little—say, by establishing a Knight Companion- 
ship of the Brain, with a pension attached to the decoration ? 
—Spectator. 


TEMPORARY APPOINTMENTS IN IN- 
DIAN PUBLIC WORKS DEPARTMENT. 

Great interest has recently been felt throughout 
the profession, regarding the selection of men to fill 
the thirty temporary appointments in the Indian 
Public Works Department, for which candidates were 
invited by an advertisement from the India Office, 
dated 30th November last. It will not surprise any 
of our readers to learn that no less than 360 persons 
sent in applications for those appointments. Of these 
a considerable number applied too late, and were not 
therefore admitted ; but 324 names were actually regis- 
tered as qualified applicants. 

Two engineers were appointed to conduct the ex- 
amination, and to recommend thirty names for appoint- 
ment; these were Major G. Chesney, R.E., and Mr. 
George Preston White, C.E. It must have been a 
work of no small amount of delicacy, and requiring 
great perception and discrimination, to decide upon 
the relative merits of so many candidates; but the 
plan adopted by the examiners has, we believe, met 
with the general approval and commendation of all 
disinterested persons ; and we have no doubt that the 
selections made by the examiners will in every case 
justify the correctness of their judgment. With en- 
gineers required to fill some fof the higher grades in 
the department, a competitive examination of an 
elementary character, such as candidates for the junior 
grades are subjected to, would obviously have been 
impracticable and unsuited for the occasion; and a 
vivd voce examination of a very different character 
was therefore very wisely determined on by the ex- 
aminers. As each cuudilahe was received separately, 
it would obviously have occupied some weeks had all 
the applicants been asked to appear in person ; and, 
upon this ground, a selection was first made from the 
testimonials sent in by each applicant. Those who 
had evidently had insufficient experience in the pro- 
fession to fit them for the appointments, and those 
who, from their age, it was considered would be 
placed in a somewhat false position, by being placed 
under men considerably their juniors in age and 
experience, were in the first place eliminated from the 
list of candidates, and were not requested to appear 
before the examiners. This was a very proper pre- 
liminary measure, and saved many from the expense 
and inconvenience of a journey to London, from which 
they would doubtless have derived no benefit. The 
number of candidates was thus reduced to 139. To 
each of these a printed form was sent, which they were 
required to fill up, showing their age, the engineers to 
whom they had been articled, and detailing the several 
works on which they had been employed, the period 
of their employment on each work, and the total length 
of their experience in the profession. They were also 
required to give the names of engineers in London and 
elsewhere to whom they could give references. They 
were then required to appear personally before the 
examiners, with specimens of their drawings, &c. 
With great consideration and forethought, the candi- 
dates, being assembled in a waiting-room, were received 
one at a time by the examiners, and the examination 
of each occupied from a quarter to half an hour; and, 
subsequently, confidential communications were ad- 
dressed to the engineers in London to whom each 
likely candidate had referred in his printed form. All 
this naturally occupied the examiners for many days ; 
but, we think, no one can conscientiously complain of 
the delay necessary to the completion of such inves- 
tigations, when it is considered that these selections 
had to be made for the public service of India—a 
country in which every engineer should be capable of 
turning his attention to any branch of his profession, 
where gentlemanly bearing is of no small importance, 
a knowledge of the language of the country is desirous, 
and experience in the management of workmen is of 
the highest consideration. 

The present stagnation in works at home rendered 
this a most favourable opportunity for obtaining the 
services of first-class men; and if many of superior 
attainments have been passed over, it must not be con- 
sidered that they were not thought qualified for the 
appointments, but that others of still greater experience 
have been selected, and we fully believe that the recom- 
mendations of the examiners will prove the soundness 
of the principles by which they have been actuated. 
Out of so large a number of applicants, of course many 
will have been disappointed; but we hope that this 
will not be the last occasion on which such appoint- 
ments will be thrown open to the profession. The 
selected candidates have yet to pass the Indian Medical 
Board before receiving their appointments, and, after 
these have finally been confirmed, we hope to be in a 
position to publish the names of those ms may finally 





prove successful. 





RECENT PATENTS. 


Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery. 
ane. 

(No. 936, 8d.) Edwin William Ball, of Birmingham 
patents arrangements of gas-stoves, in which a series 
of Bunsen’s or other burners, consuming a mixture of 
gas and common air, are employed for the purpose of 
eating to bright redness layers of broken pumice- 
stone, asbestos, fireclay, plumbago, or other substances 
not injuriously affected by heat. 

No. 950, 8d.) Simeon Lilley, of Birmingham, 
patents a method of making: railway fog-signals, and 
also an apparatus for depositing them on the rails, 
The object of this latter contrivance is stated to be to 
enable the signals to be laid down from the interior of 
any van, without its being necessary to alight for the 
purpose ; but we must confess that we do not see the 
a of the arrangement. ‘The patentee says they 
could be deposited from azy vehicle; but obviously 
unless deposited behind the hind wheels of the last 
vehicle of a train, they would be instantaneously ex. 
loded by the succeeding wheels passing over them, 

oreover, the circumstances under which any advan- 
tage could be gained by depositing signals from a train 
in motion are of exceedingly rare occurrence. 

(No. 951, 6d.) James Jennings McComb, of 
Liverpool, patents, as a communication from David 
McComb, of Memphis, U.S., a simple method of 
coupling the ends of telegraph fencing and other wires, 
According to this plan, a hook is formed by bending 
the end of the wire, and a short distance from this 
hook an eye is formed by lapping the wire once round 
a round pin. The two ends to be connected are 
coupled by placing the hook of each in the loop of the 
other, when any tensional strain brought upon the 
wires serves only to tighten the connexion. 

(No. 954, 1s. 10d.) William Clark, of 53, Chancery- 
lane, patents, as the agent of Frederich Hertel, of 
29, Boulevard St. Martin, Paris, apparatus for pre- 
paring clay, and for moulding solid or hollow bricks, 
drain-pipes, tiles, &c. The various machines included 
in this patent could not be described without the aid 
of drawings. 

(No. 956, 10d.) Henri Adrien Bonneville, of 38 
Porchester-terrace, Bayswater, patents, as the agent 
of Henry Harris Pember and Uriah Furman Rogers, 
of New York, a method of hanging ships’ rudders so 
that they can be shipped or unshipped from the deck of 
the vessel. In order that this may be done, the rudder, 
instead of being hinged to the stern-post, is hinged to 
a plate which can be slid down in a kind of dovetail 
groove formed at the back of the stern-post, this 
plate and the rudder with it being capable of being 
raised or lowered through an opening formed for the 
purpose in the deck of the vonsel. 

(No. 964, 1s. 8d.) James Grafton Jones, of the 
Blaina Ironworks, near Newport, patents improve- 
ments in coal-cutting machines, and in the construction 
of the tramways on which such machines are worked. 
According to these plans, instead of the pick or 
sliding cutter having one cutting edge only as usual, 
iz is furnished with a series of cutting edges arranged 
so as to act in succession, the first making a narrow 
groove in the coal, the second a wider groove, and so 
ou. The cutting edges are also arranged so that the 
cut to different depths ; and when lever-picks are used, 
one or more of the wider cutters are placed near the 
rear end of the pick, so that the front of the groove 
is made wider than the deeper portions. The back of 
the bar or pick is made with projections like ratchet 
teeth, which draw out the pieces of coal during the 
backward stroke. The patent also includes an ar- 
rangement for communicating the motion of the 
— to gearing, by which a traversing motion can 
e given to the machine, this gearing in some cases 
acting on a chain laid down between the rails. The 
rails Mr. Jones proposes to employ are of a hollow 
or bridge section, and particular methods of laying 
and fixing them are specified. 

(No. 967, 8d.) John Harker, of Great Driffield, 
patents arrangements for pressing oil-cake and similar 
substances between corrugated plates, the main 
feature being the peculiar section of the plates, which 
could not be described without the aid of drawings. 

(No. 969, 10d.) John Prentice, of New York, 
patents machinery for making cigars, these machines 
including arrangements for preparing and making up 
the filling, squaring up and shaping the end and tip, 
and putting on the wrapper. 

_ (No. 971, 8d.) Francis Curtis, of Newton, patents 
improvements in paper-making machinery, these in- 
cluding a roll for pressing, sizing, and callendering, 
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a method of constructing the suction-box for a paper- 
making machine, and a screen-plate. The roll for 
pressing, &c., is made with a metallic body, and is 
coated with a layer of hard rubber, the body having a 
number of longitudinal grooves cut in its surface from 
end to end, to allow of the escape of the air from be- 
neath the rubber during the application of the latter. 
The suction-box and screen-plate Mr. Curtis proposes 
to make of hard india rubber, instead of the materials 
now employed. : 

(No. 975, 6d.) Henri Adrien Bonneville, of 38, 
Porchester-terrace, Bayswater, patents, as the agent 
of Eugene Hippolyte Dura, of 72, Boulevart Sébasto- 
pol, Paris, a terrific railway brake. This brake con- 
sists of two pairs of gigantic pincers which hang down 
at one end of the guard’s van, and which are made to 
lay hold of the rails, when required, by means of an 
arrangement of chains and pulleys! We should 
think that this brake might be relied upon for 
stopping any train with ease and certainty, unless, 
indeed, some trifling accident, such as smashing 
the whole apparatus, tearing up the permanent way, 
or pulling the end out of the guard’s van, should 
interfere with its successful action. 

(No. 977, 1s. 6d.) Jean Jacques Meyer and 
Adolphe Meyer, jun., of Mulhouse, patent a system 
of constructing tank locomotive engines. This system 
was fully described, and the details illustrated, in the 
last volume of ENGINEERING (vide page 500). 

(No. 984, 8d.) Jean Albert Moll, of Moutier 
Grandval, Bern, patents an apparatus for obtaining 
motive power, or for pumping. This apparatus con- 
sists of a tube or cylinder, which is enlarged at one 
point to accommodate what the inventor calls a 
“motor.” This “motor” is an egg-shaped or ellip- 
soidal body mounted on an axis, and furnished with 
spiral vanes on its exterior surface. ‘The “ motor” is 
to be driven by water conducted through the cylinder 
so as to act on these vanes; or it is to be driven by 
other power, and is to be itself employed for forcing 
water. 

(No. 988, 2s. 10d.) William Clark, of 53, Chancery- 
lane, patents, as the agent of Victor Langlois, chief 
naval constructor at Cherbourg, methods of fixing 
the tubes of tubular boilers and condensers. This 
patent includes various plans for screwing the tubes 
into their places, and for otherwise securing them so 
that they can be removed when required; as well as 
appliances for preparing the tubes and holes. The 
various details could not be described without refer- 
ence to drawings. 

(No. 990, 1s. 2d.) Jonathan Pickering, of Stockton- 
on-Tees, patents the lifting apparatus and gearing 
illustrated and described on page 55 of our last num- 
ber but one. 

(No. 994, 1s.) Andrew Smith Hallidie, of San 
Francisco, and of 18, Salisbury-street, Strand, patents 
a peculiar method of constructing suspension-bridges. 
According to this plan, two pairs of cables are em- 
ployed for each span, each pair of cables extending 
over the summit of one tower down to the opposite 
tower at about the level of the roadway. e two 
pairs of cables thus intersect each other at the centre 
of the span, and they are connected at various points 
by inclined tie rods, whilst vertical rods connect them 
to the flooring of the bridge. Some other peculiarities 
of construction are also included in the patent. 

(No. 997, 4d.) Peter Spence, of Newton Heath, 
atents methods of treating minerals which contain 
lende, or sulphide of zinc, in combination with galena, 

or sulphide of lead. Mr. Spence grinds the mineral 
to powder, and treats it with hydrochloric acid, free 
from sulphuric acid, and of a specific gravity 1.21. 
The powder ore and acid are well stirred together 
and allowed to stand about a week, when the chloride 
of lead which has been formed is dissolved out by 
boiling water. 

(No. 1000, 4d.) George Edward Van Derburgh, of 
New York, patents making artificial grindstones or 
polishing-stones, by mixing particles of emery or other 
gritty substances with a suitable vitrescent flux, and 
then subjecting the whole to the action of heat, so that 
it may be wholly or partially vitrified. 

(No. 1012, 10d.) Stanhope Perkins, of Fairfield, 
ears making the point or V-rail of railway crossings 
y taking a rolled double-headed steel rail, Lies off a 
portion of the flanges on one side, and then bendin 
the rail back upon itself, so as to bring the vind 
surfaces in contact. The parts in contact are then 
drilled through, and bolted or rivetted together. 

(No. 1016, 10d.) Barnard Fowler, of 71, Cornhill, 
and David Greig, of the Steam Plough Works, Leeds, 
patent arrangements of locomotive engines intended 
for working up steep inclines. These engines are 
fitted with a clip-drum taking hold of a steel rope laid 





between the rails, and they were fully illustrated and 
described on page 517 of our last volume. 

(No. 1018, 4d.) Henry Buss, of 56, High-street, 
Shoreditch, patents constructing quays, jetties, &., 
by fixing firmly to the bed of a river or other site two 

arallel lines of iron foot-rails, the space enclosed 
ereenaed these lines of rails being equal to the width 
of the intended structure. The rails are to be grooved 
on their upper sides, and iron panels kept together by 
top longitudinal rails and stiles are to be slid into these 
grooves, the space between the panels being afterwards 
filled in with concrete. The patentee does not state 
the manner in which the foot-rails are to be fixed. 

(No. 1022, 8d.) Thomas Beaumont Marshall, of 
Queen-street, Cheapside, patents methods of insulating 
and laying subterranean telegraph wires. Mr. Mar- 
shall proposes to place the bare wires in a trench, in 
which a layer of hard insulating material has already 
been laid, and then to cover them with another layer 
of insulating material on which more wires can be 
placed, and so on. Let alone the other numerous 
and evident practical objections in such a plan, it 
would involve a most wasteful expenditure of insu- 
lating material. 

(No. 1027, 8d.) William Adair, of Liverpool, 
patents a form of double-acting pump, the chief 
peculiarity of which is that the top cylinder cover is 
made to serve the purpose of a delivery-valve, it 
being made to close on a suitable seat, and being 
without a stufling-box, so that it may slide freely on 
the piston-rod. We fear that there would be con- 
siderable leakage between the rod and valve after the 
pump had been at work some time. The leakage 
would, however, be a leakage of water, as the valve is 
submerged in the water in the delivery-chamber. 

(No. 1028, 10d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of the Mitchell 
Safety Steam-Generator Company (Incorporated), of 
Albany, U.S., a form of steam-generator, consisting 
of a cylindrical vessel mounted on a horizontal axis, 
and made to revolve over a fire. The water is in- 
jected into this vessel in small quantities at a time, the 
injection of the water and the withdrawal of the 
steam generated being effected through the trunnions 
of the vessel. 

(No. 1034, 1s. 4d.) William Parell Butchart, of 
Dundee, patents methods of softening jute, hemp, &c., 
by passing the materials between series of grooved 
rollers, and at the same time subjecting them to the 
action of a softening liquid or liquids. The ma- 
chinery which it is proposed to employ for these 
purposes could not be clearly described without the 
aid of drawings. 

(No. 1040, 4d.) Clinton Edgeumbe Brooman, of 
166, Fleet-street, patents, as the agent of Cyprien 
Marie Tessié du Motay and Charles Raphael Maréchal, 
of Metz, a method of obtaining oxygen indirectly 
from atmospheric air by the decomposition and re- 
composition of sulphuric acid. According to this 
process, the sulphuric acid is decomposed into sul- 
phurous acid and oxygen by the action of the oxides 
of aluminium or zinc; next, the sulphurous acid is ab- 
sorbed by oxide of magnesium, setting the oxygen 
free ; and, finally, the sulphide of magnesium thus 
formed is heated in a retort and made to evolve the 
sulphurous acid, which is reconverted into sulphuric 
acid by contact with air, steam, and nitrous gases in 
the usual way. 

(No. 1045, 8d.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of Elihu 
Spencer and Thomas Stephens, of New York, a com- 
bined water-meter and force-pump. In this apparatus 
the water is admitted by suitable slide-valves to a pair 
of cylinders, and the pistons working in these cylinders 
are connected by rods with the pistons of a pair 
of smaller cylinders, which are used for pump- 
ing water to a higher level than that from which 
the water for working the apparatus is supplied. 
The piston-rods have slotted crossheads, in which 
the crank-pins of a crank-shaft placed between the 
two pairs of cylinders work, and from this shaft the 
slide-valves and the indicating mechanism are driven. 

(No. 1047, 10d.) George Frederick James, of Sal- 
ford, patents machinery for twisting two or more 
yarns round a central woollen or other soft yarn, for 
the purpose of ornamenting or consolidating the 
latter. 

(No. 1048, 1s. 8d.) William Thomas Henley, of 
St. John-street-road, patents methods of constructing 
telegraph-posts of iron plates, which are tapered from 
the foot of the post upwards, and connected by angle 
irons and gusset pieces so as to form posts of cruci- 
form, three-webbed, and other sections. 

(No. 1049, 4s. 4d.) William Thomas Henley, of 
St. John-street-road, patents various improvements in 





wire-making machinery. This patent includes a ma” 
chine for pointing the wire previous to drawing ; 
several arrangements for welding wire; and machines 
for stretching and straightening wire. A description 
of these various machines would require more space 
than we can give to them here. 

(No. 1051, 1s. 4d.) William Clark, of 53, Chancery- 
lane, patents, as the agent of John Kinney Mayo, of 
New York, a machine for cutting scale-boards, match- 
splints, &c., and also methods of applying scale-boards 
to various purposes: In this machine, which we could 
not fully describe without the aid of drawings, the 
boards are cut by a stationary knife, over which the 
timber is made to slide, arrangements being provided 
for holding the timber firmly, and for straightening 
the boards after they have been cut. 

(No. 1058, 8d.) John Lacey Davies, of 4, St. 
Ann’s-square, Manchester, patents, as the agent of 
Wolf Maurice, of Faubourg Poissoniére, Paris, a method 
of purifying smoke by passing it through a flue, where 
it is subjected to the action of a liquid shower, this 
shower falling or being injected in the same direction 
as that in which the smoke is being led, so that it 
does not obstruct the draught. 

(No. 1059, 8d.) Hngh Forbes, of 184, Euston- 
road, patents a wonderful machine “for maintaining 
and augmenting motive power.” ‘This may be de- 
scribed as a kind of overshot water-wheel, which is 
worked by water raised by a rotary pump, the kind- 
ness of the latter in raismg water for this purpose 
being reciprocated by the wheel in its turn working 
the pump! With regard to his marvellous pump, 
which is the chief feature in the concern, the inventor 
says: “ As comparatively little physical effort is re- 
* quired to rotate the drums of the pump having my 
“ improveizents above referred to, a column of water 
“ raised to a considerable height by the apparatus can 
“ turn a large wheel, so as to acquire a power superior 
‘to that employed to rotate the drums of the said 
* pump, and all or a portion of that power can be de- 
* voted to the movement of machinery”! We should 
think that only machinery of the most massive charac- 
ter could stand the application of such a power. 

(No. 1066, 8d.) James Robert Napier and Wil- 
liam John Macquorn Rankine, of Glasgow, patent an 
arrangement of slide-valves and seats. According to 
this plan, the valve-seat is made in such a manner that 
whilst the bars, or those parts of it which lie between 
the exhaust and steam ports, are fixed as usual, the 
parts of the face outside the steam-ports are movable, 
and are capable of being shifted by suitable gear, so as 
to enlarge and contract the steam-ports alternately. 
The idea is, we believe, not a new one. 

(No. 1070, 8d.) William Colborne Cambridge, of 
Bristol, patents making firebars with diagonal slots 
across their upper surfaces for the admission of air to 
the fire. This form of bar is not new. Particular 
mixtures of iron for casting, and methods of moulding 
the bars, are included in the patent. 

(No. 1071, 8d.) Francis oes Fleury, of South- 
wark, patents a reciprocating water-meter. In this 
meter two cylinders are employed, each cylinder being 
fitted with a piston which slides on its rod for the 
greater portion of each stroke, motion being communi- 
cated to the rod near the ends of the stroke only. 
The admission of the water to, and its release from, 
each cylinder is effected by a slide-valve, the valve of 
one ine being worked by a lever connected to the 
piston-rod of the other cylinder, and vice versd. 

(No. 1072, 8d.) Alexander Carnegie Kirk, of 
Glasgow, patents the arrangement of blowing-engines 
which we illustrated and described on page 15 of the 
present volume of ENGINEERING. 

(No. 1076, 10d.) Samuel Barlow and Thomas 
Edmeston, of Stakehill, patent placing in the furnace 
of a steam-boiler a kind of water-tube grate, this grate 
being placed at a higher level than usual, and an ordi- 
nary grate of less length being placed below it. A 
damper is provided in the bridge of the lower grate, so 
that the gases from the lower fire can be made to pass 
to a greater or less extent through the fire on the upper 
grate. It is intended that the fires should be fed 
alternately, or that the lower grate should be supplied 
with red burning fuel only, raked down from the upper 
grate. 








Tue Paciric Coast.—We learn that a second line of 
steamers is to be established between Panama and San 
Francisco, The existing company hopes, by important re- 
ductions in its passenger and freight rates, to force the new 
company to abandon its enterprise. 

Ferry Trarric at New Yorx.—It ap that in 1867 
no fewer than 79,925,000 passengers crossed, by means of the 
ferries provided, the bay which separates New York from 
Brooklyn, Jersey City, &. There will, then, be plenty of 
traffic for Mr. Roebling’s great bridge. 
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BLOWING OUT A BLAST-FURNACE. 


BLAST-FURNACES, as a rule, are expected to remain 
in continuous operation from the time of their being 
blown in until they have become unfit for further use 
from the wear and tear of many years’ working. In 
times of stagnant trade, however, and under the varied 
fluctuations of the commercial position of iron-smelt- 
ing in different localities and ironworks, it occasion- 
ally 





becomes necessary to interrupt the operation of a 
furnace while it is in complete working order, and 
intended to be blown in again at a more or less 
remote date. The problem of blowing out a blast-fur- 
nace, under such conditions, involves a certain amount 
of difficulty, since it is necessary to preserve the inter- 
nal fire-brick lining of the furnace, and at the same 
time to prevent the adherence of slags and iron to 
that brickwork. If the blast were interrupted while 
the furnace is charged in the usual way, an enormous 
“salamander” would be formed inside the furnace, 
which could not be removed without a total destruction 
of the internal brickwork. If, on the other hand, 
charges of coke were introduced without any iron- 
stone, the temperature of the furnace would rise to 
such an extent as to destroy the masonry, and particu- 
larly the apparatus for taking off the furnace gases. 
A similar rise of temperature would take place even if 
the coke were mixed with broken sandstone or any 
other material, which would act only as a neutral filling 
mass between the pieces of coke. A very ingenious 
plan for blowing out a furnace was resorted to, about 
two years ago, at the Heinrichshiitte, near Hamm, 
in Rhinish Prussia, with perfect success, and a descrip- 
tion of this operation has appeared in our German 
contemporary, Der Berggeist. This plan consists in 
charging the furnace with limestone instead of ore, 
and absorbing the heat evolved in the lower strata by 
the combustion of the coke in the process of burning 
the limestone. The furnace at Hamm is 45 ft. high 
and 7 ft. wide at the mouth. It is closed, and the 
gases are taken off for firing boilers and stoves. Its 
usual make is grey or mottled iron for the Bessemer 
process, and occasionally spiegeleisen. After the last 
charge of ore had been made in the usual way in 
this furnace, the blowing-out process was commenced 
with, by first charging a quantity of coke for the 
purpose of dividing the iron charges from the 
following limestone, and thereby preventing the 
lime from forming a thick slag in contact with the 
iron ore. The charges of coke were continued for 
three hours, seven charges of coke, weighing about 
5 tons in all, being in this manner introduced into the 
furnace. At this time the temperature at the furnace 
mouth commenced to rise to such an extent as to ne- 
cessitate the immediate charging of the limestone. The 
limestone was charged in lumps weighing from about 
6 to 121b. apiece, and no fuel was mixed with the 
charges of limestone. The temperature at the furnace- 
mouth commenced to sink immediately after the first 
charges of limestone were made. ‘The blast was main- 


tained at its usual pressure, and the gases drawn off 


at the top were combustible, same as before, and con- 
tinued to fire two boilers and two blast stoves. ‘The 
combustible gases consisted, of course, of the carbonic 
oxide formed in the lower strata of the furnace, mixed 
with the carbonic acid from the limestone, which 
latter, although not combustible itself, does not inter- 
fere with the combustion of the other gases. ‘The re- 
duction of temperature at the furnace-mouth was due 
to the absorption of heat in volatilising the carbonic 
acid contained in the limestone. The charging of 
limestone continued through sixteen hours, during 
which time forty-eight charges were made, and a total 
qnaniity of 113 tons of limestone was used. During 
this time the furnace was tapped three times, making 
iron of the usual quality from the ore which descended 
in front of the limestone. After the forty-fourth 
charge the limestone had arrived in front of the tuyeres, 
the heat decreased, and the mass in front of the 
tuyeres became black; the sound produced by the 
blast changed, and the gases drawn from the top of the 
furnace ceased to be combustible ; an auxiliary boiler 
fired with coal was brought into requisition for working 
the blowing-engine The blast, after this, was reduced 
in quantity, and continued for three and a half hours. 
This was required for allowing the materials still re- 
maining at the sides of the furnace, and through 
which the limestone had worked its way down into 
the hearth, to melt and run down into the hearth of 
the furnace. The last portion of liquid slag tapped 
from the furnace contained so much lime as 
to fall into dust after being cooled and exposed 
to the atmosphere. After the tapping of this last 
quantity of slag, the hearth and tuyeres were carefully 
plugged up, and the cover of the furnace-mouth, or 








gas-catcher, slightly raised, so as ta produce a mode- 
ate ascending draught. When the whole had cooled 
down sufficiently, the removal of the limestone was 
commenced with, by breaking open the hearth at one 
side, and withdrawing the burnt lime through the 
opening thus made. During this operation the tem- 
perature at the furnace-mouth again commenced to 
rise, since some portions of the coke still remaining 
close to the sides of the furnace were re-ignited by the 
access of air. The charging of limestone was there- 
fore recommenced at the top, and this reduced the 
temperature to the desired extent. The lumps of 
limestone had retained their form and consistency, 
and very little dust had been produced from them ; 
but only a very small portion was completely burnt, 
the rest being affected only at the surface, and to a 
depth gradually diminishing in the upper strata. The 
sides of the furnace were found perfectly clear and in 
excellent working order, and a very moderate amount 
of repairs was sufficient for preparing the furnace for 
anew campaign. The use of limestone for blowing 
out furnaces is, according to the experience gained in 
this instance, of great value. It is possible to substi- 
tute spathic iron ore for the limestone, since the 
latter, being carbonate of iron, undergoes a similar 
process during its calcination as the limestone, viz., 
the volatilisation of the carbonic acid contained in it. 
When charged with spathic ore, the furnace virtually 
becomes converted into a calcining-kiln, and the ore 
employed in this manner can be charged into a blast- 
furnace for being smelted after its having undergone 
a calcination in this manner. 


SUEZ CANAL. 

Tue following is an extract from an account which 
appeared recently in an Indian journal, of the present 
state of the Suez Canal and its subsidiary works, by 
one who had journeyed along it course from Port Said 
to Suez : 

Within the last few months, the Levant steamers of 
the French, Russian, Austrian, and Turkish lines have 
made Port Said a station. There is generally at least 
one steamer a week from Alexandria, whence, after a 
trip of about twenty-four hours, the rising town of 
Port Said is reached. From a distance it looks quite 
an important place, from the smoke proceeding from 
dredges and steam-tugs at work in the harbour. The 
entrance to the port is formed by an extensive break- 
water, composed of large blocks of artificial stone, 
running into the sea for nearly a mile anda half. Im- 
mense dredging-machines are at work deepening the 
channel, the soil being carried some distance out to 
sea by the steam barges. ‘The population of Port 
Said, consisting of about 8000 Frenchmen, Italians, 
Greeks, and Levantines, inhabit about 1000 wooden 
houses, none of them particularly ornamental. A few 
of the houses on the boulevard facing the sea are of 
superior build, and look a good deal like Italian bun- 
galows. The rest of the town consists of Indian rows of 
houses, on the barrack system, for the workpeople ; 
any number of cafés and cabarets, a few shops, a 
couple of hotels, and two or three chapels. The har- 
bour contained about a dozen English barques, laden 
chiefly with coal, and some dozen or fifteen smaller 
vessels carrying the various flags of the Mediterranean. 
Adjoining the harbour is a large building-yard, or 
rather dock, where the dredging-machines, barges, 
and earth-spouts are constructed. Here are also 
situated the workshops and foundries of the contrac- 
tors for this part of the work. A small steamer is 
despatched every morning for Ismailia, whence Suez 
may be reached by the sweet-water canal. The whole 
transit is made in twenty-four hours, and the fare is 
forty franes first class. 

The mail packet consists of a small serew steamer, 
about the size of a bunder-boat, capable of holding 
about thirty passengers. The width of the canal is 
to be about 120 yards ; and for a considerable distance 
this width has been attained; but in many places not 
above 70 or 80 yards have yet been dredged. The 
scenery is very tame, and is often limited to the sides 
ef the canal. Thirty-three miles from Port Said is the 
small station of Cantara, which is reached in about 
five hours; and here a good breakfast may be ob- 
tained for three francs. About four hours’ more 
steaming will bring the traveller to Lake Timsah, 
which is now filled up to the level of the Mediterranean 
without the intervention of a single lock. On the 
western shore of the lake is the new town of Ismailia, 
so called in honour of the present Viceroy, as Port 
Said is after his predecessor. The situation of Ismailia 
is very pleasing, standing as it does on high ground, 
overlooking the lake. The town is better built than 
Port Said, and contains a good hotel, with accommo- 








dation for 60 to 100 visitors. The head-quarters of 
the company are now located here; and as the climate 
is said to be healthy and remarkably pleasant in win- 
ter, it will probably be a place of importance should the 
canal succeed. The present population is about 4000, 
The sweet-water canal is here joined to Lake Timsah 
by a lock. About ten miles from Ismailia is the 
small station of Serapeum, where the two canals are 
contiguous. The works on the maritime canal at this 
spot are very interesting, a cutting having to be 
made through a range of the finest sand, which, it 
was feared, would fill up rapidly, and make it neces- 
sary for dredging-machines to be constantly at work ; 
but it is stated that such has not yet been the case. 
Serapeum itself consists of a few workshops, with the 
necessary houses for the work-people. On the fresh- 
water canal, the means of conveyance is a tow-boat, 
mules being here employed in place of steam. At 
Suez the work is chiedly going on in the roads, where 
several dredgers are employed deepening the way, 
and gradually creeping up in a northerly direction. 
Immediately in front of the Suez Hotel, there is a 
small colony of canal people, and the bed of the canal 
is traced out, and in some places partially cleared. 
M. Lesseps, it is stated, is sanguine that the work 
will be completed by the end of 1869, at a cost of 
12,000,000/., and that the canal will be used by vessels 
representing three millions of tons per annum. In 
addition to this he anticipates large profits from the 
sale of land in its neighbourhood, especially near Port 
Said, Ismailia, and Suez; others, however, are not so 
sanguine. 

After giving his account of the trip, of which the 
foregoing is but an abstract, our voyageur sums up 
as follows: “ Passengers from India intending to visit 
“ Syria or Palestine will find the canal route to Port 
“ Said preferable, I think, to the rail by Cairo; and, 
“as all the steamers which leave Alexandria call at 
“ Port Said, they will find the same facilities at the 
“Jatter place for proceeding to the Levant ports as 
“ they would at Alexandria.” 


PETROLEUM AS STEAM FUEL. 
To rue Epiror or ENGINEERING. 

Srr,—Will you please permit me to inform your correspon- 
dent “Scotus” that I am fully sensible of the merits of * 
Colonel Foote’s system of burning petroleum; but I affirm it 
is one that can only be used for short experimental trials. 
The boilers in our ships often have four fireplaces each, and 
are at work for several days and nights together, evaporating 
an immense amount of water to satisfy the cravings of the 
powerful engines to which they are attached. I was very 
early told that it required a very devil of a fire to keep up 
steam, and that no half-contrivances woulddo. Let ‘“‘ Scotus” 
imagine four of Colonel Foote’s apparatuses placed in one of 
these boilers! He says they commence working at such a 
degree of redness as would be perceptible in the dark. In 
what state would they be in after six hours? The radiant 
heat alone would be sufficient to destroy them. Then there 
are the retorts, red hot, filled with an explosive mixture, to 
be considered. On the least split in them, the boiler would 
be lifted from its place. I question if the oil could be long 
used in such apparatus. Schele oil certainly could not, for, 
as a whole, it does not readily vaporise. A portion of it is 
like common tar; the steam would spurt this out of the 
burners, and there would be a pool of liquid fire in the ash- 
pit. The apparatus, it appears to me, is too scientific ; it is 
not sufficiently practical or common for use. 

As to “ Seotus’s” observation on my small-area firegrate, I 
can hardly explain what I meant without a drawing. My 
system has no burners; the grate itself is one entire wick ; 
the tar burns in the surface, superheating and decomposing 
the steam, the oxygen of which takes up the spare carbon of 
the oil, and there is a fierce smokeless flame. If the grate is 
of the usual size allowed for coal, the flame is more than 
sufficient to fill the firebox and tubes. By reducing the size 
of the grate, I reduce the flame. There is no fear of the 
boiler-plates being injured by the impact of flame, if they 
have water on the other side. 

I am, yours respectfully, 
32, Kensington-square, W. C. J. RicHARDSON. 


THE DENSITY OF SALT WATER. 
To THe Epiror or ENGINEERING. 
Str,— Your correspondent, “A.B.,” has started an important 
inquiry on this subject, which I hope will be continued by 
more exact experiments. He has, however, mystified himself 





2 
by an error of calculation, viz., 37 in a 100 is = nearly, and 
not 6.0688 

32 
on May the 7th, 1866, before the Society of Engineers (of 
which I shall be glad to send him a copy, if you will kindly 
give me his address), he will find some information on the 
subject which may prove useful to him. The experiments 
referred to are valuable, as giving the amount of salts that 
can be held in solution at 80°. At the specific gravities, be- 
tween 1/32 and 3/32, there is an irregularity in the results he 
arrives at which further experiments may overcome. 

; I am, Sir, your obedient Servant, 
Brixton, January 27, 1868. PETER JENSEN. 


, as he says. On referring to a paper read by me 
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CANADIAN ENGINEERING. 
To THE Epitor of ENGINEERING. 

Srz,—Your correspondent “S8.,” of last week, refers to the 
steam excavators, as used in the United States and in Canada, 
in relation to the proposed earthwork of the Huron and 
Ontario Ship Canal. He rightly there says that the price of 
labour (and he might also have added, materials) in those 
countries is much higher than it is in England; for wherever 
large public works are in progress there, the price of labour 
mounts up to 75 per cent. in the first year of operation above 
its normal condition in ordinary periods. The labour, too, is 
of a very miscellaneous and hybrid character, and composed 
of such diverse nationalities, that it takes five men, skilled 
and unskilled, there to do the work of three here in England. 
This conviction has been arrived at in my mind by noting 
the work of 3000 men continuously for four years, grappling 
with about 5,000,000 cubic yards of earthwork. 

About fifteen years ago I was much concerned with the 
working of the steam shovel (as it is called in America) at 
places in Upper Canada, in close proximity to the proposed 
ship canal. Labour became with us so scarce and so excessive 
in cost, and our work was so great, that we were driven to 
the use of the steam excavator, having four of them in use 
very near to each other, and sometimes two in the same cut- 
ting. They were made specially strong to order, and much 
improved in many of the details, as compared with the light, 
fragile machines which had been partially used up to that 
time in the United States. I have a drawing of one before 
me as I write, and its general movements may be described 
in the language of your correspondent “8.” The maximum 
effect that I ever got out of the excavator was 26,000 cubic 

ards of earthwork per month, from one face or gullet, work- 
ing night and day of, say, twenty hours out of the twenty- 
four, and averaging about twenty-two days and nights per 
month. But this would be in good loamy earth, and above 
the average of our work; 20,000 cubic yards per month was 
nearer our performance, even during the summer months. 
We considered that a machine was doing its full duty when 
it excavated 500 cubie yards by day and 600 cubic yards by 
night in summer. The night return was generally in excess 
of the day, as the nights were cool, and the men were more 
concentrated upon the work. By night wood fires were used 
throughout the bush, and the getting, filling, leading, and 
tipping all went on admirably. The cost of each steam 
shovel was, in 1853 to 1856, about 1200/7. in the States and in 
Canada. There were in attendance upon it about eighty 
wagons, holding 13 cubic yards each, all side tips; a circular 
and rather rudely constructed table, to tip from, on the bank- 
head; and a locomotive on a 3 ft. 3 in. gauge, with two pairs 
of wheels coupled, costing 800/., to lead away the material. 
There was no horse tipping, as in England, on the bank- 
head; all was done by hand and turntable; hence the light 
yard and a quarter side-tip wagons, and the possibility of 
tipping the stuff all right without killing horses and smash- 
ing up tip wagons, as would have been the easejwith 3-yard 
wagons (end tips), English fashion. And then such a perfect 
delivery of earth at the tip head, the material forming a 
semicircular slope in adyance, composed of ‘earth chopped up 
into small pieces about the size of a walnut by the steam 
shovel. No pushing one road in advance of the other on the 
tip, and leaving great trenches and cavities between, but the 
whole width formed at once and simultaneously. The loco- 
motive took away each time twenty to twenty-five wagons 
per set easily, as nearly all the earthworks were laid out with 
a descending grade to the tip, and the chief duty of the loco- 
motive was to bring back the empties. The Fairlie loco- 
motive would, I fear, be too ponderous, complicated, and 
costly for earthwork and temporary roads, and her duty would 
have to be much greater than it has been, according to report, 
upon the Neath and Brecon Railway, or she would not 
answer the contractor’s purpose. I have known those little 
locomotives at work in Canada, hammering away with the 
dirt for three months together, night and day, without cessa- 
tion, so simple were they in their parts, and so easily repaired 
when anything went wrong. 

With reference to the cost of earthwork with the steam 
shovel, [think your correspondent, “ 8.,” has under-estimated 
the work. He thinks that 4}d. per cubic yard will get, fill, 
and lead for 34 miles a cubic yard of earthwork with this 
apparatus. I think not; at least I never could accomplish 
thus much, although I narrowly watched the putting out of 
nearly two millions of cubie yards of earthwork with the 
steam shovels. Multiply these figures by four when you are 
in Canada, and the price then will be nearer the mark, and 
the material must not be unusually hard or stony. We 
tried the excavator in all kinds of material (short of rock)— 
soil, sand, gravel, clay, and hard pan, which means indurated 
blue clay in your description of the ship canal. This latter 
material (hard pan) can only be attacked by the steam shovel 
in its upper layers, say, for 10ft.to 20 ft. in depth; for as 
you descend into it, it becomes so tough and intermixed with 
stones and boulders, that it shakes the machine from stem to 
stern, and often breaks it down. In some sections of this 
earth the average duty of the machine would be about one 
shovelful in from three to five minutes, and the stoppages 
from breakages incalculable. I have known this material, 
where human labour has been at work upon it, to average 
in cuttings only two cubic yards per man per day, taking all 
the men employed about the cutting into the average. I 
have taken boulders out of it weighing 3 tons, the teeth of 
the shovel picking round them most carefully to prevent the 
machine breaking up. Blasting does less duty upon it than 
upon rock, and I base this opinion on shots which 1 have 
fired in this material up to an extent of 16001b. of powder. 
So woolly, tough, and stony is the hard pan (or, as you call 
it, indurated blue clay) of Upper Canada—and you meet it 
almost everywhere at from 10 ft. to 20 ft. below the surface— 
that it is much better to have to deal with rock at once, and 
save your slopes. As to the behaviour of hard pan in em- 
bankments or on the slopes of cuttings, it is simply un- 
manageable; the weather, rains, and frost of Canada melt it 





away under exposure, and it runs about like so much liquid 
blue paint, filling up ditches, drains, and formations. 

The great incentive to the use of the steam excavator is not 
so need that in America it does its work cheaper than by 
manual labour, but it does it more expeditiously, and this 1s 
especially the case where there is a great bulk of earthwork 
in one spot, which governs the completion of the works. 
The excavation is wholly done in gulleting, 45 ft. broad, and 
20 ft. to 25 ft. deep, and according to the depth of the cutting, 
so there can be placed one machine at the top of the other, 
and slightly in advance, in galleries, with distinct roads run- 
ning to each. It is thus that a cutting can be operated upon 
much faster than by any manual method. One has only to 
imagine 25,000 cubic yards of earthwork coming out of each 
face per month, instead of the ordinary 10,000 cubic yards, to 
estimate the rapidity of the work. In Canada, with men- 
worked cuttings, the average does not reach even 5000 cubic 
yards per month. Then, with the steam shovel we must 
remember that it is all gulleting (the heaviest work in ex- 
cavation), and the slopes can be thrown down and trimmed 
up after the line is running; or where there is a very deep 
cutting being got out in galleries, the wings can be filled into 
back wagons by hand. I have known a section of 26 miles 
of railway, of very heavy work, having upon it one and a 
half million cubic yards of earthwork, besides other heavy 
works, begun and completed in five months, owing entirely 
to steam ends which, cutting under other conditions, would 
have taken two years to complete, and in this instance savin 
an interest of more than 1000/. per day on capital thenexpende 
upon works which awaited this piece of line to make them 
productive and stop the contractors paying further interest. 

Yours truly, 
, 1867. 


London, January 2 PIONEER. 


PAVED STREETS. 
To THE Eprror oF ENGINEERING. 


Sir,—No one who has watched the tedious process of 
paving a London street, and who is at all acquainted with 
the great public inconvenience occasioned by any lengthened 
suspension or diversion of the usual traffic, and who, moreover, 
has seen the subsequent too rapid destruction of the fair 
road-surface then presented, can conclude that the existing 
system is either scientific or satisfactory; and it must be 
allowed that any suggestions which are calculated to expe- 
dite paving operations, to preserve the surface fair and 
uniform, and to diminish the dust and dirt upon it, are en- 
titled to careful consideration. 

There can be little doubt that the reason why a paved 
street presents, after a few months’ traffic over it, the uneven- 
ness of surface which is now everywhere apparent is to be 
found in the small bearing of each individual stone upon the 
surface of the road beneath, so that those stones which are 
the least firmly upheld by the pressure of the stones around 
them are driven downwards by the weight of the traffic into 
the under surface of the road. Hence those numerous de- 
pressions which so constantly call for the paviors’ attention, 
and which tell with such unpleasant effect on all passing 
vehicles. The first object, therefore, to be sought is an ex- 
tension of the bearing surface, and this it is proposed to 
attain by forming the paving-stones into blocks, of any re- 
quired dimensions, by means of iron plates or shallow 
troughs. By uniting those blocks when in place, it is evident 
that the bearing surface might be indefinitely extended, and 
the whole paved surface supported. 

The accompanying sketches will serve to show the plan 
proposed : 
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A A is an iron plate (buckled, if necessary), with the sides 
turned up square and lapped together, thus forming a 
shallow trough or box, say, 3ft. square, 4in. deep, and § of 
an inch in thickness, and filled with granite paving 5 in. 
thick; carefully laid in 3in. courses, and well grouted. The 
advantages such a system presents over that now in use are: 





Ist. Rapidity of execution, and, in consequence, diminished 
interference with traflic. This is sufficiently manifest when 
it is considered that each block, or plate, will cover an area 
of 9 square feet. It is brought to the spot ready in every 
respect to be put into place, and as it would weigh only 
about 6 ewt., very simple tackle would be sufficient to handle 
it. As each block is laid, it isto be at once united to the 
adjacent blocks by a simple arrangement, as, for instance, by 
the bolt and key shown in the diagram. Looking to the 
ease with which the plates might be laid and fixed—and they 
might be laid as fast as the concrete foundation of the road 
could be formed—it does not seem unreasonable to expect 
that a street might be paved by this system in one-tenth of 
the time at present occupied. 

2nd. Facility of removal and reinstatement. This is also 
a matter of importance, looking to the interference so 
frequently occasioned to paved streets by gas and water com- 


ae 


panies—an interference which does great damage, as it not 
only breaks up the paving immediately interfered with, but 
tends to loosen and destroy the bond in all the paving ad- 
joining. With the plate system, however, the removal of 
an might be readily effected, and would in no way 
affect the stability of that remaining. 


3rd. Permanent smoothness of road, and therefore re- 
duced draught and wear and tear to passing traffic. This is 
consequent on the distribution or enlargement of the bearing 
surface. In fact, the whole of the plates being securely 
fastened together, and resting upon, not ramm into and 
breaking up, the carefully formed foundation of the road 
beneath, present, as it were, a solid sheet of paving, which 
would be subject merely to the slow process of deterioration 
of its upper surface from the proper detrition of the stone. 


4th. Comparative freedom F ype dust and dirt. This is 
due to the small number and extent of the joints in the 
plates as compared with the joints in ordinary paving (viz., 
as 1 to 4), and to the fact that the plates rest upon, and do 
not break up or penetrate, the surface of the road beneath ; 
so that if the existing filthy and disagreeable state of the 
streets is (as has been asserted, and seems most probable) to 
be traced mainly to the working up of the road-foundation 
between the joints of the stones as they are being constantly 
driven down into it, the system here proposed presents a 
method whereby the nuisance may be very greatly mitigated, 
if not actually reduced to a minimum. 
5th. Durability and consequent economy. The greater 
durability of this road over those now laid is evident from 
the consideration of what has been advanced under heads 3 
and 4—-viz., the preservation of evenness of surface, and the 
little interference occasioned to the under surface, or founda- 
tion, of the road. As to the first cost, little if any difference 
would exist between the ordinary granite paving, 9 in. thick, 
bedded in concrete, and granite paving, 5 in. thick, laid in iron 
plates or troughs, as suggested. The latter, however, would 
require little or no maintenance, as there would be no pot- 
holes to lift and make up; but the most important points 
attaching to the economical consideration of the question are 
those already advanced—viz., the diminished interference’ 
with the public convenience and traffic and the greater 
durability secured. It may also be added that, as all the 
plates are brought to the spot filled and ready for laying, the 
cost might be reduced to a minimum by the preparation of 
the blocks at those places where the union of cheap labour 
and storage, and facility of carriage, offer the greatest ad- 
vantages. 
Witriiam Dennis. 
106, Cambridge-street, 8.W., 
January 20, 1868. 


FUTURE ENGINEERS. 
To THE Eprror of ENGINEERING. 

Srr,—In anfarticle entitled “Our Future Engineers,” which 
appeared in your issue of the 10th inst., you compare the 
practical education of English engineers with the more 
theoretical one which their Continental brethren receive, and 
you seem to give the palm to the latter system ; and no doubt 
to a certain extent you are right ; but what I fear is, that the 
present movement in favour of a more theoretical and mathe- 
matical education for young engineers will be carried too far, 
and the practical part of the question slighted, and, in my 
opinion, no greater mistake could be committed. 

Some years ago I resided in Hanover, where, as you are 
aware, there is ‘a very large and celebrated polytechnic 
school for the education of engineers. With some of the 
students I became very intimate, and I was surprised to find 
that young men of twenty-two and twenty-four years of age, 
who intended to become mechanical engineers, were almost 
entirely ignorant of the construction of a stéam-engine, 
and when I showed them a working model which was out 
of order they had not the least idea how to repair it ; but at 
the same time they could perform, with greatest ease, most 
extraordinary gymnastics with algebraical symbols, and talk 
any amount about formula, chemistry, &e. At twenty-five 
these young men would leave that school, almost entirely 
ignorant of anything of a practical character, though they 
were supposed to spend a portion of their vacations in 
some foundry or manufactory. Now compare these German 
students with young men of the same age in an English civil 
or mechanical engineer’s office, and how frequently will you 
find the latter occupying positions either as resident engi- 
neers, having practically the sole charge of most important 
railways or waterworks, or sent to the other side of the globe 
to fix and work steam-engines and other extensive ma- 
chinery. 

I do not for one moment deny the absolute necessity for 
every engineer to possess a certain amount of mathematical 
and other theoretical knowledge of the subjects connected 
with his profession ; but do not let the time devoted to the 
acquisition of this knowledge occupy too much of that time 
at present devoted to acquiring that practical experience on 
the works and in the workshop, which is at present one of 
the greatest characteristics of an English engineer. Let a 
boy intended for the profession be thoroughly well grounded 
in the elements of mathematics while he is at school, which 
will enable him as he grows up to read and understand the 
elementary books on professional subjects, and then, if he is 
worth anything, he will find out how useful such knowledge 
is to him, and he will strive to improve himself in his leisure 
hours ; for, excepting to a few peculiarly constituted minds, 
mathematics are not interesting until their use and applica- 
tion is discovered. 

_ Hoping that your efforts to improve the education of the 
rising generation of engineers will meet with the success they 
deserve, and apologising for the length of this letter, I en- 
close my card, and am, p 

Yours, &c., 





January 25, 1868, C, H, B, 
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ELECTRICAL RESISTANCES. 
To Tue Epitor oF ENGINEERING. 

Str,—The following Table of diameters and resistances of 
pure copper wires may not perhaps be unacceptable to 
electrical students and others. P 

The capacity of pure copper is taken at 100, and the unit o 
wudeinnes wank is the pres adopted by the Electrical Com- 
mittee appointed by the British Association, one unit being 
y to 1760 yards, or 1609.31 metres, of copper wire .2302 in. 

ameter. 


The value of the Table consists mainly in its being a stan- 
dard by which the student is enabled to ascertain the con- 
ducting power of any wire he may have to test, and also of 
its giving relative lengths of pounds and kilogrammes, and 
proportional diameters in decimals of inch and millimetres. 

It is perhaps unnecessary to say that there no better 
apparatus for obtaining tests than the electric balance manu- 
factured by Mr. Becker, of Messrs. Elliott Brothers. 
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Diameter | ee 3a z 
in decimal} Number of | Number of | 2 2:3 = 
parts of an} Diameter ards per Ib.| metresin | s~ 82 — 
inch ofm.m. 7, we | Lk. | Bay 
‘“ Ve) (dx 25.4) ( t=) (=Ix2.016)| "2 2255 
- | | s> a 
i | Ros Ss 
.2302 5.847 2.095 | 4.223 1.0 
226 5.740 2.175 | 4.384 1.038 
.198 5.029 2.834 5.713 1.352 
.188 4.648 8.317 3.680 1.583 
175 4.445 3.628 7.314 1.731 
.160 4.064 4.34 8.75 2.068 
.186 3.454 6.007 12.11 2.867 
128 3.251 6.781 13.671 8.237 
.107 2.717 9.705 19.555 4.623 
10 2.54 11.11 22.398 5.30 
.092 2.336 13.125 26.46 6.266 
.08 2.032 17.36 35.00 8.288 
07 1.778 22.67 45.71 10.82 
.065 1.651 26.29 53.00 12.25 
0625 1.587 28.472 57.40 13.59 
.06 1,521 30.864 62.223 14.73 
058 1.473 33.03 66.588 15.76 
056 1.422 35,482 71.431 16.91 
054 1,371 38.104 76.818 18.18 
052 1.32 41.091 82.839 19.61 
05 1,274 44.444 89.60 21.21 
048 1,219 48,225 97.222 23.02 
046 1,168 62.51 105.86 25.06 
044 1.117 57.39 115.70 27.39 
042 1.066 62.98 126.96 | 30.06 
04 1.016 69.444 140.00 | 38.14 
.038 965 77.16 155.50 | 36.72 
036 914 85.766) 172.91 40.92 
.034 864 95.29 192.10 45.48 
032 813 108.5 218.74 51.79 
03 .762 123.46 248.90 58.93 
.028 Jil 141.72 285.71 67.65 
026 660 164.36 331.35 78.46 
-024 609 380.26 92.08 
022 558 462.80 109.58 
02 508} : 560.01 132.59 
018 ADT 2.8 691.36 163.69 
O16 406 ¥ 875.00 207.17 
014 "855 69.51 | 1148.10 270.58 
O12 .B05 771,60 1555.50 368.30 
1 254 2239.80 530,35 
0095 241 231. 2481.90 587.64 
.009 .228 371. 2765.30 654.75 
-0085 .216 37. 8100.20 734.05 
.008 -203 36 8500.00 828.67 
.0075 190 975.5 3982.20 942.84 
.007 177 2267.6 4571.00 1082.4 
0065 .165 2629.9 5300.00 1225.3 
.006 .152 3086.4 6222.30 1473.1 
0055 139 3673.1 7404.90 1753.2 
005 -127 4444.4 8960.00 2121.4 
0045 114 5487.0 | 11062.00 | 2619.0 
004 106 6944.4 | 14000.00 3314.7 
-0035 088 9070.3 | 18285.00 4329.4 
.0038 .076 12346.0 | 24890.00 5892.7 
0025 .063 177770 | 35838.00 8485.6 














The foregoing Table is sufficiently comprehensive, embrac- 
ing every size of wire likely to be used ; but should the student 
have an intermediate size, he can obtain the diameter for 


himself as follow :—d (diameter) =/¢ ,! being the length 


in yards per lb., or d= /s os =.0625, corresponding to 

3.472 
one of the diameters in Table. The value of C is 1.9th, or 
l1111. 


An easy method of obtaining the conducting power, P, of 


copper wire, assuming the experimentalist to have ascertained 
the accurate diameter by the above formula, is to test for re- 
sistance, r, by means of the balance above referred to, and 


the conducting power, P= R x 100. 
r 


As a familiar example, one mile of .0625 copper line has, 
say, a resistance, 7, =16.5 ohms; the value of R in Table 
=13.50; hence P=* x 199 — 13-59 

r 16.5 


=82.36 per cent. of pure 


copper. 


I am, Sir, yours respectfully, 
VatTrer Hatt. 


THE LABOUR QUESTION. 
To THe Eprror oF ENGINEERING. 


Srr,—As one of those who take a deep interest in all that 
relates to the prosperity and success of our manufacturing 
industries, I have thought a good deal over certain articles of 
your own on the subject of workmen and wages. Ihave also 
read several speeches, made recently by great authorities, on 
technical education ; nor have the reports of the Royal Com- 
missioners on Trades Unions been overlooked, nor those made 
to the Society of Arts by the artisan deputies who were sent 
to the Paris Exhibition. I possess also considerable experi- 
mental acquaintance with English workmen and their ways. 
Endeavouring, then, by the light thus gained to discover 
some reason for the increasing success of foreigners in their 
competition with English manufacturers, I arrive at a con- 
clusion which I believe would be secretly acknowledged to 
be true by many who dare not speak out their belief. It is 
this: that the British workman (speaking generally) will no 
longer give a fair day’s work for a fair day’s wage. . 
By this, I mean that wages have been unduly and artifi- 
cially raised to an exorbitant point, whilst the quality of the 
service professed to be rendered has deteriorated. As examples 
of the excessive rise, I may mention mechanics who now are 
paid 32s. to 36s. per week in place of 24s. to 28s., bricklayers 
and building operatives who receive 33s. where they used to 
receive 27s. In the cotton trade, lads used to work 69 hours 
for 6s.; now they, at the same work, get 10s. for 60 hours ; 
women who used to get 8s. are now paid 12s., and men who 
used to work for 14s. now earn 20s. So that, taking into 
account the shorter time as well as the higher rates, the cost 
of labour has been increased about 50 per cent. within the 
last fifteen or twenty years. 

Of course, work-people will say that a proportionate in- 
crease has taken place in the cost of living, of provisions, of 
clothing, and of rent. 

This, on the whole, I deny to be so, or at least not to any- 
thing like the extent stated. 

Meat is now at a fair average price. Wheat is rather high 
at 67s. 4d.; but between 1841 and 1857 we had five years 
when the price averaged 70s.; and for the whole seventeen 
years the average was 55s., whilst for eight years, from 1858 
to 1865 inclusive, the average was only 47s. Tea, sugar, and 
nearly all the groceries are cheaper than ever, whilst 
vegetables are really as cheap and abundant in the large 
towns as in the country. Wool and cotton are rather below 
than above an average price ; and the manufacturers of both 
staples into goods are selling their wares at a loss; so that it 
is only the high wages, of which I complain, that can make 
clothing dear. Finally, with vast sums of money seeking 
employment at low rates of interest, it cannot be the fault of 
capitalists that rents are higher. Rents are higher because 
a sufliciency of new houses for the increasing population is 
not being built. People are deterred from building by the 
dread of the imposition, extortion, and unfair dealing to 
which they will be subjected by the whole tribe of the build- 
ing trades, beginning with the brickmaker, who will refuse 
the assistance of machinery to cheapen his part of the work ; 
including the bricklayer, who will be fined if he perspire in 
hurrying to his work, who will not be permitted to use 
machine-made bricks, who will throw on his jacket and leave 
the job if his master ventures on an uncomplimentary remark 
about the regularity of his work ; including the jomer, who 
will construct and fix the doors and windows in such fashion 
as to ensure his being sent for again to tinker up his work as 
soon as the tenant gets in; and including also those gossips 
par excellence, the painters and paperhangers, of whom it is 
commonly said, “ You know when you get them into a house. 
but nobody knows when they will be out.” 

A men gentleman of great experience remarked to me 
the other day, ‘We should have had thousands of cottages 
“built up and down in Lancashire if it had not been for the 
“way the building trades are behaving. Even their high 
“wages are a smaller difficulty than their neglectful and idle 
“ ways of working.” 

No wonder that it has become proverbial that “ fools build 
houses, and wise men live in them.” 

The value of houses is very largely made up of the costliest 
English labour. Hence high rents. 

Yet we have in the newspapers numerous paragraphs 
about distress in the East an of London, distress in Man- 
chester, distress in Liverpool, mingled with paragraphs re- 
cording the progress of a movement in Chesterfield to reduce 
the builders’ hours from 58 to 64 hours per week, the latter 
being the time worked in Sheffield. 

The Sheffield men probably obtained the advantage they 
enjoy by urging the expensiveness of living in a large town ; 
and if the Chesterfield men are put on the same footing, the 
way is clear for the Sheffielders to revive their argument for 
a further reduction in hours or advance in wages. 

Another paragraph records that 300 men are idling about 
Liverpool because only 28s. per week is offered to rivetters, 
and 20s. to holders-up. 

Another informs us that 800 men in South Derbyshire 
are starving themselves and their wives, and brutally beat- 
ing certain of their fellow-countrymen, in the endeavour to 
keep coal in that district as dear as possible. In my own 
neighbourhood unionist colliers are forbidden to hew more 
than a given stint of coal, lest any reduction should be made 
in their pay, this stint being the same for the wild youth who 
has only himself to support, and for the steady married man 
with half a dozen childven. 

These violations by artificial combinations of the free action 
of the laws of supply and demand are thoroughly unsound 
and rotten. Why does not abundant unemployed labour 
mean cheap labour, in the same way as abundant corn means 
cheap bread ?—or as abundant unemployed capital means 
low interest? What is the use of free trade in materials, 
when trade in the labour that gives value to the materials is 
shackled and hindered in every imaginable way ? 

Let us take an instance of the manner in which this 





Telegraph Works, Mansfield-street, Borough-road, 8.E. 


shackling takes place. Suppose an engineer or shipbuilder 





wanting six mechanics of a class where 30s. have been the 
wages paid in busy times. Twelve men present themselves 
for the job. The employer says: If po will accept 25s. you 
may all start work, for then I shall be able to get an order 
that some Frenchman will otherwise carry off. No, say the 
men, that’s against rules. So six go to work, receive 30s. per 
week each, pay 10s. each to “ the club” to keep the other six 
idle, and 97. weekly is the sum received by twelve families 
when it might have been 151. 

This sort of thing is deemed manly, patriotic, a sign of 
good-fellowship. 

Now suppose twelve fishermen offer for sale a quantity of 
herrings: the demand is sluggish, inadequate to the supply, 
purchasers at length come forward willing to take the lot at 
5d. a score; but owners see that by throwing away half the 
fish they can obtain 6d. per score for the remainder. Accord- 
ingly speeches are made to show what an injurious influence 
it might have on future catches, and on other fishermen, to 
accept the 5d.; they end by resolving to stand firm, to insist 
on their rights. e who dissents is knocked down and 
rendered senseless until the scheme is carried out. Half the 
fish are destroyed, and the 6d. is won for the remainder. 
All other fishermen elsewhere are advised to follow their 
example. 

This is the system which now mainly influences the rate of 
wages in England. 

The wages now paid to a working man have to provide 
a good deal beyond what was necessary in old-fashioned 
times. 

Now-a-days a mechanic must dress on Sundays in a black 
cloth suit, must be able to send his wife and children to the 
seaside for a few days in the summer, and, besides Saturday 
afternoon, must have a day off every week or two for his own 
pleasure and convenience. If he has been paid at 36s. per 
week, beside extras for overtime and at piecework, he will 
have enjoyed all these little matters, and will readily accept 
your dictum of Dec. 27th, that his comforts must not 
curtailed. 

Your scheme of the same date for cheapenin 
saries of life to a workman I consider unsoun 
and, indeed, monstrous. 

A master is to take care, in starting a manufactory in a new 
place, to secure freehold land sufficient to contain a complete 
model town; so that all the large entailed estates of our 
landed proprietors are to be avoided. It must have a clay 
subsoil, for he is to burn his own bricks. He must be a man 
of very large means, and a perfect “ bright un” in business; for 
he is to combine in his own person the ironmaster, the miller, 
the baker, the grocer, the water company, the gas company, 
the brewer, the doctor, and the farmer. Church and chapel, 
clergyman and minister, are all in some mysterious way to 
cost the workman nothing. 

The asylum at the end of the requirements comes in very 
well; but I thought, on first coming to the word, Yes, after 
all this we should want a lunatic asylum. 

If successful, the owner would be the hugest of monopo- 
lists. If the establishment is to be owned in shares by every 
one concerned, you have only propounded communism over 
again, and that in a less practical form than it is already 
carried out by those American sects Hepworth Dixon tells us 
of, who live in little self-contained worlds, which raise all 
their own provisions, manufacture all their own clothing and 
utensils, and do everything for the benefit of the brotherhood. 
A strict cordon would have to be drawn around the model 
town, or some workman might bring in stronger beer, cheaper 
spirits, more attractive draperies, smarter hats and boots than 
the authorities chose to provide at the central store, leaving 
them with his wife to be exhibited in the front window of his 
dwelling, and to be retailed by her to those unable to resist 
such temptations, adding, perhaps, the inducement of credit 
and payment by instalments. Here we should have the 
“unworthy gains of shopkeeping” again, which must some- 
how be nipped in the bud. 

Your plan is a complete reversal of the maxim that “ every 
“man best understands his own business,” and of the modern 
and true tendency to a division of labour, trusting to free 
competition for preventing capital from making usurious 
profits. Let us have an equally free competition in the 
labour market. The artificial damming up of labour in those 
reservoirs of idleness so approved by Mr. Ernest Jones is 
fraught with danger. 

Trades unions are teaching our workmen that they should 
shun such heresy as to “ serve their masters well in all things,” 
and that he is the model workman who can “keep a job 
about” longest. They consider it better policy to compel a 
master to pay 30s. a week, even if to one hand only, than to 
allow him to “shop” a dozen at 17. Mr. B. Samuelson said 
in Manchester the other day, “On almost every occasion 
*“‘ when I have spoken in the House of Commons it has been 
“in defence of our working people, and more especially of 
“their right to combine. But since I have visited Man- 
“ chester, Leeds, and other places, and found what mischief 
“ the misguided conduct of trades’ unions is bringing upon 
“ the trade of this country, I made up my mind that, what- 
“ ever were the causes that were helping forward foreigners 
“ at our expense, this was one of them.” The present policy 
of English labaur generally is unsound, dishonest, and 
suicidal, and capital will, I hope, find its way to “ equal 
“ skill and cheaper labour,” wherever existing. 

Yours truly, 
CosMOPOLITAN. 


the neces- 
altogether, 








Tue Trizste Grayary.—In our last number it was in- 
advertantly stated that Mr. Devaux, the inventor of the 
ventilating granary, was the engineer of the Trieste . 
Although that granary was constructed on Mr. Devaux’s 
system, the detail plans were designed by M. R. Paulus 
chief engineer, and M. Flattich, architect, of the South- 
Austrian and Lombardo-Venetian Railway Company ; and 
the works were carried out under their immediate super- 





vision. 
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PAYTON’S CYCLOIDAL.WATER-METER. 
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PAYTON’S CYCLOIDAL WATER-METER. 


WE represent, in the above engravings, the simple water- 
meter designed and patented by Mr. Walter Payton, and 
which, under the name of Payton’s Cycloidal Meter, is now being 
manufactured by the Liquid Meter Company (Limited), of 238, 
Kingsland-road. Mr. Payton’s meter was exhibited at the late 
Paris Exhibition, and it was employed by the jurors to measure 
the feed water in the course of their experiments on the steam 
boilers in the English department. In order to ensure exacti- 
tude in these experiments, Mr. Payton’s meter was submitted 
to a series of tests to determine whether it gave accurate results 
under various conditions of pressure and amount of delivery ; 
and these tests, to which we shall refer again presently, appear 
to have given very satisfactory results. ¢ 

Referring to our engravings, it will be seen that the meter 
consists of a main casing, a, in which is formed the chamber a’, 


of the form shown in Fig. 2. With this chamber the inle |. 


and outlet pipes, 4 andi, communicate, and through it pass two 
axes, bb, An which carries a pair of vanes, b*. One end of 
each of the axes, b, is supported in a recess formed in the casing, 
a, whilst the other ends of the axles are carried by passing through 
holes formed for them in the plate, c, which also serves on that 
side to enclose the chamber, a', and form a plane surface for the 
vanes to work against. ‘The vanes, b', it will be seen, are not 
radial, but are of a curved form, the curve of each gradually 
progressing from near its axis to its outer extremity, where it 
moves against the inner surface of the chamber, a'. The curve 
of the vanes is such that those on one axis work in between 
those on the other, the corresponding vanes on the two axes 
being at the same time maintained in contact with each other, 
as shown in Fig.2. The axes, b, are formed square at b*, and 
they are there fitted into correspondingly framed portions of the 
vanes, 6', so that these vanes are kept in their correct relative 

itions. The axes themselves are connected by the toothed 
wheels, 62, and one of these wheels is capable of a slight adjust- 
ment, so that the vanes, b', may be made to bear correctly on 
each other. 

Upon one of the axes, b, which projects into the chamber, e, 
is a worm, ¢, which drives the worm-wheel, 7, carried by the 
inclined axis, /!. This axis revolves in bearings, a*, and it 
carries a worm, f?, which gears into the worm-wheelg. The 
axis, g*, of this wheel passes through a stuffing-box to the other 
side of the apparatus, where it carries a pinion from which the 
indicating gear is driven, this gear giving motion to indices which 
point out on suitable dials the quantity of liquid passing through 
the meter. The action of the meter will be readily understood 
from our engravings. The water, or other fluid, entering by 
the inlet pipe, , drives round the two sets of vanes in opposi-e 
directions, each half-revolution of the vanes involving the dis- 
charge of a quantity of liquid equal to the capacity of a cylinder 
having a radius equal to that of the ends of the chambers, a’, 
less the space taken up by one pair of vanes, 

The trials of the meter exhibited at Paris, to which we have 
already referred, were conducted at the Conservatoire des Arts 





The 


the instrument to be tested under various heads of water. 
water discharged by the meter was led through an india-rubber 
pipe to hectolitre measures, the arrangements being such that 
there was no occasion to interrupt the flow through the meter 
whilst an experiment was being made. The results of the 
various trials are given in the following Table, which is taken 
from a report on the subject made by M. Tresca: 




















et Métiers, the hydraulic arrangements of that building allowing 














Head of ge Py 

Water | Quantity de-| 5 2 ba 

Duration of under livered,as | —3 & 

Experiment. which the | Measured by | 3A | 

Meter was| .the Meter. | S&] A 

tried. <3 

hrs. min.| ft. in. alls. | litres. | litres. | litres. 
Seu l 40] 12 6} 920 | 4180 | 4200 | —20 
EG=}) 0 19] 22 6h 250 | 1136 | 1153 | —17 
wg) 17) 30 2 250 | 1136 | 1159 | —23 
ae 0 16 39 «54 250 | 1136 | 1169 | —33 
See l | 12 6 920 | 4180 | 4203 | —23 
she) 9 19) 22 63 250 | 1136 | 1174 | —38 
oh EI O 17] 380 2% 250 | 1136 | 1161 | —25 
aS 0 16 39 5} 250 | 1136 | 1162 | —26 
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In the course of the first experiment of the second series, the 
flow through the meter was interrupted, but the stoppage did 
not affect the accuracy of the indications. In reducing the 

allons to litres, the gallon was taken as being equal to 4.5434 
itres. M. Tresca, in his report, speaks highly of Mr. Pay- 
ton’s meter, and he considers it probable that the fact of the 
quantities registered by the meter being in all cases slightly less 
than those obtained by measurement of the discharge was due 
to some difference in the valuation of the gallon. In the case of 
the greater heads of water, the flexibility of the vanes appears 
to enable them to bear more closely upon each other, thus pre- 
venting, to a great extent, any increase of leakage which might 
otherwise take place. With regard to the above experiments, 
we must say that we think that it is to be regretted that they 
were not more prolonged, as the evidence afforded by them 
would then have been of still greater value. 

The vanes of the ‘cycloidal meterf} which we have above de- 
scribed, have of course to be cut to their correct curve in the 
most accurate manner; and Mr. Payton has designed an in- 
genious machine, by tke aid of which this can be done very 
readily. Of this machine we may probably give a description 
on some future occasion. 








Coat 1n AmeErica.—The total production of anthracite 
coals in the United States during 1867 is estimated at 
12,760,000 tons, an increase of 250 tons over the yield of 
1866. 214,000 tons of coal, mainly cannel, were impo 


A BISCUIT MANUFACTORY. 

ENGINEERING, the most. comprehensive of all pro- 
fessions, counts amongst its branches many of those 
occupations which at a former age were the every- 
day’s labour of the household, but which have passed 
out of the stage of primitive hand-labour into the more 
economical and more productive factory work. Engi- 
neering has taken the distaff and the spinning-wheel 
out of the hands of women; it has made the millstone 
independent of human and of animal muscular power. 
Engineering is now taking hold of the plough, and dis- 
ensing with the horses in front and ploughmen 
behind this implement ; and engineering again relieves 
the skilled hand of the baker in forming the flour into 
dough, and in working the ovens for baking the 
different kinds and forms of bread, entrusting the 
whole series of successive operations involved in 
baking to the performance of self-acting machinery. 

The speciality of bread and biscuit machinery con- 
struction is limited to a very small number of mechani- 
cal engineering firms; amongst these, we believe 
Messrs. Stevenson and Co., of Liverpool, to be the 
most successful. Many of the largest bakeries in this 
country are fitted with their plant to the exclusion 
of any other machinery, and it appears that this firm 
constructs everything required fora machine bakery, 
from the steam-engime to the baking-oven. One of 
.the finest bakeries fitted out with a complete and very 
modern plant by the above-named engineering firm is 
the bread and biscuit bakery of Messrs. Gray, Dunn, and 
Co., in Glasgow, an establishment employing upwards 
of 200 “hands,” and a plant of machinery requiring 
30 horse power for working it. The works occupy a 
building four stories high, 300 ft. in length, and about 
100 ft. in width; they consume about 500 sacks of 
flour per week, with other materials in proportion, 
amongst which we name the weekly consumption of 
6 tons of sugar and two thousand gallons of milk. 
The flour is, in the first instance, deposited in 
one of the upper stories. It passes through spouts 
or tubes into a lower story, where the sifting ma- 
chinery is placed; and after that the flour passes 
through other tubes to the ground floor, where 
it is delivered direct into the hoppers of the mix- 
ing machinery for biscuit-making. Biscuits, as 
a rule, are unfermented bread; they therefore can 
be passed through the machinery and charged 
into the oven without any interruption of the pro- 
cess. The machines are for this purpose arranged 
in straight lines in front of’each oven, and deliver 
their products into the latter immediately after it has 
received the proper consistency and form. The first 
machine in this series is the mixer, a cylindrical vessel 
of cast iron, in which a number of knives is kept re- 
volving by a central spindle. The cutters are formed 
like screw-propeller blades, and their action in revolving 
is therefore a thorough mixing of the mass. ‘The 
mass from which the dough is formed, say for ordinar 
ships’ biscuits, is wheat flour and water ; it is delivere 
from the mixer to the ‘‘ brake,’’? a machine which is 
simply a small rolling-mill for rolling a plate of dough, 
say, 3 ft. wide and about 10 ft. long, and of the thick- 
ness required for the special class of biscuits. ‘This 
sheet is then delivered to the third machine—the 
“cutting-machine.” This is a somewhat complicated 
apparatus, operating upon the principle of a multi- 
farious punching - machine, the punches having the 
different regular and irregular shapes of the biscuits to 
be cut out of the sheet of dough. The cutting-machine 
faces the stove, and delivers its produce into it either 
by the assistance of hand-labour or by a self-acting 
apparatus, the latter being the more modern mode, 
lhe ovens are about 40 ft. in length and 6 ft. wide. 
They are worked with automatic firegrates, patented by 
the maker, and described in our columns on page 217, 
vol. iii. One oven can produce about three tons of 
ships’ biscuits per day of ten working hours. One 
cutting-machine is capable of supplying this quantity of 
cut biscuit dough, both oven and machine working 
continuous. The time required for the biscuits to 
pass through the oven is about forty minutes, the pro- 
cess of baking evaporates not only all the water mixed 
with the flour for forming the dough, but also a certain 
percentage of hygroscopic water held by the flour in 
its apparently dry state. This loss amounts to 10 per 
cent. of the total weight of the flour, 101b. of flour 
yielding only 91b. of baked biscuits. The baking of 
fermented bread, which is also carried out on a large 
scale in these works, requires a greater proportion of 
hand labour, and is conducted in a more primitive 
manner than the manufacture of biscuits. Messrs. 
Gray, Dunn, and Co. export their biscuits to the 
remotest points of the world, and have depéts for 
their sale wherever British commerce has obtained a 
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footing. 





98 


ENGINEERING. 





(JAN. 31, 1868. 








INJECTORS AND “DONKEYS.” 

Tue feed-pump and its aorta, the delivery-pipe, are 
to the steam boiler and engine much the same as are 
the heart, and its corresponding outlet, to the human 
system. LEvenif the temporary stoppage of the former 
do not always amount to syncope, its prolonged stop- 

age must, as in the case of our own great arterial 
eed-pump, the heart, end figuratively, at least, as it 
sometimes ends literally, in death. An uncertain and 
untrustworthy feed-pump—and we may apply the term 
feed-pump generally to every contrivance for supplying 
a boiler with water—is the worst affliction of an 
engine-tenter, and the curse of an engine-room. 

Hessly all so-called ‘‘ donkey pumps” are more or 
less uncertain in action. ‘Their own frictional resist- 
ances bear a large proportion to the force expended 
in working them, as may be easily proved by the com- 
paratively high pressure of steam required to run them 
“light.” Indeed, this is also proved by the very pro- 
portions adopted for the working parts of donkey 
pumps. Although the pressure to be overcome by 
the pump-ram is practically the same, per square inch, 
as that of the steam admitted upon the steam-piston, 
yet the area of the steam-piston is seldom less than 
three times, and it is frequently four times, that of the 
pump-ram. The ram, too, forces only while moving 
in one direction; yet for “sucking,” in the other 
direction, a steam area of from twice to three times 
that of the pump-ram is commonly provided, and 
worked with steam of full pressure, and this, too, 
when the feed-water would flow into the pump almost 
by its own gravity. The steam expended is, therefore, 
from five to seven times that theoretically due to the 
resistance opposed to the entrance of the feed-water 
into the boiler. We say “theoretically,” to show how 

eat must be the friction of donkey pumps, and the 
ve of effect due to starting and stopping the column 
of water perhaps 100, and in some cases 200, times a 
minute. 

In these respects all donkey pumps appear to be 
alike, all requiring to work them an amount of steam 
enormously disproportionate to the useful work done. 
Their mechanical efficiency may be taken, according to 
the quality of their workmanship’ and the care with 
which they are packed and “ fettled,” as from 15 to 
20, or possibly 25, per cent. at the utmost. 

In this respect, i.¢., that of mechanical efficiency, we 
are not speaking at random. Within the last two 
years a donkey pump sp objectionable in its plan, and 
so dangerous in its action, that we are not sure that an 
Act of Parliament should not be passed to interdict 
its use, has been nursed by one of the mechanical 
newspapers, and, mainly through persistent puffing, 
foisted upon what is known as the “engineering 
trade.” fn the last number of the journal in question 
we find another puff, in the guise of a leading article 
of nearly two thousand words, and in this, for once, 
we find actual data of the working of the so-called 
* donkey injector.” These data are vouched for upon 
authority which we have no desire to dispute, and the 
result is pronounced “excellent.” The result is not 
given in the usual term of “pounds of coal per horse 
power per hour,” but the elements whereby it may be 
sel to this useful standard are given, and they 
show that, if we take a pound of coal to evaporate an 
average of 7 lb. of water, the “excellent result” of 
this “ donkey injector” consists in an expenditure of 
nearly thirty-five pounds of coal per effective horse 
power per hour! ‘The data rest upon the authority 
of a gentleman whose name is given, and of whose 
disinterestedness we have no doubt, although he has 
given a favourable certificate as to the working of the 
wasteful contrivance in“question, and this, apparently, 
because it has not in his case, as it has frequently done 
in others, stuck fast while it ought to have been 
pumping. 

The “ excellent result” which the “donkey” puffer 
—we do not like to say “ puffing donkey”—records is 
this: In feeding a boiler worked at 58 lb. pressure, each 
pound in actual weight of steam passed through the 
steam-cylinder of the ‘‘ donkey” forced 61.341b. of 
water into the boiler against the same pressure of 
58 lb. per square inch. Now 61.34 lb. of water (nearly 
a cubic foot) are equivalent to 1700 cubic inches, and 
the water thus forced in by 1 lb. of steam may be con- 
sidered, therefore, as a column of water one square 


‘ ; , 1700 
inch in section and Ja =14L7 ft. long. In forcing 


this column of one square inch section, as if it were a 
bar of iron, or a piston of the same area, into a boiler, 
against a resistance of 58 Ib., 141.7 x 58 =8219.7 foot- 
pounds of work would be performed. Now, asa pound 
of coal, as fired under ordinary boilers, will evaporate 
7 lb. of water into steam, the work done, at the same 











rate, by 6 lb. of steam would be 57,538 foot-pounds ; 
and as an hourly horse power is (30,000 x 60) 1,980,000 
foot-pounds, it would require nearly 35 lb. of coal, at 
this rate, to give off an hourly “ horse power.” ‘There 
are, we believe, engine-makers in existence—although 
we trust their number is not great—who are so unable 
to turn out engines saleable at any price, except to 
purchasers. wholly ignorant of what steam-engines 
should be, that they (the makers) would be glad to 
obtain the endorsement of even the most incapable 
pete nye that a carefully ascertained and re- 
sponsibly verified consumption of 35lb. of coal per 
horse power of useful work done per hour was an 
- oxtelieuh result”! Excellent, indeed, and only sur- 
passed by the excellence of the knowledge and judg- 
ment of the author of such a profound conclusion. 
Yet, supposing but little steam to be wasted by con- 
densation in this “excellent donkey injector,” that 
discharged from the exhaust pipe might be made to 
restore to the feed-water very nearly all the heat con- 
tained in the steam used in working this “‘ excellent” 
apparatus. In this case, as with Giffard’s much sim- 
yler and more trustworthy injector, there would then 
ye but little loss. So the makers of the “excellent 
donkey” in question have concealed its wastefulness to 
some extent by discharging its exhaust steam through 
a feed-water heater, cqpsisting of a series of tubes en 
closed in a tank, and by so much representing an addi- 
tional first cost. The results of this economical con- 
trivance are wonderful indeed. The feed-water is 


actually heated from 67° to nearly 78°, or by almost | 


11° This is another equally “excellent result,” 
vouched for by the identical authority already quoted. 
Inasmuch as the original temperature of the feed-water 
was but 67°., it is manifest that the boiler supplied 
steam to a non-condensing engine, and that all the 
feed-water might thus have been heated for nothing, 
and with the simplest possible apparatus, to very nearly 
212°," and that without any donkey injector at all! 
The result is “excellent” indeed. Even had Giffard’s 
injector been used, the water might have been heated 
by waste steam direct from the engine to above 100°. 
With a condensing engine the feed-water to the boiler 
would be taken from the hot well, already heated to 
100° or more. 

The “donkey injector” which forms the subject of 
the continuous puffing which we have mentioned shares, 
of course, the faults of all donkey pumps, all of which 
work with disproportionate friction and other losses of 
effect, while eae all of them are uncertain of action. 
The special donkey under notice is, however, the 
worst of all in this respect, and that for reasons which 
any engineer’s apprentice may easily perceive. In all 
fly-wheel donkey-pumps there is an irregular but regu- 
larly recurring antagonism between the reciprocating 
and revolving parts. The tendency of the former, 
after the initial resistance to the movement of the 
pump ram has been overcome, is to move through at 
least equal spaces, if not, indeed, through progressively 
increasing spaces, in equal times, while the fly-wheel, 
so far as it can control the pump-ram, acts to check its 
motion towards the ends of its strokes. This an- 
tagonism is expended upon the connecting-rod of the 
donkey pump, and the connecting-rod should therefore 
work, as in the ordinary engines, in a plane coincident 
with the axis of the piston-rod. In the “ excellent” 
donkey injector under notice, however, the connect- 
ing-rod is bent sideways, like one tine of a pitchfork ; 
and although it is of but a few inches length, and is 
of light section, the crank-pin is about 6 in. to one 
side of the centre line of the pump. The veriest tyro 
in steam engineering would instantly perceive that 
such a connecting-rod must work at a disadvantage, 
while a mechanic of the old school would probably in- 
sist that it could not work at all. The fact is that 
where all the parts are in perfect order, so far as pack- 
ing and easy fitting of the wearing surfaces are con- 
cerned, the pump often actually does work, and that, 
too, for a considerable time ; but that where, as is often 
the case, no skilful nurse is constantly at hand, the 
apparatus sticks fast, and that oftenest when the stoker, 
having, as he believes, put all to rights, has just 
turned his back for a moment to get a mouthful of 
fresh air at the door of the boiler-house. The “ donkey 
injector” illustrated &nd persistently puffed in Zhe 
Engineer—that made by Brown, Wilson, and Co.--a 
distinction necessary for the credit of Messrs. Tangye, 
Messrs. Appleby, Mr. Cameron, and other makers of 
donkey pumps—has often thus stuck fast, and we are 
frequently hearing of fresh instances of its failure. 
We only regret, in the interests of employers of steam 
wee and for the safety of all engaged about steam 

oilers, that those who have already been disappointed 
with this “excellent” and so shamelessly Pepuffed 
contrivance do not care to have their names publicly 


disclosed. Were there no hesitation upon this point, 
we could at once give the names of a good number of 
firms who have experienced great inconvenience from 
this dangerous apparatus, while some have had to 
remove it altogether, as no doubt every user of it will 
be compelled to do in time. 








IRRIGATION IN SIND. 

Ir is notorious that the engineers of the Indian 
Government do not, especially in the formation of 
works intended to increase the production of the soil 
by means of itrigation, follow in tlie track of the native 
hydraulic engineers of former years. Scarcely any- 
thing at the present day will go down with the autho- 
rities except canals, although we know that formerly 
many districts were, and some are even now, watered 
from wells and tanks. The former of these are, 
doubtless, the least expensive mode, where practicable, 
of furnishing water to the soil; and canals are the 
most expensive, especially when heavy head-works 
have to be constructed. In Sind there is a vast 
amount of hidden wealth concealed beneath the sandy 
dry surface of her soil, and it would appear that by the 
application of a certain amount of labour in well- 
sinking, with the assistance of but little scientific 
knowledge, the present arid plains might be turned, as 








if by magic, into luxuriant gardens. ‘This was pointed 
| out by Mr. J. W. Barnes at the last meeting of the 
British Association, when describing his investigations 
|in Beloochistan and Western Sind. The subject has 
| since been brought to our notice by a paragraph in an 
| Indian contemporary ; and as the subject of irrigation 
| throughout India is now under consideration, we can- 
not do better than to refer it to our own pages. Mr. 
Barnes commenced his operations at a place about 
eight miles north-east of Kurrachee, where, after some 
weeks’ labour, he succeeded in piercing the first water- 
bearing stratum, whence the water rushed up and 
overflowed the surface, “continuing, without inter- 
* mission,” says the Overland Friend of Iudia, “to 
“the present time.’ Water was obtained at other 
places in the arid country, and springs were visited 
which are from sixty to three hundred feet above the 
valleys. ‘The source originally, of course, is derived 
from snow or raiti. The desert country of Sind is 
often spoken of as destitute of rain; but the fall 
however, averages about 4in. per annum. Between 
the eastern borders of Persia and the western boundary 
of the Sind and Punjab valleys is a tract of country 
330,000 square miles in extent, with a mountainous 
and humid area, from 3000 ft. to 12,000 ft. above the 
sea level, from which a considerable subterraneous 
supply of water must be derived. Granting an average 
annual rainfall of 3.75 in. over this area, and as it is 
known that in every country a portion of the rainfall, 
estimated at from one-third to one-twelfth, is absorbed 
by the permeable strata, a vast body of water is avail- 
able over the whole of the region between the thirtieth 
parallel of latitude and the Indian Ocean. It it re- 
corded by navigators that large springs of fresh water 
burst up through the sea in the neighbourhood of 
Cape Ormury, The formation of this part is, un- 
doubtedly tertiary. The theories and customs of the 
native well-searchers and sinkers of India are well 
worth study, and in Sind we now see that an excel- 
lent opportunity presents itself, which, it is to be 
hoped, will not be lost sight of. In the present gene- 
ral movement in favour of irrigation, the province of 
Sind has a just right to claim its share of attention 
and expenditure from the newly formed irrigation 
branch of the Public Works Department. The subject 
has, we are aware, already been referred to by the 
Director-General of Irrigation, and it is to be hoped, 
therefore, that the reclamation of the present sandy 
wastes of that province may not now be deferred till 
‘* a more convenient season.” 








Our tast New Kyieut.—Professor Wheatstone, upon 
whom it is said the Government is about to confer a title, 
was appointed Professor of Experimental Philosophy at 
King’s College, London, in 1834. He was associate of the 
Ordnance Select Committee at Woolwich during the Crimean 
war, from 1855 to 1859, and a member of various other 
Government commissions. He has received the degrees of 
D.C.L. and LL.D. from the Universities of Oxford and 
Cambridge, and is corresponding or honorary member of all 
the principal scientific academies of Europe. He is also a 
Chevalier of the Legion of Honour, and has received two 
zold medals granted by her Majesty and awarded by the 

oyal Society for attainments in physical science. He in- 
vented the concertina, the stereoscope, and the solar clock. 
He was the originator of the submarine telegraph, and his 
researches in electricity conduced mainly to the introduction 
and development of the electric telegraph in its present prac- 
tical form as employed in this country. His latest invention 
is an apparatus for conveying instructions to the engineers 
and steersmen on board large steam-vessels, which re- 
ceived the favourable consideration of the Admiralty. 
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PUBLISHER’S ANNOUNCEMENT. 








We publish, this week, a two-page coloured lithograph 
of the imperial Saloon-Carriage on the St. Petersburg 
and Moscow Railway. The plate is carefully folded in 
every copy of ENGINEERING leaving this office ; and 
news-agents must be held responsible for its delivery 
with the rest of the paper. No copies of the plate will 
be sold apart from the paper. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING ¢o annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 











ENGINEERING is registered for transmission abroad. 


In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 


Tue InsTiITuTION oF Crivin EnoGingers. — Tuesday, 
February 4, at 8 p.m. 1. “ Floods in the Nerbudda Valley, 
with Remarks on Monsoon Floods in India generally.” By 
Mr. A. C. Howden, Assoc. Inst. C.E. 2. Discussion wpon 
“ Freshwater Floods of Rivers.” 

Soctety oF EnerneErs.—Monday, February 3, at 74 P.M. 
“ On the Surveys of Proposed Lines for a Ship Canal be- 
tween the Atlantic and Pacific Oceans.’ By Dr. Cullen. 
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RAIL-MAKING IN RUSSIA. 


For some years great efforts have been made by the 
imperial Government to provide the numerous rail- 
ways constructing in Russia with native-made rails. 
Whilst the principal reason influencing the Govern- 
ment is no doubt one of protection to “ home trade,” 
and a giving way to the cry of “ Protect our manu- 
facturers,” still, they have also another very valid 
cause, viz., the very bad quality of the rails supplied 
of late years, not only by the Belgian, but also by 
English makers. Some of the rails supplied by the 
best known makers in Wales have been the veriest 
rubbish makable. The price may be blamed, 7/. 2s. 6d. 
per ton delivered at Cronstadt ; but still it is no credit 
to our English name, and has led to a general cry of 
“No more English rails.” 

The Government have, during the last three years, 
made the most persistent efforts to establish rail mills 
in various parts of the country. For many years—say 
twenty—rails have been received from the Demidoff 
and Yakovleff works, in the Ural ; but the quality was 
too good, the Siberian iron seemed too soft, or the 
manufacturers do not seem yet to have been able to 
manipulate it properly. The price the Siberian manu- 
facturers obtained, 1.50 per pood (=13/. per ton at 
exchange of 33d.) for delivery at Moscow or some 
other point involving nine to twelve months in delivery 
from date of fabrication, was not relatively high. 

Two years since the Railway Department arranged 
with the Department of Mines that they should, at 
the Kama-Votkinski Works, commence rail-making. 
‘These works draw their supplies of ore and wood fuel 
from their own neighbourhood, and have also large 
supplies of ore available from the Ural by water. Being 
on the Kama, a river which joins the Volga at Kazan, 
they have water-communication direct with Nijni, 
Moscow, Petersburg, and other very important points. 
The rails produced are of very fair quality ; the price 
of delivery at Moscow or other towns in water-com- 
munication is equal to13/. perton. At this price these 
works will in tuture supply the Grand Russian Rail- 
way Company with all the rails required for the line 
from Moscow to Nijni-Novgorod—410 versts. 

The Department of Mines is now busily engaged 
preparing to make rails at a second works in quite 





another direction. In the district of Baxmouth, in the 
government of Ekatcrinoslaff, not far from Taganrog 
and the Don district, not only has been found there 
goodironstone, but also good fluxes, various descriptions 
of coals, other than anthracite, besides which wood is 
not dear. At present these works are only projected, 
although the blast-furnaces are built, and money has 
been voted for the erection, in the ensuing summer, of 
the works. The same department have good mechani- 
cal works at Lugan, not far from the proposed rail 
mill. Any railway from the Crimea to Kharkoff 
must go through this district, and in 1869-70 Kharkoff 
will be most probably in railway communication with 
both Moscow and Odessa. It is also a project to go 
from Voronege to Taganrog, but this is not yet 
definite. It is said that Prince Koutchobey is at this 
moment abroad, in London or Paris, with a view to 
form a company and take up this district as a private 
enterprise, which the Government rather favours. 
These works would supply the southern lines. 

The, so to speak, Midland lines will look for a 
supply to the works now being established by the 
Russian Vichsounsky Ironworks Company (Limited) — 
a company now building at their principal works a rail 
mill, having last year made with the Government a 
contract for the supply, during a series of years, of 
about 25,000 tons per annum. The price equals 
13/. per ton for delivery at Moscow, or at other named 
points, costing about the same for delivery. Itis said 
the company will commence making rails in July of 
this year. The ore from which the iron is made at 
Vichson is of very various qualities, and will give the 
technical director, Mr. Mackenzie, every chance of 
producing a good rail; but all his energy, and all his 
economy inthe production, coupled with the assist- 
ance of Mr. Barry, the director iu charge, will, we fear, 
not leave a profit for some time to the company. If 
it does, it will be most creditable to the parties con- 
cerned; for they have to obtain their ore by old 
methods, each man working in shallow pits alone ; 
their wood gets dearer every year, and, until the mode 
of delivery is improved, that will be a serious charge. 
When, however, fully in work, they will produce 
600 tons, or thereabouts, per week. 

The lines having their termini in St. Petersburg 
are to be supplied partly by Finland, and partly by 
works in the more immediate neighbourhood of the 
town. In Finland, the Government have made a 
contract. with Mr. A. J. Pootecloff, the eminent 
metallurgist, for seven years, to deliver from 300,000 
to 400,000 poods per year, at 1.45 per pood—say 
50,000 to 60,000 tons, at 13/. per ton. The delivery 
commences in 1869, and the Government make large 
advances to put the works in a condition to supply 
the rails. One curious condition of this contract is, 
that the Government may demand to have, instead of 
iron rails, Bessemer steel or puddled steel. In the 
latter case Pootecloff agrees to supply puddled steel 
rails at 20/. per ton, guaranteed for twelve years, to 
be taken back at 9/. per ton. The price for Bessemer 
is left open, to a certain extent, because of the diffi- 
culty of coming to an arrangement with Messrs. 
Bessemer ; the parties concerned not wishing, on an 
uncertainty, to be liable to large payments. 

A second contract, just made, provides for the re- 
rolling of old rails at the St. Petersburg Iron- 
works ; the old rails being taken at 3/. 15s. per ton, 
and new ones delivered at 13/. per ton. These rails 
are to have tops of puddled steel; the manufacture 
has already commenced, and during 1868 at least 
50,000 tons will be delivered. 

In addition, the Great Russian Railway Company are 
preparing their works at the Petersburg terminus for 
the rolling of rails, which they will do this year, most 

robably commencing by the re-rolling of old rails. 
They will probably, from June, do about 300 tons per 
week, 

In the event of the line from Moscow to St. Peters- 
burg being sold, it is fully understood that one of the 
chief conditions will be that the purchasers shall make 
the rails for the remount of the road in Russia, or 
buy them from Russian manufacturers. Messrs. Winans 
have agreed to this clause. 

The Government are quite prepared to pay the high 
prices named in the foregoing, rather than import 
foreign rails, and from, probably, a most erroneous 
view of the principles of Adam Smith, who is much 
read and prized by many Russians. 

In many concessions now being granted for rail- 
ways, the Government reserves to themselves, for a 
certain time, the supply of the rails and also the roll- 
ing stock. No definite arrangements have as yet been 
made with respect to locomotives—the railway depart- 
ment being seemingly afraid to grasp it with sufficient 
energy—possibly because the right men do not come 





forward : all their offers as yet have been too small to 
warrant any one in establishing a shop for building 
locomotives. 

Railway carriages—say baggage-cars, trucks, cattle- 
cars, goods-wagons—are being produced in Moscow, 
at the works of Mr. R. O. Williams, an American gen- 
tleman, at the rate of about 1000 per year. Besides 
this large factory, there are now in existence that of 
Colonel Strun, at Kolomna, on the Riazan line; at 
Riazan, that of the Kosloff and Riazan Company ; 
and at Moscow, that of the Moscow and Riazan line. 
At Jula the southern line will have large shops for 
repairs and car-building. 

In several late concessions the Government has in- 
serted a clause that the cars must all be made in 
Russia. ‘The cost of cars may be in Moscow, as com- 
pared with that from abroad, about equal; so that 
further off competition with abroad ceases. In St. 
Petersburg, the nearness of access has not as yet made 
it possible to build at the price of importation. 

St. Petersburg, January 15, 1868. H. B. F. 








BOILER-FEEDERS. 


Ir would hardly require a nice experiment to prove 
that the muscular force expended in eating and drink- 
ing bears but a very small proportion to that which 
the human frame is capable of otherwise exerting. A 
physical analogy may possibly be acknowledged here, 
when we say that the resistance opposed to the en- 
trance of the feed-water into a steam boiler, the re- 
sistance being measured in foot-pounds and at the 
point where the delivery-pipe joins the boiler, amounts 
in many cases to hardly the one-thousandth part of 
the power which the steam generated in the boiler is 
capable of exerting. Thus a boiler worked at 30 lb. 
steam, and supplied with 40 cubic feet of water per 
hour, suffices for an engine working (with a fair rate 
of economy) to one hundred indicated horse power. 
Yet the resistance opposed to the entrance of 40 cubic 
feet of water per hour, or % cubic feet per minute, 
against a pressure of 30 lb. per square inch would re- 
quire but .0875 horse power to overcome it, this being 
less than the one-thousandth part of the useful power 
of the boiler, and inoumuline to the consumption 
of about one-third of a pound of coal only per hour. 
As the pressure in the boiler is increased, so, of course, 
must be the power required to inject the feed-water ; 
but even with a locomotive boiler worked at 120 lb., 
and evaporating 160 cubic feet of water per hour, but 
1.4, or less than 1} horse power, would be re- 
quired ; and if the engine was running 30 miles an 
hour, this would correspond to a consumption of about 
4th lb., or, say, 2} oz. of coal per mile. 

Over and beyond the resistance opposed to the mere 
entrance of the feed-water within the boiler—a resist- 
ance which is calculable in the same manner as if the 
inflowing current were a solid bar of metal of the same 
sectional area, and thrust in with the same velocity— 
there are additional resistances which occur within the 
forcing-pump, injector, or whatever apparatus may be 
employed to feed the boiler. In no other case are 
these additional resistances and the consequent loss so 
great as with quick-working pumps, especially of the 
class commonly known as donkey-pumps. In many of 
these less than half a pint of water is taken up at a 
stroke, and the water is churned into the boiler at the 
rate of from 100 to 200 strokes per minute. ‘The 
direction of the water within the pump is thus changed 
three, five, or seven times a second, in addition 
to the work of opening the valves with the same fre- 
quency. The pump-barrel, too, seldom if ever com- 
“gd fills with water in sucking, and there is thus a 

low of the ram, at every stroke, upon the water. 
Every mechanical engineer will understand how in- 
evitably a loss of power must result from this cause, 
In one of the most objectionable forms of donkey- 
0 yet presented to the public—that made by 

essrs. Brown, Wilson, and Co.—the pump-barrel 
does not fill, at each stroke, by from one-sixth to one- 
fifth of its full capacity, even when working at moderate 
speeds, say 140 revolutions per minute. Mr. Anderson, 
of Erith, has made a careful series of trials of this 
pump of the following sizes, viz., 4in. steam-cylinder 
and 2} in. pump-ram, with a stroke for both of 33 in. 
The water space or contents opened in the pump- 
barrel at each up stroke is thus 14.91 cubic inches. 
In a trial of 28 minutes 10 seconds, the pump making 
an average of 1432 revolutions per minute, giving a 
total number of 4049 revolutions, 1740lb., or 174 
gallons, of water were pumped. The quantity required 
to fill the pump during the same time would be 
14.91 x 4049 
—=*— << ~"*=2178 lb., or nearly 218 gallons, thus 

a Eeiri 
showing that the pump filled but for 3 in. of every 
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32 in. stroke, leaving the ram to move }in. through 
broken water. Ata higher speed the result would 
necessarily have been worse. 

It is because of these sources of loss, and from the 
great frictional resistances of donkey-pumps, that they 
require such an excessive amount of steam to work 
them, an amount indicated by the very proportions 

iven to the steam-piston and pump-ram. ‘Thus the 
areal is from three to four times the area of the latter, 
although the pressure per square inch, irrespective of 
all resistances apart from that opposed to the mere 
entrance of the water into the boiler, may be the same 
on both, as both communicate with the same boiler, 
and the steam to the donkey is not always throttled. 
Even for the up stroke or sucking-stroke of the ram 
an annular steam-piston area from two to three times 
greater than its own, is provided, so that the whole 
expenditure of steam may be from five to seven times 

reater than is represented by the useful work done. 

e have shown, in another article, bow well this 
general view of the wastefulness of donkey-pumps is 
confirmed by Mr. Anderson’s experiments, in which one 
of Brown, Wilson, and Co.’s pumps forced in but 
61.34 lb. of water against a pressure of 58 lb. per square 
inch, for every pound, in actual weight, of steam used, 
a result which amounts to a consumption of 35 lb. of 
coal per horse power of effective work done per hour 
—assuming, as we do, that one pound of coal produced 
seven pounds of steam. 

It is true that the exhaust steam of this wasteful 
instrument may be turned into the feed-water, and 
thus be virtually restored to the boiler, but with non- 
condensing engines the feed-water is better heated by 
the exhaust steam from the main engine. The water 
may thus be heated at once to 21 2degrees, or as hot as it 
can be pumped. In this case seven-eighths of all the 
steam worked in the donkey-pump would be lost, 
having done no useful work. With a condensing 
engine, too, nothing practically would be gained by 
throwing the exhaust steam from the donkey into the 
water flowing from the hot well, inasmuch as not the 
one-twentieth part of that water is again taken into 
the boiler. To derive any advantage from the waste 
steam from the donkey, even in a condensing engine, 
a separate feed-water heater would be necessary, and 
this, of course, adds to the cost. 

The mode of action of Giffard’s injector is that 
which is calculated to feed the water into the boiler 
with the least loss of power. The fact that the water 
is moved in a continuous stream, instead of being 
changed in direction from three to seven times a 
second, and churned by rapid blows, constitutes an 
obvious advantage over any form of quick-working 
pumping apparatus. Of the further advantage pos- 
sessed by the injector in having no moving parts we 
need say nothing, as it is sufficiently plain to all. At 
first sight, too, it would appear to work without any 
loss of steam whatever, since this is wholly con- 
densed in the entering feed-water, which is by 
so much warmed. ‘There must be, however, a further 
condensation than that due merely to the mixing of 
the steam with the water, viz., the condensation due 
to the work actually done in forcing in the water, in- 
cluding the overcoming of its frictional resistance in 
the passages of the apparatus. The work done, ex- 
clusive of the last-named resistance, is readily caleu- 
lable ; and in low-pressure boilers it may, as we have 
seen, form less than the one-thousandth part of the 
work done by the engine which the boiler supplies. 
The frictional resistance in the contracted passages is 
not so readily calculable, but it may be readily shown 
to be comparatively 10derate in amount. In steam 
fire-engines the velocity of the escaping jet is often 
as much as 100 ft. per second, while in Giffard’s in- 
jector, when forcing against a boiler —— of 120 1b., 
equal to a column of water 276 ft. high, the greatest 
velocity required to generate a force sufficient to over- 
come this head is but about 134 ft. per second. ‘This 
is known also, by the rate of delivery and size of 
nozzle, to be about the actual velocity in an injector 
working against 120]b. »réssure. Now we know 
that the pressure requisite in the air-vessel of a 
steam fire-engine to eject water through an 
orifice, irrespective of any frictional resistance, 
must be for a velocity of 1l00ft. per second 
at least 681b. per square inch, inasmuch as this 
is the pressure of a column of water of the 
height (156 _ requisite to generate that velocity. 
Now, the actual pressure within the air-vessel, when 
working at the velocity of delivery often attained by 
steam fire-engines, is commonly from 90 Ib. to 110 lb., 
or but one-half greater than that theoretically due to 
generating so high a rate of velocity, even when all 
sources of loss are disregarded. The power expended 


varies as the pressure generating a given velocity, in- 
cluding all resistances in the channel between the air- 
vessel and the nozzle of the branch-pipe. In general 
terms, the fact must be the same in the nozzle of the 
injector. The additional steam due to overcoming the 
friction could hardly, from the closely analogous 
evidence thus afforded, exceed that theoretically re- 
quired to deliver the water at the point where it enters 
the boiler, as already calculated. Even were the loss 
by friction thus as great as the whole of the useful 
work done, the injector would still have an advantage 
of about four to one, or would, in other words, con- 
sume in total work but one-fourth as much steam as 
the donkey pump already noticed. We are not, of 
course, speaking of steam condensed by mere mixture 
with the feed-water; for this is all returned to the 
boiler, but of the further condensation of steam in 
doing work, and which is thus, so to speak, dynami- 
cally condensed, and which represents the real steam 
expenditure of the instrument. 

There are two experiments which those concerned 
in introducing the injector should make, and the 
results of which they should give to the public. 
Both are exceedingly simple, and they would settle 
points which now form the subject of some dispute. 
The first is to ascertain the frictional resistance to the 
moving column in the injector. This trial would be 
the easiest possible. No steam would be employed 
to work the injector, but, instead, a strong air-vessel 
would be fitted to the inlet water-pipe, and a jet of 
water be driven through the injector by means of a 
force-pump worked to a sufficient pressure. As soon 
as the jet, forced by means of a pump working against 
a high pressure in the air-vessel, once entered the 
boiler, a comparison of the pressures, as shown by 
steam-gauges on the air-vessel and in the boiler, would 
at once show the relative frictional resistance in the 
injector. If the injector were the wasteful contrivance 
which Brown, Wilson and Co.’s pump unquestionably 
is, the gauge on the air-vessel should aw a pres- 
sure from seven to eight or even ten times greater 
than that in the boiler, or, say, from 840 lb. to 1200 lb. 
per square inch where the boiler pressure was 120 lb. 
Our own opinion of the actually necessary pressure in 
the air-vessel would be that it would not exceed, if it 
reached, 240 1b., in which case the jet would be in- 
jected into the boiler, and that with but about one- 
fourth the power required to work the famous “ don- 
key injector.” Were there no frictional resistances, 
anair pressure of 240 lb. per square inch, correspond- 
ing to a head of water of 552 ft., would give an effluent 
velocity of about 188 ft. per second, which would, of 
course, be far more than would be necessary to force 
the water into a boiler against a pressure of 120 |b. 
In any case, the proportion of tall noe work to the 
ented wank done would be as the excess of pressure 
in the air-vessel compared with the boiler pressure. 

The next experiment should be that of applying the 
injector to draw froma measuring tank a given quan- 
of water of known temperature, and to exactly mea- 
sure in a receiving vessel, under a fixed atmospheric 
pressure, the quantity and temperature of the water 
so received. The difference in quantity between the 
water drawn up and the water delivered would repre- 
sent the steam condensed in the process, and from the 
difference in the temperature of the water drawn and 
the water delivered an estimate could at once be made 
of the loss of heat in useful and useless work. In the 
discussion upon his paper on injectors, read at the 
Society of Engineers, Mr. Olrick quoted an experiment 
by M. Villiers, of St. Etienne, in France, the alleged 
result of which appears to be too good to be true. 
M. Villiers drew 1700 1b. of water at 70° from a 
measuring tank, aud delivered it by means of the in- 
jector into an empty boiler loaded with atmospheric 
pressure to 60 lb., the steam pressure acting upon the 
injector being also 60 lb. The water received in the 
boiler was 1807 lb., showing that 107 lb. of steam had 
been condensed. Its temperature was 140°, so that 
there were originally 1700 x 70=119,000 pound-de- 
grees in the feed-water, and 1807 x 140=252,980 
pound-degrees in the water delivered, the difference 
being 133,980 pound-degrees. Now this, divided by 
107 Ib., the steam which only could have produced 
the change in quantity and temperature, would give 
1252° for each pound of steam, which is even more 
than it could have given out, masmuch as steam of 
60 lb. pressure has but 1175° of sensible and latent 
heat, and in cooling down to 140° could give off but 
1035°. This at least is the only way in which esta- 
blished data enable us to deal with the question. If 
the experiment of M. Villiers can be repeated in this 
county with the same results—and the experiment is 
very easily made—we shall hear no more of loss of 








effect in the injector, nor see monstrously wasteful 
aud unquestionably dangerous patterns of donkey- 
pumps persistently puffed in the newspapers. 








COMPOUND INTEREST. 


Tue subject of railway expenditure, involving the 
wide question of railway economy, is intimately depen. 
dent upon questions of compound interest ; yet while 
this is at known to railway men, they sometimes 
apply the calculation of compound interest in the 
wrong place, and so as to cause a positive loss to 
the property under their care. It is now practi- 
cally established as a fact, that one quality of a 
certain class of railway material, although twice as 
costly at the outset as another, is six times as 
durable. Hence, one would naturally suppose, the 
dearer material would be much the cheaper in the end. 
But by calculating the compound interest upon the 
increased cost, and supposing the material to Vast for, 
say, fifty years, or even for ever, if that were possible, 
certain railway men succeed in satisfying themselves 
that the final cost of the better material becomes so 
great as to outweigh all its other advantages. The 
fact is, however, that no question of compound 
interest really enters into the matter at all, 
Railway companies do not borrow money at compound 
interest, but at simple interest; and the payment 
also of dividends to shareholders is, so far as its rela- 
tion to capital is concerned, precisely the same as the 
payment of simple interest upon » Pred nag It is 
easy to say that 7f such or such a sum were funded 
at compound interest for so many years it would pro- 
duce so much, but neither railway dividends nor in- 
terest payments are so funded. Whatever the indi- 
vidual shareholder might do with his dividends, these, 
so far as the company is concerned, form a yearly 
(although variable) rate upon capital, and twenty 
years’ successive dividends of, say, 5/. each per 
share amount to 100/., and to no more. Ina 
case which was assumed in our leading article 
last week, a ton of material costing 14/. was 
estimated to last forty-eight years, where a ton 
of a different and inferior material for the same 
purpose cost 7/., and lasted but eight years. The 
superior material bears a yearly interest charge, at 
5 per cent., of 7s. more than that upon the inferior 
material, and this amounts, in forty-eight years, to 
16/. 16s., and to no more, although were the same 
excess of cost (7/.) funded at compound interest, it 
would make a very much larger return. In one case 
a total, of principal and interest, of 47/. 12s. lasts for 
forty-eight years, being less than a pound a year, while 
in the other a total of 9/. 16s. lasts for eight years, 
being 24s. 6d. a year, besides an average annual charge 
of 2s. a year for “relaying ” at the end of every eight 
years. 

When, ;however, a railway company establishes a 
specific fund for renewals, this may be, and commouly 
is, invested at compound interest. In this case, if a 
ton of new steel rails cost 7/., in addition to a ton 
of old steel of the same value, 84d. added yearly to 
a fund at 5 per cent. compound interest will return 
7/. in forty-eight years, whereas it would require 7s. 
yearly for eight years to return 3/. 10s.—the difference 
m price between a ton of new and old iron rails. 
If, however, a railway company chose to fund 
the original difference in cost, say 7/., at compound 
interest, they would have either to borrow the 
money at, say, 5 per cent., and thus pay an 
annual charge of 7s., or, which comes to the same 
thing, withhold that amount from dividends. At the 
end of eight years, 27. 16s. would thus have been paid 
in simple interest or withdrawn from dividends, and 
then, also, 3/. 10s. would be required for renewing, and 
15s. relaying, making 7J. 1s. in all, while the original 
fund accumulated at compound interest would amount 
to 102. 7s., leaving but 3/. 6s., or less than one-half that 
originally put aside, to be put at interest for the 
second period of eight years. It is evident that such 
a fund, thus subject to periodical and heavy drains 
would soon be exhausted—long before the steel rails 
would require renewal. 

That our correspondent, F. F.—who will be recog 
nised by his initials as being one of our leading per- 
manent way engineers—has fallen into a grave error 
in his aol of calculating the cost of rails will be 
evident by reference to his own table. In this he 
gives the cost of iron rails up to the end of the first 
period of eight years as 11/. 16s. 5d., and up to the 
end of sixteen years as 24/. ls. 6d., and so on. 
Taking out from the table the costs of the rails 
Suing the successive periods of eight years, we thus 

ve: 
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—so that, supposing F. F.’s calculation to be correct, 
during the sixth period of eight years the rails would 
have cost about five times as much as during the first 
eight years, although the same amount of work would 
have been got out of the rails, and they would have 
cost the same price per ton. 





To CoRRESPONDENTS.—Owing to the pressure on our 
space, we are compelled to leave over, until next week, a 
number of letters which are in type. 

Tue PerKIoMEN Rattway Briper.—Ths Perkiomen Rail- 
road bridge across the Schuylkill has been contracted for b 
A. B. Burton and Co., of Philadelphia. The structure will 
consist of three spans of 170 ft., and one span of 125 ft.; total 
length, 635 ft. The bridge is to be built on the plan known 
in America as the “ isometrical truss.” 

TRIAL oF A 10 1n. ARMoUR-PLATE.—A fair honest fight 
between armour-plating and guns took place on Tuesday, 
on board the Thunderer target-ship, in Porchester Creek, in 
the upper waters of Portsmouth harbour. The plate was 
from the rolling mills of Messrs. John Brown and Co., Atlas 
Steel and Iron Works, Sheffield, and was no less than 10in. 
in thickness, by 15 ft. in length and 3ft. 9in. in breadth. 
It was selected as a “test” plate from a score of plates 
manufactured by Messrs. Brown for the central broadside 
armour of the turret-ship Monarch, 5100 tons, 1100 horse 
power, building at Chatham. The plate was bolted on to a 
wooden backing of upwards of 4 ft. in thickness, supported 
by iron and oaken beam struts of immense strength. The 
gun was the ordinary test gun—95 ewt. 68 smooth-bore, but 
on this occasion fired with 16 Ib. in lieu of the ordinary 13 Ib. 
of powder. The distance between the muzzle of the gun 
and the face of the armour-plate was 25 ft. Nine shots were 
fired, and all struck the plate within a square space of 34in. 
The greatest indentation made was only 1.7in., and the 
least 1.5in.; no cracks, surface or otherwise. The trial, in- 
deed, gave the plate an extraordinary degree of credit. It 
was the first 10 in. plate tried on board the Thunderer ; but, 
in comparison with a series of 8 in. and 9 in. plates previously 
tested on board, its resisting powers to}the impact of shot 
was very much in excess of what was simply due to its ex- 
ceptional thickness. The plate is now being taken down 
from its backing on board the Thunderer, and will be sent 
round to Shoeburyness, where it will be further experiment- 
ally tested with the 10 in. rifled gun and maximum charge of 
powder. 

Pustic Works 1n Iraty.—Publie works are dragging 
on slowly in Italy, and trade very bad, as the premium on 
gold is 14 to 15 per cent. There are various railway schemes 
on the boards, but all waiting for money. On the Ligurian 
line the Porto Vado tunnel, 1200 metres in length, is nearly 
finished, as is also the section of railway between Vado and 
Spotorno. The works of the Piazza del Duomo, in Milan,which 
have been suspended during the winter, are shortly to be 
resumed, the City of Milan Improvements Company 
(Limited) having effected a loan of 3,000,000 francs with a 
bank there. A project for a canal for the irrigation of Lom- 
bardy, to be derived from the Lake Maggiore, has been 
brought forward by Signor Tatti. A scheme for the water 
supply of Venice, the water to be brought from the river 
Sile, near Treviso, is soon likely to be commenced. The 
works of the Spezzia tunnel are likely soon to be resumed. 
This tunnel is about 3500 metres in length From our own 
‘orrespondent. 

Raritway Trarns.—In 1866 the distance run by railway 
trains in England and Wales attained the astonishing aggre- 
gate of 117,313,154 miles, or 22,000,000 miles more than the 
distance separating the earth from the sun. The distance 
traversed by Scotch railway trains in 1866 was 17,680,579 
miles; and by Irish railway trains 7,814,120 miles. The 
aggregate distance run by railway trains in Great Britain 
and Ireland in 1866 was thus 142,807,853 miles, as compared 
with 139,527,127 miles in 1865, showing an increase in 1866 
of 3,280,726 miles. To the total of 142,807,853 miles set 
down for 1866 passenger trains contributed 73,383,356 miles, 
and goods trains 69,424,497 miles, showing an increase in 
1866, as compared with 1865, of 2,176,538 miles in the dis- 
tance run by passenger trains, and of 1,104,188 miles in the 
distance run by goods trains. 

Tue Corron Trapr.—The average deliveries of cotton 
from Liverpool to the trade thus far, this year, have been no 
less than 58,050 bales per week, as compared with 33,400 
bales in the corresponding period of 1867, and 36,700 bales 
in the corresponding period of 1866. The average weekly 
consumption of cotton in the United Kingdom, in 1867, was 
49,090 bales, as compared with 46,850 bales in 1866. The 
trade has thus been gradually extending its operations during 
the last twelve months. 

AnoTHEeR Steam Line.—The Belgian Government has 
just concluded, for a period of ten years, a contract with an 
English company for the establishment of a service of 
steamers every month between Ostend and Brazil. The 
directors of the enterprise are Messrs. Tait and Co., who have 
recently established a monthly service of steamers between 
London and Brazil. The concern will be known as the 
London, Belgian, Brazilian, and Rio Janeiro Steamboat 
Company; and four ships, of from 1600 to 1800 tons each, 
will be put upon the line, viz., the City of Limerick, the City 
of Buenos Ayres, the City of Brussels, and the City of Rio 
Janeiro. The contract which has been just concluded with 
Belgium takes effect in March. The company’s ships will 
= from London to Ostend, and then vid Falmouth to 








NAPIER v. POOLEY. 
To THE Eprtor or ENGINEERING. 

Srr,—I must trouble you with a few remarks on the ac- 
count of the case Napier v. Pooley in your last week’s issue. 

First as to the height of the water in the boiler, and the 
length of the return pipe from the anti-primer. You say 
that Mr. Gray discovered that when the water was half-glass, 
the bottom of the return pipe was half an inch above the 
water level, and the latter was jin. above the top of the 
tubes; and I don’t dispute this statement, but I reply that 
when I first saw the boiler I learned from the engine-driver 
that the usual —_ was to keep the water near the top of 
the glass, and 1 afterwards saw for myself that it was oftener 
a good deal above the top of the glass than below it, and on 
the first day that Messrs. Kennedy, King, and Hodkinson 
were present, I believe the water was at least 2 in. above the 
top of the glass, and within 7 in. of the crown of the boiler, 
for the upper cock of the gauge-glass gave quite solid water 
when full open ; on seeing which Mr. Hodkinson, not know- 
ing, as I did, that it was of frequent occurrence, spoke to the 
engine-driver and to one of the Messrs. Pooley against it, on 
the ground that it was not giving the anti-primer a fair 
chance ; this did not elicit any hint that the object of keep- 
ing the water so high had any reference to the anti-primer. 

Again, you say that one reason that actuated Messrs. 
Pooley in refusing to pay us was that they considered that 
the apparatus, as applied, had increased the priming ; but 
the above took place on the 17th of December, after the 
anti-primer had been twelve weeks in use, and we had not 
then received, nor did we, till the second day of the trial, 
receive, any intimation that the so-called priming was sup- 
posed to have been increased; for the fact is, as Mr. Gray 
allows, that it was an idea of his after the anti-primer had 
been disconnected (in Christmas week, I believe), and the 
notion was inferred from his having collected from the end 
of the steam-pipe next the cylinder 10 1b. per hour while the 
anti-primer was at work, and only 5Ib. (41b. according to 
Mr. Chater) from the same place after disconnecting ft. Now 
a strong effort was made by the defendants’ counsel to make 
it appear that I had examined the boiler and engine before 
applying the apparatus with the view of seeing what there 
was to cure, and that it was applied mainly, if not alto- 
gether, to cure evils which I myself saw; but Mr. Gray’s 
experiments and deductions reduce the curable evil to some 
portion of 51b. per hour, and according to the salt experi- 
ment mentioned in your second and last paragraph, and 
which, it must be recollected, was not tried till atter discon- 
necting the anti-primer, three-fourths, at least, of this 5 1b. 
was condensed steam, leaving at the most 1} 1b. per hour, or 
an ounce every three minutes of unvaporated water escaping 
with the steam, and which I think might very probably 
have passed up in the shape of spray when the passage was 
direct, though at the time there was strictly no priming. 
Of course, if this were gold-dust it would be worth collect- 
ing; but is it conceivable that I applied a pipe 9in. dia- 
meter to allow an ounce every three minutes to flow back to 
the boiler? For, according to Mr. Gray, all the rest of the 
nine or eleven gallons per hour was probably condensed 
steam. But, even if I had mistaken the whole of the eleven 
gallons per hour for priming, should I be fit to be at large 
if I were to be at considerable trouble and expense fitting a 
9 in. pipe in a confined space for the passage of less than 2 Ib. 
of water per minute, when an inch pipe would have done ten 
times the [required work? The reason Ijdid put in a 
9 in. pipe was that with a boiler of nearly the same power, 
but with 12 in. to 15in, of steam room, I had frequently 
found a pipe equal in section to a 7}in. pipe not large 
enough for taking away the priming water separated from 
the steam by my arrangement. 

Of course we should have carried the return pipe lower, 
if we could have done so without blocking up the end by 
being too close to the tubes; but it willbe seen, from what I 
have said, that there was not the least occasion to alter the 
usual level of the water. 

One word as to the trial. You say that Mr. Gray was 
stopped by our counsel from giving evidence of the shortness 
of the return pipe. But that was only in his cross-examina- 
tion; our counsel had no power whatever to prevent that 
evidence being given by Mr. Gray on his examination in 
chief, and if the defendants neglected to get a barrister suffi- 
ciently of an engineer to understand the case, whose fault 
was that? Both of ours, after a short consultation, under- 
stood the case, at least, as well as the majority of engineers, 
and I maintain, without fear of contradiction, that neither of 
them asked a foolishquestion, either in consultation or in court. 

In conclusion, allow me to say that I think it would have 
been much wiser on the part of the defendants if they had 
acceded to our reiterated request, backed in court by the 
urgent appeal of the judge and jury, to allow the case to be 
referred to some unbiassed practical engineer, when each 
party could have suggested experiments for the elucidation 
of the question. , 

Apologising for troubling you with so long a letter on an 
article which, on the whole, | feel obliged to you for insert- 
ing, as, with the few corrections herein, it completely esta- 
blishes the correctness of the decision of the jury; but think- 
ing I am entitled to have these corrections made, 

I am, Sir, 

Birkenhead, Jan. 28, 1868. R. D. NAPIER. 

[A “separator” identical in principle with Mr. Napier’s 
has long been applied by Mr. Penn to the larger marine en- 
gines made by him, and a similar apparatus is applied, in 
an excellent form, to the boilers at the Lambeth and Chelsea 
Waterworks.—Ep. E.}. 











Coat 1n Cutna.—There has been some discussion of late 
at Shanghai with reference to vast coal bearings which are 
said to exist in the southern provinces of China. The extent 
of these bearings is estimated at no less than 87,000 square 
miles. A confirmation of these calculations, even to a mode- 
rate extent, would completely change the character of the 
Celestial Empire. At present coal does not cost much less 
than 8/. per ton at Hong-Kong or Shanghai. 


RAILS, CHAIRS, AND THEIR FASTENINGS. 
To THe Eprror or ENGINEERING. 

Srr,—I was interested (on perusing me last week’s En- 
GINEERING) to find you had a correspondent offering such 
sound and practical remarks in reference to rails, chairs, and 
their fastenings. It is, in my estimation, as important to 
ask the question, What is the best method to be adopted for 
fastening chairs? as to ask, Whether is steel or iron best 
adapted for rails? I do think, with “Old Platelayer,” there 
has been no improvement offered as yet for securing chairs. 
I have frequently noticed the twisted spike or pin has 
started, and I fancy the “ twist” has little if any hold, and, 
if held in an inverted position, presents the form of a piece 
of square bar, and can really have little or no hold, as it is 
merely driven into the wood sleepers; and the yieldi 
tendency of sleeper and earth, when the weight of 
succeeding carriage is passing over it, “rocks” it loose, and 








raises it Fg out of its presumed secure and resting 
place; and ‘if the purchase was increased, it would be 
“wholly” lifted out. Dampness causes the wood to expand, 
but there is nothing on a twisted pin to enable the swelling 
of the wood to grasp. It ought, therefore, to be narrowly 
looked into. If it were possible to get a thread twisted 
round or raised on a bolt or pin like a joiner’s ordinary 
screw-thread, only at wider spaces apart, { am of opinion 
an improvement is then arrived at, as they could either 
be driven or screwed in. The wood would expand while re- 
ceiving it, and moisture would cause the y of wood be- 
tween each thread also to swell, whereby it would be sure to 
grasp more firmly, and make it more secure. Supposi 

they then start, one turn with a screw-key would tighten 


them—an improvement over the others, I think. 
Hoping you will give this insertion in your next issue, I 
am your humble Subscriber, Rustic. 








Coats oN THE Pactric Coast or AMERICA.—Coal exists 
at various localities along the Pacific coast from Russian 
America to Patagonia, and is now mined to a limited extent. 
But all these coals are of later date than the true carboniferous, 
and appear to be the production of periods from the jurassié 
to the tertiary. They are of all grades of the bituminous 
class, from the mineral pitch, or asphaltum, to anthracite. 
But, under present circumstances, these deposits of coal are 
invaluable to the commerce of the Pacific. 

Tue 3 Fr. 61n. GauaE In AmeRtcA.—The Montreal Trade 
Review says that two railroads, the Toronto, Grey, and Bruce, 
and the Toronto and Nipissing, are to be undertaken next 
season, both on the narrow-gauge system—3 ft. 6 in. 

Coat FRom East Srperia.—A cargo of about 220 tons of 
Saghalien coal has been imported into the San Francisco 
market by Freeman, Smith, and Co., from the island of 
Saghalien, East Siberia. It has been practically tried by some 
principal blacksmiths and foundrymen, and proved to be of 
superior quality, both for steam and forging purposes, and it 
is thought that it will become a regular and valuable article 
of importation, as its high cooking qualities, freedom from 
sulphur, and nature of the ashes (its forming no slag), speak 
strongly in its favour. We subjoin an analysis made by the 
Pacific Chemical Works. Specific gravity, 1.288; volatile 
combustible matter, 35.70; fixed carbon, 56.45; moisture, 
1.8; earthy matter, 6.05; gas evolved by 101b. avoirdupois ; 
coal, 32 cubic feet. : 

A Hieu-teve. Gory Minz.—A gold mine in the deep 
valley of the Alps, near Salzberg, is the highest in Europe 
which is now worked. There are two tunnels near this mine 
entirely surrounded by glacier ice. The miners of this 
region undergo great hardships from exposure and avalanches. 
It is stated by one authority that there is a locality deep 
within one of the iron mines of Dannemora, where the mass 
of ice is one hundred and twenty yards thick. 

A Rattway Tunnet 1n AtGerta.—The railway tunnel 
m Constantia, in Algeria, is finished. It is nearly 3000 ft. 
ong. 

WeEtt-Borina IN Itaty.—The Italian Government has 
lately granted three privileges for boring wells on the terri- 
tories of Farnuovo, Taro, and Medesano. Two of them have 
been given to American capitalists. 

Srreet Bripa@es ror Foot-PassENGERS.—We learn that 
the authorities of Paris have accepted a tender for the con- 
struction of an experimental iron bridge for foot-passengers 
for the junction of four streets. This experiment is not new, 
as is well known. The bridge over Broadway, in New York, 
has been completed for some time, but is not in very general 
use on account of the labour and time expended in ascendin 
and descending. Visitors may, however, obtain a magnifi- 
cent view of the street from this elevation.—Jouwrnal of’ the 
Franklin Institute. 

ENGINE-DRIVERS IN INDIA.—The Friend of India says 
that, owing to the heat, half the engine-drivers on the East 
India Railway are sick. “The other day,” it adds, “a train 
was stopped at Hooghly with the stoker dead and the driver 
dying. 

Tue New York Exxevarep Rawway.—tThe first half- 
mile of the experimental elevated railroad in Greenwich- 
street is fast approaching completion. Its constructors seem 
confident that the line, when finished, will be accepted, and 
its continuation to the Central Park authorised. It is stated 
that a company has been formed to build another elevated 
road through the city, upon a plan of’ Mr. H. Montg A 
who uses corrugated iron for the beams and supports. 
asserts that he can complete a durable track from the Battery 





to Union-square in ninety days, 
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STEEL v. IRON RAILS. 
To THe Eprror oF ENGINEERING. 

S1n,—As an engineer having the responsible charge of a 
line of railway, and therefore always alive to questions 
affecting the cost of renewals, I have read with much interest 
the various articles in EnGryeeRine relating to the alleged 
economy attending the substitution of steel for iron rails. 
Whilst agreeing to a certain extent with the arguments in 
favour of steel rails, and whilst myself using them freely in 
» parts of the line subject to heavy traffic, I cannot at present 
see my way to the wholesale substitution of steel for iron 
rails. Your statements in favour of steel rails appear to me 
to go somewhat too far; and I cannot help thinking that, in 

our last leading article on this question, you have fallen 
into some errors of calculation or, at any rate, of stating the 
question. 

At first sight it appears undeniable, that if a certain 
article costs twice as much as another for the same purpose, 
but lasts three or even six times as long, it must of necessity 
be more economical. The introduction of the element of 
compound interest, however, quite alters the case. When, 
in your recent article, the sum of 84d. is mentioned as that 
which, if funded year by year, would amount to the cost of 
renewing a ton of steel rails at the end of forty-eight years, I 
think you overlook the important fact that, in addition to 
providing for renewal, the first outlay has been accumulat- 
ing at compound interest for the whole of the period of 
forty-eight years, and will therefore have amounted to a 
very considerable sum. Your second mode of illustrating 
the economy of steel rails, even if correct, does not appear to 
be so simple and easily comprehended as it might be. Surely 
the correct method of ascertaining the cost of rails, whether 
of steel or iron, for any given periods is to calculate to what 
sum the outlay would accumulate if invested at compound 
interest. As this is the sum which the owner of the rail 
might thus have realised, so is it the cost of his having in- 
vested his money in rails instead. 

Let me put the figures in this way, which appears to be 
the correct one, at the same time saying that, if wrong either 
in the principle or its application, I shall be only too glad to 
be set right. I will adopt nearly the same prices as those 
used in your illustration. 

Iron rails at 7/. 5s. per ton, laying 16s. ; total 87.; duration, 
eight years; value of old rails, 3/. 10s; nett cost of renewals 
at end of every period of eight years, 4/. 10s. Steel rails 
14/. 5s. per ton, laying 15s.; total cost 15/.; duration, forty- 
eight years; value of old rails, 7/.; nett cost of renewal at 
end of period of forty-eight years, 8/. 

Ist. Iron rails, 1 ton at 87. 


o 
= 


z 
At end of eight years, at 5 per cent. compound 
interest eee eve eve 
With eost of renewals added (4/. 10s.) 
At end of sixteen years oo 
With renewals ‘ eee 
At end of twenty-four years 
With renewals eee 
At end of thirty-two years ... 
With renewals eee eee 
At end of forty years 
With renewals eee eee eee 
At end of forty-eight years ove ove 
Deduct value of old rails 3/. 10s., making the 
total cost in forty-eight years... ove 
2nd. Steel rails, 1 ton at 15/. 
At compound interest for forty-eight years... 0 
Deduct value of old rails 7/., making the total 
cost in forty-eight years ovo «- 140 0 

There is in this instance, therefore, some, though not a 
very considerable, economy in the use of steel rails. If, how- 
ever, the calculation be carried on through another period of 
forty-eight years, the result will prove to be largely in favour 
of the iron rails, owing to the rapid accummulation of in- 
terest on the sum expended on the steel rails. 

Let us now inquire what would be the relative economy of 
steel and iron rails, if the former lasted only three times as 
long as the latter. 

One ton of iron rails, as before, lasting eight years, costs at 
the end of twenty-four years 42/. 3s., less 3/. 10s. old rails— 
38/. 13s. 

One ton of steel rails, as before, lasting twenty-four years, 
will cost 487. 7s. 6d., less 71. for old rails=41/. 7s. 6d. 

In this particular instance, therefore, steel rails would cost 
not less, as you suppose, but more than iron rails. 

A little consideration of the foregoing figures, and a few 
similar calculations, will show that the question of the 
economy of steel rails depends not merely on the relative, 
but also on the actual duration of the rails. Thus, there is a 
wide difference between the comparative economy of steel 
and iron when the periods of duration are, say, six years and 
one year, or forty-eight years and eight years respectively, 
although in both cases the steel has outlasted six iron salle 
For example, a ton of steel rails, at 16/., lasting six years, 
would cost 20/. 2s., less 7/. for old rails, or 13/. 2s.; a ton of 
iron rails, at 8/., lasting one year only, and renewed year by 
year at the former rates, would cost 31/. 11s. 5d. at the end 
of six years. 

These calculations support the conclusion at which I long 
since arrived, that in situations where iron rails wear out 
very rapidly, say in a few months or in a year or two, it is 
far more economical to lay steel rails. Where, however, iron 
rails last for periods of twelve or fourteen years, as they doon 
lines of moderate traffic or on branch lines, it would be any- 
thing but economy to substitute steel rails at present prices. 

In estimating the relative advantages of steel and iron 
rails for station-yards, goods lines, and main lines of heavy 
traffic, no practical engineer will omit, in addition to the 
money consideration, to give due weight to the decreased 
risk of accident, the less frequent interruption to the traffic, 
and the diminished injury to the permanent-way timber, due 
to the less frequent renewals of steel rails. 


Yours faithfully, 
January 29, 1888, PF 
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“ ENGINEERING AT CROYDON.” 


To rue Eprror or ENGINEERING. 


Srz,—I have read the letter in the last number of your 
journal, and signed “ An Old Subscriber,” and I take upon 
myself to reply to it, as the figures quoted in your article 
are the same as used by me in my inaug address as 
President of the Society of Engineers and therefore I take 
this opportunity of defending my statement, which is im- 
ponte te some interested or ignorant individual. 

My statistics were culled from Dr. Westall’s Mortality 
Tables of the parish of Croydon, which, I have every reason to 
know, are accurately and carefully compiled. But your cor- 
respondent has the effrontery to give statistics from public 
documents which were not in existence at the time he wrote 
his letter. He tells you that, “according to the Registrar- 
General’s returns, the death-rate was 20.9 per 1000 for the 
past year (1867), and in 1861 it was 17 per 1000.” I have 
made inquiries this day (Monday) at the principal office for 
the sale of public documents, and also at the establishment 
of Messrs. Eyre and Spottiswoode, who are the printers of 
the Mortality Tables, and, in each case, I have been informed 
that the return from which the writer of the letter in 

uestion quotes is not yet in existence. This simple fact 
should carry with it the condemnation the writer who penned 
that letter so justly deserves. 

The success of the works of Croydon, in a sanitary point of 
view, have been so great that the simple — they 
practically expound. commend the system adopted, to the 
disparagement of a whole host of nostrums that are being 
attempted to be forced by fair and foul means on the authori- 
ties of the towns of this country. I take it that your corre- 
spondent of last week has some motive in view in attempting 
fraudulently to disparage the Croydon works and Croydon 
system. Whatever the aim and object of his ambition may 
be, let him seek it by means fair and open. Fair criticism is 
always of value ; but to confront truth with falsehood is base 
indeed. I have my reason for believing that your correspon- 
dent is either the author of papers in the Medical Times, 
or has drawn his inspiration from the lucubrations of the 
luminary who has penned certain articles which have ap- 
peared in = medical contemporary, and which are based 
upon an hypothesis that will not bear scrutiny; for the 
groundwork of the whole theory is as false as the suppositions 
of your correspondent. 

n order that the following figures may be understood, it 
should be known to your readers that Croydon, and Croydon 
sub-district, in the Registrar-General’s returns, include a 
number of other parishes and places, as well as Croydon 
parish. The sub-district which is the nearest ——_ to 
correctness includes the parishes of Addington, Coulsdon, and 
Sanderstead, and the hamlet of Penge. The statistics taken 
by your medical contemporary are Pased upon the supposi- 
tion that the parish of Croydon has only increased between 
1861 and 1867 at the same rate per annum as it did between 
1851 and 1861, and hence the grievous blunders fallen into ; 
whereas between 1851 and 1861 the population increased 
from 20,365 to 30,240, and between 1861 and 1867 
from 30,240 to 60,755. The way in which the present popu- 
lation is arrived at is simply this: There are 9197 houses on 
the rate-books in the year; from this{370 must be deducted 
as empty, leaving 8827, the occupants of which pay rates ; 
by multiplying the number of inhabited houses by 5.75, 
which is a number somewhat less than actually found to 
exist on the average in each house at the last census, we get 
< meer population of 50,755. 


e return of births and deaths Iam about to quote are 


Q | from the certified copies of the Registrar of Births and Deaths, 


as furnished to the Local Board of Health weekly, and can 
be verified, on inquiry, by the Registrar. 


Births and Deaths for 1861. 
|. |. | Birth- ~ (Death- 
Popu-|No. of | rate | No.of| rate 
lation.|births.| per deaths} per 
1000. | 1000. 

Croydon District 46,474) 1465 | 31.62; 810 | 17.42 
» Sub-district ...| 37,003] 1174 | 31.64! 647 | 17.44 

» Parish (census) | 30,240) 1010 | 33.39 657 | 18.41 
i __s» (end ofyear) 30,944 | 1010 | 32.63 | 557 | 18.00 


Births and Deaths for 1867. 

l | Birth| —«| Death- 
| Popu-|No. of | rate | No.of| rate 
|lation.|births.| per |deaths| per 
1000. 1000. 

















pr 50,755] 1767 | 3481 | 843 | 16.60 


Croydon Parish... 





I cannot give the death-rate for the sub-district, as the re- 
turns are not yet published by the Registrar-General. It 
will be seen that the mortality of Croydon parish, instead of 
being 17 per 1000 in 1861, was 18; and in 1867, instead of 
being 20.9, it was actually 16.6 per 1000. The correctness 
of the return is corroborated b e birth-rate, which shows 
by the rate of increase, as the death-rate does by the rate of 
decrease, the value of the sanitary operations that have been 
carried out in the parish. ‘The rate of increase of the parish 
of Croydon may be known from the fact that, on the average 
of the last four years, the plans of about one thousand 
houses have each year been deposited and approved in the 
public office of the Local Board of Health. 

The great value of sanitary works in saving life may be 
ascertained from the fact that, for seven years before any 
works were constructed in Croydon, the average mortalit 
was 23.66; the year before the adoption of the Public Healt 
Act, it was 28.16, the population of the place being then only 
19,380. The average rate of mortality for the last ten years 
has been 18.16, and for the last year 16.60; so that we see, 
with an increase of 160 per cent. in the population, the death- 
rate has decreased 40 per cent. between the extreme periods. 

The figures given as the deaths in Croydon include the 





deaths in the union workhouse, which is the workhouse for 
nine parishes and two hamlets. 
I remain, Sir, your constant Reader, 
Batpwin Larnam, 
Engineer for Public Works, Croydon, &. 
6, Westminster-chambers, Westminster, S.W., 
January 27, 1868. 








STEEL RAILS. 
To THE EpiTor oF ENGINEERING. 

Srr,—I have been much interested in the steel v. iron 
controversy in your paper, and am of your opinion, that to 
have a good and economical permanent way where the traffic 
is heavy, and the life of an iron rail less than, say, eight years, 
it is essential that steel should be used; but I think in your 
article on “ Railway Economy,” in your issue of January 
24th, you have overstated the saving to be effected by the 
use of steel. The question seems to me to be simply this: Is 
it more advantageous to expend an additional 7/. per ton to 
obtain a more durable material than the ordinary iron rails, 
or to fund that amount at interest to renew the iron from 
time to time? Then the case would stand thus (taking your 
figures): A ton of steel costing 14/. and lasting forty-eight 
years, and worth, when worn out, half-price, 7/. On the 
other hand, iron rails costing 7/. when new, and requiring 
renewal at a cost of 4/. 5s. every eight years. The 7/. (the 
difference in cost between iron and steel) if funded at 5 per 
cent. compound interest, would amount in eight years to 
10/. 7s., from which 4/. 5s. being deducted, 61. 2s. (not 31. 6s.; 
as stated in your article) would remain. If this calculation 
be carried on, it will be seen that the fifth lot of iron rails 
would be worn out and the fund exhausted in forty years; so 
that, if the steel only lasted five times as long as the iron, 
there would be a saving of 3/. 10s., the difference in value of 
old iron and old steel. Or to put it another way: a sinking 
fund to renew iron rails at a cost of 4/. 5s. every eight years 
would be 8s. 6d. per annum; to renew steel in forty years, 
1s., which, added to 7s. (interest on the extra cost of steel), 
would only amount to 8s., or a saving of about 6 per cent. 
per annum, in addition to the advantage of having a good 
road instead of (comparatively) a bad one. 

With regard to the Derby steel rail, has not your corre- 
spondent understated the value of steel at 11/. 10s. and old 
iron at 40s.? Would not 14/. and 4J. be nearer the mark ? 

Your obedient Servant, 
P. 'W. D. 


HEATON’S STEEL PROCESS. 
To THE Epiror OF ENGINEKRING. 

S1rz,—Will you allow me to correct an errorin my letter in 
your last? It was in April, 1867, not 1866, that Mr. Har- 
greaves paid Mr. Heaton a visit at Langley Mill. 

I am, Sir, your obedient Servant, 

January 28, 1868. 














LEIPSIC WATERWORKS. 
To THE Eprror or ENGINEERING. 

Srz,—In your account of these works in your issue of the 
17th inst, you state that the details of the work were carried 
out or “matured” under the immediate superintendence of 
Mr. Grissell. I beg of you to allow me to contradict this 
statement. 

I am, Sir, your obedient Servant, 
Balls Pond-road, Islington, N., Tuomas DocwRa. 
January 29, 1868. 








AgronavuticaL Exuipitioy.—The Council of the Aéro- 
nautical Society have decided upon holding an exhibition in 
London of objects connected with aéronautical science in the 
month of June. Arrangements have been made for the exhi- 
bition to be held at the Crystal Palace, where ample oppor- 
tunity will be afforded for experiments. The importance and 
interest of some of these —- are a oe the 
fact that the Shipwrecked Mariners’ Society have allotted 
501. as a prize in connexion with one of the objects of exhi- 
bition, viz., “the best form of kite, or other aérial arrange- 
ment or modification thereof, for establishing a communica- 
tion from a wreck on shore or between two vessels at sea.” 
The late very successful experiments in Paris, conducted by 
M. Giffard with a captive balloon, have suggested their 
repetition upon the forthcoming occasion, when Mr. Glaisher 
will probably*prosecute further experiments, and an oppor- 
tunity will be afforded to inventors to pro means for 
controlling ascent and descent without loss of gas or ballast. 
The objects for exhibition, and for which prizes will be 
offered out of the funds now raising, are light engines and 
machinery, complete working aérial apparatus, models 
(working and stationary), plans and drawings, articles of 
interest commemorating previous experiments, kites or other 
similar apparatus proposed to be used in cases of shipwreck, 
traction, or in the attainment of other useful ends; paintings 
of landscape and cloud scenery as observed from a balloon. 
The interest excited among inventors in this and other 
countries has been manifested so strongly that, although the 
idea has only been made known — the members of the 
society, already many new inventions have been promised for 
exhibition. e display of light engines particularly is likely 
to be large, and further applications are being made to Mr. 
F. W. y, the honorary secretary, at the Crystal 
Palace. 

From tor Nortu.—Messrs. Denton, Gray and Co. have 
received an order for a new screw steamer (to run in the coal 
trade) from Messrs. Appleby, Ropner, and Co. Messrs. 
Schlesinger, Davis and Co. launched, on Saturday, an iron 
screw steamer for a Hamburg house, and also to be employed 
in the coal trade. This vessel, named the Pfeil, is to be 
fitted with engines of 80 horse power nominal by Messrs. 
Thompson, Boyd and Co., of Newcastle. The Ormsby 
foundry has received an order for five miles of iron pipes 2 
connexion with the Abyssinian expedition. 
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THE STRENGTH OF BEAMS. — No. I. 


On THE TRANSVERSE STRENGTH oF STEEL Rats 
AND OTHER ANALOGOUS Beams. 


Ir cannot be disputed that iron rails are rapidly 
being shelved, along with cast-iron wheels, cork 
buffers, and other curiosities of railway plant; by a 
species of natural selection, the better material surely, 
if but slowly, takes the place of its predecessor. It is 
no good attempting to stem the current of progress; 
one must move with the stream, or be swept away by 
it. The pages of this journal afford ample evidence 
that the engineering world generally is fully alive to 
the fact that steel rails are destined to supersede iron 
rails as rapidly as the latter superseded the original 
type—the cast-iron tram-plate. 


That being so, it is the proper time now to endeavour 
to deduce results from the valuable mass of experi- 
ments which have been carried out at different times 
and places on the strength of steel rails. Without 
this data, we should of course be ignorant of the 
strength of a rail of any particular section till we had 
rolled one and tested it ; but with the evidence already 
accumulated we think there should be little difficulty 
in predicting very closely the behaviour of any piece 
of rail under any given test. The object of the pre- 
sent paper is to show how this may be done; it is a 
problem which any engineer may any day have to 
work out for himself, since the sections of rails even 
of similar weight per yard are very varied, and of rails 
of different weights the numbers are almost infinite. 
The strengths of these rails will, of course, be com- 
prised within a very large range only; and in order 
to arrive at the comparative qualities of the steel 
used in the manufacture of the several rails, the tests 
applied should be carefully determined upon certain 
fixed principles which we shall now endeavour to 
develope. 


The first thing to be considered is the nature of the 
test to be applied, and we state without any re- 
serve that we consider nothing so good as the 
simple application of a gradually increasing bending 
stress to the centre of a piece of rail resting upon bear- 
ings about 5 ft. apart, the deflection and set being noted 
after each successive increment of stress. The rough 
and ready test of a falling weight is inexpensive, and 
it answered well enough in its day; but for compara- 
tive results it is, as we shall shortly show, a very 
fallacious guide. The majority of works are unpro- 
vided with monkeys of sufficient power to smash a good 
steel rail, and it is very questionable whether it is 
desirable that they should erect them, since, if they do 
not, the rails will in all probability be sent to some 
testing works, where they will undergo a more rational 
mode of treatment. Some engineers support a falling 
weight as a test of toughness, and this argument is 
plausible enough at first ; but a more detailed examina- 
tion will show that the same results may be obtained 
in a measurable form by the system of transverse 
strains with observed deflections. 

Thus, with a falling weight, the work done in frac- 
turing a rail—assuming the weight of the specimen to 
be zi/, and that of the anvil-block infinige—is simply 
the product of the weight of the monkey by the height 
from which it falls. If the conditions of immovable 
anvil and weightless specimen could be obtained in 
— falling weights and transverse strains would 

e convertible terms. The work done in each instance 
would be the product of the ultimate deflection by 
half the ultimate transverse strength. The fraction 4 
is the mean force exerted in deflecting in terms of the 
maximum ; it is obvious that both the force and the 
deflection would commence at zero. From the preced- 
ing equation we could easily determine either the weight 
of monkey or the height of fall, the other conditions 
being given, on the assumption already stated; we 
will now show by a practical example the variation 
between theory and practice. 

A piece of rail 4 ft. long was placed on bearings 
3 ft. apart, and a weight of 1 ton was allowed to fall 
on the centre of it froma height of 30 ft., the result 
of which was a bending of the rail to the extent of 
-6 ft. At another place, a different section of rail was 
fixed at the same bearings, and tested in a similar 
manner, when it was found that a fall of 23 ft. sufficed 
to produce the deflection attained in the other speci- 
men with a fall of 30 ft. The work done in producin 
these deflections was, therefore, 30 foot-tons a 
23 foot-tons respectively, amounts in each instance far 
in excess of those theoretically required. Thus the 
deflection of the first rail under the blow was that due 
to a weight of 40 tons applied at the centre of the 
3 ft. bearings, and the work done by a gradually in- 
creasing bending strain of that extent in producing 





40 tons x © &. defection 


that deflection would be 


=12 foot-tons. The deflection of the second rail was 
that due to a stress of 44 tons at the centre, and the work 
44 tons x.6 ft. deflection 
done would, therefore, be —— oo aren: 
=13.2 foot-tons. In the first experiment it appears, 
then, that the actual test applied to the rail was but 
40 per cent. of that which it might, upon superficial 
consideration alone, have been supposed to have sus- 
tained ; whilst in the second experiment it was about 
60 per cent. In these two simple experiments, then, 
a discrepancy of 50 per cent. is evidenced, and that, 
in all probability, was due to the fact of the rails being 
tested at different places and under different monkeys. 

With any amount of such evidence before us, we 
think it will be obvious to all how much more satisfac- 
tory and reliable results must be when the uncertain 
elements, belonging to every test conducted by means 
of a falling weight, are excluded, and the work done is 
accurately estimated by direct observation of deflection 
and transverse strains. The results in the latter case 
are, after all, identical with those which would be 
obtained in the former, if all complicating conditions 
could be eliminated. The amount of “fatigue” capable 
of being borne by any rail will always be directly pro- 
portional to the product of the ultimate deflection and 
the ultimate transverse strain. 

This principle is at the present time well under- 
stood and acted upon in testing bars by direct tension. 
No engineer of experience would attach the slightest 
weight to experiments on the ultimate resistance to 
tension alone as determining the quality of metal ; it 
is well known that the most trashy iron often gives 
very high results. To arrive at the real value of the 
material, it is absolutely necessary to know the work 
done in producing fracture, and that, as in the instance 
of the steel rail, will always be proportional to the 
product of the ultimate tensile resistance by the ulti- 
mate extension; and the toughest and best material 
will always give the highest result, if compared with 
others on that system. 

It is, of course, necessary in judging of the quality 
of steel, or other materials, by direct experiment to 
keep in mind the influence the form of the specimen 
often exercises. By injudicious shaping, the best 
material may be reduced to the level of the worst. As 
a case in point, we may instance the injury done to a 
bar of iron by screwing it. Some of our readers may 
remember the series of experiments recorded in this 
journal on Parson’s bolts, which were designed to 
obviate this injurious effect of screwing by reducing 
the sectional area of the shank to the same amount as 
that obtained in the screwed portion. The amount of 
“fatigue” these bolts underwent was fully three times 
as great as that sustained by ordinary bolts of the 
same size and of the same quality of metal; and it 
follows, as a corollary, that if the results had been 
similar, the quality of metal, instead of being also 
similar, as might at first be supposed, must in reality 
have been far above the average in the old, and far 
below it in the new, style of bolts. Again, it is obvious 
we may “nick” a steel rail till we reduce its power 
of resisting a blow to the level of that of a cast-iron 
rail; we shall have fo consider this more fully here- 
after in deducing the effect of punching in governing 
the practical strength of steel flanged rails. 

If these disturbing influences be duly eliminated, 
there wiil be no necessity for any other test of the 
quality of the steel employed in the manufacture of 
rails than that afforded by a carefully conducted series 
of experiments on the behaviour of the rail under a 
gradually increasing bending stress. ‘To enable us to 
attain that desirable result, it will be well to consider 
generally the nature of transverse strain as far as it 
affects the half-girder and half-solid section to which 
rails are commonly rolled. 

For a considerable period the idea was entertained 
by practical men, and in a few instances it is even yet 
maintained, that the skin of a bar is by far the stronger 
part of it. This prevalent idea of the workshop was 
apparently borne out by theoretical deductions from 
careful experiments, since mathematicians stated that 
an anomaly was presented which the assumption of 
excessive strength in the skin would clear up. The 
matter was thus left in abeyance for a long time, al- 
though, as it is hardly necessary now to remark, the 
apparent coincidence arose from entirely different 
causes. The idea of the strength of the skin probably 
arose from the disastrous results which followed the 
cutting of it, not on account of the greater strength 
per unit of area, for experiments on turned bars show 
this to have no foundation in fact, but on account of 
the concentration of the deflection, or extension, at 


the point of reduced sectional area, the inevitable re- 
sult of which is, of course, that the limit of elasticity 
is frequently passed, and the metal consequently de- 
teriorated piecemeal till it can no longer offer any 
effective resistance. It remained for Mr. W. H. 
Barlow fully to elucidate the question; and in the 
Transactions of the Philosophical Society for 1855 and 
1857 will be found his development of the theory of 
the existence of an element of strength in beams, 
which he has denominated “the resistance of 
flexure.” B. B. 








RAILWAY CURVES. 

How to lay out a Railway Curve by means of ordinates 
or offsets, without the use of tables, calculation, or 
mental labour. By Outver Byrne. 

Somx engineers employ a chain 66 ft. long, con- 
taining 100 links of 7.92 in. each; this chain is called 
Gunter’s chain. Other engineers employ a chain 
100 ft. long, but for laying out railway curves a 50 ft. 
chain is often found convenient. Here we suppose a 
chain of 100 ft. to be employed. 

Let A B, Fig. 1, be a chain 100 ft.long; AD, DE, 
EF, FG, .... =10f.; AO =CO=O8B = quarter 
of a mile and 4% part of a foot, or about 5.7 in. 
625 is 4 of 50 squared, that is, the square of A c divided 
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° 
Whence, the chord A B = 100 ft., and the radius A O 
= 1320,%Ay5 ft., or quarter of a mile and about 6 in. 
These things being premised, we can at once set down, 
without calculation, the ordinates : 


Ce = Aa = Bb = Peete. 
LD = OM = heft. 
$5 = &L = Plt. 
27 = 73 — eft. 
4,6 = = 9 ft 


6, H = 43999 ft. 
1250 is half the square of 50, 800 = hall the square of 
40, 450 = half the square of 30, 200 = half the square 
of 20, and 50 = half the square of 10, These ordi- 
nates are on the concave side of the curve, AC B. 
The ordinates on the convex side will be: 


Ae = = 44969 ft. 

1ld= 9m" =  ?Apft. 

Z¢ = 8 = paptt 

3f = 7k = Appt. 

4g = 6h = gidelt. 
Generally, with a chord, A B, of Too links, and a 


625 


25 ‘ é 
radius, O A, represented by 7 — Orr+—> in which 


ris in most cases a large number, and therefore the 


62: 3 
fraction — comparatively small; the ordinates both 


on the convex and concave sides of the curve, 10 
links apart, may be instantly set down without any 
calculation whatever. 
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ae 
ComAemBbal?? 


r 


=e 


ft. 
1200 
= ft. 


50 
4,9=6,4=—f.; 4,G=6,H=~, 


ae 

3, f=k, 7= , ft; 3, Fa7Z, A= = t. 
450 800 . 

2,e=2,8=—ft.; 2, E=8, L= —Tt. 
800. 450 

1,d=9,m= r ft.; 1, D=9, M= ft. 


50=half the square of 10; 200=half the square of 
20; 450=half the square of 30; and S800 half the 
square off40. 


625 . 
Ex. Let OA=6257555; or 626 ; and AB=100 links. 
25 . 
Then Ce 13 09 Aa=B 
625 
I 4=%2;= s ft. ; 4, G= 1#% ft. 
J, 8== dy ft.; 3, F=1H ft. 
e, 2=458= Heft.; 2, E=1y; ft. 
d, 1=g99=1,; ft.; 1, D= 44 ft. 
Ifthe radius be 3479s%/5 ft., the fraction +435 is 


not quite 2 in., and 3479 ft. nearly equal to two-thirds 
of a mile; yet, by putting the radius under this form, 
we obtain the ordinates not only correctly, but without 
making any calculation. 

In this latter case Co= 4449 ft.=4.3116in. — 

As in the foregoing examples, the other ordinates 
may be instantly set down. The truth of this method 
may be established thus: Let Ac=cB=2a; the 


2 2 
radius AO=r + {“ =OC=OB;; then Oc=r - &. 


7 r 
For in the right-angled triangle OcB, OB? = Oc?+cB?, 


that is 
(> +£)*=( r—— ) + 
r r 


each side of this last equation being developed, we 
obtain the identical equation 


a (2a)? ; 


a‘ is a* . 
r?+-2a?-+— =r? — 2a? + — +4". 
r? r? 


a? 
r=— )-( r— 
r 


.°, Aa=Ce= Be", 
r 


Again, 


Ce=OC-Or = ( 


a? Qa? 


_ > 
r r 


and the truth of the method is established. 

Reasoning in a similar manner, if BM=BN =FG= 
GE=PI=JR=TD= DU be put=24, then OE=OH— 
A be o 2 , 
OF=r + —, Fig. 3, which is much exaggerated for 


f 
the sake of clearness. The lengths of the radii OF, 
OC, are nearly equal, more so than represented in 
Fig. 3. 

42 
OG=r - =? 
> 


Qh2 ' 
GH=ID=—_-=PU=RT. 

5; BC—50 
=2a; r=—648; BM=24=28; then (14)?=196, and 
196 x 2=392; hence 

GH=1D=PU=34} ft., and CV= ¥¥¢ ft. 
Again, if BM=40=24, and r put=65%, the cord 

O},2 
AC=100=4e ; then PU= > —eso it, aceording to 


= ‘ 
If, for example, the radius, OC=648¢25 ; 


the first example. 
It must be observed that the segment, F GE H, very 


the convex side of the curve is found mathematically 
exact. By what we have established, the ordinates 
for any radius, or for any chord, may be set down 
without labour, as an example or two will show. 

Ex. 1. For a radius between 6973 ft. and 6075 ft. 
and a chord of 300 ft., or three chains, what is the 
ordinate in the middle at the concave side of the 


curve ? 
5625 =(®) 
4. 


: nq 5625 
Take the radius = 6973 ?2*°; 


6973’ 


= (75)?; then the required ordinate = 


950 
i ~~ feet exactly. 
6973 
Ex. 2. For a radius between 68,975 ft. and 


68,977 ft. and a chord of 400 ft., what is the length of 
the ordinates in the middle at the convex side of the 
curve, or at the extreme ends on the convex side ? 

400 

ai =100; (100)? = 10,000. 


~~ L0000 
{3 —_-. $ 


68975 

20000 ft. It is evi- 
68975 

dent that the method here employed may be made to 
apply, with little mental labour, to all circular curves, 
since any number, as 130, may be reduced to the form, 


Put the radius = 689 then the length of 


each of the required ordinates = 


625 
r+ - =130, 
by solving this equation, or, 
z*—130¢—= — 625. 


. £2135, 
and 125$24—=130=radius ; the ordinate in the middle 
o—10. 

In a 1° curve, that is, a curve in which a chord of 
100 ft. subtend a degree at the centre, radius= 
5729.65 ft. 

2° curve, radius=2864.93 ft. 


250 


3° a 1910.07 ,, 
4° 1432.70 ,, 
§° 1146.27 ,, 
6° Ms 955.36 ,, 
y a 819.01 ,, 
8° pa 716.77 ,, 
9° aa 637.28 ,, 
10° 573.66 ,, 


” 
Any of these numbers is readily found by dividing 
50 by the natural sine of the given degrees. Thus 
ecole —_ ae 
the natural sine of 5°=.08716, and qos5,=573.66ft. 
.O8716 
Without solving a quadratic equation, these radii or 
625 . 
others may be reduced to the form 2+~—*“,bytaking 


L 
the nearest whole number to z and dividing it into 625. 
Thus, $331.09; then 573.66— 1.09=572.67, and 
eye 
TW Tm LSS 
‘372.57 °' 

Again, let us take a 2° curve, radius=2864.93 ft., 
what is the length of the middle ordinate and the 
length of an ordinate 14 ft. on both the concave and 
convex sides of the curve, measuring, as usual, from 
the tangent at the middle point and from the chord ? 
=,22; 2864.93 —.22=2864.71. 

625 
2864.71 

; 1250 » 

nate will be——"?” ft. 
2864.7] 

14- <7 ; 9x 7298 ; 


“. 





KOO 
‘ 


625 


ase 


2864.71 = radius; and the middle ordi- 








nearly coincides with the segment, RJ P D, when the 
point H covers the point D, and the point G the point J. 
Or, in other words, F will nearly fall upon R, and E upon | 
P. At first sight it might appear that these segments 
of circles would exactly coincide, but this is not the 
case ; for, as before observed, in moving GH to coin- 
cide with JD, the point F will not exactly coincide | 
with R, nor will E with P. If this should ha »pen, | 
FR=EP=DH. But DH=lG) and therefore FR= 
Fk, which is not exctly true. But in the case before 
us FR is extremely near DH cr FQ. If required, the 
difference can be readily found, as the right-angled 
triangles, FQR end OGP, are similar. ' 

GO: OF::QF: FR; 
that is, 

942 94a 

i ae re" QF : FR, 


> 
40, then the above propor- 


> 
Now, if r=200, and 
tion becomes 

19998 


9— 


: 20003 :: QF : FR. 


Hence the nea: approach of QF to FR, in this and 
other similar cases, is easily observed. 

The middle ordinate on the concave side of the 
curve, or its equal, either of the extreme ordinates on 


.. the ordinate on the convex side, 14 ft. from the 


middle = e0a71 ft. 


1250—98=1152. 


.. the ordinate on the concave side, 14 ft. from the 


ft. 


1152 ts ant ‘ 
The principles here applied to 
railway curves will be found useful in other inquiries. 


middle = 9564.71 


Ligntuovses.—A French writer calculated that at the 
commencement of this year there existed in the world 2814 
lighthouses, or phares, of more or less importance, viz., 1785 
on the coasts of Europe, 674 on those of America, 162 in 
Asia, 100 in Oceania, and 93 in Africa. As regards Europe, 
the best lighted coasts are those of Belgium, France followin 
immediately afterwards. Then come, in the order in which 
their names are given, Holland, England, Spain, Prussia, 
Italy, Sweden and Norway, Portugal, Denmark, Austria, 
Turkey, Greece, and finally Russia. Besides Europe, the 
best lighted coasts are those of the United States, which have 
one light for every 20 miles, while the Brazilian coast has 
only one light for every 87 miles. Of the 2814 lights in ex- 
istence at the commencement of 1867, about 2300 had been 
established since 1830, while the power of the greater part of 
those existing prior to 1830 has been increased. 





* RONEY’S RAMBLES ON RAILWAYS."* 


Srr Cusack Roney has had some connexion with 
railways, especially as secretary, for a short time, to 
the Grand Trunk Railway Company of Canada. He 
has also made the physical features of railways, the 
social aspects of odlele travelling, and the commercial 
results of railway working a study cox amore, as his 
volume of “Rambles,” just published, sufficiently 
shows.. The volume is clearly the result of much 
rambling, and its style and contents are also rambling 
—very much so, and the contents also are in many 
respects inaccurate. Whether this matters or not 
will depend upon the class of readers which the book 
may obtain. We may say, at once, that by the in- 
troduction of a great mass of humorous, although 
hardly relevant, matter the book will be entertaining 
to many. Engineers even may read it, and be amused 
by it; but they will detect its errors on many pages, 
and nowhere, we should say, will its contents carry 
any professional weight. Railway managers may skim 
its pages, and hastily say, as of so many other con- 
centrations and dilutions of statistics, that “ it con- 
“tains a vast amount of valuable information,” al- 
though how the value is to be extracted we cannot 
as yet perceive. ‘The statistics are really formidable 
in amount, and possibly they thus exceed the jokes, 
good and bad, and generally old, with which the book 
is so full as to have overflown in innumerable foot- 
notes. Of these there is the humorous reference to 
the Newmarket jockey who believed he might overtake 
an express train (on the Eastern Counties line, of 
course) by following it in a cab, although it does not 
appear to have occurred to Sir Cusack that possibly, 
alter all, this mode of pursuit mégh¢ have been success- 
ful. There is the account of the Yankee traveller 
who, while holding on his knees the little child of his 
temporary hostess, and having before him a loaf and 
a plate of butter, kissed the bread, buttered the child’s 
face, and, in a fit of absence of mind, cut off the little 
head by mistake. All this may be excellent railway 
literature, but it is out of the range of owr criticism. 
There is the account of the wonderfully clever bag- 
man who surreptitiously introduced a terrier into a 
carriage, in which also was seated one of the directors 
of the line, who, alighting on the way, telegraphed 
to the next principal station, describing the owner of 
the dog, and giving directions for demanding its canine 
ticket! There are pages of rhapsodies upon the bar- 
maids of the “refreshmenting” department, not. of 
Mugby Junction, but of Wolverton—now one of the 
dreariest stations in the kingdom. And we are told, 
also, what becomes of Spiers and Pond’s “ tainted 
angels,” their fate being much the same as in all other 
respectable employments—viz., expulsion. 

We have read Sir Cusack’s book without clearly 
perceiving any continuous purpose in it. The preface 
does not even hint at one, but is a running chapter of 
errata, and of disjointed notes upon topics of no vital 
interest. 

The book lacks the dignity of Dr. Lardner’s “ Rail- 
way Economy.” It gives masses of data, bare and 
naked in themselves, without showing their bearing 
upon any leading question, unless it be that of the 
post-office-rdilway grievance. It contains, however, 
much incidental matter of more or less interest per se, 
and, were there to be instituted competitive exami- 
nations in railway statistics and general railway in- 
formation, the “ Rambles” would be one of the books 
to read up, although even here much of the data are 
conspicuously inaccurate. Indeed, this is apparent 
almost from the first page. At any rate, we read, on 
the fourth page: 

The rise from Camden Town to Tring, 1 in 200, or 26 ft. 
in the mile, for 31 miles, was considered by the late Mr. 
Robert Stephenson as the maximum gradient that ought to 
be ventured upon. 

And again, p. 219: 

But Tring is nevertheless but some 750ft. higher than 
Euston, and some 350 ft. higher than the top of the cross of 
the noblest Protestant church in the world—St. Paul’s. 

Now, the half-mile summit-level in the Tring cutting 
is but 332 ft. above Euston, or at about the same level 
as the highest point of Hampstead-heath, and there is 
no gradient exceeding 1 in 330, or 16 ft. per mile, 
between Camden and Tring. ‘This is the ruling 
gradient of the whole line from London to Birming- 
ham, as well as to Whitmore, beyond Stafford. But 
103 miles only between Camden and Tring are as 
steep, even, as 1 in 330, the first six miles beyond 
Camden being slightly undulating, but practically 
level, while 14 miles more are inclined less than 1 
in 330. 

Again, we read on page 4: 

Joseph Locke, more daring and venturous (then Robert 
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Stephenson), and perhaps more prescient, ventured upon 1 
in 100, or 52 ft. in the mile, for 10 miles; this is on what is 
known as the Whitmore incline between Stafford and Crewe. 

It happens, too, that the Crewe Works are sup- 
plied with water trom Whitmore, and on page 205 
we find it stated that the latter point is 580 ft. above 
Crewe. The fact is, that there is no incline of 1 in 
100 between Crewe and Whitmore; but that 23 
miles only, or one-fourth of the distance, are in- 
clined 1 in 177, while 24 miles more are inclined 1 
in 250, and 4 miles more but 1 in 330. 

We also read on page 4: 

Bucke, the engineer of the line from Crewe to Manches- 
ter, originally known as the Manchester and Birmingham 
. . determined upon a course the opposite of that which 
Locke had taken, Bucke, therefore, made his thirty-one miles 
nearly level; and no doubt (if we except the exceptional 
Great Western) there is not a line in England that comprises 
works better laid out as regards gradient, or more solidly 
finished, than those we are now referring to. 

Now, it is the fact that the Manchester and Crewe 
line was made through a comparatively level district, 
intersected, however, by the deep valleys of the 
Weaver and the Mersey, where viaducts of con- 
siderable clear height (60 ft. over the Weaver) were 
required by Act of Parliament. Yet even on this line 
there are nearly two miles of 1 in 264, and nearly the 
same length of 1 in 330; so that the gradients are 
nothing very remarkable, after all. 

On page 215 we are told that the Camden incline, 
from Euston to Camden, rises at the rate of 1 in 80, 
and that Camden is “just a hundred feet higher than 
Euston.” The fact is, that the line is first level, and 
then descends slightly from Euston, and afterwards 
rises for but ¢ mile, partly at thejrate of 1 in 73 and 1 
in 77, but for much of the way at the rate of 1 in 113, 
The real difference of level is not over 501t., if as 
much, and in all the cases instanced we write with an 
official section of the line before us. No argumeat is 
based upon the incorrect data given, and therefore they 
may dono harm. Yet, in giving them, they should 
either be correct or they should not be given at all, 
and the fact of so many errors rapidly following each 
other in almost the first pages of the book, and these 
relating to an old line of railway of which all the gra- 
dients are virtually publicly recorded, greatly lessens 
the confidence which might otherwise be placed in the 
rest f the book. 

On page 5 we have the following dogmatic and 
erroneous expression of opinion : 

Additional weight has been essentially used for overcoming 
stiff gradients. ‘The stiffest, as has jast been ‘said, 1 in 48, 
with a moderate load; a Titanic locomotive, unféttered by 
any weights behind her, can go up 1 in 25, or 211 ft. in the 
mile ; no more. 

In order to contradict himself, Sir Cusack, on the 
same page, cites the case of locomotives working 
regularly with aload up 1 in 273, and he here forgets 
the fact that an engine actually worked with a load, 
and that for several years, up 1 in 17, on the gradients 
crossing the Blue Ridge, in Virginia, and that another 
engine (also with a load equal to the whole weight of 
the engine) worked for several months, in the winter 
of 1852-53, up inclines of one in Zez ou the Baltimore 
and Ohio Railway. More than this, any properly 
proportioned tank-engine, with all the weight 
on its coupled wheels, may, z/hout a load, ascend an 
incline of 1 in 4, and Mr. Thomas Page has shown, in 
our presence, how a model locomotive, with all the 
weight upon its coupled wheels, may ascend an incline 
of 1 in 3, and even of 1 in 24, or ¢en times steeper 
than the limit of possibility assigned by Sir Cusack 
Roney. 

On page 49, Sir Cusack touches upon the mooted 
question of the exhaustion of our coal-fields, and he 


professes to give “ reasons ” (in a foot-note) why there | 
We have examined the “ reasons,” | 


need be no alarm. 
and we find that, with what may be Hibernian logic, 


new coal-fields are being opened which are likely to | 





“ than the six-wheel coupled. Their weight is about 
35 tons.’ What would Sir Cusack say to eight- 
wheel coupled tank-engines, made by Slaughter, of 
Bristol, for the Great Northern line, and weighing 
56tons? They are working daily. 

On page 190 we are told that Mr. Joseph Locke 
was the first to introduce outside-cylinder engines. 
The outside-cylinder arrangement was the very first 
ever adopted for passenger locomotives, and that 
possibly before Joseph Locke had ever seen an out- 
side-cylinder engine. All the engines tried at Rain- 
hill, in 1829; had outside cylinders...Mr, Locke re- 
serted to that arrangement by preference, believing it 
to be the simplest. 

On page 193 we are told that the Jocomotive 
factories of France can turn out but 450 engines a 
year, and that their production would require to be 
increased 50 per cent. in order to render France inde- 
pendent of foreign’ competition.” Sir’ Ctisack” quite 
overlooks the large number of engines madeé‘at the 
various French railway workshops; and hé, forgets 
that engines are largely exported from .France . to 
Russia, Spain, and other parts of the Continent, 

As we have suid before, lad the book under notice 
any definite purpose other than that of rambling gossip, 
these and other errors which are contained in its 
pages would be of considerable moment. We are not 
sure, however, but that the work has a purpose, two 
purposes, in fact ; first, to ventilate the great and tire- 
some railway-post-office grieVani¢e, aud, secondly, to 
inspire confidence in that unfortunate speculation, the 
Mont Cenis Railway. 

The post-office grievance is now very stale outside 
the railway manager’s office, and even to that officer it 
is an awful bore. Sir Cusack Roney gives us pages 
of all manner of statistics and reports, comparisons of 
mail coach and railway transport of the mails, tons of 
mail-bags and boxes, and of millions of letters and 
newspapers, &., &c., but all to no clear. purpose, 
Lord Taunton’s (then Mr. Labouchere’s) bill of 
thirty years ago no doubt opened a wound’ which 
time has never healed; but that bill never passed, 
and contracts between railway companies and the 
Post Office are now settled by mutual agreement, 
subject, in cases of difference, to arbitration. Nobody 
now requires to be told that mails ean be’ carried 
cheaper and faster by railway than by: coach, nor that 
the former can take tons where the latter can take only 
hundredweights of mail-bags. Yet Sir Cusack, goaded 
by the insufferable fogyism of one Mr. Edward 
Page, “inspector-general of her Majesty’s mails”’— 
an officer of whose existence ninety-nine hundredths 
of her Majesty’s subjects have happily no knowledge, 
and who might easily be pensioned off and dispensed 
with altogether, so far as any useful “ inspection” of 
his is concerned—Sir Cusack, we say, devotes a flood 
of speech and figures to prove that railways can 
actually carry more mail-bags, and that faster and 
cheaper, than the mail coaches! ‘The case of the Post 
Offiee is a very simple one. Like the War Office, the 
Admiralty, and the general public, the Post Office 
must have the right to employ the railways ; but, as in 
every other employment, the railways have a right to 
adequate remuneration for the service performed. 
The conveyance of the mails, as mere bulk or dead 
weight, the carriages provided for sorting the mails, 
and the arrangements for receiving and delivering 
them at stations, are all referable to standard data of 
railway expenditure. Our own opinion—and our own 
is but an atomic constituent of a great mass of general 
opinion—is that such an important public service 
should be performed, not only without Rom ak loss to 
the railway companies, but with little or no absolute 
profit. ‘The only question, in our own minds, is, What 
is the cost ? and here Sir Cusack’s flow of words does 
not help us in the least, nor give us even a hint. So 
far as mere transport is concerned, a_ post-office 


be dug, and their “ output ” carried off by railway at | carriage is no more than any other carriage travelling 
a more rapid rate than anything hitherto known in| in the same train, with the same total weight on four 


the coal trade. We are not alarmists, but we do not 
see in Sir Cusack’s, “ reasoning” 
question of the exhaustion of British coal. 


On page 112 we learn that there is an express train | 
on the Western Railway of France which runs 835 | ¢ 1 
No train in | this, and but little.more than this, ought to be paid 


miles without a single intermediate stop. 


or six wheels. And so far as station expenses are con- 


anything to affect the | cerned, the Post Office staff receive and deliver the 


mails, and thus relieve the railway staff of all trouble. 
It should be easy enough for each railway company to 
show what their Post Office service costs them, and 


England, even with the assistance afforded for picking | them. Did the Post Office service form their prutci- 
up water from “ Ramsbottom’s troughs” runs this | pal employment, it should pay them ‘a fair dividend 
distance without a stop, and we do not believe that | upon the capital invested; but, practically, this service 


it is done on any other line in the world. We say 
this the more confidently, as we know something of the 
Western Railway of France. 
What humour on page 146! 
dinner festival. 
On page 189 we are informed that ‘in England we 
“ have no heavier goods engine on the narrow gauge 


Fit only for an after- 





bears but a small proportion to the total traffic, and it 
is one of a public nature which should always be per- 
formed as nearly as possible at cost price. 

Sir Cusack’s second point in his book, if it have a 
point at all, is the illumination of the Mont Cenis Zig- 
zag Temporary Railway, a line which was to have 
been opened a year ago, and the only value of which 


depends upon the delay in completing the great tunnel, 
of which more than one-half is now made. The zig- 
zag railway was to have been worked by means of the 
Vignoles-Sellers-Fell mid rail, but it has been for 
some time doubtful whether the engines made to work 
it will ever work at all. The mid rail, with gripping- 
wheels on the engine to increase the adhesion, is a 
very old expedient. It was patented thirty-eight 
| years ago by Vignoles and Ericsson. It was again 
| patented and thoroughly worked out, twenty years 
|ago, by George Escol Sellers, in the United States, 
and whose English patent of 1847 is on record, in the 
name of his patent-agent, one A. V. Newton. We 
have ourselves seen several of Mr. Sellers’s engines, 
some of them made for the Panama Railway, and their 
mechanical structure was altogether superior to that 
adopted by Mr. Fell. There is no question of the fact 
that additional adhesion may be gained by a mid rail 
and gripping-wheels, but, on very steep inclines, it is 
better to at once place the load apon the coupled 
driving-wheels, and thus gain the adhesion due to its 
weight, than to drag it behind the wheels. In all 
cases, no matter what the system of traction, a great 
amount of motive force is expended in getting a heavy 
train up hill, and this ought to be, as it might be, 
partly restored by the useless expenditure of gravity 
In going down. In this respect, of course, the 
Vignoles-Sellérs mid rail is no more deficient than 
nearly all other means now adopted for working heavy 
inclines, and this objection will always hold good not- 
withstanding Sir Cusack’s foot-note (p. 334), levelled 
against the want of “ temper, anger, and disappoint- 
“ment” of some one, not named, who had presumed 
to advance it. We have ourselves done the same, 
before now, and that without special reference to Mr. 
Fell’s unfortunate speculation. 

The mid-rail system, which is not Mr. Fell’s at all, 
and which had been thoroughly worked out by Mr. 
Sellers years before the experiments on the High Peak 
Railway, has the fatal objection of excessive complica- 
tion, and this objection has been aggravated in the 
design of the engines made for the exceptionally narrow 
gauge—3 ft. 7 in.—of the Mont Cenis Railway. The 
engines already made are so impracticable, for reasons 
which we long ago pointed out, that it has been sought 
to conceal their total failure under spiteful misrepre- 
sentations of the workmanship of M. Gouin, one of the 
ablest locomotive engineers in France, who made them 
under Mr, Fell’s French patents. Our readers may 
accept our assurance that there is no substantial fault 
with the workmanship which could keep these engines 
hanging fire for mans ts together, and we may further 
state that so conspicuous has their impracticability 
been found to be that many of the leading English 
locomotive engineers, not, of course, of the stickfast 
school, but men like Mr. William Adams, Mr. W. B. 
Adams (no relations), Mr. Fairlie, &c., have been 
summoned by the Mont Cenis Company to help them 
out of their difficulty. We gave full drawings of that 
extraordinarily complicated piece of mechanism, the 
| Mont Cenis Zigzag Locomotive, in our number of 
March 29th last, and we fully stated the reasons, in our 
number of September 13, why it could not be expected 
to work continuously and with success. We regret 
that Captain Tyler’s obvious want of mechanical know- 
ledge should have resulted in his lending his name, of 
some weight in other matters, to so objectionable a 
contrivance. Sir Cusack Roney’s book; lacks, what 
some of the railways over which he has doubtless 
“rambled” also lack, viz., ballast. It contains no 
philosophy that we can discover, and while filled with 
diluted railway and post-office statistics and alter- 
dinner and night-journey gossip, it has no thread of 
argument in favour of railway reform. It does not 
_ out how better or cheaper railways may be made, 
1ow they can be worked more safely, cheaply, or at 
higher speed, nothing of increased brake power under 
instant command, nothing of passenger communication 
with guards, nothing of sleeping accommodation in 
night trains, nothing of the proposed purchase and 
working of railways by the State, nothing of locomo- 
tive economy—nothing, in fact, of any of the higher 
questions which so concern the future interests of our 
railway system. 











Tue CLEVELAND Iron Trape.—Continental shipments of 
Cleveland pig are limited, and foreign shipments are gene- 
rally flat. Forge iron is in rather better demand; but in- 
land deliveries are rather under than over the average. 
While some of the large pipe and chair makers are bare of 
orders, others are more fully employed than they have been 
of late. The engine-works are also rather busier. There is 
a little improvement in shipbuilding industry on the Tyne. 
In rails there is more inquiry for American, Continental, and 
colonial lines; but not many fresh orders of mguitude are 


being placed. 
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NOTES FROM THE NORTH. 
Grascow, Wednesday. , 

Clyde Shipbuilding for January.—During the latter part 0 
the oe month toe age trade of the Clyde—shipbuilding— 
has 4 in a much healthier state than has characterised it for 
many months. Many of the operatives who have been idle for 
some time have been taken into employment at the various 
building-yards. ‘The orders received for new iron ships during 
January have been unusually large, and about half of the 
orders received were from Greenock shipowners; one extensive 
shipping firm in that town having closed a contract for three 
large ships, another for two, and several others for oneeach. A 
large proportion of the shipbuilding firms are now full, while 
others are but moderately supplied with work ; but on the whole 
the present year of grace is to be a great improvement over 
that of 1867. 

The new steam-ferry, built by Messrs. Wingate and Com- 
pany, will carry cattle, carriages, and passengers, and will make 
the passage across the river at the Renfrew ferry in about two 
minutes. : 

Glasgow Pig-Iron Market.—The price of pig iron has varied 
and fluctuated during the past week between 52s. 8d. a month, 
and 52s, 6d. cash, and 52s. 3d. a month, and 52s. 14d. cash. 
Yesterday the market showed a tendency to harden, and 
warrants changed hands at 52s. 2d. and 52s. 4d. cash prompt, 
and to-day prices have again risen higher. Gartsherrie No. 1 
and Coltness No. 1 were quoted yesterday at 57s. 6d. Accord- 
ing to Messrs. Connal’s monthly circular, the highest quotation 
during the past month was 52s. 9d., and the lowest 51s. 4}d., 
the business done being limited and without excitement. ‘he 
stock in Connal and Co.’s yards at the 3ist January was 
211,679 tons, with warrants circulating for 201,700 tons; and in 
Canal Company’s yard 16,895 tons, with warrants for 15,400 tons. 

Railways—Caledonian and North British.—As men- 
tioned in last week’s ‘‘ Notes,” a great meeting of Caledonian 
shareholders was held this day week, when a committee was 
appointed to confer with the directors upon the affairs of the 
company. The result iinet meeting is that, in all probability, 
six out of the fourteen di 
to make room for “ new blood.” It is considered highly pro- 





bable that at the next meeting the gentlemen named below will | § 


be proposed to fill up the six vacancies that are expected to take 
place in the direction, viz. : 

Mr. J. C. Bolton, of Kerr, Bolton and Co., Glasgow. 

Mr. James Clerk, Park Circus, Glasgow. 

Mr. John Cowan, Park Circus-place, Glasgow. 

Mr. William Hozier, younger, of Mauldslie. 

Mr. James Falsbaw, Edinburgh; and 

Mr. William Lindsay, Leith. 
It will be the duty of the new board to select a chairman, either 
by re-appointing the present or nominating a new one; but in 
all probability Colonel Salkeld will remain in office. The next 
meeting is to be held on the 13th current. 

The joint-purse arrangement already mentioned as having 
been made between the directors of the Caledonian and North 
British systems was ratified last Friday by the shareholders at 
Jarge meetings held respectively in Glasgow and Edinburgh. 
As a result of the treaty of peace now concluded between these 
two railway companies, the more sanguine advocates fees in- 
creased prosperity, meaning by that term increased dividends 
for all concerned. 

Proposed Scottish Conference on Technical Education.—At 
the last meeting of the Royal Scottish Society of Arts, Dr. 
Stevenson Macadam, who representeu the society at the recent 
conference in London, reported on the business done at that con- 
ference, and considered that the Royal Scottish Society of Arts, 
from being the representative of applied science in Scotland, 
should take an active part in devising the best means of carry- 
ing out the above resolutions in Scotland; and he gave notice 
that, at next meeting of the society, he would submit a motion 
to the effect that the Royal Scottish Society of Arts invite the 
head-masters of all the high schools, grammar schools, acade- 
mies, and other principal educational establishments in Scot- 
land, to a conference to be held in Edinburgh on an early day, 
to consider the best means whereby tectnical knowledge or 
elementary scientific instruction may be communicated to the 
pupils in a systematic manner, and as a branch of regular 
study. The mechanics’ institutions of the country should also 
be represented at the Scottish conference, so that a system of 
giving real and substantial scientific information, as carried out 
for nearly half a century in the School of Arts, might be in- 
augurated for the benefit of the artisans of the country. 

hile directing attention to this matter, I may also mention 
that the University of Edinburgh is to benefit still further than 
I mentioned last week, as in the case of the Baxter Chair of 
Engineering. A letter has been received from the Treasury 
stating that a sum of 1502 will be put into the Kstimates in 
support of the Professorship of Agriculture. In consideration 
of the liberality of the Highland Society, which also voted a like 
sum to aid the salary of the professor, the Senatus Academicus 
are now engaged in organising a department of agriculture in the 
Faculty of Arts, under which students in agriculture will be 
received into the University systems of education in the same 
manner as other students, passing\through their curriculum in 
the several faculties for degrees, instead of being in a complete 
state of isolation, as they have hitherto been. 

Hematite in le-—A company—the Annan Mining 
Company—bas just been formed in the town of Annan, Dum- 
friesshire, to search for coal and ironstone in Annandale, and 
work and dispose of them, if found. It is said that specimens 
of hematite ore have been found in the district, which augur 
favourably for the success of the project. It is also said that 
Mr. Robson, mineral engineer, who has had extensive experience 
at Cleator Moor and elsewhere, reports very encouragingly of 
the scheme. 

Miners’ Wages.—Throughout the greater number of the 
mining districts of Scotland the men have submitted, with as 
good grace as possible, to the reduction of their wages to 3s. 61. 

rday. From the Kilmarnock district, including Woodhill, 

onington, Hurlford, and Galston, from Slamanan and the rest 
of the Falkirk district, and from various districts in Lanarkshire, 
as at Carfin, Jerviston, and Newarthill, the reports are nearly 
all the same, and to the effect just mentioned. At Langloan, 
however, the strike still continues. 





rectors composing the board will secede | 














GUIDE-PLATES FOR RE-RAILING RAILWAY VEHICLES. 


DESIGNED BY MR. W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT, HIGHLAND RAILWAYS, 











ALL railway engineers well know that the delay and expense 
which are incurred when carriages and wagons are accidentally 
thrown off the rails, from its being frequently necessary to 
send men and tools, &c., from a long distance to replace 
them. In the majority of cases the screw-jack carried on 
the engine is of but little use. In the first place, this jack, 
being constructed for lifting heavy weights, is slow in its 
action, and being generally made short, so that it may be 
got under a buffer beam, it is in many cases necessary to 
make two “lifts” with it in order to get a wagon on the rails. 
Again, a jack cannot be used without wooden packing- 
pieces, and a supply of these is not always at hand. In 
cases where the wheels of the derailed vehicles have sunk 
into the ballast also, it is frequently necessary to dig 
a hole in which the jack may be placed, and all work of this 
kind adds greatly to the delay occasioned by an accident, 
especially in times of severe frost, or when the ground is 
deeply covered with snow. 

In very many instances the power of the locomotive is amply 
sufficient to draw the derailed vehicles on the line again, if 
some kind of incline is provided, up which the wheels can 
mount, and which will also guide the wheels in the proper 
manner. It has been the practice to form rude inclines of 
this kind by laying down firebars, short pieces of rails, sleepers, 
or any other more or less suitable pieces of material which 
can be conveniently got hold of; but inclines thus made 
frequently cause great trouble and vexation from failing just 
at the critical moment when they are most required. It 
is to prevent failures of this kind that Mr. William Stroudley, 
the locomotive superintendent of the Highland Railway, has 
designed and brought into use on his line the useful guide- 
plates of which we give engravings above. These guide- 
plates, which have been patented by Mr. Stroudley, consist 
each of an inclined plane made of the shape shown in the 
illustration, so that the upper end hooks on the rail whilst 
the lower end rests on one of the sleepers. The lower end is 
furnished with spikes, as shown in Fig. 3, so that it will not 
slip out of position. The plan, Fig. 2, shows the positions 
in which a pair of these guide-plates should be arranged for 
lifting from the right-hand side of the rails, and Figs. 1 and 
4 are respectively a corresponding elevation and transverse 


section. Fig. 3 is a section of one of the guide-plates at the | 


upper end, where it hooks on the rail. It will be noticed that 
inclines—which are simply single pieces of metal with no- 
thing about them which can get out of order—are furnished 
with flanges, which guide the wheels laterally correctly no 





to the rails, the most difficult matter to accomplish with the 
rude inclines usually constructed for the purpose. 

A set of these guide-inclines or “ramps” was recently tried 
in the presence of a number of the directors of the Highland 
Railway, when it was found that two loaded wagons could 
be replaced on the. rails in the short space of three minutes, 
two men only being employed. Mr. Stroudley has put on a 
great number of wagons, sometimes three attached together, 
as, if they be not too heavily loaded, it is found that the 
engine can pull them on easily at the rate of about four 
miles an hour. The Highland Railway Company have 
adopted the system ; and aset, consisting of two right-handed 
and two left-handed inclines, is to be carried in the guard’s 
van of, at least, all goods trains. Should any wagons get off 
the road, the guard will bring out his “ramps,” hook them 
upon the rails in front of the derailed wagons, attach as 
many of them together as the engine can draw, signal on 
the » Prac ; and when the wagons have ascended the guide- 
slates or ramps, he will carry them back to the next wagons, 
and proceed as before. In this manner a whole train may 
be put on in a short time, and proceed on its journey, an 
this without any extra exertion on the part of the guards, as 
the engine does all the work, except putting the ramps on 
the ade. 

Altogether, it appears to us that Mr. Stroudley’s guide- 
plates form a most useful addition to railway plant, and we 
feel certain that their employment will be extensively 
adopted. On single lines, especially where the derailment of 
a train causes an entire suspension of the traffic, they will be 
found of great service. Our engraving has been prepared from 
a tracing kindly supplied to us by Mr. Stroudley. 








Royat Apert Hatt or Arts anp Scrences, SouTH 
Kensineton.—We learn that the plans of Mr. Wilson W. 
Phipson, C.E., have been selected for the ventilation and 
warming of the above. To give an idea of the magnitude of 
this bulting, the heating apparatus for the hall alone will 
be composed of more than 27,000 feet of 4in. hot-water 
pipe, arranged in coils under the arena galleries and lower 
corridor, the fresh air from the outside being distributed 
amongst them by means of two fans 6 ft. in diameter. 

Exratum.—In Mr. Mushet’s letter, in our number of 
January 24, on the Bessemer steel rail at Derby Station, 
the word “tinplate” was, by a misprint, given as “tem- 

late.” Bessemer metal makes excellent tinplates, and Mr. 
ushet has had series of boxes of such plates made. 
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THE CALF ROCK LIGHTHOUSE. 


CONSTRUCTED BY MR. HENRY GRISSELL, FROM THE DESIGNS OF THE LATE MR. GEORGE HALPIN, C.E. 
(For Description, see Page 109.) 
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PROPOSED RAILWAY TO KARWAR. 
In a recent report, by Mr. W. Walton, Acting 
Cotton Commissioner in Bombay, on the distribution 
of cotton-seeds for the sowing season of 1867, that 
officer pointed to the necessity that existed for a rail- 
way to the coast for the produce of the Southern 
Maratha country, with a view of expediting and 
facilitating its shipments for the markets of Europe. 
The proposed line of railway would convey the 
produce from the Dharwar districts to Karwar, and, 
in order to show the importance of such a line, the 
following statements are given of the extent of cotton 
cultivation, in the districts under English rule, on the 
two existing railways in Bombay, for 1866, and the ex- 
tent in the districts which would be tapped by the 
proposed line. 
I. Bombay, + gan and Central India Railway (Guzerat). 
Zilla. 


Acres. Goontas. 


Ahmedabad 220,045 26 
Surat and Broach 256,157 31 
Kaira ... ove ove 18,224 25 

Total 494,428 2 

Il. Great Indian Peninsula Railway. 

Zilla. Acres. Goontas. 
Ahmednuggur 11,196 25 
Khandeish ... eve «. 486336 88} 
Poona eve ose 32,620 0 
Half of Sholapoor ... 44,335 9 

Total -. 524,488 82: 

Ill. Proposed Railway from Dharwar Districts to Karwar. 
Zilla. Acres. Goontas. 

Belgaum eo» 182,675 28 
Dharwar ons as ew» 4664388 0 
Kulladghee a 971.098 6 
Half of Sholapoor ... sce §©=—44,835 9 

Total . 914,547 38 


It will thus be perceived that a line of railway to 
Karwar would serve as the, highway for the cotton 
cultivation of a district not fay short of all the country 
served by the Guzerat. and Great Indian Peninsula 
railways put together. 

A line pom the Dharwar distriets, with extensions to 
the Madras Presidency, would, it is expected, open up 
an extra cotton country, and bring a produce down 
fully equal to the extra tracts that feed the already 
established railways. With regard to the cotton 
grown in Sholapoor, it has been ascertained that, in- 
stead of availing itself of the Great Indian Peninsula 
Railway, as it might have been expected it would do, a 
very large portion of it finds its way to Coompta, Kar- 
war, and Vingorla, and particularly to the latter port. 

The mean distances that the established railways 
carry cotton from the districts enumerated, and the 
mean distance it would have to, be carried on the line 
wroposed for the Southern Mahratta country, are as 
follows 


miles. 

I. Bombay, Baroda, &c. (Guzerat), Railway ... 200 
II. Great Indian Peninsula Railway... See ee 250 
ILI. Proposed line from the Dharwar district to the) 150 


coast eee eee eee eee one 

As further argument in favour of the last-named line 
being constructed, Mr. Walton says : 

“The establishment of railways in Guzerat and 
through the districts running towards Central India, 
has been followed (particularly on the former line) by 
the opening out of ginning and pressing factories, 
besides many other joint-stock schemes for the advance- 
ment of the cotton trade, The good this has effected, 
especially in Guzerat, cannot be over-estimated; the 
result has been most notable in that important cotton 
centre, Broach, where the staple has risen, from being 
considered a decidedly poor cotton, to one of the most 
valuable staples that is exported from Bombay. It is 
not unreasonable to assume that the establishment of 
a railway to the Dharwar districts, and the consequent 
opening out of the port. of Karwar, would be followed 
by similar undertakings to what. have taken place in 
all parts where railways have been opened ; and I have 
no hesitation in saying that, if ginning, pressing, &c., 
factories under European managc ment were opened 
out in the Southern Maratha country (of course the 
railway is requisite to make such undertakings finan- 
cially successful), the cotton of those districts would 
surpass all other Indian, cottons. in a manner that 
would, in a commercial peint of view, completely 
justify the undertaking. The caltivation is already all 
that can be reasonably expected; the cottons grown 
are of superior quality ; the climate is proved to be the 


best in India for the cotton-plant, and the preparation, 
pressing, and (above all) conveyance to pom ory only 
are in fault ; if these wants are supplied, I believe 
am not too sanguine in stating that this part of India 
will send a cotton to Europe that will successfully hold 
its own with any staple that America produces, with 
the single exception of ‘Sea Island.’ ” 





PERMANENT-WAY CONSTRUCTION. 
To tue Eprror or ENGINEERING. 

Str,—I stated in my last letter “ that permanent-way con- 
“ struction has not kept pace with the improvements accom- 
“ plished in other departments of railway work.” Did this 
require proof, we have only to look around us and examine 
the condition of the leading lines over which the greater part 
of the traffic of the kingdom is carried, to convince us that 
engineers have not bestowed that amount of intelligent in- 
vestigation upon permanent way that has enabled them to 
introduce such marked improvements in the construction of 
bridges, stations, and locomotive engines. Will you kindly 
accompany me, mentally, a short time? We are standing, 
we will suppose, at a station on one of our great through 
railways—one that aspires to be the equal of the first line in 
the kingdom. A train has just stopped at the platform, and 
the day is wet. Look at the engine and earriages; how 
splashed and dirty they are; the engine especially—wheels, 
axles, and framing—are so begrimed that it might have passed 
through a river of slush. Perhaps there is no harm in this 
beyond the extra cleaning that will be wanted, or it may be 
that the dirt and grit splashed amongst the works will not 
agree with them; however, let us look for the cause. For 
this purpose we will walk along the line and examine it. 
This fine has been opened eight or ten years. The company 
pays a good dividend, and therefore we may expect that the 
permanent way is an averagely good specimen of what exists 
on this and other lines of railway: some are better, others 
are undoubtedly worse. 

As we look along the rails there appears much to complain 
of ; the curve is certainly not so regular in its sweep, or the 
level so true, as it should be. Yet, instead of looking so far 
ahead, however, we will now attend to the details. 

The rails, you see, are double-topped, and about 80 1b. to 
the yard; the chair, of the ordinary kind, fastened to the 
sleeper by two spikes ; these are twisted about three-quarters of 
the leagih of the shank, and the sleepers are half round. The 
key is of oak, and the ballast of an average quality. We 
may presume that when the engineer laid down this line he 
had carefully calculated the “ wear and tear” that would 

wrobably be brought to bear upon it. Knowing that it was 
intended to sustain the heaviest traffic, he would endeavour 
to so proportion the strength and holding power of the several 
parts as to make them adequate to the work they had to per- 
form. If he failed, it must be for want of knowledge, and 
this should not be the case in a gentleman educated to the 
profession of an engineer, whose interest it was to make him- 
self thoroughly acquainted with a subject so deeply import- 
ant in the construction of railways as permanent way. 
Everything, too, was favourable to the acquisition of this 
knowledge. Railways were not in their infancy when this 
line was made. There was, at least, twenty years’ experience 
of the old lines to reach him, and surely he would take ad- 
vantage of the lesson they taught. 

To say that he Aas failed would be presumption, had we 
not the proofs before us. But look at these chairs; see how 
the spikes that should firmly fasten them to the sleepers are 
staring at us, some din., some lin., some even more, some 
less, but all are little or much lifted through the chair-holes. 
Look at the sleeper. What a happy thing it would be for us 
platelayers, and, I think, for shareholders also, if these much- 
abused pieces of timber could in reality be made what their 
name implies ! 

The chair has worn its way into the wood, and has made 
itself a cistern-like cavity, half an inch deep—in some cases 
much more—into which the water drains, and the ballast 
mixing with it; when the weight of a passing train presses 
the chair upon the mixture, squash! it flees upwards amongst 
the machinery, and every time a train passes of course this 
is repeated. If we walk along the line one mile or five, the 
same things are seen, and we may safely say that not 1 per 
cent. of the chairs are fast to the me a In a few years 
these must be worn out, new ones will be laid down, pro- 
bably to undergo the same punishment, with the same result. 











Again, as we pass along we see that many of the sleepers are 
“ working,” that is, instead of resting firmly on their beds, 
they are hanging more or less to the rail. The water, 
through insufficient drainage, has got under them and de- 
stroyed their foundations. A churning process is going on, 
whenever the trains pass, between the sleeper and the wet 
ballast, and the latter, in a half-fluid state, is splashed up- 
wards from the sides and ends of the sleepers. When an engine 
passes over these places, the rails yield, and a succession of 
jerks, more or less violent, take place. The engine rolls from 
side to side, and the line is not only then rough but dan- 
gerous. To repair a line in this state satisfactorily is almost 
an impossibility; during wet weather all that we can do is 
to pack the sleepers with some hard material, but, as this is 
not always at hand, nothing can be done in that case but 
clean out the surface grips and wait for dry weather; when 
that comes extra labour may be employed, and in a few days 
all may appear well again, but when another wet time comes 
the same defects make their appearance, and all has to be 
done over again. 

All this would be bad enough if the sleepers alone were 
affected ; but platelayers know that rail, chair, and sleeper 
are each dependent upon the other. If the chair is loose, 
the rail suffers. We wt. that the wear in the bottom of 
the rail is in direct proportion to the “ working” of the rail on 
the chair. Again, the want of that evenness of bearing, 
which can only be insured by all the parts being brought and 
held tightly together, so as to form a compact whole, very 
greatly helps that tendency to crush, which is so fatal to at 
least iron rails. 

I do not think the line I have selected is the best of its 
kind, but the defects here stated are to be found in all the 
great lines in the three kingdoms, in a more or less degree, 
This being so, the term permanent way is only a jest if applied 
in the sense of lasting ; in this respect “temporary ” would 
more truly describe its character. 

If what I have here written is true—and I know that every 
word can be fully proved—I ask, what have our engineers 
been doing to allow this state of things to exist? We have 








a right to suppose bs have the desire to do better, but I 
must say I am astonished, as a platelayer, to see the want of 
practical skill they have shown in their attempts in 
this direction. How are we to account for this? Is it that 
they are too fond of and rely too much on theory, and ignore 
the practical experience which gives knowledge, and which 
lies always within their reach if they would seek it? Or is 
it that they are continually hunting for some novelty? No 
sooner does one design a new section of a rail, but another 
must try his hand in the same direction, the “new thing” 
being most likely a new edition of what has been tried and 
rejected before. I am determined, Mr. Editor, not to be per. 
sonal, or I could give some noted recent instances of this, in 
men too whose great acquirements would lead us to expect 
better things from them. 

One great step towards a permanent way is already made: 
the steel rail must be the centre to which all improvement 
must now converge. Yet this rail is objected to because its 
first cost is something greater than the trumpery rails that 
are the plague of the platelayer’s life. Is permanency then 
not desirable? Are we to consider that the best line which 
requires renewal the most often; that the most economical 
that can be laid down at the least cost, without regard to the 
time it will last ? 

It appears to me that, in this controversy of iron against 
steel, one great element in favour of the steel rail has been 
in a great measure lost sight of—I mean the cost of labour 
in the renewal of old rails every few years, and more parti- 
cularly the ordinary labour entailed upon the _platelayers 
from day to day in turning, changing, cutting, drilling, and 
laying these iron rails as they wear out. Then there are 
ballast - engine and wagon charges, including locomotive 
power and labour in loading and unloading and stacking, 
loading again into goods wagons, carriage to and from the 
manufactory, &c. If all these many items were fully 
charged out and taken into account, [ think it would be found 
that even at the end of eight years the iron rail would cost as 
much as the steel one, or very nearly so. 

There are other elements that should be taken in account 
in judging of the relative merits of the two rails. One is the 
ae aon of bad rails upon the rolling stock. Do not the 
hills and hollows in a detective rail affect the tyres, springs, 
and axles of engines and carriages? I am given to under. 
stand that every impediment to the smooth running of an 
engine or carriage is a step towards its destruction. Should 
not every effort be made, then, to remove these evils, as it ap- 
pears to me that engines, carriages, rails, chairs, and sleepers 
should be treated as the component parts of one great 
machine, the perfection of which depends upon the fitness of 
the parts to each other and to the whole. This being so, it 
is almost impossible to overstate the importance of securing 
a good permanent way. It is the base upon which the whole 
fabric rests, and every means should be taken to make it of 
the best possible character. Cheese-paring in this is folly; 
for it means saving a shilling to-day fo spend a pound to- 
morrow. 

Bad permanent way is the dearest in itself, and means 
destruction of rolling stock. Good permanent way is not 
only the cheapest, but means saving in wear and tear of 
everything that runs over it. 

I tear that I have trespassed upon your space too much by 
this long letter; but will, with your permission, return 
shortly to the further consideration of the important subject. 

I remain, Sir, yours respectfully, 
Aw OLD PLaTEeLayeEr. 

Feb. 3, 1868. 








Tue Institution oF Crvin EnetxeEers.—At the meeting 
of this society on Tuesday evening, the 4th inst., Mr. Charles 
Hutton Gregory, president, in the chair, twenty-two candi- 
dates were balloted for, and duly eleeted, including, as mem- 
bers, Mr. John Wolfe Barry, Westminster; Mr. James 
Craig, chief engineer to the Emperor of Morocco; Mr. 
Charles Henry Denham, district engineer on the Howrah 
District and Terminus, E.I. Railway; and Mr. David Reid 
Edgeworth, Dublin: and as associates, Mr. Fritz Bernard 
Behr, engineer to the Kaschau-Oderberg Railway, Pesth; 
Mr. Richard Broome, Thames Embankment Works; Mr. 
William Henry Cock, engineer of the Montevideo Gasworks; 
Mr. Frederick Charles Danvers, Public Works Department, 
India Oflice; Mr. Edwin William De Rusett, Lewisham ; 
Mr. Charles William Dixon, Wickham Market; Mr. Wil- 
liam Frederick Faviell, Guildford; Mr. Alfred Francis John 
Fisher, late Indus Valley Survey; Mr. John Henry Greener, 
telegraphic engineer to the Store Department of the India 
Office ; Capt. John Tunstall Haverfield, R.M.L.I., Chatham ; 
Capt. William Robert Johnson, M.S.C., Public Works De- 
partment, Bangalore; Mr. James Ouchterlony Macdonald, 
G. I. P. Railway, Bombay; Mr. Thomas Voustead Nelson, 
Carlisle; Mr, Alfred Richard Cecil Selwyn, geologist to the 
Government of Victoria; Mr. Lionel Henry Shirley, Chelten- 
ham; Mr. Arthur Telford Simpson, Westminster; Mr. 
Henry Edward Thornton, late resident engineer, Chichester 
and Midhurst Branch of the L. B. and 8. C. Railway ; and Mr. 
Thomas Walker, borough surveyor, Rochdale. It was also 
announced that the council, acting under the provisions of 
Section IV. of the by-laws, had since the last announce- 
ment admitted the following candidates as students of the 
Institution : 

Names of Candidates. 
John Hopwood Blake... ... 
Damme Caghs... occ ose ace ae 
Raymond Edmiston ... ... .«.. 
Malcolm Graham ove 
Charles Edward Jones... ... 
James Verchild Ley ... 
Morton Kelsall Peto ... ... 
William Herbert Peto... 
Charles Edward Robinson... ... 


Proposed by 
R. P. Brereton 
J. B. Paddon 
James Simpson, jun. 
Charles Douglas Fox 
William Humber 
W. W. Collins 
Sir S. Morton Peto 
Sir S. Morton Peto 
Charles Hawksley 


oe wee 





Arthur Toulmin Smith « ... ... C. W. Siemens 
Charles Herbert Stone .,. ... E. A. Cowper 
Frank Napier Thorowgood ... Chales Hutton Gregory 











, 
, 





Fes. 7, 1868.] 


ENGINEERING. 


109 








THE CALF-ROCK LIGHTHOUSE. 


On 107 we give illustrations of the lighthouse recently 
i under the directions of the Dublin Ballast Board, upon 
a rock in the Atlantic, known as the Calf Rock, situated 
six miles westward of Dursey Sound, in the county of 
Cork; and we might almost say that, as regards boldness’ in the 
history of tower-construction, this ranks second only to that 
other tower of antediluvian renown, the one of Babel, with this 
difference, however, that the energy and perseverance of the 
contractor and his superintending engineer brought these works 
to a successful termination, and that no confusion of languages 
was allowed to interfere with their progress, notwithstanding 
that the leading characteristics of the labourers employed were 
their genuine Irish brogue, and that peculiar cunning so com- 
mon to their race to twist a given order into the reverse of its 
intended meaning, or to beat about the bush, if asked a question, 
until constrained to a different course by a fear of the clenching 
arguments of the shillelagh. 

We need scarcely tell our readers that the object of this eree- 
tion was not “to reach the stars,” either fixed or planetary, but 
rather to fix a star into the lantern of the lighthouse, in the 
shape of a revolving light of the first order. 

This light has its focal plane at a height of 150 ft. above the 
level of the sea, and its substructure consists chiefly of a tower 
76 ft. Gia. high, of a diameter of 20 ft. at its base, reduced to 
13 ft. 7 in. at the level of the lantern floor. The outer casing of 
the tower is made of cast-iron plates, sixteen in number in the 
whole circumference, varying in thickness from 1 in. at the 
base to $in. at the top, and of 6 ft. 44 in. in length, so made as 
to break joint horizontally, the longitudinal joints being straight 
from the base to the top; the plates are bolted together through 
flanges provided on the inside, the bolts being placed about 44 in. 
apart, and of a diameter corresponding to the thickness of the 
plates. In the horizontal joints of the plates, up to the mid- 
height of the tower, the lower flange is provided with a project- 
ing nose throughout its length, of such a section as to give the 
joint the shape and character of a dovetail. ‘The base of the 
tower is sunk into the rock to a depth of about 4ft., and 
anchored to it by means of 1} in. lewis bolts, of which there are 
four in each plate. 

A cast-iron hollow column, of an internal diameter of 12 in., 
springing from the surface of the rock, to which it is fixed b 
lewis bolts, runs up the centre of the tower to the level of the 
lantern floor; this column is cast in lengths corresponding to 
the height of the several stories of the tower, and the flanges of 
the column, as well as those of the outer casing, answer, at the 
same time, as supporting ledges of the floor joists. ‘This column 
is intended as a casing to the weight which works the machinery 
of the revolving light, and is provided with doors at the three 
different levels, viz., one in the basement, one on the first floor, 
and one on the watch-room floor, for facility of examining the 
weight and its tackle, or for taking them out. 

In the basement compartment, up to the level of the first 
floor, the cast-iron casing of the tower is lined with granite 
ashlar masonry set in cement, of such thickness as to leave a 
core 8 ft. in diameter in the centre; and from the level of the 
first floor up to that of the lantern floor it is lined with brick- 
work, also set in cement, of such thickness as to leave a core 
12 ft. in diameter throughout the height of the tower. Four 
flues, intended to be used as smoke--flues, and ventilating-shafts 
are provided in this brick lining throughout the height of the 
tower; these flues open into each of the rooms at the level of 
the floors, and are fitted with iron gratings. 

The floors each consist of seven cast-iron joists, each of I 
section 7 in. in depth, bolted at their inner extremity to the 
flanges of the central column, and provided with jaws at their 
outer extremity, so as to clip the vertical flanges of the casing 

lates to which they are bolted; the lower flanges of these 
Joists carry cast-iron plates, which extend from the central 
column to the face of the brick lining, and are provided with 
flanges, through which they are bolted to the webs of the 
joists; the plates form the ceiling of the floors; the flooring 
proper, which rest upon the top of the joists, consists of sawn 
Valentia slate slabs 2 in. thick. An opening, 2 ft. 3in. wide, 
extending over rather better than a quarter of the circum- 
ference along the face of the brick lining, is provided in each of 
the floors, to provide head room for the stairs, excepting in the 
first, which is reached from the outside, and which is fitted 
with eight floor joists. The first floor is at a level of about 
8 ft. above the surface of the rock, and the height of each of the 
five succeeding stories is 12 ft. 9 in., with a clear head-room of 
12 ft. between each floor. Provision is made in the cast-iron 
casing for a couple of wiudows to each room, except the base- 
ment. 

The stairs consist of cast-iron open-panelled inner and outer 
strings, with open cast treads and risers, The outer stairs are 
3 ft. wide, and lead upon a landing of the same width, und 7 ft. 
long, which is placed outside the tower at the level of the first 
floor, and is carried by two brackets introduced inte slits, 
specially prepared in the joints of the casing plates, and bolted 
to them through their flanges. At the foot of the stairs the 
strings are anchored to the rock, and at the top they are fixed 
to one of these brackets; and the stairs, as well as the landing, 
are fitted with a plain wrought-iron hand railing, with two 
balusters of } in. iron to each tread. The inner stairs are 2 ft. 
wide, and wind through a space of about halfa circumference 
in each story. Their strings are bolted both at the top and at 
the bottom to the floor joists, and they are provided with a 
hand-railing similar to that of the outer stairs, which is con- 
tinued all round the stair-wells. 

At the level of the lantern-floor, the tower is fitted with a 
gallery, whose extreme diameter is about 21ft. This consists 
of sixteen brackets dropped into slits prepared between the 
joints of the casiug plates, and bolted to them through their 
flanges. To the outer edge of this a cast-iron cornice is fixed 
all round, and the open space between the brackets is covered 
over with cast-iron plates extending from bracket to bracket, 
and connected with each other over the top flanges of these by 
dovetailed joinings. A balustrade or parapet 3 ft. 9 in. high is 
fixed all round the gallery, made of cast-iron stanchions set in 
sockets cast on the outer ends of the brackets. The spaces be- 
tween the stanchions are filled in with cast-iron panel plates 


set in grooves in the sides of the stanchions, and into sockets 
cast on the flooring plates; the whole being surmounted by a 
moulded cast-iron capping, connected on the top of the stan- 
dards by dovetailed joinings. 

The lantern or light-room consists of a cast-iron base 7 ft. 
high, and of a clear inside diameter of 12 ft. 2 in., made of six- 
teen plates din. thick, bolted together, and to the gallery-floor 
through flanges of about 5 in. in width; one of these plates or 
panels is fitted with a cast-iron door 5ft. high by 2ft. wide, 
turning upon brass hinges; at the top the joints of the panels 
are provided with recesses to receive the brackets of the service- 
gallery and the ends of the standards of the lantern-framing. 
‘This base is fitted on the inside with a mahogany lining made 
of battens 2in. broad and in. thick, French polished; eight 
ventilators, 34 in. diameter, fitted with hit-and-miss valves on 
the inside, are also fixed to it. A cast-iron sole-plate planed on 
its upper and lower faces, and made also in sixteen pieces, is 
screwed to the top flange of this base, which is also planed to a 
true surface ; these s le-plates are prepared with slot-holes to 
receive the feet of the standards of the lantern-framing, and are 
extended outside in the shape of open castings to form a gallery 
2 ft. wide, on which the keeper can walk to clean the glass. 

The service-gallery is fixed at a level of 6ft. above the level 
of the lantern-floor; it is 2 ft. wide, made of cast-iron grating 
plates, which are carried by sixteen ornamental brackets fixed 
in the slots or recesses prepared between the joints of the panels 
of the cast-iron base as already mentioned, the plates being 
fixed to each bracket by four countersunk screws. 

Access is had to the service-platform by means of a spiral 
staircase 2 ft. Lin. radius, winding round a central post 13 in, 
diameter; there are nine steps to this staircase, which make 
a revolution of about one-third of a circumference, and it is 
fitted with an ornamental hand-railing. 

The lantern proper is about 10 ft. in height, and its framing 
consists of sixteen wrought-iron standards, planed on all sides, 
and fixed to the cast-iron base in the manner already described ; 
these standards are fitted with gun-metal facings, plangd on all 
sides, provided with proper rebate to receive the glass, and fixed 
to the standards with countersunk brass screws; gun-metal 
strips, 4 in. thick, are screwed to the front of these facings for 
the purpose of holding the panes of plate glass; each standard 
is fitted with three brass handles, and one set of them is so 
made as to allow a 2in. down pipe from the gutter of the roof 
to pass through them. A gun-metal cill, or sole-plate, planed 
on all sides, and provided with a fillet to secure the edge of the 
lower panes of glass, is fitted into the space left between two 
consecutive standards, and fixed to the iron sole-plates by 
wrought-iron countersunk screws. Two tiers of astragals, pre- 
pared with proper rebate, are fitted between the standards at 
the levels corresponding to the lengths of the panes of glass, 
and are bolted together and to the standards by means of two 
}in. gun-metal bolts passing through the flanges provided at 
each end, and through the standards; the astragals are pro- 
vided with a gun-metal strip, 1} in. broad and } in. thick, fixed 
to them with brass screws outside the rebate, for the purpose 
of holding the glass. 

At the top, the standards are connected by a wrought-iron 
curb, Gin. broad by }in. thick, made in eight pieces, and 
screwed to the standards by means of countersunk screws; to 
this curb the gun-metal top cill of the lantern is screwed, fitted 
with movable front fillet tor the purpose of holding the glass, 
and provided with a front rib, $ in. high, for covering the wrought- 
iron curb. Sixteen gun-metal brackets are fixed to the upper 
cill of the lantern, and are fitted with sixteen ladder-rods, 
made of $ in. copper; aud curtain-rods, made of 4 in. brass tubes, 
are hung from hooks tapped into the underside of the upper cill. 
The glass of the lantern is gin. thick, and the panes are re- 
spectively 2 ft. 3in., 3 ft. 3 in., and 4 ft. 3 in. long. 

The roof of the lantern consists of sixteen rafters made of 
light deck beams screwed at the foot to the wrought-iron curb 
of the lantern, and at the top to a wrought-iron ring 16 in. in 
diameter. The outer covering of the roof is made of sheet 
copper, weighing 3 lb. to the foot, screwed to the rafters; and 
an inner covering is also provided, made of sheet copper weigh- 
ing 1} 1b. to the foot. A light O. G. gutter, made of copper 
weighing 4 lb. to the foot, is provided along the lower edge of 
the roof, and fixed to the top sill of the lantern by means of 
screws, and the water is discharged through a 2 in. copper-pipe 
fixed in the manner already described. 

The roof is surmounted by a ball 2 ft. 6 in. in diameter, made 
of copper weighing 3 1b. to the foot, and having its lower part 
made to fit over a neck, also made of copper, and fixed to the 
upper ring of the roof; this ball is carried by a wrought-iron 
spindle guided in the nave of a cross-bar provided for that 
— in the neck just mentioned, and resting in a gun-metal 

ootstep fitted into a lower cross-bar. The lower half of one 
side of the ball is perforated with in. holes for the purpose of 
ventilation, and the ball is surmounted by a vane whose shaft 
is made of a strong brass tube fixed on the spindle of the ball, 
the feather and the barb being made of hammered cupper rivet- 
ted and soldered to the cross-bar, and the barb weighted with 
lead to exactly balance the feather. 

In our opening paragraph we have stated that the construc- 
tion of this lighthouse was an undertaking of great boldness, 
and the following short account of the leading incidents that 
occurred during the course of erection, with which we have 
been favoured by Mr. Richard France, the superintendent in 
charge of the works, we think amply justify this statement. 
Mr. France says: 

“* We commenced our first year’s operations in May without 
any provision for sheltering the men during the night, as we 
hoped to be able to carry on the work by landing the men ou 
the rock in the morning, and taking them off at night to the 
main land at Dursey Sound, for, by the terms of his agreement, 
the contractor was bound to keep a steam tug in attendance for 
the purpose of landing provisions, stores, and building materials 
on the rock; but we soon found that, if the work was to be done 
at all, it would be necessary to make arrangements for keeping 
the men on the rock for a week at a time, for in rough weather 
it not unfrequently took us four hours to take sixteen men off 
the rock, and the process of landing on it was, of course, equally 
difficult. We therefore set to work and built, what we con- 





sidered, a very strong shed on the crest of the rock in the follow- 





ing manner: At intervals of 13 in. iron bars, 2 in. in diameter 
were sunk to a depth of 12 in. into the rock, and allowed to 
project about 6 ft. above the face of it; a chain back-stay was 
attached to each bar, and securely fixed to the rock; the bars 
were then covered over with 3 in, planks, which were bolted to 
the iron bars with iron clasps and nut bolts, The men remained 
in this shed for six or seven weeks at various times during the 
first summer, the sea breaking into it on different occasions, on 
the last’of which the men refused to remain there any longer 
that year. ‘ 

“ Another difficult question was the landing of the materials 
upon the rock ; these had to be discharged and landed at’ Diarsey 
Sound from the ships, in small boats or yawls, and lifted on'to 
the shore there some 40 ft. or 50 ft. from the sea, In the saine 
manner they had to be put-on board the steamer or schooner to 
be conveyed to the rock, but to land them there was.a matter 
of great difficulty. This was accomplished by erecting a derrick 
as hear to the water's edge as we thought prudent, with @/jib 
56 ft. long, having a clear reach of 50 ft., which was worked by 
a crab fixed on the top of the rock, with a chain runner passing 
through two pulleys; the post of the derrick was 18 in, square, 
sunk 3 ft. into the rock, and the hole run up solid with cement; 
the jib was 15 in, in diameter at the base, and 9 in, at the top, 
and the chain used was }in. single chain, the greatest weight 
which we had to lift at any time being 2} tons. 

“The next great difficulty was to provide the menwith 
victuals, a question which caused us greater anxiety than ‘the 
building of the tower itself, for during rough weather we fre- 
quently could not get to within 200 or 300 yards of the rock, 
and on one oceasion the men were on it for seven days, durihg 
which we could not get near them to serve them with anything, 
while at the same time the signal was flying, ‘ Want water.’ 
For the purpose of serving the men with provisions, we had 
water-tight bags for the victuals, and casks for the water, the 
men on the rock hada long life-line, with a buoy attached to it, 
which they threw into the sea, and the men in the’ boats or 
steamer, after picking it up, attached the bags or tlie casks-to 
it, which the men on the rock then hauled upto them. The 
provisions, all except water and milk, had to be brought from 
Castletown at a distance of fifteen miles from Dursey Sownd, 
that being the nearest civilised place to the spot where these 
works had to be carried out. 

“During the first year’s operations upon the rock, ‘we 
managed to prepare the foundations for the tower, and to fix the 
lower tier of plates. Preparing the foundation consisted in 
cutting a groove 22 in, wide, and frum 4 to 6 ft. deep, into the 
rock, which was a labour of great patience, beéause the nature 
of the rock was such that it could not be'cut with wedges, and 
we were not allowed to use powder; in consequence we drilled 
14 in, holes all round the inner and the outer ‘circymference of 
the grooves, at distances of 3 in. apart, and cut the central ring 
out with long chisels and sledge-hammers. 

“In order to protect the plates that bad been fixed, besides 
their being held down by strong foundation bolts, we tilled the 
groove up solid with cement concrete, and in the beginning’ of 
September we left the rock, the men being employed curing the 
winter months upon the shore premises in Dursey Suund, where 
we had to build storehouses and keepers’ dwellings. To our 
great surprise, when we returned to the rock inthe following 
spring, we found that two of the long plates were elean broken in 
two and the halves carried away, not a vestige of the house 
remained, even the iron bars were gone, and the derrick post 
was broken off at the surface of the rock, and had completely dis- 
appeared, We, therefore, had to erect fresh tackle, and some 
kind of a shed that would be able to stand all seas and storms, 
and afford permanent security to the men during the remainder 
of the time that would be required to complete the work. 

- “ After a deal of consideration, I hit upon the following 
device: In a crevice on the top of the rock (which was about 
75 ft. above the mean level of the sea) I fixed ashanty of 18 in. 
square balks of timber, securely fixed to the rock with 1} in. 
bolts, the balks were covered with 3 in. planks, and these again 
with rubble masonry set in cement; I fitted this up with bunks 
for the men, and lodged as many a» twenty-five men in it at 
one time. This shanty stood during the whole of the time, and 
remained there when we left after the works were completed. 

“ During the second year’s operations we raised about two- 
thirds of the tower, putall the granite masonry into the base- 
ment, aud began putting in the brick lining. Before leaving, 
in September, we covered the tower with a strong timber roof, 
and blocked up the door and windows with 3in, planks well 
secured with bolts; but on returning to the rock in the follow- 
ing spring we found that the plank blocking up one of the 
windows at a height of 15 ft. above the level of the rock was 
broken in two, and the basement of the tower full of water; the 
derrick post, also, had been lifted clean out of its hold in the 
‘ock. 

“ Notwithstanding these drawbacks, which occasioned serious 
delays, and the many dangers against which we had to guard, 
we completed the tower by the end of Augusi in the third year, 
with the loss of a single life. Yet such were the apprehensions 
of danger of the authorities of the Ballast Board themselves, 
that, when Mr. Grissell set out on his first journey to the West 
from Dublin, they did their best to prevail upon him not to go 
out there, assuring him that he never would come back alive.” 

We have no doubt our readers are equally obliged with ‘our- 
selves to our friend Mr. France for this interesting narrative, 
and we heartily congratulate him upon the manner with which 
he has brought this matter to a successful termination. 

In our illustrations, Fig, 1 is a general elevation of the rock, 
with the lighthouse upon it, and the tackle used for lifting the 
materials on to it; Figs. 2 aud 3 area plan and section at the 
level of the first floor; Figs. 4 and 5, a plan and section at the 
level of the watchroom fluor, and Fig. 6, a sketch of the shanty 
described by Mr. France in his narrative. 
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Locomortves.—In 1866, no fewer than 711 new locomo- 
tives were placed upon British railways. The correspondin 
total in 1865 was only 211; in 1864, 560; in 1863, 245; an 
in 1862, 242. The year before last must, then, have been a 
capital one for our locomotive builders, notwithstanding the 


. 


grumbling about Belgian competition. 


ENGINEERING.,* [Fes. 7, 1868. 


INTERIOR OF THE AMERICAN SALOON CAR, “OMOHA.” 


(For notice, see Page 117.) 
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THE MEADOWSIDE SHIPBUILDING. 
YARD, GLASGOW. 


Te firm of Messrs. Tod and Macgregor, of Glas- 
cow, has, a historical connexion with iron shipbuilding. 
The introduction of iron as a ‘material for the con- 
struction of ships—one of the greatest and most im- 
portant steps now on record in the history of engi- 
neering —isdue to a very large extent to the persevering 
and practical spirit with which this firm has acted asa 
pioneer. Without detracting from the merits of all 
the other scientific and far-seeing practical men, who 
have devoted their attention and energies to the intro- 
duction and early development of iron shipbuilding, 
this fact gives to the firm of Messrs. Tod and Mac- 
gregor an exceptionally high position and celebrity, 
not only in this country, but throughout that wide- 
spread family of nations now united by the action and 
influences of steam-navigation. 

Messrs. Tod and Macgregor built the first iron 
steamer which successfully crossed the Atlantic, viz., 
the City of Glasgow, and they have since then ranked 
amongst the first shipbuilding establishments on the 
Clyde, or, which is equivalent, amongst the first 
establishments of the kind in the world. The 
Meadowside yard is situated at the junction of the 
river Kelvin with the Clyde, a position which gives 
to this yard the advantage of adouble river frontage. 
The Kelvin river has been dredged out to a sufficient 
depth to admit vessels up to 20 ft. draught at high 
water, and a slip dock worked by hydraulic power, 
and capable of taking vessels up to 1000 tons,fhas been 
placed at that side of the shipbuilding-yard. The ma- 
chinery for this slip dock has been constructed by 
Messrs. Moore and Co., Glasgow; it consists of a 
horizontal hydraulic cylinder with pumps worked by 
steam power, and with a link-chain attached to the 
ram. The links of this chain have eacha length equal 
to the length of stroke of the hydraulic press, and are 
connected to each other by pins passe 
eyes or cylindrical holes at the ends of each link. This 
link-chain is attached at its other end to the slip- 
carriage, a timber structure supportea upon small 
wheels or rollers, and moving up and down the inclined 
plane of the slip upon broad iron rails. The action of 
the hydraulic press in hauling up this carriage is an 
intermittent movement, each stroke of the hydraulic 
press bringing the carriage up by the length 
of one chain-lmk, and after this coming to a 
standstill. For preventing the carriage from exerting 
a strain upon the chain when a stroke is completed, 
a toothed rack is laid all along the slip, and a set of 
catches, attached to the carriage, are made to drop 
between the teeth of this rack. As soon as the chain 
is relieved from all tension caused by the carriage, it 
is possible to withdraw one of its links from it and to 
attach the end of this shortened chain to the end of 
the hydraulie ram, now again ready for making a 
stroke. In this manner, a chain-link being removed 
for each successive stroke of the. hydraulic press, the 
carriage can be gradually hauled up the inclined plane 
of the slip dock. The total strain which the chain is 
capable of transmitting—and this is the strain for 
which all the working parts of the hydraulic press are 
calculated—is 1100 tons. The adjustment of the sli 
upon the carriage is effected by wedge-shaped week 
blocks, which are first of all laid approximately to 
the shape of the ship’s bottom, and afterwards (when 
the vessel is brought in its proper position over the 
carriage) adjusted below water, so as to pack or block 
up the hull of the vessel. These wood blocks are sup- 
ported by iron cross girders slightly dipping towards 
the ship-keel, and they can be moved in or out upon 
these girders by means of ropes. There are some 
repairs of this slip now in course of execution, on ac- 
count of the irregular course of the small river Kelvin 
having affected some parts of the foundation. This 
requires tle driving of piles, and would have neces- 
sitated the subsequent cutting off, under water, of all 
the pile-heads. For avoiding this somewhat difficult 
and expensive operation, piles of smaller lengths are 
employed, and driven into their places by means of a 
“dolly,” or loose pile-head, fitting to the top of the 
pile by means of an ironshoe. With proper attention 
and- gauging, it is possible to drive these piles with 
sufficient accuracy to dispense with all further adjust- 
ment of their upperends. We shall probably, at some 
future time, give some details of the mode of operation 
in driving these piles. The most important and 


valuable structure in the Meadowside yard is a grav- 
ing-dock 500 ft. long within the gates, 56 ft. wide at the 
entrance, and having 18 ft. depth of water at ordinary 
spring tides. This is one of the largest graving-docks 
in existence, and its construction is of a very superior 
character. We defer describing the detai 
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through the, 





dock on this present occasion, as drawings of it have 

been kindly promised to us by Mr. David Tod for 
publication at an early date. At present we will con- 
fine ourselves to stating that the dock-gates, instead of 
being partly supported upon rollers at their extreme 
ends, and only. partly carried by their hinges, are in 
this instance altogether supported upon the pivots 
which correspond to the door-hinges. These gates 
work with less friction in consequence, being at the 
same time perfectly water-tight at the joint which they 

form with the dock-sill. At the present time the French 
steamer Washington, belonging to the Compagnie 
Transatlantique, and which is in the hands of Messrs. 
Robert Napier and Sons for being altered from a 
paddle steamer into a twin-screw ship, is docked in 
this dry dock for getting the brackets supporting the 
two screw-shafts fitted to the hull, and for being 
finished with regard to all that portion of the work 
which must be done from the outside below the water- 
line, and which, therefore, requires the dry-docking of 
the ship. The whole area of the Meadowside yard, 
including the graving-docks and slip, covers about 
twenty-four acres; and the establishment, including 
the marine engineering works (Clyde Foundry) of the 
same firm, is capable of employing 2000 hands. A 
peculiarity of this yard is an unusually large amount 
of cranes, some of which are of very large size and 
power. ‘The largest crane, capable of lifting 70 tons, 
we expect to illustrate very shortly. The plant of 
punching and shearing machines, of angle-iron cutting 
and bending machines, and other shipbuilders’ tools 
presents little difference from the general style of 
well-made machinery of this kind. The greater number 
of these machines are the make of Messrs. Craig and 
Donald, in Johnstone, who have a very good reputa- 
tion amongst shipbuilders, not only on the Clyde, but 
also in other localities. A particularly powerful tool 
is a set of plate-bending rolls, 12 ft. long and about 
30 in. in diameter, driven by a special engine. There 
is also a very well made machine for bending angle 
irons by Messrs. Smith Brothers, of Glasgow, worthy 
of notice; it works on the principle of a horizontal 
screw press, receiving its movement by spur gearing, 
and it saves much trouble in heating angle irons, as 
most of the slight bends required for many parts can 
be made in the cold state, with the assistance of this 
machine. <A well arranged forge, with a 3 ton Condie 
hammer, and a small engineering shop are the only 
mechanical workshops placed within the inclosure of 
this yard, the engineering establishment proper being 
situated in the centre of the town, according to the 
custom of marine engineers and shipbuilders on the 
Clyde. The Clyde Foundry is an establishment of 
great productive power. The self-acting tools are of 
the large and heavy kind now required for marine en- 
gineering, and there is ample space provided around 
each machine to allow of an easy adjustment and 
transport of the heavy castings and forgings operated 
upon. One of the best designed tools in the shop is 
a horizontal boring-machine by Messrs. G. and 
Harvey, of Glasgow. The boring-bar is movable b 

means of a carriage upon a vertical standard, which 
standard again can be moved in a horizontal line upon 
a bed or base-plate. This, with the feed motion of 
the boring-bar gives three movements in three direc- 
tions at right angles to eachother, and facilitates ad- 
justment to any kind and shape of objects to be ope- 
rated upon without, at the same time, occupying a large 
floor space in the shop. A very heavy planing-maching, 
with a table 13 ft. long, and two tools upon a cross 
slide 7 ft. between the standards, made by Messrs. 
Thomas Shanks and Co., of Johnstone, is the largest 
tools in this workshop. The cross slide is counter- 
weighted by a balance-weight and chain, and an addi- 
tional standard can be fixed to the foundation plate at 
the side of the bed for carrying a third tool, which 
can be made to operate simultaneously with the two 
others. The V grooves of this machine are very 
broad and flat, yet it appears that they have been cut 
in working. Mr. David Tod, the manager of the 
Clyde Foundry, informs us that the addition of castor- 
oil to the common lubricating oil effectively prevented 
the continuation of the abrasion on the faces of the 
V grooves of this machine. He was led to the appli- 
cation of this lubricant from finding the common oil 
too thin and liquid for the great pressure between 
these working surfaces. A large vertical boring-ma- 
chine for boring the bosses of serew propellers is fixed 
to the wall over a large bed, and without any lateral 
columns or standards. This allows the adjustment of 
a propeller of any size and of any number of blades 
upon the bed, as the wall has an opening of sufficient 
size just over the bed surface to allow one of the pro- 
peller-blades to project through it into the yard outside 
ofthe shop. In one of the workshops an old planings 





machine is at work, which was “ imported” some thirty 
years ago from “England.” It is the make ofa Leeds 
firm, and is constructed upon Richard Roberts’ original 
design, with a chain and inverted Y’s for guiding the 
table. When this wonderful machine arrived, and was 
about to be fitted up in a place specially “ got up”. for 
it, the apprentices of the old millwright’s firm were em- 
ployed to heat old plates in a furnace and carry them 
into the shop in rotation, in order to keep the air dry, 
and prevent the new machine being attacked by rust. 
Planing-machines are not in our days installed in their 
functions with such honours and ceremonies, yet if we 
look at that old—we may say, antediluvian—machine, 
and find it doing its work now, after thirty years’ 
service, smoothly, and correctly, and expeditiously, we 
cannot help admitting that the workmanship of that 
machine must have been very good to begin with. An 
interesting sight is the store of drawings in the office of 
these works. They are systematically arranged, all the 
details and general plans belonging to one type. of 
vessels being collected in a special compartment. 
These scale drawings are necessarily very complete, 
since most of the work is laid out from them without 
any full-size drawings being made. Another pleasing 
sight in the establishment of Messrs. Tod and Mac- 
gregor is the model-room in the shipbuilding yard. 
The models of all steamers made by this firm, all to 
the same scale, so as to give a fair comparison of their 
relative sizes, are collected there, and arranged all 
round the walls of this room. They are all very neatly 
executed, and inscribed with the names and dates of 
the vessels, and the arrangement is evidently made 
with a view to produce a fine and pleasing ensemble. 
The works of Messrs. Tod and Macgregor are not as 
yet in full active operation after the recent suspension 
of working, but preparations are now being ener- 
getically made for commencing some new steamers of 
large tonnage. 








CONCRETE BRIDGE AT RIVOLTA. 


Tue use of artificial blocks of beton, for hydraulic 
works, has received much attention from Italian engi- 
neers. In Piedmont and Lombardy, prisms of con- 
crete, composed of fine gravel and cement, have been 
successfully employed in the construction of groins 
and other works for the protection of river banks. 
The excellent quality of the cement, and the abundance 
of clean gravel on the spot, have induced engineers 
to give concrete the preference in these works over 
stone or bricks, which, in many cases, would have to 
be brought from a distance and at a great expense. 

The application of artificial blocks has lately been 
made, on a large scale, in the construction of a bridge 
over the Adda, on the road from Rivolta, in the 
province of Cremona and Milan. The river Adda was 
formerly passed by means of a horse ferry; but this 
being rendered impassable in the spring and.autumn 
months, on account of flood, great inconvenience was 


A. | experienced, and the traffic had to pass the river by 


the bridge at Cassano, thereby increasing the distance 
to Milan by eight kilometres. In order to avoid this 
inconvenience, it was proposed that an economical 
bridge should be built, as the expense had to be borne. 
by the commune. 

The proposal of an engineer, Signor Milesi, of con- 
structing a bridge of stone, river pebbles, and artificial 
blocks, was accepted by the local authorities towards 
the close of 1866, and the works were commenced forth- 
with, advantage being taken of the small quantity of 
water in the river at that time. In the short space of 
six months, that is to say, by the 1st June, 1867, the 
bridge was completed, notwithstanding the drawbacks 
met with on account of the unusual quantity of rain 
which fell in the spring. 

The bridge consists ol siateeet arches of 9 metres span, 
each arch having a rise of 2.60 metres. The founda- 
tions of the beldige are a bed of concrete 9 metres in 
width and 1 metre in depth, extending from one side 
of the river to the other. The surface of the con- 
crete is at the same level’ as the bed of the river. 
The piers are built of rubble, composed of river 
pebbles, and faced with dressed stone from the Mol- 
trasio quarries, on the Lake of Como, set in hydraulic 
cement of Bergamo, and measure 3 metres in height 
from the surface of the concrete foundation to the 
springing of the arch. Twelve of these piers are 
1.20 metres in thickness ; two are 1.90 metres; and 
the centre pier is 1.30 metres in thickness. -The 
width of the bridge is 5 metres, including parapets, 
and is increased to 7 metres in width over the two 
central arches, so as to afford means for vehicles to 
pass each other. The total length of the bridge, in- 
—e the two abutments, is 173.50 metres. The 
piers have pointed cutwaters at each end, projecting 
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1.60 metres beyond the bridge. The total height from 
the top of the foundations to the top of the —— is 
7.30 metres. The arches are built of artificial blocks 
composed of Bergamo cement and fine gravel. The 
thickness of the arch is 0.70 metre at the springing, 
and 0.60 metre at the crown; and the blocks of which 
it is built measure 0.30 metre by 0.20 metre by 
0.70 metre in height at the springing and 0.60 metre 
at the crown. These blocks are composed of one part 
mortar and two parts fine gravel. The mortar is made 
of 450 kilometres of cement to the cubic metre of sand, 
that is to say, of equal parts in bulk of sand and 
cement. The parapets are also built in blocks 0.80 
metre in height, and measuring 0.40 metre in thick- 
ness at base and 0.30 metre at top. These blocks 
were made about two months previous to their being 
used, so as to allow time for hardening, and during 
this time they had acquired a strength of resistance to 
the pressure of 20 kilometres on the square centimetre, 
or ten times the resistance necessary. 

The following is the engineer’s estimate for the con- 
struction of this bridge, but the work was contracted 
for at 12 per cent. below these prices : 





Description of Work. Quantity.) Price. | Amount. 











Frs. | Frs. 

Excavation for foundations, &c., 

above water level; cubic metres 7544.58 0.40; 3017.83 
Excavation for foundations below et 

water level; cubic metres w.| 2165.15) 1.00 2165.15 
Concrete bed for foundation ; cubic 

metres... eee ove | 1820.00, 7.50 9900.00 
Masonry in piers and abutments, 

half in stone and half in river 

pebbles; cubic metres ee! 587.10) 10.25 5505.27 
Arches, in concrete blocks, cub. met. 635.04 12.00, 7620.48 
Masonry in backing to abutments 

and arches and in wing walls, two- 

thirds in river pebbles, and one- 

third in stone; cubic metres ...| 346.86 9.30, 3225.80 
Masonry in backing, in river pebbles! 440.18, 7.50 3301.35 
Capping to parapets; lineal metre) 355.60 1.00, 355.60 
Filling in above arches, paving, &e. a a 748.83 

and waste for centering, tempo- ‘ 

rary bridge, &c. ... ss ove! avs ~ | 5022.11 

Total eee ese e | 40862.42 


This bridge was tested with a load of 375 kilos. 
on the square metre, three months after its completion, 
without giving any signs of settlement. 

Comparing the cost with those of other bridges 
recently constructed in Lombardy on provincial and 
communal roads, a considerable advantage will be found 
in favour of the use of artificial blocks, as will be seen 
by the following examples : 


Per metre | Per metre 








run. super. 
Frs. Frs. 
Bridge over the river Adda, at Rivolta, 
in rubble and artificial blocks 235.50 47.10 
Bridge over the Serio, near Vertova, in 
the province of Bergamo, in dressed 
stone ... eve eve eee e| 513.72 91.70 
Bridge over the Goglio, near Gromo, in 
the province of Bergamo, in timber| 457.40 114.30 


The bridge over the Adda, at Lodi, built in ordinary 
brickwork, cost 2000 francs per metre run; that in 
timber over the Oglio, at Marcaria, 700 francs per 
metre run; and the brick bridge at Cassano, over the 
Muzra, as much as 4000 francs per metre run. 





THE RIVER HOOGHLY. 

Tue agitation which was raised some two or three 
ears ago, relative to the requirements of the river 
Hooghly, with a view to affording better accommoda- 
tion than then existed for the dienke resorting to 
that port, resulted in the passing of Act 10 of 1866, 
dated 4th June, entitled “An Act for the Improve. 
ment of the Port of Calcutta.” In the preamble of 
that Act, it was acknowledged that it was expedient 
“that provision should b» made for the construction 
“and maintenance of warehouses, embankments, 
“wharves, quays, jetties, piers, tramways, and other 
“works in the port of Calcutta, and for raising the 
“funds necessary for such construction and mainte- 
“nance, &c.” A River Trust was accordingly ap- 
yon consisting of the justices of the peace 
or the town of Calcutta, to whom was given the 
power to appoint a secretary and such engineers, 
surveyors, and others as they might think neces- 
sary. They were also required, within six months 
of the passing of the Act, to submit a matured 
scheme for the improvement of the port; and 
they were empowered, after the approval of their 
project, to raise the necessary funds for carrying it 
out. The committee of the justices held its fest 








meeting on 10th July, 1866; and on 28th November 
following Mr. Hugh Leonard, the River Trust Engi- 
neer, submitted his report on the proposed works to 
be undertaken. In that paper Mr. Leonard recom- 
mended the erection of two wrought-iron screw-pile 
jetties, extending into 25 ft. water at low tide, 300 ft. 
apart from centre to centre, roadway 15 ft., heads 
45 x 30 ft., fitted with a two ton steam-crane, and with 
a double line of rails throughout the whole length, 
and two similar jetties only with heads 100x30, 
fitted with two cranes each. These were to accom- 
modate the shipping, and were to be erected between 
the Bonded Warehouse and the Railway Ghaut. For 
the accommodation of the inland steamers, two 
wrought-iron screw-pile jetties were proposed north 
of the Railway Ghaut, running into 10 ft. water at low 
tide, 300 ft. apart from centre to centre; roadway, 
12 ft.; heads, 35x25 ft., fitted with 30cwt. steam- 
cranes. And for accommodating the inland country 
boats, between the Mint and Aberytollah Ghaut, two 
small screw-pile jetties, extending into 6 ft. water at 
low tide, were proposed. The whole estimated cost of 
this project, itieten the construction of store-sheds, 
&c., amounted to 83,780/. This scheme was sanctioned 
by the Bengal Government in January of last year. 

Some difficulties appear to have arisen from the 
wording of the first Act, which prevented the justices 
from obtaining the requisite funds. An amended Act 
was accordingly passed on the 22nd July last; but as 
the justices, in their corporate capacity, were at the 
time in the market for a loan of 10 lakhs of rupees at 
6 per cent., it was not considered expedient to attempt 
to float a further loan for the construction of walle 
connected with the improvement of the port, and 
the justices accordingly applied to the Government for 
assistance. They also proposed at present to limit 
their operations to the provision of accommodation for 
inland country boats, and requested that Government 
would advance them the necessary funds, pending 
arrangements under which they would be able to borrow 
money themselves. 

Nothing, however, appears to have come of the 
River Trust, as at first organised ; for we now learn 
from the proceedings of the Bengal Chamber of Com- 
merce at their meeting on 11th December last, that a 
new River Trust Committee had been appointed. In 
referring to this subject, the president of the chamber 
stated there was “no subject of greater interest to 
“the mercantile interests than the present unsatis- 
“ factory state of the imperfect arrangements which 
“ had so long existed for shipping and landing goods 
“and passengers from the vessels in the river. After 
“having passed through many phases, the question 
“now seemed to have fen a definite form by 
“Government taking it upon themselves to provide 
* the funds and materials for carrying out Mr. Leonard’s 
“plan. This was only a very small portion of what 
“ would really be required, but still it was an instal- 
“ ment, and the merchants ought to be satisfied at 
“ having made so much progress.” 

It is a well-known fact that capitalists interested in 
the port of Calcutta have, long ago, offered to pro- 
vide all the necessary accommodation for the ship- 
ping as a commercial undertaking; but, hitherto, 
the proposal has not met with encouragement from 
the Government. Such works appear to be essen- 
tially suitable for private enterprise in India, sub- 
ject, of course, to such restrictions as might be 
found necessary in order to avoid any injurious 
monopoly, and it is not yet too late for the Govern- 
ment to reconsider its former decision. Let the 
works at present in hand (if, indeed, they really have 
been commenced upon, which is rather doubtful) be 
completed by the agency under which they have been 
commenced ; but, in order to carry out rapidly and 
efficiently a comprehensive scheme for improving the 
accommodation of the port, private agency should be 
be invited. Without its assistance we venture to 
assert that the construction of the necessary works 
may not improbably be delayed for another twenty 
years. This is a matter upon which the commercial 
community of Calcutta should unite with a view to 
speedily putting an end to procrastination and in- 
decision, and of inducing the Government to give their 
sanction and support to any well organised company 
which should be willing to undertake the construction 
of these much required works. 








OLD cast-rRoN Guys.—A War De ent circular was re- 
ceived, last week, by Colonel Campbell, the superintendent 
of the Royal Gun Factories, at Woolwich, announcing that 
the Secretary of State had acceded to his request to be per- 
mitted to utilise some of the old cast-iron guns of small 
ealibre by converting them, by puddling, into bars and coils 
to be employed in the manufacture of the new Fraser guns 
now adopted in the service. 





THE MELBOURNE MONITOR CERBERUS. 


We this week lay before our readers a two-page en. 
aving of the powerful iron-clad monitor Cerberus, now 
uilding on the Tyne, by Messrs. Palmer, of Jarrow (the 
builders of the iron-clad frigate Defence and the Indian 
trooper Jumna), from the designs of Mr. E. J. Reed, the 
Chief Constructor of the Navy. This design is based, as will 
be seen, upon the breastwork principle, propounded last year 
by Mr. Reed in a speech on the turret system at the Institu- 
tion of Civil Engineers, the object of adopting the central 
armour-plated breastwork being to protect all the principal 
apertures into the ship to a height of 10 or 12 ft. above the 
water, and thus to add greatly to the security of these low. 
decked vessels. The only apertures through the low deck in 
this ship, outside of the armour breastwork, are three sky. 
lights for giving light and air below in a direct way when in 
harbour. Each of these skylights is surrounded by armour, 
and provided with an armour-plate cover for use in action. 
The ship, although of moderate dimensions, will be coated 
with very thick armour, and will carry four 18-ton guns at a 
speed of about nine knots. Instead of sending the Cerberus 
to Melbourne under escort, it is, we believe, the intention of 
Major Pasley, R.E., the representative of the Colonial 
Government in this country, to have her fitted, under Mr. 
Reed’s direction, with a temporary deck and jury-rig, and 
navigated to Melbourne like an ordinary ship. 

The presence of this formidable ship in the port of Mel- 
bourne will, in our opinion, tend more to its security and 
immunity of attack than three times its cost expended in land 
defences. She is the first monitor proper laid down, we be- 
lieve, in this country, although Messrs. Napier are engaged 
upon another. 

The dimensions of this vessel are as follows: 


ft. in. 
Length between the perpendiculars... o. 225 0 
Length of the keel for tonnage ose «. 195 7 
Breadth, extreme and for tonnage see ae te © 
Depth in hold ove * ove oo WE 


Burden in tons, O.M., No. 210723. 


The nominal power of her engines is 250 H.P., and she will 
be propelled by twin screws. She will sit on an even keel, with 
a draught of water of 15 ft.6in., and be steered by a balanced 
rudder, which is well protected by the overhanging stern. 

Her freeboard is 3 ft., the side being covered with armour 
from stem to stern, and to about 4 ft. below the water-line. 
This armour is in two strakes, the upper one being 8 in. and 
the lower one 6in. thick, each tapering towards the extremi- 
ties of the vessel to 5} in. and 4 in. respectively. The teak 
backing is worked horizontally between outside stringers, 
and the whole secured to two thicknesses of £ in. plating. 

Her frames are 3 ft. apart, excepting in the double bottom, 
which extends from the armour-shelf on one side to the 
armour-shelf on the other, through the whole length of the 
midship body, where the frames are 4 ft. apart. 

The keel is composed of two flat plates, strengthened by a 
continuous vertical keelson. There are also four longitu- 
dinal frames, composed of steel plates, running fore and aft 
the vessel on each side of the keel, the upper longitudinal 
forming the shelf or recess for armour; the remainder of the 
hull is built of iron. 

The upper deck outside of breastwork is protected with two 
thicknesses of § plates, and the skylights upon it are formed 
of 6-in. armour plates, 3ft. 6in. high, with strong water- 
tight covers. 

The breastwork stands upon the midship part of the upper 
deck, and is 112 ft. long, 34ft. wide, and 6 ft. deep, having 
circular ends, which are protected by 9-in. armour in wake of 
turrets ; elsewhere 8-in. armour is placed on the sides of the 
breastwork ; the frames are 3ft. apart, and well secured to 
the upper-deck beams; the top of the breastwork is protected 
with two thicknesses of } in. plating upon the ordinary trans- 
verse beams, excepting where the turrets pass through it, 
and also where the funnel, air-shaft, &c., enter it. Besides 
these, the breastwork encloses two small engines for working 
each turret, a steering-wheel, cooking-ranges, and the hatch- 
ways leading directly down to the ammunition, as well as 
those leading to the fore and after parts of the lower deck 
where the crew are berthed. 

The turrets, two in number, one at each end of the breast- 
work, and about 5 ft. 6in. above it, are each constructed to 
fight two 18-ton guns, and may be turned either by manual 
or steam power. These turrets are protected in front by 
10-in. and in the rear by 9-in. armour, extending down a 
short distance within the breastwork; the teak backing is 
worked horizontally between stringers, which are outside 
of the two thicknesses of }-in. skin-plating, and the tops of 
the turrets are protected by 4-in. plating upon the beams. 

A flying deck, 20 ft. wide, is worked above the turrets, for 
the whole length of the breastwork, and the communication 
from the latter to the flying-deck takes place through water- 
tight iron trunks; all openings in this and the other decks 
are protected from a vertical fire. 

The pilot-house is supported from the top of the breast- 
work, and extends to 4 ft. above the flying-deck ; the sides 
of the pilot-house are protected with 9-in. armour, and its 
fore and after parts with 8-in. armour, the teak backing being 
worked as before described, and upon two thicknesses of 4-in. 
plating without internal frames. 

The davits and other outriggers for boats, &c., will admit 
of being lowered, so as to clear the range of the turret guns. 

The fresh air for ventilating the vessel will be admitted by 
means of the air-shaft, the ash-shoot, and the openings in 
the decks over stoke-hole. A fan at the bottom of air-shaft, 
and another at the fore-end of boiler-room, will be worked by 
steam, and will drive the air forward through main pipes 
under the lower deck, and aft through similar pipes at the 
upper part of shaft-passage, and from these pipes branches will 
be led wherever required. 

There are seven water-tight transverse bulkheads con- 
tinued to the upper deck, and having water-tight doors in 
them, either at the lower deck or in the hold. 
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REFERENCES.—1. Captain's cabin.“ 2. Ward-room. 
16. Engineers’ Mess-room. ,; 17. Engine-room. 
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12. Ward-room Steward. 


28. Bag-racks. 
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13. Chief Engineer. 
29. Chain Cables. 





14. Dispensary. 


30. Crew’s mess-room. 
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SURFACE CONDENSATION. 
To THE EpitoR OF ENGINEERING. 

Srr,—It is a question, only requiring time for its solution, 
whether surface-condensation is to live, whether the first cost, 
&c., balance the advantages obtained by its use ; and it may 
not be unlikely that, as Watt preferred the jet to the surface- 
condenser, so it may be again abandoned, unless the laws 
which govern the condensation of a vapour by external cold 
are more fully inquired into. It may, perhaps, be a bold 
assertion that the greater part of these condensers are con- 
structed in direct opposition to what reason would point out 
as the best means of the propagation of heat by conduction. 
With few exceptions, the cooling water enters at the bottom 
of the condenser, and exits at the top. And, perhaps, a 
little reasoning will show that there are better ways in which 
the cooling water may act. Of course it is assumed that the 
universal practice is for the exhaust steam-pipe to be placed 
near the top of the condenser. 

The problem is to make a partial vacuum by taking away 
the heat of the exhaust steam, and so cause a diminution of 
volume, or, rather, the volume remaining the same, a lessen- 
ing of pressure. Now it will not be doubted that the con- 
tact of cold water is more efficient than of hot water; for 
conceive a long horizontal tube filled with steam, then, 
doubtless, it would be condensed much faster by the water 
being at 50° Fahr. than if it were at, say, 90°. And_ yet 
almost the*reverse of this is the action of the water in pre- 
sent condensers. The water enters at the bottom, say, at 
50° Fahr., then by the time it leaves the condenser its tem- 
perature will be raised to 100° Fahr.; now would it not be a 
much better action if, by any means, the temperature of the 
water were only increased a very little? And this might be 
done. Let us consider the mode of action in those con- 
densers in which the steam is condensed by contact with the 
external surface of tubes. The water enters at the bottom 
portion of the tubes, and is made to pass through the tubes 
by dividing them into three, four, or even more eompart- 
ments, so that the direction of the flow is alternately reversed. 
The proposed alteration is, instead of causing the water to 
flow through each compartment successively, and so receive 
successive increments of heat from each set of tubes, suppose 
the tubes to be divided so that the cold water shall pass 
through each simultaneously. For instance, conceive a con- 
denser to be made of four horizontal tubes placed one above 
the other ; now the present mode of action is for the water 
to pass through the lower tube, to return through the lowest 
but one, and a similar path through the other two tubes. 
The proposal is, for the cold water to enter at one end of the 
tubes, and leave at the other end, the flow through each tube 
being in the same direction. It is evident that there must be 
some means of controlling the supply through each, as it is 
very improbable that the water would of itself flow in uniform 
quantities through each tube: in consequence of the top tube 
being hottest, there would be a greater recoiling (figuratively 
speaking) to pass through this tube than to those lower 
down, and therefore colder. 

The same mode might be also applied to Hall’s condensers, 
dividing the tubes into lengths, by passing them through 
plates, and forcing the sea-water simultaneously through 
each compartment so formed. 

In Hall’s condensers it is worthy of remark that the same 
error is creeping into the practice of marine engineers as 
has already made its way into the construction of locomotive 
boilers, viz., the use of very long tubes. 

In a paper which was read at the Institution of Naval 
Architects, in 1862, Mr. Wye Williams has proved, by the 
actual experiment of measuring the quantity of water eva- 
porated at each portion of the tubes in a tubular boiler, that 
the end in which the gaseous products of combustion first 
enter is very much more efficient in raising steam than the 
other end, or rather that the action of the gases was greatest 
at the end first entered. His experiment was of the follow- 
ing character : 

“To exemplify these facts, I had a boiler so constructed 
that the heat-transmitting value of each lineal foot of tube 
should be indicated with absolute certainty. The tube was 
3$in. in diameter; it was 5 ft. long, and divided into six 
compartments or separate boilers. Observing that the boil- 
ing, which was violent, always appeared to come exclusively 
from the end next the plate in which the tubes were in- 
serted, the first compartment was confined to a single inch 
of tube, the second to 10in., and the remaining four com- 

artments each to 12in. Then in three hours the first 

ngth of lin. evaporated 2lb. 140z.; second length of 
10in., 2lb. 15 oz.; third of 12in., 1 Ib. 15 oz.; fourth of 
12in., 1 Ib. 6 oz.; fifth of 12in., 1 Ib. 2 oz.; and sixth of 
12in., 1 lb. 1 oz. Here we see the first single inch eva- 
— nearly as much as the adjoining 10in., while the 
t 11in. did more than the remaining forty-eight.” 

It is contended that these experiments are as applicable to 
Hall’s condensers as to tubular boilers, and the lesson that 
may be inferred is that, if the lower half of the lengths of 
tubes in the present condensers were taken away, the effi- 
ciency of the condenser would not be impaired; and this 
seems to have occurred to Mr. Bourne, as in his “Steam 
Engine” he writes of Hall’s condensers, “He sought to 
* attain too perfect a vacuum; and as the last inch of mer- 
“cury probably required as much refrigerating surface to 
“ obtain it as all the rest put together, they were necessarily 
“ very cumbrous and expensive.” And again on the same 
subject he says, “Surface condensers should be of small 
“dimensions. The pipes should be quite short, and not of 
“too small a diameter, and there should be a rapid circula- 
“ tion of the condensing water.” And, again, “ If long tubes 
“of small diameter are used, the steam gets condensed 
“ before it has arrived at the middle of the tube.” Conse- 

uently the half length of the tube opposite to that which 
t oom enters is totally inefficient in producing conden- 
sation. 

The rule which Watt gave for the capacity of condenser 





was that it should be one-tenth that of the cylinder; but this 
rule was gradually altered, until the condenser actually was 
made one-half the volume of cylinder, and with more bene 
ficial results; and it may be questioned whether the obtain- 
ing so good a vacuum in surface-condensers has resulted not 
so much from the condensation by the use of the tubes as 
from the large capacity of condenser, as compared with the 
cylinder. Take, for example, the new engine of 300 horse 
power, constructed by Messrs. Napier. There is one con- 
denser containing 3923 tubes, }in. external diameter and 
6ft. 3in. long. These are set in a box, 6 ft. 3in. by 7 ft. 9 in. 
by 5ft. 6in. The volume of the box is, therefore, 460,350 
cubic inches, and the volume occupied by the tubes 129,985 
cubic inches, leaving 330,365 cubic inches, which may be 
called the volume of the condenser. The cylinders are 63 in. 
diameter, and the stroke is 30in. Then the total volume of 
cylinder is 187,035 cubic inches, and this will give a ratio of 
capacity of condenser to that of cylinder of 1.7663 to 1. 

Again, take the case of the engines of the Hercules. In, 
these engines the equivalent diameter of cylinder is 118 in.; 
there are 7025 tubes, } in. external diameter, 7 ft. 6in. long 
contained in a cylinder 11 ft. 4in. diameter; this gives a 
ratio of volume of condenser to cylinder of 1.741 to 1. So 
that the volume of surface-condensers is nearly 3} times the 
volume of the best jet-condensers, and it may, perhaps, be 
argued from this, that if the capacity of the jet-condenser 
were increased in this ratio, then there might be obtained as 
good results as are got by surface-condensers. 

There is no rule for the size of the tubes in a Hall’s condenser, 
but it may be shown that, with the same surface, large tubes 
would be more efficient than small ones; thus, ten tubes of 
lin. diameter would have the same surface as one 10 in. tube, 
the tubes being of the same length, but the volume in the 
large tube is ten times the volumes of the small ones, and 
therefore, since the large tube would allow a much larger 
volume for the steam to expand into (and so become cooler), 
it follows that large tubes would be most economical (in 
Hall’s condensers). With reference to the deposition of 
sulphate of lime on the surface of the tubes, future remarks 
will bemade. To speak now of the condensation by the con- 
duction of heat from the external surface of the tube to the 
water within them, it is well known that water isa very 
bad conductor of heat, and hence, if it were practicable to 
produce condensation by a method practised by Dr. Joule, a 
very efficient action would be obtained. This consists in en- 
closing one tube within the other, and driving a film of water 
through the small annular space between them, the steam 
being within the inner tube, and also without the outer tube. 
This system may perhaps come into practice, by using large 
tubes, and also causing a rapid circulation of the water. The 
only system at present in use, besides Hall’s, is that in which 
the circulating water flows through tubes of small diameter ; 
and the smallness of diameter is absolutely necessary on ac- 
count of the very fact of the bad conductivity of water; for 
conceive the water flowing through the tubes, then only that 
film which is actually in contact with the surface is heated, 
and therefore the greater the bulk of this film is, compared 
with the volume within the tube, that is, the smaller the 
tubes, the more efficient will be the action; but this will re- 
quire the use of a large number of short tubes, and though 
there may not be any increase of weight, as compared with 
a Hall’s condenser having the same surface, yet there would 
be a considerable increase of expense. 

It has been urged, as a means of obtaining a better 
action, that a very large volume should be made to pass 
through the condenser, having its temperature raised but 
very little, in preference to passing a smaller volume, and 
raising its temperature considerably. Now this will point to 
a result of very great importance, viz., the lessening of the 
“ee of the saline matter on the surface of the tubes. 

t is well known that by raising the temperature of ‘sea- 
water there is always a deposition of saline matter; and it 
has also been proved, by actual experiment, that the depo- 
sition is greater at higher than at low temperatures (for equal 
increments of temperature) ; now it may be proved from this 
that it would be better to use a large volume of water than a 
small volume. For example, suppose that to condense a 
certain weight of steam there are required 100 Ib. of water, 
its temperature being raised from 40° Fahr. to 80° Fahr., in a 
condenser of the present construction. Now if the water were 
used in the way as proposed, then we may say that 200Ib, 
would be required, its temperature being only raised from 40° 
te 60°. Then the 100]b., in passing from 40° to 60°, will 
deposit a quantity of matter, and also in passing from 60° to 
80°, but of course the latter quantity is greater than the 
former; the 200Ib., in being heated, will of course deposit 
twice as much as the 100 Ib. in raising from 40° to 60°, and 
therefore, since the deposit of 100 Ib. from 60° to 80° is greater 
that from 40° to 60°, it follows that the 2001b., in passing 
from 40° to 60°, will deposit less than the 100]b. in passing 
from 40° to 80°. 

Having proved the economy which must result from using 
the large volume of circulating water, and thus only raisin 
it through a small increase of temperature (for be it observe 
that the reasoning above, though it may appear to give but 
very small advantage when speaking of such small weights 
of water, yet it has all the more force when one considers the 
thousands of tons that will pass through the condenser in the 
course of a year) perhaps’a few words on the means of cleans- 
ing the tubes when there is a deposit of scale upon them 
may not be out of place. Suppose a boiler to be filled with 
water, and that water to be evaporated and passed through a 
still (similar to those in use on board ship). Now it is very 
evident that this distilled water, if pumped into a boiler 
which has a thick deposit of scale on its internal surface, 
must have a tendency to dissolve this scale ; indeed, this has 
been actually observed in boilers which have been fed by dis- 
tilled water (a surface-condenser having been fitted to the 
engines, in the place of a jet-condenser); and therefore it 
follows that this will offer a means of cleansing boilers, which 
may be of great service to marine engineers, if it can be 
proved, by actual experiment, that there are no very serious 





objections against its adoption. And a similar plan may also 
be followed with regard to surface-condensers. Let there be 
fitted a small steam-pipe, which will be’ in communication 
with the space through which the circulating water passes. 
Then, when the vaneet euubven in harbour, turn on the steam 
and also the jet-injection, which will act ascirculating water, 
then the steam will be condensed, and eventually the con- 
denser, or rather the space oecupied when under a by 
the cooling water, will be filled with distilled water, this, 
on cooling, will dissolve some of the scale on the tubes ; this 
operation being repeated, perhaps two or three times, will 
effectually remove the non-conduetor of heat; and at the 
same time the trifling omnes as'compared with the result 
gained, recommends its ado tion. } : 

With reference to one of the apparent disadvantages which 
attend surface-condensation, viz., the oxidation of the boiler 
from the apparent cause of its being positive with regard to 
copper or brass, there may be fairly asked one question : 

ow is it that, during the long time which some engines 
and boilers have been in use, there has not been observed a 
similar action on the plate of the boilerfed from a jet-condenser, 
for does not the feed-water pass through a — feed-pipe ? 
And it is contended that the same causes which are supposed 
to operate tending to the destruction of the’ boiler using a 
surface-condenser must also have been in operation with the 
jet-condenser; but since no such similar effects have been 
perceived in the boilers of the latter, therefore the apparent 
oxidation must be ascribed to some other cause (with surface 
condensers). } 

And now to recapitulate the improvements which may 
govern the future use of surface-condensers, in Hall’s con- 
denser, short tubes and of a larger diameter than at present 
used, a rapid circulation of the water so as to raise its 
temperature as little as possible, and this is absolutely 
essential in all surface-condensers: It is to be observed that 
there may be used, if thought necessary, a number of small 
tubes in combination with the large ones, these tubes being 
placed within the triangular-shaped spaces formed between 
the circumferences of three tubes, or within the square- 
shaped space between four tubes, according as the centres of 
the tubes are the points of an equilateral triangle or of a 
square respectively. The adoption of Jowle’s method, also 
with short tubes and not of too small a diameter ; but it must 
be observed that the smaller the annular space, the better 
the action; indeed it is apparent that this mode is a combi- 
nation of the best points Ht} the two modes now in use. And 
perhaps time will show that either Hall’s or Jowle’s methods, 
or both, will supersede the mode of condensation in which 
the water passes through the tubes, the steam being outside 
of them. 

T am, Sir, your obedient Servant, 

January 29, 1868. Younxker. 


[We insert our correspondent’s letter because it treats of a 
subject of considerable interest to many of our readers; but 
we must at the same time observe that much of the reasoning 
contained in it is fallacious. The result produced in a sur- 
face-condenser by any given amount of water will depend 
upon the surface with which that water is brought effectively 
in contact; upon the time which that contact is permitted to 
continue ; upon the conductivity and thickness of the material 
of which the surface is composed ; and upon the difference of 
temperature which exists on the two sides of the condensing 
surface. Our correspondent has fallen into error by neglecting 
the important element, time of contact. Our meaning may, 
perhaps, be best explained by an example. Let us consider 
what happens to a stream of water passing through a con- 
denser-tube, say, 2 in. in circumference, the initial tempera- 
ture of the water being, say, 50°, and the temperature around 
the exterior of the tube 150°. In this case, each section of 
lin. in length of the stream of water is in contact with two 
square inches of tube surface, and the time which ++ is ex- 
posed to this surface is expressed by the time occupied by a 
particle of water in passing through the tube. We thus see 
that, in determining the best proportion of length to diameter 
of condenser-tubes, the rate at which the water will have to 
flow through them must be considered, an increase of one- 
half in the speed at which the water is caused to wha 
any given tube necessitating an increase of one-half in the 
length of that tube, in order that the length of time during 
which each particle of water is ex to the tube sur- 
face, should remain constant. The experiment made by Mr. 
Wye Williams, and quoted by “Younker” affords no proof 
whatever of the inefficiency of long tubes. It simply proves 
that, in the model boiler with which the experiment was made, 
the quantity of heated gasés supplied was insufficient to utilise 
the whole of the tube surface, or, in other words, the gases 
were so cooled down by the first portions of the tube with 
which they were brought into contact, that they had but 
little heat to give up to the remaining portions. If the 

ane of heated gases passing through the tube had been 

oubled, it is probable that there would have been but little 
increase in the quantity of water evaporated by the first 
short portion of the tube; but considerably more work 
would have been done by the sections of the tube more 
distant from the firebox tubeplate. The amount of 
heat taken up by the first inch of the tube would 

racticably be the same as before; but this quantity of 
Sees would be abstracted from double the bulk of gases, 
and these latter would thus be left at a higher tem- 
perature after having passed through the first section of the 
tube, and would thus act more effectively on the second sec- 
tion, and so on. We perfectly with Mr. Bourne’s 
remarks about the proportions of the tubes of surface con- 
densers ; but we believe that “ Younker” somewhat misappre- 
hends them. The conclusion to be derived from them is, not 
that short tubes are effective merely because they are short, 
but because by their use it is possible to utilise the whole of 
their surface for the effective transmission of heat without it 
being necessary to pass the water through them at an incon- 
veniently high velocity—a velocity which would of course 
entail the expenditure of an additional power in working the 
circulating pumps.—Ep. E.] 
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CANADIAN ENGINEERING. 
To tue Epitror or ENGINEERING. 


Srr,—The special circumstances of dear labour and 
cheap timber, together with the fact of a scarcity of 
capital in the United States and Canada, have very 
naturally led to a general use of timber bridges and 
viaducts in the railways and other thoroughfares of 
those countries. 

These structures are proverbially looked upon as 
simply temporary in their character, and are con- 
fessedly used only as expedients until means may be 
forthcoming to replace them with works of a more 
substantial and permanent kind. The objectional 
features of these structures may be briefly stated to 
consist in the natural tendency of the material to 
decay, together with the fact of their great liability to 
destruction by fire, and the consequent high cost of 
insurance and watching they necessarily entail. 

The types of bridges constructed of timber are very 
numerous ; on some of them only shall I remark. 
To commence, then, let us take first the ordinary beam- 
bridge, the simplest of all. In this, the bearers con- 
sist of whole timbers laid from abutment to abutment, 
or, if the extent require it, upon intermediate sup- 
ports, the roadway and load being carried by the 
inherent strength of the bearing timbers; this class 
forms the cheapest of all short-span bridges, and is 
very common, needing little skill and few tools for 
their construction. 

Following these in order of constructive merit, we 
may class those having king or queen post trusses, 
where the ties constitute the roadway bearers; the 
principals tend to conduct the strain to the abut- 
ments, the posts acting as suspenders. This system, 
which, no doubt, owes its introduction to the well- 
known and time-honoured practice adopted for roof- 
ing from very early ages, has been adopted under 
many varieties, among which there have been some 
fine examples, in which the principals and collar-beam 
have been combined in the shape of an arch. These 
bridges may be looked upon as cheap and efficient for 
— up to 70 or 80 ft., and are very cheap and easy 
of construction. 

The general principles of design in the last named 
class of bridges may be said to have been thoroughly 
understood for centuries ; but it is quite of a recent 
date that Bernoulli elucidated and demonstrated his 
theory in regard to strains on a simple beam resting 
on its two ends, and loaded between the points of sup- 

rt, viz., that the forces in operation upon the said 

am were of two distinct characters, that is, the upper 
portion of the beam was subject to compression, while 
its lower portion was subject to tension; and, as he 
explained, there must be a line between where each 
of these several forces terminated and the other com- 
menced—this he called the neutral line. The develop- 
ment of this theory soon eventuated in the construc- 
tion of beams with a top and bottom flange and a con- 
—— web. Both theory and experience have demon- 
strated the necessity of so constructing beams that the 
quantity of material may be proportioned and disposed 
in accordance with its respective powers of tension 
or resistance to pressure. We see, therefore, in cast 
iron the tensile power of which is small as compared 
with its resistance to pressure, all beams or girders 
are constructed with bottom flanges much larger than 
the top flanges, the web between serving to tie the 
two flanges together, and acting in proportion to its 
depth in distributing the effects of the load ; while in 
wrought-iron beams or girders. where different pro- 
portions of the relative strengths of the material pre- 
vail, we find it usual to mass a greater proportion in 
the upper flange. 

The above remarks may have the appearance of a 
digression from the subject under consideration; but 
when we come to an examination of some of the 
following types of timber bridges, whether of lattice 
girders or continuous trusses, we at once recognise 
the important fact of the material beiag chiefly massed 
in the upper chords to resist compression, and in the 
lower chords, to bear a tensile strain—the lattice-work 
in the one instance, and the braces, counterbraces, and 
ties in the other, answering to the web, in the ex- 
amples previously supposed. 

n the “ lattice girder” bridge, which, for spans of 
from 70 ft. to 120 ft., was some years ago the favourite 
mode of construction, the whole of the timbers used 
were of the same scantling, usually about 12 in. x 3 in., 
secured by oak trenails, having a height of truss of 
about 18 ft. to a span of 100ft., with the top and 
bottom chords level throughout. ‘The vibratory effects 
of passing loads have been found to operate inju- 








riously upon the very numerous junctions secured 
by the trenails, the holes in the timbers through 
which they pass becoming gradually enlarged, they 
work loose, and permit the whole fabric to deflect 
until the upper chord loses its true character, and 
acts more as a means of suspension than as a rigid 
beam resisting compression, for which it was designed. 

Such in practice having been found to be the re- 
sults, this class of bridge is not in such general favour 
as it was some years ago; still it appears to me a 
very good type of girder, and may be improved largely 
by a small increase upon its cost, if, stead of the 
oak trenails, good iron bolts were used in putting the 
timbers together, using large-sized iron fwng-washers, 
grasping a considerable portion of the timbers outside, 
and feathered iron ferrules between the timbers where 
the bolts passed through, forming the wearing sur- 
faces exposed to the bolts. Further, it seems to me 
that, instead of a horizontal top chord, the material 
would answer the purpose better if disposed in the 
form of a flat arch or parabolic curve, by which means 
the compressive power of the timber could be better 
relied upon, and the lattice-work at the haunches 
would be stiffened by their lengths of bearing being 
reduced. By adopting these precautions, and using 
well-seasoned timber which has been submitted to a 
preservative process, and also planing and painting 
the work throughout, I am of opinion that this style 
of bridge will be found to be a very valuable adjunct 
in engineering practice in America, while it may be 
found of use occasionally in this country as well. 

Out of the great number of continuous girders which 
have been brought into notice, that whichappeared to 
attract the most favour with the public as the lattice 
girder declined is the one known as the Howe truss, 
which has proved itself to be very cheap and of great 
value up to a span of 150 ft. The material in this 
girder is massed chiefly (as in the last mentioned one) 
in the horizontal top and bottom chords, the web 
portion (if the expression be allowable) being formed 
of timber braces and counterbraces in diagonal panels 
of 10 or 11 ft. wide, tied together with wrought-iron 
rods in suspension. The depth of the truss usually 
runs about 18 ft. to the 100 ft. span. 

This type of bridge, although simple in construction, 
and of an apparently effective principle, has the mis- 
fortune in practice to suffer from the effect of the 
combination of iron in the tie-rods with timber in 
the braces and counterbraces, the difference in expan- 
sion and contraction in a climate with a range of 
temperature amounting to about 160 degrees is so 

reat that ina very short time, from irregularities in 
its state of rigidity, the braces work loose, the bridge 
becomes shaky, and finally unsafe. 

In a recent report to the directors of the Grand 
Trunk Railway of Canada, Captain Tyler, in speaking 
of this description of bridge, recommends the substi- 
tution of riveted plate-iron for the bottom chords, or, 
as he calls them, booms, giving as a reason that these, 
being the only parts where the timber is subjected to 
tensile strain, it would be better and safer to depend 
upon iron for that purpose, while it would not 
materially enhance the cost. 1 do not see the matter 
in the same light, deeming the strength of timber in 
the position supposed, to be more properly understood 
and capable of calculation than in any other; but, if 
it should be deemed desirable to substitute iron for 
wood in any of the parts of this girder, I would sug- 
gest that, instead of the braces and counterbraces being 
of timber, they should be of cast iron, when their ex- 
pansion and contraction would assimilate to the 
wrought-iron ties, thus preserving the truss from that 
irregularity in its rigidity, which bas been before 
alluded to as a source of weakness and a constant 
tendency to failure. It is believed that such an altera- 
tion would, at a small cost, add much to the stability of 
bridges built upon this principle. 

It may be here neue’ that both the lattice girder 
and the Howe truss bear most directly upon the abut- 
ments and piers, their thrust being almost nothing; so 
that, for this reason, these bridges require the mini- 
mum amount of masonry iu their erection, which in 
many cases may give them decided grounds of 
preference over some other designs. 

I must defer the consideration of some other 
description of timber bridges to a future time, having 
already trespassed upon your space. Before closing, 
however, I have to remark that your correspondent 
“ Pioneer,” in his remarks upon my former communi- 
cation upon the steam-shovel, appears to confirm fully 
the amount of work that valuable machine is capable 
of doing, although he does not appear to think I have 
estimated the cost sufficiently high ; in order to have 
made out this, 1 think he should have pointed out in 





which of the items there was a deficiency of price cal- 
culated upon. 
I am, Sir, yours obediently, 
Ste ee 


London, February 4, 1868. 








INDUS TUNNEL, AT ATTOCK. 


From the published report of the executive engi- 
neer, 8rd division, Lahore and Peshawur road, under 
whom the works connected with the extension of the 
drift under the river Indus, at Attock, are being 
carried on, the following interesting facts concerning 
the present condition and progress of that work are 
deserving of notice. 

The entire length of the drift is 15054 ft. The 
length completed from both ends when work was sus- 
pended was 1220ft., and the length excavated since 
work was resumed 39 ft., leaving 246} ft. of excava- 
tion still remaining to be done. The report of 6th 
November last states that work was commenced in 
putting in order the east gallery in the month of May, 
and that the excavation of the gallery was begun on 
the 15th September. From May to September the 
time was taken up in recasing about 500 running feet 
of the gallery, as the old casing had become rotten, 
and had to be removed; and at the place where the 
slip took place on a former occasion the work was 
a good deal delayed ; as each plank was removed from 
the roof, the gallery was filled with loose shingle fall- 
ing in from the roof. The length of the bad piece of 
gallery is about 60ft. The whole length of gallery, 
772 ft. in length, had to be cleared, and the tramway 
and air-tubes repaired, before the excavation could be 
put in hand. This was done on the 15th September, 
and up to the date of the report 39 running feet of the 
gallery had been done. At that time the men were 
working in very hard rock, and were only able to do 
about Yin. a day. On the west side the pumping- 
machinery had been put in working order, and the 
emptying of the shaft was begun on the 4th October. 
On that date there was 77 ft. of water in the shaft, 
which, at the date of the report, had been reduced to 
16 ft. It was hoped that work would be resumed on 
the west gallery about the end of November last, and 
that the drift gallery would be completed by the end 
of next March. 








Mrverats oF New ZEALAND.—On the suggestion of Dr. 
Hector, Captain Hutton, F.G.S., has been making a survey 
of the Lower Waikato district of the north island. He has 
to report that there is no probability of finding a payable 
alluvial gold-field of any extent, but that the district has 
other deposits of value. The tertiary formation contains 
“brown coal,” having the appearance of cannel coal, 
lustrous and pitch black in colour, with brown film in places. 
It is a hydrous cecal, still containing a certain percentage of 
water, but it is found to answer well in the steamers on the 
Waikato. It burns with a bright, clear flame, throwing out 
an intense heat. Captain Hutton estimates the coal bed to 
contain 140,000,000 tons of coal. The whole of it can be 
worked without pumping or any mechanical means for 
raising it to the surface, and therefore to whatever uses it 
may be found applicable, it can be supplied at a light cost. 
There are also considerable deposits of limestone in the 
district, varying in purity from “often passing into a con- 
glomerate” to a quality fitting it for use as pavement, or 
even for the manufacture of chimney-pieces. “It is di- 
vided into slabs varying from an inch to a foot or more in 
thickness.” At a place called Te Kapamahunga, on the 
east side of the primary mountains, “it occurs as a sub- 
crystalline or compact rock, of a pale reddish-yellow colour, 
and would form excellent building stone.” e thickness 
appears to be very great, although it was not ascertained 
with precision; but the estimate is given at from 30ft. to 
40ft. At Kawhia the limestone assumes a different 
character, and varies in thickness from 100 ft. to 120 ft. Dr. 
Hochstetter, who also examined the district, estimated the 
thickness a little further south to be 400ft. “It is a very 
hard, crystalline, tabular limestone, splitting into thick flags, 
and in many places composed almost entirely of rolled frag- 
ments of shells and corals, and sometimes containing round 
— of quartz.” With regard to the surface of the 
district, precipices covered with brush make part of the 
country unfavourable for agriculture, notwithstanding the 
good — of the soil. North of Wangape lake it will 
probably be found favourable for grain crops. On either 
bank of the Waipa and Waikato are extensive level plains of 
fine rich loam, “resting on pumice, sand, and gravel, the 
latter being often cemented into bands with peroxide of 
iron.” These loams are light, easily workéd, and very 
fertile, producing most luxuriant crops of white and red 
clover. Captain Hutton suggests that they are better 
adapted for grazing or growing root crops than corn. But 
there are extensive swamps in this district, most probably of 
very fertile land, and situated close to, and some height 
above, the Waikato river, so that their drainage may be 
effected with very little expense. The country is well 
watered. The Waikato river winds through its whole 
length, and tributary streams swells its waters. Permanent 
peace with the natives would tend to a rapid development of 
its resources. 
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OUR RECENT IRONCLADS. 


Tue public, who have read the accounts of the 
Bellerophon and Hercules which have from time to 
time appeared in the columns of the 7imes, must have 
been a little startled to find, on Monday last, that one 
of the leading-article writers of that journal had 
suddenly discovered that the designers of those vessels 
do not know how to design an, ironclad ship, and 
that is the reason why the Government is not building 
enough of such ships, It is not more than a fortnight 
ago that the same journal extolled the Prussian 
frigate King William, which also was designed by 
Mr. Reed, asserted that he had ably surmounted the 
many difficulties that attend such a design, and 
severely censured the Government failing to secure 
for this country so splendid and powerful a ship. 
To an ordinary mind there would appear to be some 
inconsistency here, but not more perhaps than may 
be expected when daily newspapers undertake to 
discuss professional topics. 

The alleged inefficiency of our ironclads, and 
especially the alleged failure of the ships of Admiral 
Robinson and Mr. Reed, which have undoubtedly 
embodied the latest European improvemeuts intro- 
duced into such ships, is a matter of so much 
moment that we have taken great pains to inquire 
minutely into the origin of the statements in the Zimes, 
and we are in one sense sorry, and in another glad, to 
find that they stand upon no better foundation than 
the envious exaggerations of what we might call rival 
schools of naval officers, if naval officers, as a rule, 
were teachable and tractable enough to be classed in 
schools. There cannot be a doubt that Admiral 
Robinson, the present Controller of the Navy, is a 
naval officer of a very exceptional character—excep- 
tional in his scientific acquirements, and especially in 
his knowledge of all that appertains to steam war-ships, 
and exceptional also in the perfect independence and 
elevation of his character. The office he holds is one 
of the oe practical authority, and it cannot be 
doubted that the unflinching exercise of those qualities 


and abilities which make him so valuable to the nation 








excites the envy and animosity of men of small minds. 
The consequence is, naval feeling runs very high re- 
specting his administration; all the young, energetic, 
far-seeing men of it taking a just pride in his work, 
and all the old, easy-going, short-sighted men decrying 
and denouncing it. It is to these causes that we must 
look for those occasional but bitter outbreaks of com- 
laint against our ships which naval men are usually 
ound to be at the bottom of, and which occasionally find 
a place in the columns of the leading journal. Admiral 
Robinson has also had the misfortune to identify him- 
self with the improvements introduced into ironclads 
by Mr. Reed, the tendency of which, no doubt, is to 
give increasing power to individual ships, and so to 
reduce the demand for naval officers of the common 
sort. In point of fact, the Controller and the Chief 
Constructor of the Navy are the most prominent repre- 
sentatives, at the present moment, of the value of 
steam and iron and guns in naval warfare, as con- 
trasted with the value of multitudes of seamen and 
marines in swarms of weak wooden vessels. 

It is not likely that we shall stand by in a contest 
of the kind which we have here indicated, and let the 
science and the progress of the period go unsup- 
ported. Our contemporary, Zhe Engineer (whose latest 
discovery is that it would be a capital thing for the 
country if the line-of-battle ships were cut down and 
plated with 2in. armour, or not plated at all), will 
probably go with the 7imes in its depreciation of our 
stoutest, handiest, and most heavily armed war-ships, 
and of the men who designed and built them, but it 
will not be supported by the engineering profession. 
Let us briefly glance at the controversy as it stands. 

The charges of the Times, stated or implied, are 
that the ships of Admiral Robinson and Mr. Reed roll 
too much, and neither sail nor steam so fast as other 
ironclads. First, as to rolling. The ships named as 
rolling badly are the Ocean, Caledonia, Rend Clyde, 
and Pallas. Now, neither the Ocean nor the Caledonia 
are of Mr. Reed’s design. ‘They were built from the 
designs of his predecessors. The Lord Clyde and 
Pallas are his ships, and they both roll badly—not 
worse, however, than the others, probably. But the 
reader should be told that every one of these isa 
wooden-built ship, and afforded, therefore, but narrow 
scope for improved design, and ane little for 
improved disposition of weights, which is the most 
essential thing to correct rolling. In the new iron 
Bellerophon this scope was afforded, and was success- 
fully ra advantage of ; for the Bellerophon is a very 
steady iron-clad, inferior only to the Achilles, and this 
latter owes her superiority in this respect principally 
to the altered disposition and weight of armour intro- 
duced into the design by the very officers whom it is 
the fashion of the moment to denounce. It is a 
pleasure to us to be able to make these facts known 
in correction of those who would have the public be- 
lieve that our recent ships are peculiarly bad rollers 
at sea. There is, no doubt, great difficulty in making 
these tall-sided armoured ships steady in a sea-way, 
and in proof of this we may remind the Zimes that a 
few weeks ago its own columns contained an account 
of a bran-new ironclad, built in France for the Prussian 
Government, rolling two out of its three masts over- 
board in crossing over to England. But it would be 
idle, and inconsistent with facts to seek to fasten ex- 
cessive rolling on the recent ships. 

Next as to sailing. We believe it to be quite an 
error to mews that superior sailing qualities were 
sought in the Bellerophon. The first published ac- 
counts of her stated that she was to carry no yards 
at all, but merely a fore-and-aft rig, as her peculiar 
forte was to be rapid mancuvring under steam. 
But there is nothing to show that she is a worse 
sailer-than some of the larger ships; in fact, the re- 
posts of the Commander-in-Chief, which we noticed 
some time ago, showed that she took a very fair 
place indeed under canvas among the ironclad frigates. 
On one occasion, with a strong wind off Lisbon, the 
long ships, as the Zimes truly says, outstripped the 
short ones ; but some of the long ships, we believe, 
had their screws lifted on that occasion, and, at any 
rate, the Bellerophon has on other occasions beaten 
the victors. It is childish to claim success or failure 
for a steam ironclad on the strength of one particular 
sailing trial, and it is far worse than childish to seek to 
influence public opinion upon so momentous a subject 
by such means. 

The steaming qualities of the Bellerophon are what 
really deserve the gravest consideration. No doubt 
the ship has several times steamed 14 knots, but she 
seems but seldom to approach this speed at sea. Ina 
scientific sense, this is of little moment, because it 
turns solely upon questions of engine power and en- 
gine management, which are quite familiar to our 





readers ; but, as regards the ship herself, it is no doubt 
a serious matter. We believe that the Admiralty and 
Messrs. Penn are jointly investigating the subject, and 
we understand that on the very day after the appearance 
of the Times article the Bellerophon steamed out of 
Plymouth for a run of about 3 hours, averaging 13 
knots throughout the time, which is probably quite as 
much as the Minotaur would have done, and certainly 
much more than she would have done with the Belle- 
rophon’s steam power only. In fact, the Minotaur, 
although made extremely long, and fine, and costly, for 
steaming purposes only, appears to be about on a par 
with the Bellerophon, and no more. Practically, there- 
fore, the whole of the recent outcry is without founda- 
tion, and we venture to predict with confidence that 
it will be without result. A little clique of disap- 
pointed men who cannot endure to see the late change 
of Government without effect upon the office at White- 
hall will, no doubt, move heaven and earth to disturb 
the Controller and Chief Constructor, and will egg 
the Times on to renewed attacks. But they will not 
prevail, Those officers, we believe and know, are 
auxious not to go back, but to advance in the armour 
to be carried, the guns to be fought, and the speed 
and handiness to be secured in our future ships ; and 
we have not a doubt that, if the necessity of an appeal 
to the common sense and engineering science of the 
country should arise, it will be seen that the country 
is not prepared to go back to ironclads of preposter- 
ous length and tonage, covered with thin armour, and 
loaded with scores of guns, but will support the men, 
whoever they may be, who seek to give us short, 
strongly armoured ships, carrying a few heavy guns, 
and endowed with that handiness which will make 
naval actions at once sharp and decisive. 





A “WATT” OR A WHAT? 

Aut can understand the amount of mechanical work 
performed in the exertion of a pound of force through 
a foot of space, and how 33,000 of these foot-pounds, 
exerted in a minute, or, what is the same thing, 550 
in a second, or 1,980,000 in an hour, are taken by 
general agreement as a “ horse power,” because Watt, 
when his engines began to compete with horse work, 
ascertained that this was about the average power of 
a draught horse. ‘The “horse power” is @ draught or 
pull of 1501b. at the rate of 24 miles an hour, or 
220 ft. per minute, and 150 lb. x 220 ft.=33,000 foot- 
pounds, 

The whole value of the term “horse power” con- 
sists in its meaning exactly what it professes to mean, 
just as the value of a five-pound note consists in the 
certainty that it can be converted into coin to that 
amount. It is power, “ horse power” we may call it, 
and horse power alone, for which the purchaser of a 
steam-engine pays his money. ‘The engine itself, its 
heavy a bulky parts, and more or less intricate and 
delicate anatomy, are to the purchaser valuable only 
for the power that may be got out of them, So that 
they serve their purpose, they might as well be bricks 
pees mortar, or galvanic batteries, or piles of lumber. 
The interest of the engineer in the structure of a steam- 
engine is scarcely understood, and hardly ever thought 
of, by the manufacturer who is striving to make money 
out of his steam-power. He has one engine which 
drives so many spindles, or looms, or saw-frames, or 
pairs of grinding-stones, or turning-lathes, or brick- 
machines, or chaff-cutters, and another that, -with 
twice the consumption of coal, drives just twice or 
possibly three times as many. For the owner’s purpose 
the latter is two or three times as valuable as the 
former, and this value consists wholly in its greater 
power. Yet, according to the degenerate nomenclature 
of modern engineering, the two engines might he of 
the same “nominal” power, or the more powerful 
engine might be rated as the weaker. For the whole 
engineering profession remain content with assigning 
a fictitious and delusive estimate of the power of an 
engine based upon the diameter of its cylinder, which 
is hardly more an element of its power than the dia- 
meter of its boiler or its weight in tons. Indeed, we 
hardly know why steam-engines might not be sold, 
like iron bridges, and, in some cases, steam boilers 
also, by the ¢ox. ‘The purchaser would at least know 
how much he was getting for his money, and this is a 
great deal more than he knows now. Not, of course, 
that he would know, better than now, how much power 
he was paying for—how much of that for which alone 
he really pays at all. 

For years and years the term “ horse power” has 
been accepted as determined by a calculation in which 
only the diameter of the cylinder is a factor. Thus a 
12 in. cylinder may be rated as a 7 horse or a 14 horse 





engine, according to the calculation employed, while a 
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cylinder of that size may actually work, as it is now 
working in the case of one of Mr. C. T. Porter’s 
engines, to 100 actual horse power. Unlike bank- 
notes, the power of steam-engines is almost invariably 
above, and not below, the regular rating. Here it 
may be said that the purchaser has no right to com- 
lain, for he gets even more than he bargains for. 
ut this is not exactly the case. He bargains, per- 
haps, for a “40 horse engine,” well knowing, or at 
least he should know, that the term bears no reference 
to the real power. He may be expecting 240 real 
horse power, and yet get but 80. fn either case the 
term “ nominal horse power” is a sham. 
Is there not sufficient incentive to agreement, in our 
profession, to adopt and apply a rational measure of 
engine power? We have no longer need of any com- 
parison with the power of horses, and hence do not 
require the term “ horse power” at all. Still less do 
we need it when it means anything but the real power 
of an engine expressed in “ horses’ power” or “ horse 
power.” Like the electrical units of telegraph engi- 
neers, let us have a distinctive dynamical unit of foot- 
pounds ; and what better term than a “ Watt” could 
we apply to it ?—just as electricians have their “Olims” 
and their “ Farads,” the former the name, and the latter 
derived from the name, of a great authority in electrical 
science. Our present standard may be well termed a 
** what ?” or a“ what is it ?” and none can really tell us. 
We have the engines of the Warrior aud Bellerophon, 
both by the same maker, and of identical dimensions, 
yet the former are rated as 1250 horse power, and the 
latter as only 1000. Curiously, too, the latter have 
worked up to much the greater actual power. Then 
come the Hercules’ engines, very much larger, yet 
rated as of but 1200 horse power. Indeed, the incon- 
sistencies of “ nominal horse power” are innumerable. 
It is time to be rid of them forever. Let us have a 
new dynamic standard—a Watt, and Iect engineers 
decide what it shall be. 


LAMINATED STEEL ROPES. 

We have just seen a sample bundle of steel strips, 
or ribbons, bound together by thin wire; the bundle 
contained about forty-eight strips, 3 in. wide by 7, in. 
thick, making a sectional area of 9 square inches. It 
was manufactured by Messrs. Howell and Co., Shef- 
field, and Mr. Howell tells us that the above bundle 
of steel strips could not be broken with a less strain 
than 720 tons, equal to 80 tons per square inch, and 
that he will guarantee there shall be no permanent set 
of the metal with any strain less than 30 tons per 
square inch. He can roll these steel strips of any 
length required in practice, and proposes that suspension 
bridge chains should be made withthem. It would be 
comparatively easy to place each strip over the largest 
required span, laying the strips carefully on each other 
one by one until the required section of chain or rope 
was obtained, every strip to be thoroughly oiled or 
painted, before the next strip is put in place. When the 
required section is obtained in the rope, it will have 
to he bound with thin wire, or with clips placed at 
such a distance from each other that when the rope is 

Minted there shall be no chance of moisture getting 
tome the strips. Messrs. Howell and Co. supplied 
the links for the chain of the Franz-Joseph bridge over 
the Moldau at Prague, the links of which are of steel, 
with heads, eyes, and pins. It is from Mr. Howell’s 
connexion with this na other bridges on Mr. Ordish’s 
plan that he thought of laminated chains or ropes as a 
substitute for ordinary chains made of links, and after 
carefully considering the subject he proceeded to make 
the sample bundle mentioned. 

There can be no doubt of this arrangement of metal 
being especially applicable for chains or ropes of great 
length and large section. There will be very little 
trouble in erecting them. Each strip can be rolled in 
one length, so as to reach from one abutment, over 
the piers, on one side of the bridge, round the other 
abutment at the other end, and back over the piers on 
the other side until it meets the other end of itself in 
the first-mentioned abutment, where the one and only 
one joint in itself need be made. If each strip is 
rolled to a section of 3in. wide by } in. thick, it will 
not require a great number to make the required sec- 
tional area for a bridge of large span. When the 
strips have been passed cold through the rolls, the 
limit of elasticity is considerably increased, and the 
strength and elasticity is fully equal to the best steel- 
drawn wire. 

This plan is particularly adapted to supersede 
chains made of a number of separate links, and also 
wire ropes. ‘The metal in the heads of the links, the 
pins, washers, nuts, and the workmanship, will be 
saved by the use of continuous strips, and this saving 








aloné will be about 15 per cent. on the chains, besides 
the cost of carriage al erection. 

These strips are quite as strong, if not stronger 
than the best drawn steel wire, and are therefore 
better adapted for suspension-bridge ropes, on ac- 
count of greater facility of erection. 

A wire rope for a suspension-bridge should have 
every wire placed so that there is no twist in the rope, 
and to do this requires very great care in order to 
attain an equal strain on each wire. In fact, the 
difficulty is so great that engineers generally prefer 
the rope to be made up of a number of twisted 
strands Jaid side by side, and then bound together 
with wire. The great objection to this kind of wire 
rope is its elasticity, which is considerably more than 
in an untwisted rope when the strain is applied by 
the moving load. If the load were permanent, there 
would not be this objection. 

Another objection to wire rope is having the spaces 
between the wires, and the difficulty of filling them 
thoroughly with any substance to keep out the 
moisture. This last objection applies to the laminated 
rope, but not nearly to the same extent. ‘The strips 
being laid flat upon each other, and coated with oil or 
paint first before they are put together, almost insure 
a perfect obstruction to any moisture getting between 
the strips. When wire ropes are in a position to be 
carefully examined, and painted as often as necessary, 
there is but little danger of oxidation doing any seri- 
ous damage ; but when they are in places where it is 
difficult to inspect them, or in damp places, as in the 
tunnels and wells in the anchorage abutments, it is 
almost impossible to prevent oxidation seriously in- 
juring the ropes in avery short time. This was the 
cause of the failure of the bridge of Angers. The 
cables corroded rapidly in the abutments, and gave 
way. Mr. Roebling has wisely avoided having any 
wire in the abutments of his suspension-bridges, and 
has introduced heavy links in those places subject to 
continuous humidity. 

‘The compactness of the laminated rope is of great 
advantage ; it exposes less surface to the action of the 
wind than link chains, even if they are made of steel; 
for the chain, if made of links, must, of course, be 
open to twice their width to allow the link heads to 
be placed side by side. ‘The action of the wind on 
chains freely suspended is sometimes very serious, 
especially when it makes the chains vibrate, therefore 
the less surface exposed to the action of the wind the 
better. 

Steel, no doubt, is the best material for the chains of 
suspension-bridges, whether theyare formed of anumber 
of links, placed side by side in short lengths, and 
connected by pins, or of a number of wires bound to- 
gether without joints in their whole length, or of strips 
arranged as before mentioned. The greater the elastic 
limit of the metal, the more valuable it will be for this 
purpose. The strongest chain-rod, or rope, of the 
least weight, if suspended vertically, or as the curved 
chain of a suspension-bridge will of course carry a 
greater length of itself than any rod made of a weaker 
metal, and is therefore the most applicable to those 
large-span bridges where a great deal of material has 
to be placed in the bridge to carry its own weight. If 
we compare this strong steel with good iron as to its 
power of carrying itself, we shall find that the steel 
has a great advantage over the iron. An iron bar, 
or rod, of such length that when suspended vertically 
the strain shall be by its own weight 5 tons per square 
inch, its length will be 3360 {t.; whilst a strip of 
the before-mentioned steel suspended in the same 
manner to give 15 tons per square inch will be over 
10,000 ft. long, or three times the length of the iron 
rod. The same ratio of length, or span, remains if 
we suspend the two rods as the chain of a suspension 
bridge. Let us assume the deflection, or versed sme, 
in the centre of the span to be one-tenth of the span, 
and we shall find that the iron rod will not extend over 
a greater span than 2360 ft., whilst the steel strip will 
extend over a span of 7000 {t. (nearly 1$ miles), with- 
out exceeding a strain of 15 tons per square inch. 
This 15 tons is not so near the elastic limit of the 
steel as the 5 tons is of the iron. The elastic limit 
of good iron may be fairly taken at 10 tons per square 
inch ; the elastic limit of the steel requires 30 tons per 
square inch to be overcome. ‘Therefore the steel strips 
with a strain of 15 tons per square inch are much 
safer than the iron rods, or bars, with 5 tons per square 
inch, because the steel has 15 tons margin between 
the load and elastic limit, whilst the iron has only 
5 tons. If we reduce the amount of margin between 
the load strain and elastic limit strain to the same 
margin as given to the iron bar, viz., 5 tons, we shall 
obtain a much larger span than that before mentioned. 


With 25 tons per square inch (5 tons below the elastic 
limit of 30 tons pe square inch) we obtain a span of 
11,800 ft.—nearly 24 miles—and if suspended verti- 
cally, its length will be 16,800 ft.—over 3 miles. Even 
under these conditions the steel will have the advantage 
of strength for safety over the iron, for it would re- 
quire an additional strain of about 50 tons to break 
it, whilst the iron would be broken with less than 
20 tons additional strain. 

It will be said that ordinary suspension-bridges 
ought to have as much weight as possible in their 
chains to prevent great undulations. But there are 
other and less expensive means of preventing this 
motion being given to any great extent. If the versed 
sine is decreased but slightly, it would compensate 
for the loss of weight in the chains, and would at the 
same time decrease the height of the piers, which 
would, in some degree, compensate for the increased 
cost of the slightly larger section of chains. Instead 
of decreasing the versed sine, increase the weight of 
the roadway by paving or pitching it with stone. 
This would be a much cheaper way of steadying the 
chains than adding to their own weight, besides hay- 
ing the advantage of a good sound roadway, that would 
last far longer without repairs than any wooden road- 
way that has been put in any bridge. 

Mr. Brunel, in tie Hungerford suspension-bridge, 
evidently arranged the railings to stiffen the platform, 
and thus help to steady the chains and prevent undu- 
lations. We remember observing how strong the rail- 
ing was, especially the hand-rail, and there is no doubt 
this assisted materially in preventing undulations in the 
chains. This principle of stiffening the chains is well 
illustrated in the Clifton suspension-bridge, where 
there are stiff longitudinal girders distributing the 
moving load over a long length of chain, and at the 
same time forming the railings of the bridge. 

In suspension-bridges where the chains are straight 
from their points of support to points of connexion, 
and kept straight by being suspended from a curved 
chain, which the moving load never influences, as in 
the suspension-bridge over the Moldau, at Prague, 
absence of weight in the chains is no objection, and 
requires no compensation, because no undulations can 
be given to them by the moving load. 

Mr. Howell thinks he will be able to supply these 
steel strips, of any required length, at the rate of 301. 
per ton, or under, as soon as he has got his machinery 
in good working order. If he can do this, he will 
give to engineers of suspension-bridges of all kinds a 
most valuable material, both in quality and form, for 
constructing chains, or ropes, for suspension-bridges 
of larger spans than could possibly be made with iron 
chains. 


A NEW VESSEL OF WAR. 

Mr. Joun Exper, of the celebrated shipbuilders’ 
firm, Randolph, Elder, and Co., in Glasgow, has re- 
cently patented a most original form of ironclad ram 
for coast defences and attacks on sea fortifications. 
Mr. Elder’s vessel is formed below the water-line as a 
segment of an enormous sphere, say, 25 ft. deep and 
200 ft. in diameter, of the circular water-line. This 
corresponds to a small piece of a sphere, of which the 
versine over a chord of 200 ft. is 25 ft. long. Over 
the water-line the armour-clad sides are a short trun- 
cated cone, and in the centre of this circular deck a 
high castle or tower, carrying three or four tiers of 
guns, isarranged. ‘This vessel, being perfectly circular 
in plan, has neither bow nor stern, nor any of the other 
steering attributes of ships now in existence ; it bears, 
in fact, the same relation of outline and form to the 
ordinary ships as the form of a crab bears to that of a 
fish. ‘Lhe power of locomotion is given to this craft 
by the reaction propeller. ‘The reaction-wheel—pro- 
bably Mr. Randolph’s improved water-jet propeller— 
is placed in the centre of the vessel, at the lowest point 
of the spherical segment, and the ejection of water can 
be effected through four openings placed at four equi- 
distant points in the circumference, so as to command 
the direction of propulsion without any steering 
arrangement, by forcing the water through one or two 
of the passages which command any one of the four 
quadrants inclosed by them. There are, however, 
steering or deflection boards fitted to the end of the 
passages through which the water is ejected ; and, by 
using these boards, a rotary motion can be given to the 
“crab.” By ejecting the water from two opposite 
passages, or from all four passages simultaneously, 
and placing the steering boards into a corresponding 
position, the total engine power of the vessel can be 
made available for setting the ship into a revolving 
movement round its own verticalaxis. The velocity 
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which the ship is capable of attaining under these condi- 
tions, measured at the outer circumference, is very great, 
since there is no other resistance to this motion except 
the skin-friction. Mr. Elder proposes to make use of 
the great momentum which this high velocity of move- 
ment will afford for ramming purposes. The whole 
circular edge of his vessel which is of a sharp angle in 
section, represents, so to say, the edge of a circular 
saw or revolving disc wheel, and the accumulated 
momentum of the rotary movement can be used for 
producing a destructive effect upon the sides of any 
vessel with which this revolving turret-ship, would 
come into contact. The circular form allows of a 
very large stowage room as compared with the ordi- 
nary form of ships, and it produces a base of such 
stability as to allow the erection of a tower of great 
height in the centre, so as to obtain better facilities 
for attacking objects on shore. Mr. Elder has carried 
out some experiments as to the resistance to propul- 
sion in a straight line offered by his form of vessel 
compared with the ordinary forms. He made two 
models representing equal tonnage, one of the ‘“ Black 
Prince” shape and the other of his spherical form, 
and the resistance of these two models was measured 
by an apparatus which afforded a simple mode of 
comparing the relative proportions of these resistances. 
The result was only about 10 per cent. in favour of 
the “ Black Prince” model, and this seems to indicate 
that the new vessel would be capable of attaining a 
fair speed under steam. ‘The advantages offered by 
this form are of different kinds, the most prominent 
being a maximum of internal accommodation or stowage 
room, with a minimum of exposed surface, a circular 
or turret-shaped armoured side, and an extraordinary 
facility of manceuvring in an action ; last, but not least, 
the total absence of any exposed points of weakness, 
or “ Achilles’ heels,” such as most ironclads at present 
possess. Drawings of a proposed vessel of this kind 
have been kindly promised to us by Mr. Elder, and 
we must only defer their production until the publi- 
cation of Mr. Elder’s patent specification will be 
nearer at hand. 


PUDDLING. 

Tne rationale of the puddling process is at peat 
well understood by scientific metallurgists, and excel- 
lent descriptions of this operation have been given in 
our standard works of metallurgy. We refer most 
particularly to the chapters on the “ Puddling Pro- 
cess” in Dr. Percy’s celebrated work on iron and steel, 
and we also refer to the investigations of this subject 
made by Dr. Crace Calvert, and published in the 
Philosophie Magazine for September, 1857. We can- 
not bear an equally favourable testimony to the know- 
ledge of those who practically carry out or manage 
the working of the puddling process in the majority of 
ironworks in thiscountry; and we believe that no branch 
of metallurgy shows such a wide gap between theory 
and practice, between the knowledge arrived at and 
the practical use made of that knowledge, as the manu- 
facture of malleable iron by the puddling process in 
this country. We are acquainted with the chemical 
changes which the iron undergoes from step to step, 
and we have analytical records referring to the com- 
position of the metal under treatment; yet the iron- 
master or forge-manager looks to anything but the 
analysis of his pig iron, and the workman has only one 
thought, viz., the rise of wages per ton of iron, or, 
what is the same to him, a diminished quantity of 
puddled iron produced per shilling of his earnings. 
We think it wil not be superfluous to reproduce some 
of the analytical results which bear upon the theory of 
this process, before we point to the conclusions to be 
drawn from them in practice. Messrs. Calvert and 
Johnson have followed a charge of iron in the puddling 
furnace by taking out samples in intervals of five or 
ten minutes and carefully analysing these samples. 
The pig iron used on this occasion was good cold-blast 
Staffordshire iron, of the quality usually employed for 
wire manufacture (a grey No. 3). Its composition 
was as follows : 





Carbon oe see eee oe 2.276 
Silicium eee ove ove oe 2-720 
Phosphorus ... ese eee oe 0.645 
Sulphur ° 0.301 


After being melted in the puddling furnace in the 
usual way, an operation for which about forty minutes 
were required, the sample of iron had a white crystalline 
fracture, and its contentsof carbon and silicon were, car- 
bon 2.726, and silicium 0.915. A second sample taken 
out of the furnace twenty minutes later—the iron being 
still white andsilvery inits appearance—contained 2.905 
per cent. of carbon and 0,127 of silicium. With this 
moment the first period of the puddling process closed, 





and its character is shown by a remarkable decrease 
of the contents of silicium, and ‘a still more remark- 
able increase of the contents of carbon from 2.275 per 
cent. in the pig to 2.905 per cent. in the iron freed 
from silicium. The question naturally arises, how this 
increase in the percentage of carbon is possible under 
the influence of an oxidising process such as the iron 
was exposed to. The hypothesis started by Dr. Cal- 
vert himself in 1857, that carbon may be taken from 
the flame or gases in the furnaces, is contrary to all 
that is now known on this subject, and cannot be 
maintained; yet the analysis shows such an increase, 
amounting to about 25 per cent. of the original quan- 
tity. There is only way to explain this result. If we 
look at the manner in which the silicon disappears 
from the iron, we find that it becomes izanalielael into 
silicic acid, which again combines with a certain quan- 
tity of oxide of iron for forming a slag. The oxide of 
iron may be obtained from the fettling of the furnace, but 
at the early stages of the operation it is much more 
likely to be formed by oxidation of the iron itself. 
Every pound of silicium requires at least one pound of 
iron for its conversion into slag ; but, as’a rule, slags 
richer in iron are formed in puddling. The removal of 
2$ per cent. of silicium, therefore, corresponds to a 
simultaneous oxidation of from 23 to 7} per cent. of 
iron, which will bring the total Joss of material during 
this operation to about 10 per cent. Considering 
further that there is a certain quantity of sand adher- 
ing to the natural pig iron, that the carbon contained 
in it is principally graphitic, while in the whole metal 
it is principally combined, we would have suflicient 
further causes for explaining the apparent increase in 
the contents ef carbon during the first stage of 
the puddling process; but we at the same time 
arrive at a conclusion of greater importance than that, 
i.e., the realisation of the great danger to economy 
which the pressure of silicium has for the puddling 
process. The majority of pigs used in this country 
for puddling are grey, and the majority of grey pigs 
made in this country is very rich in silicium. The 
result isan enormous waste of material, labour, and 
time in the puddling furnace. On the Continent, the 
iron used for puddling is mostly white; it is poor in 
carbon, and, what is more important, poor in silicon as 
well, ‘The result is an economy in puddling, which 
astonishes every English visitor to Creusot, or Bur- 
bach, or other Continental works. The puddler 
makes ten and even twelve charges per day, with 
furnaces and charges similar to those known in Eng- 
land; his work is less exhausting, and his wages go 
further to satisfy his wants; the yield is greater, the 
consumption of fuel smaller; and all that from one 
simple cause easily attended to anywhere, viz., pig iron 
comparatively free from silicium. 


BRIDGING THE HOOGHLY. 

Some few weeks back, Mr. Rendel, who is consult- 
tng engineer to the Hast Indian Railway Company, 
started for Calcutta with the view of personally ex- 
amining and reporting on the advisability, in a financial 
point of view, of bridging the Hooghly for the pur- 
pose of bringing the Kast Indian Railway across the 
river into Calcutta. This is a subject, if we mistake 
not, which has already more than once been reported 
on by Mr. Rendel ; it has also occupied the attention 
of numerous engineers, both civil and military, for the 
last twenty years, and every conceivable plan, short 
of carrying the trains across the river by balloons, lias 
been suggested—some for crossing over the river, 
others for crossing on the river, and others again for 
crossing under the river. Mr. Rendel’s former pro- 
jects were, we believe, for a wrought-iron girder 
bridge over the river; and as the committee which 
assembled in Bengal in 1865, after the great cyclone 
of November, 1864, recommended that no bridge 
should be constructed across the Hooghly lower down 
than about two miles above Cossipore, it may reason- 
ably be inferred that the site which Mr. Rendel will 
fix upon will be some miles above Calcutta. This 
must necessarily involve the construction of several 
miles of railway through the Native Town, which 
cannot fail to prove a very expensive undertaking, 
and it must also entail the almost total abandon- 
ment of some four or five miles of railway on the 
opposite side of the river, since, when the new line 
is completed into Calcutta, there will scarcely be 
any tratlic from or to the old terminus at Howrah. 














GoLp In RusstaN-AMERICA.—Rich deposits of gold it 
was some time ago announced had been discovered in Russian 
America. A despatch to the State Department reports that 
an assay had been made of the gold ore found there at San 





Francisco, and it yields at the rate of $13,000 per ton. 








NOTES FROM INDIA. 


Bengal.—A question of an important character has arisen 
between the Lieutenant-Governor of Bengal and the Viceroy, 
relative to the power of the former to sanction expenditure on 
new works. The lieutenant-governor having sanctioued, as 
an emergent work, the expenditure,of .963-rupees, for a line of 
rails from Basrah to the Biddyadtiurrée, the Government of 
India directed his honour not to sanction any additional ex- 

nditure of this kind without sanction previously obtained. 
This has led Mr. Grey to inquire whether the order of the 
Viceroy has reference to the Calcutta and South-Eastern Rail- 
way, or whether it refers to all railway lines in his jurisdiction. 
He has asked this question because by an order of the Secretary 
of State, circulated at the end of 1864, the power of the local 
Government to sanction expenditure on original works, without 
sanction, was increased from 5000 rupees to 10,000 rupees. 

In consequence of the opinion prevailing among the native 
community that the railway embankments have, by obstructing 
natural drainage, had a prejudicial effect on the health of the 
country, the Lieutenant-Governor of Bengal has directed an 
inquiry to be made on the subject in the villages in the 
neighbourhood of the different lines. Information is specially 
required as to the excess in the height of the water on the up- 
stream side, as compared with that on the down-stream side of 
lines, and the comparative length of time it takes to subside, 

It has been notified by the Bengal Government that the 
Secretary of State for India has agreed to sanction the extension 
of the Uncovenanted Service Pension Rules to ,divers of the 
marine department, in consideration of the dangerous nature of 
the work. 

‘Tenders have been invited for the consruction of four jetties 
at Calcutta. They are to be erected on wrought-iron piles, 
with steam cranes, tramways, goods sheds, &c., and all neces- 
sary appliances for loading and unloading vessels at all times of 
the tide, and of any draught up to 25 ft. The first attempt at 
providing such facilities will be made north of the custom-house, 
on the land lying between the present custom house sheds and 
Armenian Ghaut. 

Madras.—The traffic receipts of the Great Southern of 
India Railway, for the week ending 14th December last, 
amounted for passengers, &., to 5320 rupees 10 annas, and 
for luggage, goods, &c., to 4773 rupees 12 annas, making to- 
gether 10,103 rupees 6 annas, or an average per mile of 70 
rupees 3 annas. During the corresponding week in 1866 the 
receipts were 9785 rupees, or an average receipt per mile of 77 
rupees 1 anna. 

The lighthouse at Cochin is at last finished, and it was ex- 
pected that it would be first lighted on New Year’s-day. 

Bombay.—The efficiency of the Bombay Fire Brigade was 
tested on 27th December last, in the presence of the municipal 
commissioner, the commissioner of police, the collector of Bom- 
bay, and other gentlemen. ‘The spot selected for the purpose 
was a tank in Gilder-street, at which three of the steam fire- 
engines were set towork. ‘The first of them got to work with 
40 lb. steam in ten minutes and a half from the time of lighting 
the fire, and the other two within a few seconds afterwards. 
The fire of a fourth engine was then lighted, and from Gilder- 
street it was run to Bhendy Bazaar as far as the Jamsetjee 
Hospital, Mr. Crawford and other gentlemen riding on it. 
When near the hospital, it was made to play froma street fire- 
plug. Hoses and the branch pipes having been attached to the 
street hydrant, the direct pressure of water from the 32 in. and 
14 in. mains respectively was accurately tested and measured. 
One of the * fire-escapes,” a contrivance recently imported for 
the escape of persons from houses on fire, was then raised 
against a house in the locality, and the brigade were exercised 
in the use of the escape. Many of the townspeople had col- 
lected to witness these experiments, and a number of them 
amused themselves by getting up into the Mouse and descending 
the fire-escape. The brigade at present consists of three en- 
gineers and fifty lascars, who, on occasions of fire, are assisted 
by the European officers of police acting as firemen. ‘The 
municipal commissioner expressed his approval of the appear- 
ance and working of the brigade, complimenting Mr. Edgington, 
its superintendent, upon its thorough efficiency so far as it yas 
tested. 


AMERICAN RAILWAY “SALOON CARS.” 

Axrnovuen the passenger traflie upon American railways 
is not divided into “classes,” there is really a distinction 
between those who can and will, and those who cannot and 
will not, pay for especial accommodation. Within the last 
few years a class of railway carriages never before contem- 
plated by American railway managers has been introduced 
upon their lines through the agency of an “enterprising 
contractor,” Mr. Pullman. He has added greatly to the com- 
fort of railway travellers who care for comfort and luxury, and 
there are mapy who are ready to pay forit. So far as the con- 
struction of railway carriages will admit, he has done his best to 
make his special “ cars” palatial. We give on page 110 a per- 
spective view, from a photograph, of the interior of a “ palace 
car,” the Omoha, the peculiarities of which will be seen at a 
glance. It is simply a long American railway carriage fitted 
up in “divan” style, with luxurious lounges. There is the 
slight—it may be a very slight—drawback, that any cattle 
drover or small shoddy contractor, who cares to pay a few 
dollars extra fare, may share the splendour of the “ palace 
ear” with gentlemen who think more of privacy or fitting 
society than of money. Mechanically, the palace cars share 
in common with all other American railway carriages, the 
peculiarities of the railway carriage structure of that country. 
They are long, and supported at each end upon swivelling 
bogies. Such carriages ride with very great steadiness even 
upon rough lines, and they will goaround almost any curve, 
as short, indeed, as from 1} to2 chains radius. Mr. Pull- 
man is a great “sleeping car contractor,” and he has already 
made a fortune from his speculation. 














A New Worp.—One of the latest additions made by our 
American friends to the mother tongue is the word “cable- 
gram.” Will the Atlantic telegraph directors accept the in« 
novation ? 
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ROLLING MILL FOR CRUCIFORM SECTIONS. 
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We illustrate, in the annexed engravings, an arrangement 
of rolling-mill for producing X-shaped and other forms of 
sillars, girders, &c., which has been designed and patented 
= MM. Hippolyte U. Petin and Jean Marie Gaudet, 
of the firm of Petin, Gaudet, and Co., of Rive-de-Gier. 
In this rolling-mill four rolls are employed, the shape 
of these rolls, of course, varying according to the section 
of iron to be produced. The top and bottom rolls are 
driven in the usual way, whilst the other pair of rolls, 
which revolve horizontally, and are situated as shown in 
the figures, are rotated solely by frictional contact with the 
metal to be rolled. After each passage of the metal, the top 
roll and two horizontal rolls are moved inwards slightly by 
means of powerful adjueting screws or other suitable con- 
trivance, so as to nip the metal equally on all four opposite 
sides. The horizontal rolls are contained in strong movable 
frames or supports, which are capable of sliding vertically 
along the main standards of the rolling-mill, so that as the 
top roll is lowered the two horizontal rolls may not only be 
made to approach each other, but to descend slightly, in 
order to keep them always in a central position between the 
top and bottom rolls, 

In our engravings, Figs. 1 and 3 are sectional elevations 
of a rolling-mill, showing the rolls, which are of the requisite 
form for making bars of cruciform section, adjusted to 
different positions ; and Fig. 2 is a horizontal section of the 
mill taken on the line 1, 2, and corresponding to the position 
Fig. 1. In these figures, A and A! are respectively the top 
and bottom rolls which are driven in any convenient manner, 
and G and G' are the rolls, which revolve horizontally on 
spindles, g and g' by frictional contact with the metal whilst 
undergoing the operation of rolling. The top roll, A, is adjusted 
after each passage of the metal by means of the screws, 
B and B', and the two horizontal rolls, G and G!, are ad- 
justed by means of the screws, D, D'. The rolls, G, G', are 
contained in the movable frames or supports, E, E', which 
are capable of sliding along the main standards or frames, C, C, 
of the rolling-mill, so as to admit of their vertical adjust- 
ment in order to keep them in a central position between the 
top and bottom rolls, A and A'. 


Dayisu TeLeeraruy.—It is proposed to lay a submarine 
cable between the Tyne and the Danish coast, Should the 
project be carried out, the United Kingdom Telegraph Com- 
pany will work the line. 

Great Grimspy.—In 1841 the population of Grimsby 
was 3600, while in 1868 it is nearly 14,260. 80 much for the 
beneficial influence exerted upon the place by the Manches- 
ter, Sheffield, and Lincolnshire Railway. The value of the 
manufactured goods exported from Grimsby last year was 
10,937 ,0008. 

GOVERNMENT AND THE TELEGRAPH.—In their report for 
the past six months the directors of the Electric = Inter- 
national Telegraph Company intimate with regret that they 
have no definite information to communicate with regard to 
the purchase of the telegraphs by the Government. They 
add that as the notice in the Gazette of he 15th of Novem- 
ber, announcing the intention of the Government to intro- 
duce a Bill for the purpose of authorisiag the Postmaster- 
General to purchase telegraphs in the United Kingdom by 
agreement was not followed by a copy of the Bill being de- 
—— as is usual, before pnvate Bills are introduced into 

arliament, they addressed the Treasury and Post Office 
asking for a copy, but that, although a promise was given 
in each case to send copies as soon as they were ready, none 
have been received up to this date. < ; 








MESSRS. PETIN, GAUDET AND CO., ENGINEERS, RIVE-DE-GIER, FRANCE. 
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PEAT FUEL MANUFACTURE. 
To tue Epitor oF ENGINEERING. 

Sir,—In your publication of 24th inst., there is noticed a 
method of preparing peat for fuel, known as Mr. Hodgson’s, 
for which important advantages are claimed. The subject 
was referred to in a recent address by the president of the 
Institution of Civil Engineers of Ireland, and it has been 
paragraphed in current publications—of transitory import- 
ance for a matter of that class—without any comment. 


When, however, it finds its way into the columns of Ener- | 


NEERING, I deem it right to say that the problem of the 


utilisation of peat for fuel in Ireland has not been at all so | 
completely or satisfactorily worked out by Mr. Hodgson’s | 


system as the notice of it referred to would lead your readers 
to suppose; and as I write from Ireland, and with some 
knowledge of what has been done there, I think I am not 
without reasonable grounds for my remarks. 

For some time previously to the year 1864 works upon a 
moderate scale were enetel ond carried on at Derrylea, near 
Monastereran, by Mr. Charles Hodgson, for peat-fuel making 
upon his patented system, and in that year a limited com- 
pany was formed for the purpose of working out the system 
in an adequate manner as a commercial undertaking. The 
operations of that company ceased rather more than a year 
ago, and, I regret to state, with results that must be taken 
as conclusive against any ——— of a resuscitation of that 
system as a beneficial undertaking either by that company 
or any other parties. But I cannot make this statement 
without, at the same time, testifying to the fact that though 
the efforts made did not eventuate in commercial success, yet 
they can never fail to reflect the very highest credit upon the 
talents, energy, and perseverance of Mr. Charles Hodgson ; 
and, assuredly, if he could not command success, he yet most 
richly deserved it. 

For the realisation of an improved reasonable method of 
preparing peat for fuel we must rather look t6 the best re- 
sults, on an adequate scale, of the most approved systems for 
utilising peat which have been of late years and still are 
being worked out upon the Continent and in America. 
These, in the main, al steadily point to the production of 
condensed peat by the simple maceration of the raw material 
by comparatively cheap mechanical means, moulding, or 
shaping, and drying, the condensation of the peat being 
effected naturally in the process of drying. 








The principle which Mr. Hodgson endeavoured so zealously 


| to work out was not unknown in Germany. Known there 


as “ Exter’s” system, it was applied, with the advantage of 
state aid for its development, at Haspelmoor—the so-called 
“mull” of the Derrylea Works being there designated by 
the more expressive term “ Torfpulver.” In this instance 
we may look upon the method of mechanical compression of 
dried peat in a comminuted state as exceptionally well 
circumstanced for working out a good final result. Yet the 
results do not appear to have been such as to extend its ap- 
plication, or any modification of it, very much, if at all, upon 
the Continent, while the progress made all over Germany 
by the more simple and effective methods of preparing con- 
densed-peat fuel has been very considerable. Perhaps some 
of your readers in that part of Europe, with practical ex- 
perience in this spécialité, may favour us with some observa- 
tions upon this subject, in due time, through the medium of 
ENGINEERING. 

For all who, of late years, have made the peat problem a 
subject of unprejudiced practical inquiry my remarks can 
have neither novelty nor value. I offer them, rather, Mr. 
Editor, with your permission, in the interests of your gene- 
ral readers, that they may not think that this particular Irish 
difficulty has been at last overcome—a consummation, cer- 
tainly, devoutly to be wished. That in due time, however, 
it will be overcome, and that even now we have indications 
of it in the preparation of condensed-peat fuel, appear to be 
as certain, as the beliefis not unreasonable that the enormous 
peat deposits of Ireland were never intended to be, on the 
great scale, rather a national disgrace than a blessing. 

Yours respectfully, 
January 31, 1868. Der La TourBE. 


Mersey Docks.—Mr. Lyster, engineer of the Mersey 
Docks and Harbour Board, has submitted a report to the 
Works Committee, from which it appears that the amount 
required to complete works in progress and contemplated is 
no less than 700,694/. So the board will have to raise, some- 
how, another three-quarters of a million. 

TRENT AND ANCHOLINE RatLway.—A bridge on this line, 
crossing the Ancholine Canal, has subsided to such an extent 
that the Ancholine Navigation Commissioners have found it 
necessary to call the attention of the railway company to 
the structure. The bridge is not considered to be in jeopardy, 
but the piers will have to be raised. 
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THE ALLEN ENGINE.—No. I. 


We published in our last number two two-page en- 
gravings showing the arrangement and details of the 
‘Allen engine ; and we shall now, as promised, proceed 
to pee that engine fully. The Allen engine was 
first brought to the notice of the public at the Great 
Exhibition of 1862. It was then entirely in its infancy. 
In fact, the engine which was then shown was only 
the second one that had been made, and the bringing 
it there at all was, apparently, one of those hair- 
brained acts which are hardly justified even by com- 

lete success. After the first engine constructed had 
Son experimented with in New York for many months, 
the drawings were prepared for this one, of larger 
size, and greatly modified design, to be sent to the 
London Exhibition. It being found, however, im- 
possible to complete it in time, the separate parts were 
shipped as fast as they could be made, and were first 
brought together, and the engine built, in its place in 
the Exhibition. ; ‘ 

To the surprise of every one acquainted with the 
facts, it was found, when started, to be right in all 
respects, and ran without interruption to the close of 
the Exhibition, at the then unprecedented speed of 
600 ft. per minute, and in a manner which elicited 
the unqualified admiration of engineers. On_ this en- 
gine the Porter governor and the Richards indicator 
were first shown in this country. : 

This engine, notwithstanding its successful début, 
fell, in the details of its construction, far below the 
high standard of excellence at which Mr. Porter 
aimed, and it is only now, after more than five years 
unremittingly devoted to its development, that he is 
willing to present it to the world, as a great improve- 
ment, completed and proved. ; 

The last improvements, and the most important ones 
which have been introduced since the exhibition of the 
engine in 1862, are the equilibrium steam-valves and 
the condenser, and it is a somewhat singular repetition 
of the circumstances of its original exhibition, that 
both these were first made for the engines sent to the 
Paris Exhibition, without any previous opportunity to 
try them. Both were, as all who saw the engines at 
work there are aware, completely successful, and it 
may be added, that experience has shown it to be un- 
necessary and undesirable to modify the original de- 
signs for them in any respect. 

When a steam-engine is brought from abroad to the 
very spot where the steam-engine originated, and 
where it has received, so far at least as numbers are 
concerned, its greatest development, and is claimed to 
be superior to those produced here, and to be able to 
run advantageously at a speed hitherto deemed im- 
practicable, its promoters must not expect to have 
much attention paid to its claims, until such attention 
has been actually compelled, and then they must be 
prepared for an ordeal of severest criticism. The 
Allen engine seems to be approaching this second 
stage in its history. A paper upon it was read at the 
meeting of the Institution of Mechanical Engineers, 
last week, and its discussion was postponed until the 
next meeting, the paper being ordered meantime to 
be printed and sent to the members; and Mr. Porter 
understands very well that, if the engine has a weak 
point about it, this will be found and exposed by the 
acute and experienced engineers whose judgment he 
has conan $s challenge. The condensing Allen 
engine shown at the Paris Exhibition attracted attention 
from its great piston speed, 800 ft. per minute, and 
from its smoothess of running; but the statement 
that, with 60 Ib. pressure of steam, its proper duty 
(it being an engine of 12 in. diameter of cylinder and 
24 in. stroke) was 100 indicated horse powers, and 
that it would exert this power when cutting off at 
one-fifth of the stroke, was always received with 

expressions of surprise, and often of incredulity. 
However, a duplicate of that engine re original, by 
the way, was sold in Paris to the well-known firm of 
Ducommun et C* , of Mulhouse) has been for some 
months past running in the works of the Whitworth 
Company, at the same speed—200 revolutions per 
minute—regularly and reliably, 13 hours per day, 
and, with an exceedingly variable resistance, develops 
sometimes as much as 110 horse powers, although 
—~) a realised in the cylinder does not reach 


We presented in our last number complete general 
and detailed views of this engine, and in this and suc- 
ceeding articles we propose to give a full description 
of it, and a statement, illustrated by diagrams, of the 
principles on which it is designed. With some of 
these, engineers are in general more or less conversant, 
but others, and especially the action of the reciprocating 
parts, at high speed, in modifying the distribution 





through the stroke of the pressure on the crank, will 
be novel to many of our readers, and will be found of 
the highest interest and importance. 

The fundamental idea upon which this engine, in 
common with the Corliss and many others, is designed 
is that of variable expansion. Engines of this class 
have no regulating valve, but the full boiler pressure 
is maintained in the valve-chest, and is admitted to the 
cylinder at the commeneement of each stroke, and the 
governor adjusts the force to the varying resistance 
by changing the point of cut-off. The action of the 
regulating valve raises or lowers the steam-line on the 
diagram, while that of the variable cut-off lengthens or 
shortens it, as the load on the engine is increased or 
diminished, 





mits it to be closed more suddenly, by the action of 
gravity, or of a spring, or by the pressure of the atmo- 
sphere. The idea of the liberating valve-gear had its 
origin in the brain of Mr. Frederick E. Sickles, of 
New York. The apparatus devised by him for its 
application to the double-beat valves employed on 
steamboat engines in the Eastern States was singu- 
larly ingenious and efficient, and has for the last 
twenty-five years or more been known as the Sickles 
cut-off. It combined an opening, at first exceedingly 
gradual, and then accelerated as the motion of the 
piston is increased, with an almost instantaneous 
closing of the port. 





The reasoning of the advocates of this system was 
| short and, in their own view, conclusive. It ran as 
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Pair of diagrams from an A len 
engine, with cylinder 18 in, in dia- 
meter and 30 in. stroke, at the 
South Tyne Paper-mill. Speed, 
108 revolutions per minute; va- 
cuum in condenser, 28in, Only 
half the intended load on the en- 
gine. 
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The object of working steam expansively is, to 
obtain a high mean pressure through the stroke with a 
low terminal pressure, on the assumption that, while 
the former represents the work done, the latter repre- 
sents the quantity of steam expended in doing it. 
How far this assumption is hand correct in practice 
we will inquire by and by: upon its approximate 
truth all expansive working depends. It is readily 
demonstrated, and is abundantly proved in prac- 
tice, that the greatest difference between the mean 
pressure in the cylinder through the stroke and 
that the end of the stroke, or at the point of re- 
lease, is obtained by admitting the highest attain- 
able pressure at the very commencement of the 
stroke, maintaining it up to the point of cut-off, cut- 
ting off early and sharply, and permitting the confined 
steam to exert its expansive force to the end of the 
stroke. Theoretically, the earlier the cut-off, and the 
further expansion is carried, the better; but this is 
greatly modified by various practical considerations. 
While engineers are agreed in employing some degree 
of expansion, perhaps no two would recommend pre- 
cisely the same. The last few years have seen inter- 
minable discussions on this subject. Mr. Isherwood, 
the self-constituted American authority, after dog- 
matically fixing yths of the stroke as the proper 
point of cut-off, employed himself, in the celebrated con- 
test between the W inoski and the Algonquin, a much 
higher grade of expansion, cutting off rather earlier 
than jths of the stroke. Expansion can certainly be 
overdone. In this engine it is preferred to cut off at 
from 3th to 4th of the stroke, which is about the 
mean between the views of extremists on both sides. 

In os a high grade of expansion, especially 
with the considerable pressure of steam now usually 
carried in stationary boilers, two serious practical 
difficulties are met with. The first arises from the in- 
jurious effect of the sudden application of so great a 
force on the centres, which the beam-engine, indeed, 
cannot be made to endure ; and the second is found in 
the extreme difference between the pressures at the 
opposite ends of the stroke, which is such that the 
crank, instead of being acted upon by a tolerably uni- 
form force, is rotated by a succession of violent 
punches, and these applied to it when in its most un- 
favourable position. 

The latter of these objections the advocates of vari- 
able expansion have never heretofore attempted to 
grapple with, but have contented themselves with 
obviating, as far as possible, the bad effects of this un- 
equal action of the steam, by employing heavy fly- 
wheels. 

The first-mentioned difficulty, however, has com- 
— attention, and perhaps no mechanical problem 
as ever received more study than this, to cut the 
steam off sharply, and yet to admit it gradually. 

In America, where much attention has been given 
to this subject, it has been generally supposed that 
this problem could be solved only by the employment 
of what is known as the liberating valve-gear. This 
is a mechanism which releases the valve when wide 





open, or partially open, as the case may be, and per- 





follows: “Steam, to be expanded to the best advan- 
“tage, must be cut off sharply. The sucking in of 
“steam into the cylinder through a gradually con- 
“ tracting passage, technically termed ‘ wire-drawing,’ 
“involves a great loss, and is not to be tolerated in 
“any degree. A valve closed by a return of the 
“opening motion cannot effect a sharp cut-off; but if 
“it could have a motion sufficiently rapid for this pur- 
“pose, then the opening motion would need to be 
“equally so, and this would admit the steam so sud- 
“denly and violently on the centres as soon to 
“destroy the engine. The admission must be gradual ; 
“the cut-off must be sudden. The liberating gear 
“only can give to the valve a slow opening and a 
“swift closing movement. Zrgo, all the world must, 
“sooner or later, come to use the liberating valve- 
“ gear.” 

The Allen engine also effects these objects among 
others, but in a very different way. It presents two 
grand features for consideration, namely, the peculiar 
system of valves and valve-gear and the high speed. 
The action of the former effects, by continuous mo- 
tion, a perfect distribution of the steam in respect of 
economy, as is illustrated in the pair of diagrams ac- 
companying this article, the originals of which are in 
our possession; and that of the latter causes all the 
practical difficulties, as above described, which lie in 
the way of the successful employment of high grades 
of expansion combined with high pressure of steam 
completely to disappear. The crank receives as little 
pressure on the centres as we please; none at all, if 
we like; the force is applied to it, as it advances, in a 
manner more gradual rm the advocates of graduated 
openings and is admission ever dreamed of, and a 
fair approximation is made to a uniform rotative force 
through the stroke. 

Our next article on the subject will be devoted to a 
description of the valves and valve-gear of this en- 
gine, and afterwards we shall present a demonstration 
of the action of the reciprocating parts in effecting 
the remarkable results above stated, and shall examine 
fully the important subject of high speed. 








Inpian Rattways.—There are at present in India 3657 
miles of completed railway, the number of miles for which 
sanction has been obtained being 5641. These 3657 miles 
are worked by 8000 Europeans and East Indians and 50,000 
natives. The rolling stock consists of 795 locomotives, 1834 
passenger carriages, and 17,446 trucks and wagons. The 
expenditure from the capital account amounted, up to 1st 
April, 1867, to 67,932,530/. sterling, that for the last year 
having been 7,759,5551. sterling. 

New Fort at Tensy.—The foundation stone of the new 
fort about to be erected on St. Catherine’s Rock, Tenby, has 
been laid by Captain Clements, Royal Engineers, in the pre- 
sence of a muneber of officers and others connected with the 
Pembroke dock garrison. The clearing and levelling of the 
apex of the rock in order that the toundations might be 
firmly laid had been going on for months past, and the fort 
bulidngs will be at once proceeded with. The contractor is 
Mr. George Thomas, Pembroke. 

Wotverton.—The London and North-Western Railway 
Company is reducing its establishment at Wolverton, and 





increasing that at Crewe. Reductions of workmen at Wol- 
verton have been steadily going on of late. 
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STEEL v. IRON RAILS. 
To rue Eprror or ENGINEERING. 
S1r,—Your correspondent, “ F. F.,” has calculated the 
economy of steel in substantially the same way as I had done 
myself ; but when he remarks on the result during the second 
48 years, he has, I think, fallen into an error. 
Cost of Using Steel for 96 Years. 


£ 
Value of 151. after 96 years ... ... s+ «+ 1620 
ip ie 2B @ 600 68s ee 76 
1696 
Cost of Using Tron for 96 Years. 
£ 


Value of the money spent during the first 
48 years, atendof ditto ... .. «+ .. 162 
Value of the money spent during the second 





period of 48 years... ese eee 162 
Value of 162/. for 48 years 2 see one . 1684 
2008 


making a useless expenditure of 312/., or 18.3 per cent. of 
total, where “ F. F.” would show a balance the other way. 
“F. F.” has, possibly, put 42/., the money paid for the iron 
rails, instead of 162/., in estimating the increase during the 
second period. 

He will see that this is wrong, if he considers that the ob- 
ject of the calculation was to ascertain what “the owner of 
the rail might have realised’ by other investment. At the 
end of the first 48 years he had 162/. in hand, and, of course, 
would invest that. 

[ certainly think compound interest must be reckoned, for 
the same reason that any interest at all is reckoned; but 
if not, have you not understated the case? You put down 
9/. 16s., as supplying the company with an iron rail for eight 
years ; but, in fact, the company will continue to the end of 
time to lose 7s.a year for this identical piece of metal, though 
worn out and discarded long ago. 

Yours truly, 

February 3, 1868. 


To tur Eprror or ENGINEERING. 

Srr,—I have read with much interest the various articles 
and correspondence in your journal on the iron and steel 
question. 

The comparative economy of the two materials is, it appears 
to me, correctly symbolised by the expression (c+<), where 
(c) represents the present cost of material, and () the present 
value of the repairs and renewals for () years, less the value 
of old material at the expiration of that time. This being 
the case, the value of (x) is expressed by the equation 


1.05) — 1.05 
1 (c— d) ( ) - 


= — 
(1.06)" (1.05)— i$ 


Where the interest is taken at 5 per cent. per annum, (d)= 
value of material at the end of () years, and (p)=number 
of renewals during that time. As this equation 1s general in 
its application, the values assumed by your correspondent 
“F. F.,” give us, on a comparison of 48 years : 


s. d. 
For iron rails (e+r)=> 16 3 10 
For steel rails(e+r)= 14 6 2 


The same relative proportion in poneeey 

The present value for iron rails and restorations (e+«)= 
171. 8s. 7d.; and for steel (e+-2)= 1651. 17s. 

If the respective duration of iron and steel rails be, as is 
also assumed, one and six years, then the relative proportion 
in present value, including restorations in perpetuity, is, for 
iron (c+-2)=98/., and for steel (e+-2)=38/. 7s. 10d. 

These last formule show an enormous advantage in favour 
of steel ; but doubtless the practical application les between 
the extreme formulw above given. 

Yours faithfully, 
i. D. 


THE LEIPSIC WATERWORKS. 
To Tur Eprror oF ENGINEERING. 

Srr,—Absence from England has prevented my seeing 
your number of January 10, containing a description of the 

“eipsic Waterworks, until now, or I should have written to 
you before. As your description contains several errors, you 
will allow me as the chief engineer ‘or the late firm of Grissell 
and Doewra to correct them. 

The quantity of water to be supplied in twenty-four hours 
was 350,000 Saxon cubic feet, or 280,724 English, instead of 
283,000 stated. 

At the pumping-station there are two collecting wells, but 
the short canal mentioned is 1632 Saxon ft. long, built in 
brickwork of an oval form 4 ft. 9in.x4ft., the sole of this 
canal being 14 ft. deep from the surface, and mostly laying 
in the gravel, the bottom half being built with open vertical 
joints. The canal is at the extreme end connected with two 
rough filter- beds; these are again connected by 18 in. 
earthenware pipes to the “Schwarze Lache,” which is a 
small natural reservoir connected with the river Pleisse, but 
having strong springs of its own forcing themselves up 
through the bottom. 

The object of the canal is therefore not alone to connect 
the river Pleisse with the collecting wells (when necessary), 
but also as a spring-water collector, to prevent the use of 
Pleisse water as much as possible. 

The cylinder is steam-jacketed and protected with wooden 
lagging, but the space left between it and the jacket is filled 
with fine coal ashes. The plunger or ram is 1 ft. 8) in. in 
diameter, instead of 1 ft. 9in., and consequently the actual 
quantity of water lifted per stroke, taking 95 per cent. (of the 
theoretical for the actual), it gives 17,419 cubic feet per 


stroke, or when the engine is working at its proper speed of 


11.2 strokes per minute (instead of 10.6, as stated) each 
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engine raises 194.94 cubic feet of water, or the necessary 
quantity of 280,724 cubic feet per twenty-four hours. 

The height of 142 ft. as the height exclusive of friction 
may be taken, but I only make the pressure per square 
inch on the ram of 61.63 Ib., or 9.08 tons, as the total load. 

The contract for the works was given by the town of 
Leipsic to the firm of Grissell and Docwra; but allow me to 
say that, instead of the plans being matured wnder the 
immediate superintendence of Mr. Grissell, the plans, &c., 
were got out and matured by me, more directly under the 
superintendence of Mr. Docwra, who also made several visits 
to Leipsic during the construction of the works. 

Hoping you will insert this, as I am sure your love of 
justice will allow the right person to have either the credit 
or discredit of these works, 

I am, Sir, your obedient Servant, 
‘ Joun GLYNN. 

4, Schadow-Strasse, Berlin, February 3, 1868. 


PAVED STREETS. 
To Tus Eprror or ENGINEERING. 

Srr,—I notice in your last impression a letter from Mr. 
William Dennis on the above subject, but I think there are 
many objections to his method. 

He maintains that one of the advantages accruing from 
his system is “ rapidity of execution,” under which heading 
he states that “ each block or plate is to be brought to the spot 
‘ready to be put into place, and as it would only weigh 
“about 6 ewt., very simple tackle would be necessary to 
“ handle it.” Now these blocks or plates are to be only 4 in. 
thick, and to have an area of 9 square feet; whether they 
are to be cast or wrought iron does not appear; if they are 
to be cast, I should imagine frequent breakage would occur ; 
if of wrought, would } in. be sufficient to sustain a weight of 
about 6 ewt. without bending and buckling in every possible 
direction, and how would they be lifted into their places by 
tackle, there being no lugs or any projection to catch hold 
of? Your correspondent also states that ‘‘as each block is 
“ laid it is to be at once united to the adjacent blocks by the 
* bolt and key shown in the diagram ;” but if the blocks or 
plates are to be close together (and they would evidently be 
useless if they were not) how could room be found for the 
bolt and key? This “simple arrangement” would certainly 
be considerably in the way. 

Neither do I see how the first cost would be the same, as 
there is still to be a concrete foundation, therefore the first 
cost would be increased by the cost of the iron boxes. 

I enclose my card, and remain, Sir, yours truly, 

Watford, February 3, 1868. CONCRETE. 





BRIDGE PIERS AND FOUNDATIONS. 
To THe Eprror or ENGINEERING. 

Srr,—In Mr. McAlpine’s letter upon bridge foundations, 
which you published on the 24th inst., it is suggested that, 
in the Indian river beds, “the sand is scoured out in places 
very deep during a high freshet, and these holes silt up in 
part as the freshets subside, and hence the existence of these 
deep scourings are rarely known to the engineer.” 

I can confirm this supposition to some extent from my 
own observation in the Bombay Presidency about three years 
ago. The following extract from a memorandum I wrote a 
short time back is upon this subject: “In the Deccan nullas 
having sandy beds over a moorum, or soft rock bottom, there 
is a source of danger” to bridges “ which I think has not yet 
been sufficiently appreciated. These nullas are generally ex- 
posed to sudden floods, and it seems that during these floods 
the sand is scoured away, exposing the bottom, which is 
worn away to some extent; and when the flood subsides, the 
sand appears to have been undisturbed. This wear of the 
bottom, going on for several years, deepens the bed, and lays 
bare the foundations, and the danger consists in the defect 
being hidden from sight by the sand.” 

The instances of this insidious danger, which I had oppor- 
tunities of properly observing, were in comparatively small 
streams, the largest being only sixty yards wide, with about 
ten feet depth of water during freshets. The bridges across 
these streams had been built upon thoroughly good foun- 
dations, but had been so far endangered by this concealed 
injury, after the lapse of about seven years, as to require 
measures to be taken for their security. 

That the same operation takes place during the freshets of 
some of the larger rivers, but differing in degree according to 
circumstances, 1s quite certain. 

am, Sir, your most obedient Servant, 

Boxmoor, January 28, 1868, ArTuur A. West. 

Messrs. Mirriees, Tart, AnD Watson.—The well-known 
firm of Messrs. Mirrlees and Tait, in Glasgow, have taken in 
Mr. W. Rennie Watson, hitherto the Glasgow agent of 
Messrs. Platt Brothers and Co. (Limited), as a partner, and 
the name of the new firm will be as now stated. 

ForTIFYING Pottcr-stations.— The Government have 
determined to fortify the police-stations in London, it being 
the preliminary step to a scheme of general fortification of all 
the police-stations and barracks in the United Kingdom. 
The head office of the Metropolitan Police Force at Scotland- 
yard will be the first to be placed in a state of defence; and 
with this — the well-known firm of Messrs. Clark and Co., 
Rathbone-place, Oxford-street, are manufacturing bullet- 
proof iron shutters for the windows of the stations. The 
shutters will be so constructed that they can be closed almost 
instantaneously, and an apparatus adjusted inside which will 
make them proof against any fusilade of small arms. The 
doors, it is surmised, will be similarly protected. When all 
the stations in the metropolis and suburban districts are pro- 
vided with the ball-proot shutters, the stations and barracks 
of the police in Ireland, it is stated, will next be placed in a 
state of defence, it being but common prudence to do so in 
these disturbed times, as many of them occupy isolated 








positions throughout the country. 








INDICATED HORSE POWER. 
To Tue Epiror oF ENGINEERING. 

Srr,—I think that “J. W.” will, at least, agree with me 
in this, that it would be a very judicious step, when speaking 
of an engine, to consider only the power actually indicated, or, 
if he prefer the term, the wseful power exerted by an engine, 
We disagree in this. “J. W.” wishes, when speaking of an 
engine as of certain power merely, to consider certain 
dimensions of cylinder, without taking the boiler into account. 
I say that, in rating an engine as capable of exerting an 
amount of work, you must of necessity consider the evapora- 
tive power of the boiler, which produces the steam used in 
the said engine. “J. W.” seems rather incredulous at my 
asserting that with the same boiler I shall obtain the same 
effect, whether I use, say (to take an extreme case), a 12in. 
cylinder with 2 ft. stroke or a 6 in. cylinder with Gin. stroke, 
provided that there is not a great disparity between the 
piston speeds. Now it is very certain that, if the 12 in. 
piston went, say, 800 ft. per minute, the 6in. piston will 
travel 3200 ft. per minute; but the last is a speed which is 
far above those in ordinary practice, and so I will take as an 
example, that the speed of the large piston* is 200 ft. per 
minute, then of course the speed of the smaller will be 
800 ft. I should not think that “J. W.” would be so 
sceptical as to deny that the work done by each engine is the 
same in both cases. And both doing the same work, would 
he call the largest an engine, say, of 80 horse power, and the 
smallest an engine of 5 horse power (since the cylinder 
capacities are as 16 to 1) ? 

So that, after all, it is a question of boiler power ; and when 
the horse power of an engine is spoken of, it cannot of neces- 
sity (in reason) be meant that that engine has certain dimen- 
sions of cylinder, but that the boiler of that engine is capable 
of evaporating a certain weight of water into steam in a 
certain time. (I perceive, Sir, that correspondent has 
spoken of the boiler as evaporating the steam, instead of the 
water.) Indeed, I can use a similar course of argument as 
“J. W.” has used, and I hope that he will excuse me for 
using his words. 

It appears to me that the fact of a cylinder having a certain 
diameter and length of stroke is, in toto, out of the question. 
Whatever these dimensions may be, the cylinder is useless as 
long as there is no steam to use. To make the steam we 
must have a boiler. This boiler produces a volume of steam, 
which by its expansion does work, and this expansion can as 
well happen in a small as in a large cylinder; so that the 
effect obtained is irrespective of the capacity of cylinder. 
Doubtless every “ pcs wee ” knows that the indicated power 
depends on the diameter and speed of piston; but it must be 
borne in mind that my assertion was, “ that, with reasonable 
limits of piston speed, the work done is irrespective of the 
capacity of cylinder.” (By the way, I should not think that 
“3 i W.” considers I meant to imply, by “not a great 
disparity,” an “ equality.’’) 

And now to consider the proposed change in the nomen- 
clature, I presume, Sir, you must have mislaid my letter, 
written on the 17th, in which I called your attention to my 
error in the substitution of the word “ hour” for “ second ;” 
but, as I feared, it was too late to prevent the rectification of 
the error. 

My proposal is to introduce the term second-foot-pound ; 
and perhaps I may be allowed to say that the substitution of 
the word “ unit” for “ horse-power” is no improvement, and 
simply confusing, since by the word “ unit” in dynamics is 
meant a foot-pound. Foot-ton also suggested itself to me, 
but I will explain why I did not propose that as a standard. 

When calculating the power of an engine, the divisor “33” 
must (at present) be used; the object I have in view is to 
simplify the calculations as much as possible. Now, Sir, you 
will perceive that by taking a ton as a standard the divisor 
224 will be introduced, which will give more trouble than the 
retention of the old term. But, Sir, I think your proposition 
of honouring the name of “ Watt” may be well applied, and 
as in thermo-dynamics the name of him who discovered the 
unit of convertibility of heat and work (I refer to Dr. Joule, 
from whom we have “ Joule’s equivalent),” has been so used 
why cannot engineers introduce the term “the Watt equi- 
valent”? And, if I might be allowed to suggest, let 1000 
second-foot-pounds be called “the Watt equivalent” (denoted 
by W.), so that an engine called, as at present, 1000 horse 
power might be known as an engine of “550 Watts.” 

By using this nomenclature it will be apparent that all 
calculation will be very much simplified, as the only divisors 
will be 10 and 6 (for getting the revolutions per second). 

1 am, Sir, your obedient Servant, 


January 29, 1868. YounNKER. 





Rartway AMALGAMATION.—In all directions an approach 
to the federative system among railways continues to be 
observable. It is stated that an arrangement has been pro- 
posed between the Committee of Consultation of the Midland 
Railway and the directors of the London and North-Western 
as to the terms which the latter are prepared to offer with 
respect to the use of the Lancaster and Carlisle Railway, so 
as to avoid the making of the Settle and Carlisle line by the 
Midland Company. The directors of the London and North- 
Western are understood to be prepared to give the use of the 
Lancaster and Carlisle at a rent to be agreed upon, or to 
share it jointly with the Midland. With respect to other 
portions of the system where the two lines come into com- 
petition, or where duplicate lines exist, the London and 
North-Western have expressed a willingness to agree with 
the Midland on the same terms as those which they have 
made with the Manchester and Sheffield Company with 
respect to their line to Sheffield. , 

Lerps.—The iron trade of Leeds and district continues in 
a depressed state, and all the makers are working short time. 
There is no improvement to report in the machine-making 
or engineers’ tools trades. The locomotive-makers have still 
a few orders on hand; but no new ones are offered, at least 
so says the local chamber of commerce. 
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THE INSTITUTION OF CIVIL ENGINEERS. 
January 28, 1868. F 
Cuaries Hurron Grecory, Esq., President, in the Chair. 

Tue paper read was “On the Relation of the Freshwater 
Floods of Rivers and Streams to the Areas wine es ag Features 
of their Basins; and on a Method of Classifying Rivers and 
Streams, with reference to the magnitude of their Floods— 
proposed as a means of facilitating the investigation of the Laws 
of Drainage,” by Lieut.-Col. P. P. L. O’Conneli, R.E., Assoc. 
Inst. C.E. : 

After referring to what might be termed the first stage of 
natural surface drainage, subsequently carried on and completed 
by rills, streams, and rivers, the author observed that streams 
draining large areas were not subject to sudden floods caused 
by short smart showers, and that a lake, like the extension of 
the area of a drainage basin, was a moderator of the flood dis- 
charge, resulting from a given rate of rainfall. There were 
other natural moderators which were more or less effective, as, 
for instance, a porous, absorbent soil and the foliage of dense 
forests, but the latter had apparently the property, in some 
situations, of increasing the actual amount of rainfall, which 
counterbalanced its effect as a moderator of river floods. Snow 
might, according as it thawed slowly or rapidly, be a moderator 
or the reverse. Again, when a tributary in flood flowed into a 
large main river, the channel of the latter also acted as a 
moderator. If a series of natural basins could be found, in- 
creasing regularly in area, having physical features as to slope, 
soil, &c., all tending in the same degree to discharge the rain 
falling on them, and if the distribution of the rain were the 
same in all these basins, then, doubtless, the rate of discharge 
in floods might be described graphically by some regular curve, 
the abscisse of which would denote the area drained, and the 
ordinates the flood discharge per second. ‘This curve would be 
concave to its base, and the tangent at its origin would have a 
value representing exactly the maximum rate of rainfall. Such, 
however, were the diversities of physical features in river basins, 
and in the distribution of rainfall in the world, that the search 
after the desired series of natural basins possessing exactly 
similar characteristics would probably be a vain one. This was 
to be regretted, for rivers small and great might alike be re- 
ferred to some such curve, and classified as flood-dischargers, 
according as they took up positions near to or distant from the 
curve. 

To supply the place, as a classifier, of this unknown curve, 
the author suggested the use of the common parabola, as 
follows: Let x, the abscissa of a point in the curve, represent 
the area in square miles drained by a river, and y, the ordinate 
of the same point, represent the number of cubic yards dis- 
charged per second by that river. Then in the common para- 
bola, y=M. 4/z, where M might be termed the modulus of the 
river, or of its drainage basin, as a flood-producer. When M 
was large, it would indicate that the physical features were 
such, as to slope, soil, total amount and distribution of rainfall, 
as to give the river and its drainage basin a high place in the 
classification. When M was small, it would, on the contrary, 
show either that but little rain fell on the basin, or that it 
possessed some of those physical features which tended to 
moderate floods. 

With the view of illustrating how far this method of classify- 
ing rivers as flood-producers was likely to prove useful, reference 
was made to some facts respecting the Mississippi and its 
tributaries, as recorded in the report on that river, by Capt. 
Humphreys and Lieut. Abbot, which tended to show, in the 
author’s opinion, that the method might be usefully, if 
cautiously, applied. 

Certain exceptional cases of river floods were next alluded to, 
and regret was expressed that data sufficiently extensive and 
accurate for the purpose of testing very rigidly any method of 
classification had not yet been collected. The author had, 
however, prepared a table, exhibiting a few of the physical 
features of some of the priucipal rivers of North America, 
Europe, and India, This table gave the area of the drainage 
basin of each river in English square miles, the flood discharge 
of the river in cubic yards per second, with the name of the 
authority for this statement, the flood discharge of the river in 
cubic yards per second per square mile drained, and the values 
of M in each case. ‘The facts so collected were also exhibited 
in diagrams. After commenting upon the range in the values 
of M thus recorded, it was observed, that whereas, in the case 
of large rivers, the parabola expressive of the relation between 
the area drained and the cischarge per second might, without 
sensible error, be supposed to have its apex situated at the 
origin of the co-ordinates, in the case of small districts this 
supposition would lead to error. In the latter instance it 
became necessary to ascertain, at least approximately, what 
wus the maximum rate at which rain fell in the district, and to 
place the origin of the co-ordinates at a point in the curve 
where the inclination of the tangent to the axis of 2 should 
correctly represent that maximum rate. 

For the sake of illustration, it was assumed, that a district 
existed in which the maximum rate of rainfall was 5 in. an 
hour, and the maximum valne of the modulus M was20. This 
required that the origin of the co-ordinates should be situated 
at a point in the parabola where its geometrical tangent was 
inclined to the axis of z, at an angle whose trigonometrical 
tangent was 120. If’ and y’ were the rectangular co-ordi- 
nates of the curve, measured from this point, its equation 

y'=204/ ome 
was ¥ x 7 
miles, and the discharges in cubic yards per second. But as, 
for small districts, it would be more convenient to measure 
the areas in acres, and the discharge in cubic feet per second, 
the formula became, when adapted to these new measurements, 


, the areas being measured in square 
) 


y= 21.44/ 2’ — 4 very nearly, or-after the solution of this 
5 


quadratic equation, y’ = —45.796+4-\/ 2097.28+-457.962’. 

A table, computed by this formula, was then given, showing 
the discharge in cubic feet per second from districts increasing 
in size from 10 acres to 5 square miles; and it was stated, 
while the discharge from an area of 10 acres represented a 
rainfall of 3.56 in. an hour, that from a district having an area 





of 5 square miles represented a rainfall of only .36 of an inch. 
It was stated, that in rivers whose basins were by no means 
small, very extraordinary floods might occur in years not 
remarkable for large totals of rainfall; and in conclusion a few 
statements and quotations were given, as affording examples of 
flood-moderators. 





February 4, 1868. 
CHARLES Hutton Grecory, Esq., President, in the Chair. 

THE paper read was on “ Floods in the Nerbudda Valley: 
with remarks on Monsoon Floods in India generally,” by Mr. A. 
C. Howden, Assoc. Inst. C.E. 

This valley was described .as being bounded on the north by 
the Vindhya and on the south by the Sautpoora ranges of 
mountains, and as consisting principally of black cotton soil, 
which was renowned for its fertility. The drainage of the 
valley supplied nearly the whole volume of the waters of the 
Nerbudda river, which traversed it in a direction nearly due 
east and west. The river took its rise in the Vindhya Moun- 
tains, at an elevation of 3500 ft. above the sea; its fall to Jub- 
bulgore, 190 miles distant, was 10 ft. per mile, and thence to 
the Gulf of Cambay the fall might be estimated at about 2 ft. 
per mile, the total length of the river being 800 miles. The 
width at its source was only 1 yard, while a little above its con- 
fluence with the Towah, 360 miles down stream, it was 900 
yards, and at its mouth upwards of one mile. In an ordinary 
monsoon the level of the water rose between 30 and 40 ft., but 
it had been known to rise nearly 60 ft., when it overflowed the 
banks. Midway between the river and the Sautpoora Moun- 
tains, this valley for a length of about 270 miles was traversed 
by the north-eastern extension of the Great Indian Peninsula 
Railway, which crossed all the tributaries falling into the river 
on its southern bank; and it was the tloods to which these 
feeders were liable that formed the subject of the present paper. 

The floods of this region were divisible into two classes, ac- 
cording as they affected the plains or the rivers. With regard 
to the former, it was remarked that the greater part of the 
Nerbudda valley traversed by the railway was almost a level 
plain; and that although the average rainfall in the district, 
46 in. or 11}in. for each of the four monsoon months from 
June to September, could easily be provided for by the natural 
watercourses, yet that as much as 10.50 in. fell in eighteen 
hours, in August, 1864, causing sudden and disastrous floods. 
It was observed that, in constructing a railway across plains of 
this description, great attention should be paid to the rainfall of 
the district, and ample provision should be made for carrying 
off the maximum amount speedily, without allowing it to dam 
up; as few embankments (especially those formed of black 
soil) could withstand the immense pressure then brought upon 
them, although the period of danger might not exceed twelve 
hours during the year, and should an opening once be formed, 
the scour was such that the embankment speedily melted away. 

The principal rivers crossed by the railway in the Nerbudda 
valley from Bhere to Bagra, a distance of 100 miles, were the 
Towah, Gungal Matchock, Karlee Matchock, and the Suktha 
or Chota Towah, besides the Sconce Jamnee, Hurda, and other 
nullahs. The greatest flood known for ten or fourteen years, or 
according to native report for thirty years, occurred in 1864, 
when, on the 15th of August, the river ‘Towah rose 47 ft. ina 
few hours; and it was estimated that the velocity at the surface 
was 16.58 ft. per second, the fall 4.25 ft. per mile, and the dis- 
charge 976,629 cubic feet per minute. It had been asserted 
that the flood of 1864 was an unusual one, but that of 1865 was 
of a similar character; while the flood of 1866 exceeded its pre- 
decessors, both in force and magnitude. The next important 
river was the Gungal, the highest known flood in which took 
place on the 22nd of July, 1864, when, with a fall of 3 ft. per 
mile, the mean velocity from calculation being 166.14in. per 
second, the discharge amounted to 732,123 cubic feet per 
minute. Two subsequent floods occurred in this river on the 
8th and the 29th of August, 1866, and then, the fall being as 
before, 3 ft. mile, the mean velocities were found to be from 
observation 153.68 and 110.22 in. per second respectively, the 
relative discharges being 477,820 und 109,494 cubic feet per 
second. Some idea of the force of the current in Indian rivers 
on such occasions might be gathered from the fact, that in a 
comparatively small river, 30 ft. plate-girders had been carried 
seven miles down stream; while, in 1866, masses of masonry 
weighing 1600 tons and 1000 tons had been washed away from 
two of the piers of the Towah viaduct, without a single stone 
being recovered. 

In conclusion, the author expressed the opinion that, in 
bridging rivers of the description referred to, in the first place, 
wide spans were indispensable; for the current was so swift, 
and the rise of water so rapid, after a heavy fall of rain, that 
any contraction of the waterway caused a dangerous scour and 
backing up. Secondly, he thought that next in importance to 
having as few piers as possible was the necessity of giving them 
the greatest strength, by building them of solid block in course, 
set in cement. Thirdly, that the tace of the cutwaters of piers 
shoald always be tool-dressed to reduce the friction, the “ bush” 
frequently left on forming an obstruction. And, fourthly, that 
when rubble backing was used, care should be taken in sus- 
pending work, to finish off below high-water level with a bed of 
solid block in course, as otherwise the water would penetrate 
the work, and speedily blow up the pier. 


INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue twenty-first anniversary meeting of the members of this 
Institution was held on Tharsday, the 30th of January, in the 
lecture-theatre of the Midland Institute, Birmingham, Sampson 
Lloyd, Esq., vice-president, in the chair. 

‘The secretary (Mr. W. P, Marshall) having read the 
minutes of the previous meeting, the annual report of the 
council was then presented, which showed the very satisfactory 
progress of the Institution during the past year, and its highly 
prosperous condition, with a large increase in the number of 
members; and reference was made to the large and important 
meeting of the Institution held in Paris last summer, during the 
period of the International Exhibition. ‘The annual election of 
officers then took place, John Penn, Esq., being elected president 








' of the Institution for the ensuing year. Several new members 
were also elected. . 

The first paper read was “ On the Transmission of Power by 
Water Pressure, with the application to Railway Goods Stations, 
Forge and Foundry Cranes, and Blast-furnace Hoists,” by Sir 
William G. Armstrong. In the employment of water-pressure 
for the transmission of power, the high pressure required is ob- 
tained by means of the “ accumulator,” consisting of a large 
vertical cylinder, fitted with a plunger, from which is suspended 
a loaded weight-case, to give pressure to the water pumped in by 
the engine. The accumulator is thus a reservoir giving pressure 
by load instead of by elevation, the load generally used upon the 
plunger being such as to produce a pressure of 700 pounds per 
square inch; ana from the cylinder of the accumulator the 
water is conveyed by a pipe to the various places where motive 
power is required. The water therefore acts as a carrier of 
power, taking the place of shafting; and it possesses a great 
superiority to shafting in the cases of working machines which 
are scattered over a wide area and intermittent in their action, 
and also where the quantity of power to be transmitted is sub- 
ject to great and abrupt variations. Water-pressure also 
possesses the advantage of communicating to machinery a much 
more controllable and adjustable motion than shafting, while 
the absence of elasticity in water gives great steadiness and pre- 
cision to the movements of machines actuated by water-pressure ; 
but, on the other hand, expansion being impracticable, the 
quantity of water expended is not proportionate to the load, but 
remains the same, whatever may be the resistance overcome. 
To obviate shocks in machinery worked by water-pressure, 
owing to the non-elastic character of water, the machines 
generally require the introduction of “ relief-valves,” consisting 
of small clacks, opening against the pressure in the supply- 
pipes, and yielding to any back pressure on the pistons that 
exceeds the accumulator pressure. The widest application of 
water-pressure, as a means of transmitting power, is in docks, 
where the water-pressure machinery is now most extensively 
used for the purpose of opening and closing the gates, swing- 
bridges, aud sluices, and also for hauling ships through the 
locks, and discharging and warehousing cargoes. One applica- 
tion, presenting very novel features, is for the purpose of ship- 
ping coals at Goole Docks, on the river Humber, where the 
coal barges are floated into a cradle, and then lifted bodily to a 
considerable height, and turned over into a shoot, which delivers 
the coal into a ship alongside. At the goods station of the Paris 
and Lyons Railway, in Paris, a number of water-pressure cranes 
are now in operation for the purpose of loading and unloading 
the wagons; and also two bydraulic engines driving capstan 
heads for hauling the wagons in the station-yard. The cranes 
are adapted to turn as well as to lift and lower by the water- 
pressure, the jib being a fixture to the crane pillar, which is 
made to revolve by means of a chain passing round a wheel at 
the base of tie pillar, and worked by a pair of hydraulic presses 
= horizontally. The lifting-press is also placed at the 

ase of the crane pillar, the eager anigron being conveyed up- 
wards through the centre of the pillar, and thence over the end 
of the jib. ‘The valves for lifting and lowering, and for turning, 
are slide-valves worked by hand; and the cranes are either of 
single power, having a simple ram alone, as in an ordinary hy- 
draulic press, or of double power, having a bored cylinder with 
combined piston and ram. In the latter case the lower power 
is pve by admitting the water-pressure upon both sides of 
the piston, giving an effective pressure proportionate to the 
area of the ram only ; while for the higher power the upper side 
of the piston is opened to the exhaust, leaving the pressure to 
act upon the lower side only, when the effect is proportionate to 
the area of the piston. A new arrangement of hydraulic crane 
has also been introduced subsequently, having the lifting- 
cylinder placed vertically, so as to form the crane pillar; andin 
some cases the crane has been constructed for lifting only, 
without any turning power, which is the simplest and cheapest 
form of hydraulic crane that is made. Water-pressure is also 
employed at the writer’s works, at Elswick, for working the 
cranes in the foundry and forge, the lifting-press and the pair 
of turning-presses for each crane being situated horizontally 
below the floor; and the lifting-chain passes over pulleys on a 
traversing carriage, which runs upon the top of the horizontal 
crane-jib, and is hauled inwards or outwards by a pair of haul- 
ing-presses fixed upon the crane pillar. By means of these 
hydraulic cranes very heavy forgings are manipulated under the 
hammer with complete precision, and great saving of time and 
labour. Another application of water-pressure has been made 
to the working of hoists for blast-furnaces for raising the 
materials for charging the furnace, the two cages being con- 
nected by a rope, so as to counterbalance each other, a pair of 
lifting-presses, one to each cage, are fixed vertically at the sides 
of the framework of the hoist, the two being worked in conjunc- 
tion by a single valve, so that while the pressure is admitted to 
one press the water is allowed to escape from the other. This 
apparatus affords a convenient means of obtaining the increased 
velocity of working required for raising the increased quantity 
of materials consumed in the present larger and higher blast- 
furnaces. 

The next paper was “On the Allen Engine and Governor,” 
by Mr. Charles T. Porter, of Manchester. In the construction 
of this engine the object aimed at has been to attain the greatest 
economy in expansive working by having the full boiler pressure 
in the cylinder at the commencement of the stroke, with a 
sharp cut-off, avoiding reduction of the steam pressure by wire- 
drawing, although the slide-valve is worked with a direct con- 
tinuous motion instead of employing a liberating or disconnecting 
valve-gear, An invariable exiaust is also obtained, allowing 
the free discharge uf the steam with all degrees of expansion. 
The engine admits of being worked regularly at the unusually 
high speed of 600 to 800 ft. per minute s of piston, and 
maintains complete steadiness of motion at this high speed; it 
also gives great uniformity in the driving power throughout the 
revolution in consequence of the reciprocating parts being made 
to move at so high a speed that their inertia compensates for 
the high pressure at which the steam is admitted at the be- 
ginning of the stroke; while in the latter part of the stroke, 
when the steam pressure is diminished by expansion, the power 
previously imparted is given out again in bringing the reciproca- 
ting parts to rest. The engine has a single horizontal steam- 
cylinder, and works an air-pump direct trom the piston-rod, 
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prolonged through the outer end of the cylinder. The steam- 
valves are two separate slide-valves, one for each port, and both 
in equilibrium, worked with independent motions, so as to effect 
a sharp cut-off in each case, the motion of one valve being 
rapidly accelerated at the same time that the other is greatly 
ret There are also two separate slide-valves for the 
exhaust, one for each port; but these move together, and are 
driven by the same valve-rod. All four valves are worked from 
a single eccentric upon the crank-shaft of the engine, and the 
eccentric-strap is made with a curved slot on the inner side, 
corresponding to the ordinary expansion link; the two steam- 
valves are worked from the sliding-block in the slot through 
the intervention of two bell-crank levers upon an intermediate 
rocking shaft, while the exhaust-valves are worked direct from 
a fixed point at the outer end of the slot, and have thus an in- 
variable travel, affording a uniform freedom of exhaust, what- 
ever degree of expansion is given by the link motion. The 
eccentric being set to correspond in position with the crank, 
without any lead, a correct valve motion is obtained, giving the 
same cut-off for each end of the cylinder. The position of the 
sliding block in the link-slot is adjusted by a lever from the 
governor, which thus controls the engine, according to the work, 
by regulating the grade of expansion, instead of by the ordinary 
means of a throttle-valve in the steam-pipe. The air-pump 
consists of a cubical box filled with water, in the lower part of 
which works a plunger attached to the piston-rod of the steam- 
cylinder; the inlet and outlet valves are all placed in the top 
cover of the box, and the plunger thus works always in solid 
water, as the air entering through the inlet valves from the 
condenser passes at once direct to the outlet valves without be- 
coming mixed with the water in which the plunger is working. 
The valves are india-rubber discs guided upon centre spindles, 
and a light spiral spring is added on the back of each valve to 
give the required promptness in closing, as the valves have to 
close 200 es og minute at the high speed at which the 
engine is worked. The governor has been designed by the 
writer as a modification of thejordinary Watt’s centrifugal 
governor for the purpose of increasing its sensitiveness and 
quickness of action. The balls are made very much lighter, so 
as to correspond with the much higher speed of revolution; and 
the connexion of the radius rods to the centre spindle of the 
governor is made with forked ends, having considerable width of 
fork, and fitting upon a pin which passes through the axis of 
rotation, whereby the friction at the joints that opposes the rise 
and fall of the balls is reduced. The balls in rising pull up a 
heavy weight sliding on the centre spindle. In consequence of 
the increased sensitiveness obtained with this construction of 
governor, it is found to regulate the speed of the engine within a 
range of only two per cent. variation of speed under the extreme 
variations of load; and a variation of five per cent. in the speed 
would carry the governor through its entire range of action, and 
cut off the steam entirely from the cylinder. In practice the 
steam stop-valve is always set wide open, and the engine runs, 
under all circumstances, with complete steadiness and uniformity 
of motion, without requiring any attention. One of these 
engines was worked, at the recent Paris Exhibition, at the 
speed of 200 revolutions per minute, or 800 ft. per minute speed 
of piston ; and other engines have also been running for some 
time at different works in Manchester, one at the above speed, 
and the others at 600 ft. per minute. 

It was announced that the annual meeting of the Institution 
for the present year would be held at Leeds, in the course of the 
summer, during the time of the Art Exhibition, at Leeds. 

The meeting then terminated. In the evening a number of 
the members and their friends dined together in celebration of 
the twenty-first anniversary of the Institution. 





SOCIETY OF ENGINEERS. 
3rd February, 1868. 
Batpwin Latruam, £sq., President, in the Chair. 
On the Surveys of Proposed Lines for a Ship Canal between 
the Atlantic and Pacific Oceans. By Dr. CULLEN. 

THE necessity that has long existed for a short and direct 
passage from Europe and the United States to the Western 
shores of America, Australasia, and China, and vice versd, by 
means of a continuous channel, which would obviate the neces- 
sity forjtranshipment, has given rise to several projects for the 
junction of the Atlantic and Pacific Oceans. These have been 
discussed in papers read before the Institution of Civil En- 
gineers, by Mr. Glynn, in 1847, and before the Royal Geo- 
graphical Society, by Captain (afterwards Admiral) Fitzroy, in 
1850; but, since those gentlemen wrote, several surveys have 
been made, and much additional information acquired. Early 
in 1867, a report on “Proposed Interoceanic Railroads and 
Canals” was presented to the Secretary of the Navy of the 
United States by Rear-Admiral C. H. Davis, the Superintendent 
of the Naval Observatory, Washington, in accordance with a 
resolution passed by the Senate on the 19th of March, .1866; 
but Admiral Davis has not entered into any detailed descrip- 
tion of the lines, referring for information to the thirteen sur- 
veys and maps appended to his report. The following paper is, 
therefore, respectfully submitted with the view of giving a 
summary of all that is known on the question of Interoceanic 
Communication. All the proposed lines have been surveyed, 
except that of Darien, which will fornn the subject of another 
paper. They are, from N.W. to S.E., the Tehuantepec, Hon- 
duras, Nicaragua, Chiriqui, Panama, Chepo, and Atrato. 


The Tehuantepec Line. 

This, which is the most northern and western, attracted the 
attention of Cortes soon after the Conquest, from the narrow- 
ness of the isthmus and the remarkable depression of the Mexi- 
can table-land at that point. In 1771, the idea of opening a 
canal between the oceans by this route, which had long been 
entertained, received a sudden impulse from the unexpected dis- 
covery in the fort of San Juan de Ulloa, in Vera Cruz harbour, 
that some cannon cast at Manilla had crossed the isthmus by 
the rivers Chimalapa and Coatzacoalcos. 

In 1774, the line was surveyed by Don Augustin Cramer; in 
1824, by Don Tadeo Ortiz and Don Juan de Orbegoso ; in 1842 
and 1843, by Senor Moro; and in 1852, by Mr. Williams, on the 
part of the Tehuantepec Railway Company of New Orleans. On 
the 25th of February, 1842, Don José de Garay addressed « 








ing permission to cut a canal across the Isthmus of Tehuantepec, 
to unite the Gulf of Mexico and the Pacific Ocean. On the Ist 
of March, 1842, a privilege was granted to him, and imme- 
diately afterwards a survey was commenced at the expense and 
under the orders of Garay. The direction of it was confided to 
Don Gaétano Moro, who was assisted by a large staff: from his 
work* and Garay’st the following appear to be the principal 
features of the route. The width of the isthmus from the mouth 
of the river Coatzacoalcos to Tehuantepec, on the Pacific, is 
about 138 miles in a straight line, and the direction is nearly 
due south. The Coatzacoalcos falls into the Gulf of Mexico in 
lat. 18° 8’ N., long. 94° 17’ W., by two mouths. The principal 
entrance has a depth of 20 ft. on the bar, and within the bar the 
depth is 6 to 7 fathoms, and the river is about 800 yards wide. 
Its course up to the confluence of the Malatengo is about 160 
miles, with a fall of 132 ft., the depth varying from 30 ft. in the 
lower to 6 ft. in the upper part of the river. Leaving the Coat- 
zacoalcost and ascending the Malatengo and the Chichibua, the 
summit level is reached. This is not a peak or a ridge, but an 
elevated plain, called the Mesa, or table-land, of Tarifa, extend- 
ing 35 miles in the direction of the proposed route. The eleva- 
tion of this water-shed, or lowest summit level, is 685 ft. From 
thence to the Pacific the distance is 35 miles, 15 of which are 
occupied by three lagoons, having a depth of from 12 to 18 ft. 
The entire distance would be 210 miles, and the enormous 
number of 150 locks would be required. But Mr. Williams,§ 
who, with Major Barnard, of the United States’ Topographical 
Engineers, surveyed the line, gives it as his opinion that water 
does not exist at the requisite level in sufficient quantity to 
render a canal practicable by lockage, and the enormous length 
of rock which would require to be cut through precludes the 
possibility of adopting that alternative. To the above unfavour- 
able features it must be added that the adjacent coasts are 
frequently troubled with furious storms, called Nortes, Tapay- 
aguas, or Papagayos, according as their direction is N., S.W., 
or N.E., and that there is no harbour of any kind on either 
coast. This line, moreover, is out of the way to any place 
except California. 
The Honduras Line. 

This was explored in 1853 by Mr. Squier, for the directors of 
the British Honduras Railway Company. It was (and is again) 
proposed to begin at Puerto Caballos (Port Cortes) in the Bay 
of Honduras, and to proceed directly south, through the state 
of Honduras, to Fonseca Bay, on the Pacific. Although this 
route has good harbours, and the head-waters of the Rio Goas- 
coran and the Rio Humuya, one of the chief affluents of the 
Ulua, interlock and even pass by each other, in either direction, 
for several miles of their course, the construction of a canal is 
utterly impracticable, since the summit level to be attained is 
2956 ft. above the level of the sea, and there would not be suffi- 
cient water to supply a canal. The length of the proposed rail- 
road line is 231 miles, for 17 of which the grade is 95 ft. per 
mile. 

The Nicaragua Line. 

By this line it was proposed to effect a communication be- 
tween the Atlantic and Pacific by deepening the river San 
Juan from its mouth to the Lake of Nicaragua, out of which it 
flows; and cutting a canal from the further side of the lake 
to the Pacific. 

The length of the San Juan, the mouth of which is in lat. 
10° 56’ N., long. 83° 43’ W., is 119.08 miles. There are no 
cataracts or falls in it, all the obstructions being from rapids, 
the principal of which are those of Machuca, which extend for 
about a mile, with broken water running over a rocky bottom, 
and the Castillo and Toro rapids near the lake. It is at all 
times navigable along its entire course for large piraguas draw- 
ing from 3 to 4 ft. of water. The fall from the lake to the 
Atlantic is little over 1 ft. per mile. 

The lake is 95 miles long, and 30 miles wide, with an 
average depth of 15 fathoms. The elevation of its surface is 
125 ft. above the mean level of the oceans. Baily found the 
surface of the lake to be 121 ft. 9 in. above low water on the 
Atlantic, and 128 ft. 3 in. above low water on the Pacific. 
Childs gives the elevation at 128.47 ft. above low water on the 
Pacific. 

On the Pacific side of the lake there is a mountain ridge rising 
to a considerable height above it. From its crest there is a 
sudden descent to the Pacific, the nearest part of which is only 
15 geographical miles from the lake. 

In 1781 Don Manuel Galisteo, by order of the Spanish Go- 
vernment, took the levels from the Gulf of Papagayos (parrots), 
on the Pacific, to the lake. He used a water-level, and by a 
series of 347 stations, about 100 yards apart, found the height 
of the ridge intervening between the lake and the sea, upon the 
line he took, to be 133.3 ft. above the surface of the lake. The 
distance was about 15 geographical miles. 

In 1237 and 1838 a survey was made, by Lieutenant John 
Baily, of the Royal Marines, at the request of General Morazan, 
then President of the Central American Republic. Mr. Baily|| 
proposed to cut a canal 153 miles in length from the lake to the 
port of San Juan del Sur. This little harbour is narrow at the 
entrance, but widens within. It is surrounded by high land, 
except from W.S.W. to W. by S. The depth of water at the 
entrance is 3 fathoms, and its width 1100 yards. Ships can go 
up for a mile and a half, but as the winds often blow with great 
violence from the N. und N.E., there is sometimes great difficulty 
in making the port. Baily found the summit-level of the ridge 
intervening between the lake and the Pacitic to be 615 ft., or 
487 ft. above the lake. For a canal 30 ft. and 50 ft. wide, cut- 
ting through this ridge would render necessary the excavation 
of the enormous quantity of 4,927,577,800 cubic feet. Mr. 
Horatio Allen, the engineer of the Croton aqueduct, in whose 
hands Mr. L. Stephens placed Baily’s survey, thought it would 
be preferable to rise by locks 72 ft. from the lake, then to tunnel 
2 miles through the ridge, and descend by locks to the Pacific. 





* Moro, Don Gadtano, Isthmus of Tehuantepec, 1846. 

+ Garay, Don José de, Isthmus of Tehuantepec, 1844. 

t This Mexican word signifies a snake, and was probably 
meant to express the tortuous character of the river. 

§ Williams, J. J., Isthmus of Tehuantepec, New York, 1852. 





|| Baily, John, Lieutenant R.M., Central America, 1850. 





But, as the ridge is volcanic, there being four extinct volcanoes 
in it, one of them, Omotepec, still smouldering on an island in 
the lake, it was very reasonably apprehended that a sufficient 
supply of water could not be obtained for a canal at the elevation 
of 72 ft. above the lake. On the whole this line presents more 
formidable difficulties than Galisteo’s. 


(To be continued.) 








NAPIER v. POOLEY. 
To THe Epitor oF ENGINEERING. 

Srr,—Replying to your note to my letter on page 101, in last 
week’s number of ENGINEERING, I ous to observe : Ist, that if 
it were true that the arrangement patented by me for prevent. 
ing priming had been previously in use by all the engineers 
in the country, that fact would be totally irrelevant to the 
question at issue, which was the efficiency of the apparatus. 
2nd, that the arrangement at the Lambeth and Chelsea 
Waterworks is not the same in principle as mine; it does 
not make use of the momentum of priming water to separate 
it from the steam; it is, in fact, not a separator at all, but an 
arrangement for collecting what may have been separated; 
at least its action is not compulsory, and it could have no 
appreciable effect in preventing ‘priming. A gentleman 
connected with the works has informed me that the purpose 
of its application was not the prevention of priming, but the 
collection of condensed water, the two objects and the re. 
spective difficulties of accomplishing them having about the 
same likeness to each other as those in relation to the rule of 
three and the differential calculus. 3rd. If Mr. Penn has 
adopted any plan identical with or similar to mine, it must 
have been quite recently. rours, 

Birkenhead, February 3, 1868. P. D. Naprer. 

[On the question of the efficiency of Mr. Napier’s apparatus 
as applied to Messrs. Pooley’s boiler we have no desire to 
say anything further, that being a matter regarding which 
ample evidence was given during the recent trial. As regards 
Mr. Napier’s statement, that the separators fitted to the 
boilers at the Lambeth and Chelsea Waterworks are not con- 
structed on a principle identical with his own, we can only 
repeat our former assertion that they are undoubtedly so 
constructed. The separators at the Lambeth and Chelsea 
works, which are arranged as shown in the subjoined sketch, 
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were designed many years ago by Mr. David Thomson, who 
was at the time the manager of Messrs. Simpson’s works 
at Pimlico. They prevent any water which may be 
mixed with the steam from being carried over to the engines, 
and as far as the separators are concerned it of course makes 
no difference whether the presence of this water is due to 
condensation or priming. The separation of the steam and 
water is effected, as will be seen by reference to the engravings, 
in precisely the same manner as in Mr. Napier’s arrange- 
ment, namely, by abruptly changing the course of the current 
of steam, which latter enters by the side pipe; but in the 
case of the separators at the Lambeth and Chelsea works 
care is taken to lead the drain-pipe, which is connected to 
the bottom of the apparatus, to the boilers far below the 
water-line, so that no steam can pass up it. The separators 
at the Chelsea and Lambeth works were, as Mr. Napier 
states, certainly not applied for the purpose of preventing 
a neither are any separators, so far as we are aware. 
Surely Mr. Napier does not mean to say that his apparatus 
prevents priming; if it did, where would be the use of the 
separating action? With regard to the concluding sentence 
of Mr. Napier’s letter, we must repeat that Mr. Penn has ap- 
plied separators to the larger engines made by him for some 
time past, and we may add that similar separators have been 
employed by many other firms.—Ep. E.] 








CLEVELAND Brast-FuRNACES.—There are still forty-eight 
furnaces out of blast in the Cleveland district, although there 
are = ee in blast. Of the forty-eight furnaces, the 
Consett Iron Company contribute twelve. There are six 
furnaces building. Although a considerable number of 
furnaces are out of blast in the district, the number in blast 
has rarely been exceeded. 
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in number to four; but, in the following year, the 
limit was enlarged to twenty. During the year 
1846-47 eight candidates presented themselves for 
examination, of whom four passed as qualified theoreti- 
cally, arid were allowed to prosecute their further 
studies at Roorkee, under the director of the Ganges 
Canal (Major W. E. Baker, of the Engineers), with 
the prospect of being passed if they qualified them- 
selves in the practical parts of their duty in six 
months. In October, 1847, after the return of 
Captain P. T. Cautley (now Sir Proby T. Cautley) 
from England, the college at Roorkee was founded ; 
the site having been selected in consequence of the 
extensive works then in progress there in connexion 
with the Ganges Canal. The institution of the 
college was proposed to the Government of India 
by the Lieutenant-Governor of the North-Western 
Provinces (the Honourable James Thomason), in a 
letter dated 23rd September, 1847, and it was im- 
mediately approved and agreed to by the Governor- 
General. Lieutenant Maclagan, of the Engineers, 
was appointed the first Principal of the embryo 
college. ‘The first students joined the college on the Ist 
January, 1848. At this time the college was accommo- 
dated in a small insignificant building, but measures 
were promptly initiated for the erection of more suit- 
able buildings. The accompanying illustration of the 
present College buildings, which has been prepared 
from a lithograph kindly placed at our disposal by 
Sir Proby Conley, will give a very fair idea of the 
appearance of the building. The design was by 
Captain George Price, of the Fusileers. The plan 
of the buildings covers three sides of a square, and 
a small detached building occupies a portion of the 
fourth side. The principal dimensions are as follows :— 
total length of frontage 450 ft., and depth of sides 
300 ft. The sides consist of distinct buildings con- 
nected with the front building by corridors. ‘The ma- 
terials with which it was constructed were principally 
made for the Ganges Canal works, but which on ex- 
amination were rejected as not in all respects suitable 
for that purpose. ‘They were, it is believed, laid in mud 
(a not uncommon plan of erecting buildings in that 
part of India in those days), and their outside is 
covered over with stucco. Attached to this college 
is also a foundry and workshops, which we propose to 
notice more particularly in a separate article upon a 
future occasion. 

The college is formed into two sets of classes— 
military and civil. The military classes are sub- 
divided into senior department, officers’ surveying 
class, and second and third departments. 

The senior department is open to European com- 
missioned officers of the army, under the rank of 
field officer, on the following terms :—The candidate 
for admission must be qualified, by acquaintance with 
his military duties, to have charge of a company. 
Applications for admission should be made before Ist 
November; and admissions to the college will take 
place on the 1st of January. The duration of the first 
permission to study at the college will be till 1st 
October of the same year. Officers studying at 
Roorkee under these rules will be required to pay 10 
rupees a month to the College Library Fund. Quar- 
ters are provided for the student of this class in the 
college bungalows at a rent of 12 rupees 8 annas per 
mensem. The ability of the candidate to enter upon a 
course of civil engineering and surveying will be 
tested by an examination in arithmetic, algebra, to 
quadratic equations inclusive, and geometry, to the 
extent of the first four books of Euclid. 

A candidate for admission to the officers’ surveyin 
class must be under the rank of regimental held 
officer, and must be well acquainted with his ordinary 
military duties. Application for admission should 
reach the principal by the Ist August, so that the 
officer may join the college by the lst October. The 
course of instruction will, as a rule, occupy seven 
months; and no officer will be allowed to remain 
longer than eight months, without special sanction 
and for special reasons. The number of officers in 
this class is, for the present, limited to ten. Quarters 
are provided as for senior department students. 

The second department is for European non-com- 
missioned officers and soldiers. Candidates for ad- 
mission must be men of good character, well recom- 
mended by their commanding officer. They are re- 

uired, previous to admission, to prove, by examina- 
tion, their proficiency in English reading and writing, 
arithmetic as far as vulgar and decimal fractions, and 
elementary mensuration. They will receive, whilst at 
the college, the same pay as with their regiments, in- 
cluding good-conduct pay when entitled to it, together 
with dry batta, or ration money; also 10 rupees per 
mensem, college allowance, which is intended to cover 





the cost of books and instruments and other extra 
expenses. 

The third department is for native non-commissioned 
officers and soldiers. They are required, previous to 
admission, to prove, by examination, their proficiency 
in Oordoo reading and writing and arithmetic, in- 
cluding vulgar and decimal fractions. The other 
rules are the same as those for the second department, 
excepting that the college allowance is 5 rupees per 
mensem. 

The civil classes are divided into two—for English 
and natives respectively; but we shall not here notice 
the latter, as they are not likely to interest many of 
our readers. The English civil classes are divided 
into first and second departments. Candidates for the 
first department must not be under eighteen years of 
age. Applications for admission should be addressed 
to the principal not later than the 15th October, ac- 
companied by a statement of the age of the candidate, 
the nature of education he has received, the school or 
schools at which he has been educated, and the pro- 
fession, situation, and residence of his parents or 
next of kin, by whom ordinarily, and not by the candi- 
date himself, the application for admission should be 
made. The candidate, if the son of Christian parents, 
is further ‘required to produce a certificate from a 
minister, stating that he has been well instructed in 
the Christian religion, or that he has been confirmed 
as a member of the Church of England. Every candi- 
date will be required to produce testimonials of good 
moral conduct under the hand of the instructor under 
whom he has been educated, or of some other superior 
under whom he may have been employed or brought 
up; and these testimonials should have reference to 
his conduct during the two years immediately pre- 
ceding his presentation for admission. A medical or 
other sufficient certificate should be furnished, stating 
that the eyesight of the candidate is perfect, and that 
he appears to have a sound constitution, such as will 
enable him to undertake the duties of a surveyor or 
engineer, should he eventually prove qualified for 
either of those professions. The candidate must either 
forward a certificate of his having passed the first 
examination in arts of the Calcutta University, or an 
examination equivalent thereto, at any recognised 
college or university, or he must pass a similar ex- 
amination by means of papers, which will be sent 
from Roorkee on the 15th November. The following 
is the programme of the university examination as at 
present laid down: 

I. Languages—English, and one of the following, viz., 
Greek, Latin, Sanskrit, Hebrew, Arabic. Any other classical 
language may be added to this list by the Syndicate. Sen- 
tences in each language in which the candidate is examined, 
shall be given for translation into the other language. The 
papers in each language shall include questions on grammar 
and idiom. 

Il. History.—The history of ay The text-book 
will be fixed from time to time by the Syndicate; and the 
historical questions shall include questions relating to the 
geography of the countries to which they refer. 

Ill. Mathematics; Pure and Mixed.— Arithmetic. 
Algebra, including the four simple rules; proportion; 
simple equations ; extraetion of square root; greatest com- 
mon measure ; least common multiple ; quadratic equations ; 
proportion and variation ; permutations and combinations ; 
arithmetical and geometrical progressions; the binomial 
theorem; simple and compound interest; discount; an- 
nuities; the nature and use of logarithms. 

Geometry.—The first four books, the sixth book, and the 
eleventh book of Euclid to Proposition XXI.; deductions ; 
plane trigonometry as far as the solution of triangles. 

Mechanics.—Composition and resolution of forces ; equili- 
brium of forces at a point in one plane: the mechanical 

wers ; the centre of gravity. 

IV. Mental and Moral Philosophy.—Mental Laem 
as in Abercrombie on the Intellectual Powers; moral philo- 
sophy, as in Abercrombie on the Moral Feelings. 

The following is the programme of the Roorkee ex- 
amination which can be passed in lieu of the above 
by those who may not be on the books of the 
university : 

Languages, English and Latin, according to the text-books 
fixed by the university for the year, or |'rench instead of 
Latin; history of England, a short essay on a given subject ; 
general geography 5 arithmetic, 1 (to quadratic equa- 
tions inclusive) ; geometry (Euclid, Books I., I1., III., 1V.). 

Instruction is gratuitous to students entering into 
an engagement, on joining the college, to take employ- 
ment in the service of the Government, if foun 
qualified at the end of their course of study, and to 
remain in the Government service not less than three 
years. Students not entering into such engagement 
will pay a monthly fee of twenty ‘rupees during the 
period of their attendance at the college. The penalty 
of quitting the Government service within the pre- 
scribed period will consist in a fine of a sum of one- 
fourth in excess of the fees which would have been 
paid at the college. Each student, on admission, is 











required to make a deposit in the college treasury of 
100 rupees, for the purchase of the necessary class. 
books and instruments for his own use. The books 
and instruments thus furnished to the student are to 
be his own property, and any balance of cash remain- 
ing on this account at the time of his leaving the 
crllege will be repaid to him. A monthly allowance 
of 80 to 100 rupees should suffice for the ordinary ex- 
penses of English students of the first department. 
Similar certificates to those above described are re- 
quired from candidates for the second department, 
The qualifications required are English reading, and 
writing from dictation; arithmetic, comprising vulgar 
and decimal fractions; elementary geometry, to the 
extent of the First Book of Euclid, with practical 
problems; mensuration of planes and solids; outlines 
of general geography. In this class six exhibitions or 
scholarships are provided of thirty — each per 
mensem, with free quarters, to be held by the candi- 
dates who pass most successfully the prescribed en- 
trance examination, being not less than eighteen or 
more than twenty-four years of age. These stipends 
can be held for one session only, and students whose 
conduct or progress is unsatisfactory are liable at any 
time to be deprived of their stipend, in whole or in 
part. Each student is required, on admission, to 
make a deposit in the college treasury of fifty rupees 
for the purpose and on the terms above specified for 
students of the first department. Free quarters are 
provided in the college barracks for students of this 
class. A monthly allowance of thirty-five or forty 
rupees should suffice for the ordinary expenses of 
English students of this department, who may not be 
entitled to a scholarship. ; 
Objects of the College.—The course of study in the 
senior department is for two sessions, and those 
officers who may qualify will receive certificates as 
assistant-engineers. Appointments in the Public Works 
Department, though not guaranteed, will, as a general 
rule, be granted to all who may qualify, but the holders 
thereof will be required to enter the staff corps. The 
college certificates are also recognised by the Surveyor- 
General as qualifying for admission to the survey 
department. Students of ,the first department are 
intended for the engineer branch of the Public Works 
Department. Eight appointments in the above branch 
are annually guaranteed to properly qualified students 
of the first department. Civilians, whose services are 
not required by Government, may accept employment 
elsewhere. The course of study for this department 
is for two sessions, the final examination being held 
during the month of August, when those who may 
qualify will receive certificates as assistant-engineers, 
and appointments in the Public Works or Survey 
Departments under Government. Students of the 
second department are intended for the upper sub- 
ordinate branch of the Public Works Department. 





CHIMNEY-STACKS AND THE LATD GALES. 
To tHE Eprtor oF ENGINEERING. 

Srr,—I wish to call attention through your columns to 
the numerous accidents and loss of life which have occurred, 
during the late gale, by the falling of chimney-stacks, and 
also to obtain, if possible, some protection in future from 
such catastrophes. I believe that when the late Lord 
Palmerston was Honie Secretary, and his Metropolitan 
Smoke Nuisance Bill commenced practical operation, a Mr. 
Wright, then Government Inspector of the Smoke Nuisance, 
produced a plan in which he proposed to abolish chimney- 
stacks entirely. Hence, since such a scheme has already 
been attempted, cannot some of the many scientific men and 
inventors of this country produce efficient plans for the same 
object, and so get rid of those ~— deformities of 
dwelling-houses, and add greatly to the safety of travelling 
in the streets during stormy weather? And further, if by 
some such means the smoke arising from the chimneys can 
also be got rid of, it will assist to purify the atmosphere and 
promote the health of the inhabitants of all large towns and 
cities. 

I am, Sir, your obedient Servant, 
CHARLES FRANKLYN May. 

Tudor Cottage, Prince’s-road, Bermondsey, 8.E., 

February 7. 








New Prer at Wootwicn ArsEnat.—The new T pier 
about to be erected in Woolwich Arsenal is ordered to be 
commenced without further delay. It is intended to facili- 
tate the shipment of the heavy ordnance now introduced in 


d | our service, and will be fitted with cranes capable of hoistin 


30 tons weight. The pier, with its T platform, will exten 
300 ft. towards the of the Thames, from the wharf front- 
ing the Royal gun factories, and will be 25 ft. broad, so as to 
contain three lines of tramway. The T platform or head of 
the pier will be 100ft. in length, constructed so as to admit 
of its being lengthened, should an increased demand for ship- 
ping space arise eventually. The — rtions of the 
pier are to be of iron, the cost of which n estimated 
at upwards of 20,0007. It will be built by contract, under 
the supervision of the works department of the Royal Engi- 
neers, and tenders will be issued shortly. 
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THE KLADNO IRONWORKS, PRAGUE. 


Av ashort distancefr om the town of Prague, in 
Austria, are situated the Kladno Ironworks belonging 
to a joint-stock company, under the name “ Prager- 
Lisen-Industrie-Gesellschaft.” These are the largest 
ironworks in Austria, and, we believe, the Jargest 
jron-smelting works on the Continent east of the 
Rhinish-Westphalian district—a fact which is due 
to the absence of very large ironworks in these 
countries, rather than to the absolute size and produc- 
tive power of the Kladno Works. The works at 
Kladno have six blast-furnaces, 50 ft. high, and each 
capable of making 150 tons of pig iron per week. 
The fuel is coke made on the spot from Bohemian coal, 
and the ores are argillaceous and hematite ores from 
the Silurian formation. It is therefore not the extent 
or large power of production of thes¢ works which 
makes them an object of acertain general interest, but 
the successful practice of iron-smelting carried on at 
these works under the most unfavourable natural con- 
ditions for a good quality of iron existing anywhere. 

The coal of the Kladno mines is so impure, and so 
much stratified with thin layers of slate, that it will 
not coke at all in its natural state; it, moreover, 
carries a considerable percentage of iron pyrites in 
crystals of very different sizes, which would render 
the coke made from picked or purified lots of coal 
entirely worthless for iron-smelting. Besides the 
difficulties offered by the impurities of the coal, the 
greater difficulty of a similar contamination of the 
argillaceous ore with iron pyrites, and of a consider- 
able percentage of phosphorus in the ores, present them- 
selves—conditions which, in the present state of iron 
metallurgy, it is certainly difficult to contend against. 
From these impure coals and ores Mr. Jacobi, the 
manager of the Kladno Works, has, by the exercise of 
persevering skill at length, succeeded in making a very 
good quality of foundry pigs and a good average 
quality of forge pigs, which latter produce a good 
brand of merchant bars and rails when puddled. ‘The 
removal of the sulphur from the coal and from the 
ore, which is the main condition for arriving at this 
practical result, forms the principal point of interest 
in the practice of the Kladno Works. The series of 
operations which effect the desulphurisation precedes 
the smelting process, since there are no means as yet 
known for removing sulphur from the iron in the blast- 
furnace itself. The coal is purified by washing, in the 
manner now very generally adopted on the Continent 
and also in some English works. The washing- 
machinery at Kladno is constructed on a very large 
scale. The coal is first discharged into the hopper 
of a grinding-machine, where it is disintegrated and 
converted into fine coal slack. This, after sifting, is 
passed through a conical mill, constructed of cast iron, 
in the form of an enlarged coffee-mill. A constant 
current of water is kept running through this mill, 
and the coal is there ground to a powder of com- 





paratively fine grain, scareely larger than coarse- | 


grained gunpowder. The mill discharges the coal-dust | 


into an inclined riddle or sieve, which again discharges 
the different sizes of grain upon a series of rocking 
sieves placed underneath. These latter are the wash- 
ing-machines proper. ‘The sieves are immersed in 
water-tanks, and their rocking motion alternately brings 
the layers of coal-dust spread upon them above and 
below the surface of the water. The coal is thereby 
lifted by the water at each stroke, and afterwards 
allowed to settle down by gravity, when the sieve 
rises above the water-level. This pulsatory movement 
effects a gradual separation of the materials of different 
specific gravities, which settle in parallel layers upon 
the sieve, the pyrites and slate working their way 
to the bottom, while the coal remains at the top of the 
whole. The water, which is kept running through 
the whole apparatus in a constant current, carries 
away the finest dust from the coal, which is deposited 
in large settling reservoirs. The coal-dust washed in 
this manner grace a very good homogeneous and 
hard coke. The coking ovens are copied from works 
near Saarbriick, in Prussia. They are placed in two 
parallel rows, each formed by about 100 ovens. The 
ovens are of a rectangular section; they are charged 
alternately, so that the heat from one oven transmitted 
through the walls assists in igniting the fresh charge 
in the neighbouring oven. The gases are drawn off in 
channels or flues, with the intention of their being 
utilised as fuel for heating the boilers. The coal-slack 
yields 50 per cent. of coke, and the latter is so com- 
pact and homogeneous that the contents of the whole 
oven are squeezed or forced out of it by a discharging 
machine, which travels on a line of rails between the 
two rows of coke ovens in one entire block. The charge, 
after being properly cooled, cracks and cleaves longi- 


tudinally, without making much dust. The coke so 
produced is remarkably free from incombustible mat- 
ter ; it stands a considerable pressure without crush- 
ing, and is very suitable for iron-smelting in every 
respect. 

‘The purification of the ore from sulphur is an in- 
vention of Mr. Jacobi, the manager of the Kladno 
Works, and it is a process worthy of the utmost at- 
tention of ironmasters in this country. The ironstone 
is calcined in cylindrical kilns, somewhat similar in their 
principle of construction to those designed by Mr. John 
Gjers, of Middlesborough, and illustrated on page 
429 of our second volume. They are, however, made 
wholly of brickwork built upon an iron ring supported 
upon short pillars of castiron. The central pipe for 
supplying air or gases is made of fireclay, and reaches 
up to about half the total height of the kiln. The 
kilns are about 10 ft. high; they are charged with 
alternate layers of ore and coal slack, and the process 
of calcining is continuous. The ore is charged in 
lumps of the size of a fist, and the calcination reaches 
the centre of these pieces without difficulty. The 
percentage of pyrites in this ore reaches up to 2 per 
cent., and the process of calcination converts the iron 
pyrites into sulphates of iron, as usual, by oxidation. 
The sulphates of iron being soluble in water, Mr. 
Jacobi proceeded to remove them from the calcined 
ore by washing. He constructed large reservoirs 
upon an area of ground formed into steps, so as to give 
different levels to the caissons, and to allow the water 
from the higher reservoirs to be discharged in succes- 
sion into each of the lower basins. The ore is — 
at the bottom of these water-ponds in a layer abou 
2 ft. in depth, and the level of the water is maintained 
so as just to cover the ore. The water dissolves the 
sulphates contained in the calcined ore, and becomes 
charged with these salts; for the sake of speed and 
economy, the water is run off from the first tank into 
the second, third, and so on, at each stage coming in 
contact with fresh ore, from which it is capable of ex- 
tracting the salts quicker than from the partly extracted 
ore, the latter being brought into contact with fresh 
water, which again has a greater power of dissolving 
the salts still left in the ore than water which is already 
charged with a certain percentage of these salts. At 
the end of this operation, which occupies several weeks, 
the water contains a sufficient quantity of sulphates 
to make it worth collecting these salts after crystalli- 
sation. The ore, on the contrary, is sufficiently free 
from sulphur to produce an iron of a good market- 
able quality, and far superior to the iron made from 
the ore in its original state. The degree of purifica- 
tion virtually depends only on the time which can be 
afforded to the ore for extraction by water. This time is 
principally limited by the extent of ground area available 
for these extracting ponds, since this area must, of 
course, be large enough to hold the entire supply of 
ore required by the furnaces during the same length 
of time which is occupied by the process of extraction ; | 
for instance, if the extraction takes six weeks, the | 
reservoirs must be large enough for holding a six 





| weeks’ supply of ore for the furnaces spread in a layer | 


of about 2 ft. depth, in order to allow the fresh ore | 
continuously charged into the ponds to take its six | 
weeks before its being required at the furnace-mouth. 
There is, moreover, another important point for con- | 
sideration, viz., the | gana of drying the ore after | 
having been immersed in water for a long time. It is, 
of course, feasible to let this drying process take place 
in the blast-furnace itself, and in a furnace worked 
with coke this would not materially interfere with the 
quality and make of iron, but it would be bad economy 
in two ways. First, the drying in the blast-furnace | 
is done at the expense of a more expensive fuel that | 
can be employed in a kiln; and, in the second in- | 
stance, on account of the steam evolved by the wet ore, | 
which passes along with the furnace gases into the hot- | 
airstovesand boiler flues. Thesteam duringthe combus- | 
tion of these gases acts asa cooling agent, keeping down 
the temperature of the flame, and, consequently, 
reducing the temperature of the hot blast, and also 
carrying off a greater percentage of waste heat through | 
the boiler flues and up the chimney. The proper 
course would, therefore, be a second calcination, or, | 
rather, an artificial drying process in a calcining kiln, | 
for the purpose of evaporating the water at a more 
economical rate than is the case in the blast-furnace 
itself. This drying process has, we believe, not been 
resorted to as yet at the Kladno Works. The sharge 
of ore, which gare a considerable quantity of lime- 
stone for still further reducing the percentage of 
sulpbur in the iron, contains only about 33 per cent. 
of iron, 2 tons of slag being produced per ton of iron 
made. The limestone was found to attack the linin 
of the furnace in a serious manner, a difficulty which | 
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has been very effectively checked by cooling the brick- 
work from the outside, a constant current of cold water 
being kept running between the external brickwork and 
the internal lining of fire-bricks. This mode of cooling 
by water is very ney ennee to in ironworks for 

reserving the internal lining of the furnace, and we 
ioe seen old furnaces in full blast.which have been 
preeeed and kept in working order for many months 

y means of jets of cold water playing, upon places 
of the brickwork which were Bs Ehrnt through 
by the action of the lime in the furnace, Theresult of 
this cooling action is to maintain a certain thickness of 
materials which cannot melt; on account:of theexternal 
reduction of temperature, and occasionally it is possible 
to solidify a quantity of molten slags in oun with 
these refrigerated bricks, and thereby to mend certiin 
local cavities formed in the lining of the furnace. 

The phosphorus contained in the ore of the Kladno 
Works has hitherto resisted all the attacks of Mr. 
Jacobi’s preparatory treatment, and>this imputity 
gives to the Kladno iron a similar character to that of 
Cleveland iron or the French and Belgianarons made 
from phosphoric ores. Mr. Jacobi has, ina laboratory 
experiment, succeeded in extracting the phosphoric 
compounds from these ores, but the progeas employed 
by him has but very little prospect of practical utility. 
At the time of Mr. Jacobi’s experiments, the alkali 
works produced a great quantity of chloride of man- 
ganese in solution, which substance could not be 
utilised, and was allowed to run to waste in very 
large quantities. This solution of chloride of man- 
ganese Mr. Jacobi sclected for acting upon the phos- 
phoric compounds contained in the calcined ores. The 
result of the laboratory experiments was satisfactory 
beyond expectation, The phosphorus was removed 
and dissolved in the liquid, and manganese was 
deposited in the pores of the mineral. ‘We publish 
these data upon Mr, Jacobi’s personal statement, but 
with the reserve which he has himself expressed as to 
the trustworthiness of ‘experiments conducted on a 
very small scale, and in an, insufficient number for 
forming definite conclusions, At the sametime, the 
practicability of this mode of purification—even if sne- 
cessful—has lost its ground since the time of Mr. 
Jacobi’s experiments. A new process has been intro- 
duced in the alkali works within this last year for 
utilising the chloride of manganese, aud regaining the 
manganese from it in the form of an oxide, in which 
it can be used over again in these chemical works. 
It is obvious, therefore, that the employment of @hjoride 
of manganese has, through this new discovery, lost 
its commercial practicability. This does not, however, 
impugn the merit and instructive value of Mr. Jacobi’s 
experiments. His success in extracting the sulphur 
from the iron ore, and the direction in which his re- 
searches point with regard to the purification of iron 
in general, are of the greatest value. Mr. Jacobi has 
opened a new-field for improvements in iron manufac- 
ture, viz., the preparatory treatment of ores by liquid 
agents. It is probable that the purification of the 
ores may be found more practicable than the purifica- 
tion of the iron itself; and this seems, indeed, to be 
the direction in which all modern experience points for 
improvement. All processes of iron-refining and steel- 
making—the puddling process only excepted, to a 
certain extent—point to the blast-furnace for purity of 
the pig iron, and the blast-furnace again makes its 
demands upon the purity of its own raw materials. 
Without taking it for granted that the processes of 
smelting and refining have finally proved incapable of 
removing sulphur and phosphorus from the iron, this 
is still known to be sufficiently difficult to give to the 
idea of a preparatory purification of the ores and coals 
the highest dagne of plausibility and a fair prospect 
of success. 








Rartway Exteysion.—In the twelve years ending this 
month the additions made (by amalgamation or the construc- 
tion of new lines) to the following twelve great railways was 
as fo'lows: London, Brighton, and South Coast, 153 miles ; 
Caledonian, 273 miles; Great Eastern, 244 miles; Great 
Northern, 204 miles ; Great Western, 617 miles; Lancashire 
and Yorkshire, 24 miles; London and North-Western, 593 
miles; London and South-Western, 236 miles; Midland, 263 
miles; North British, 346 miles; North-Eastern, 335 miles ; 
and South-Eastern, 40 miles. The position of the ordinary 
stocks of these companies is now, as nearly as ible, as 
follows: London, Brighton, and South Coast, discount ; 
Caledonian, 24 discount ; Great Eastern, 69 discount ; Great 
Northern, 8 premium; Great Western, 54 discount; Lan- 
cashire and Yorkshire, 27 premium; London and North- 
Western, 19 premium; Mi , 6 premium ; North British, 
64 discount; North-Eastern (Berwick), 4 premium; and 
South-Eastern, 31 discount. Six of the twelve companies 
thus find their ordinary stocks at a more or less considera- 
ble discount, while the ordinary stocks of the six others are at 
a moderate premium. The company which now commands the 
best premium is that which has made the smallest addition to 
its mileage since 1856. 
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Tue annexed my ae represent a furnace for heating, 
and an apparatus for flanging, boiler plates which has been 


TING FURNACE AND FLANGING APPARATUS. 


DESIGNED BY MR. DAVID HANSON, ENGINEER, DUKINFIELD. 


designed and patented by Mr. David Hanson, of Dukintield. | 


This furnace and flanging apparatus form portions of a set 
of boiler-making plant designed by Mr. Hanson, this plant 
including a pecu her arrangement of plate-bending rolls and 
a rivetting machine, of both of which we may probably give a 
description at some future time. 

Of the illustrations now given, Figs. 1 and 2 represent the 
flanging apparatus, and Figs. 3, 4, 5, and 6 the plate-heating 
furnace. Mi his furnace is so constructed that, by introducing 
the end of a tube or ring into it, a certain width of the latter 
is heated uniformly all around its circumference. The manner 
in which this end is attained we can best describe by reference 
to the engravings, in which Fig. 3 represents a front 
elevation of the furnace ; Fig. 4 is a cross section; Fig. 5, a 
back elevation; and Fig. 6, a plan showing the tuyeres. 
From these figures it will be seen that the tube, A, at the 
ends of which flanges are to be formed is accurately centred 
and fixed on the crosses, B B, the arms of which are adjust- 
able to various diameters. These crosses are fixed on a shaft 
or mandril, 8; and the end of the tube, A, is then introduced 
into the furnace to the extent that is intended to be heated, 
through a circular aperture or opening provided for the 
purpose. C C is the hearth or fireplace where the fuel is 

laced ; D D are the fire-doors by which the fuel is placed 
into the furnace ; F F is a circular flue or passage concentric 
with the tube, and which allows the flames and heated gases 
to pass from the fireplace to the chimney, N, so that the 
end of the tube projecting into the furrace is surrounded by 
the flames and heated gases and is thus heated. As the heat 


| described the passage or circular flue, FF. 


is greatest just over the fireplace, and in order that all parts | 


of the circumference may be heated ecually, rollers, G G, 
are provided in front of the furnace, and the tube rests on 
these rollers ; whilst by means of wheels, H H, the upright 
shaft, I, and the worm and worm-wheel, L, a rotary motion 
is given to the rollers, G G, which again impart a revolving 
motion to the tube by friction; so that every part of the 
circumference of the portion requ to be heated passes 
over the a. in rotation. a enns may be created by 
a steam jet, M, placed in the chimney, or blast from a fan or 
blower may be introduced to the fuel on the hearth through 
the tuyeres, OO. P, P, P, are sliding doors which may be raised 
or lowered as required by the bell-crank levers, Q Q, and 
handles, R R, so as to regulate the blast ; T Tare sliding doors 








| represent the flanging apparatus in section and side e 
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provided for the purpose of cleaning out the airspassages of 
the tuyeres; U U are the furnace 
on the inside with fire-brick, V, V, as has been | 
o this lining | 
at the back of the furnace can be fixed a disc or projection of | 
fire-brick, Y Y, of smaller or larger diameter according to 
the diameter of the tube, this dise being made concentric 


, leavin 


| undue pressure is 


with the opening through which the tube is brought into the | 


furnace and also with the tube itself. When the tube is 
placed into the furnace the fire-brick projects into the inside 
of the tube, leaving only a small space between it and the 
inside of the tube. As the fire-brick becomes heated the heat 
absorbed by the projecting part, Y Y, is again imparted to 
the inside of the eae. W is the ash- -pit, and X is a slide 
which allows the removing of the clinkers and slag from 
the fireplace or hearth. 

When the plate has become sufficiently heated it is re- 
moved to the flanging apparatus, which we shall now 
describe. Referring to Figs. 1 and 2, which res 
elevation, 
it will be seen that the tube, A, which is to be flanged, is 
fixed to the face-plate, B, this face-plate being carried by 
the shaft, C, the upper part of which is made hollow to re- 
ceive the screw, T, and its nut, 8. The screw, T, is provided 
with a collar at its upper end, which is held in a recess pro- 
vided for it, so that the screw can be turned, but that it 
cannot move endways ; the nut is fixed to the boss of the 


face-plate, and a slot is provided in the shaft so as to allow | 


of the nut being moved up or down when the screw is turned 
round, and with it the face-plate. The shaft, C, is also pro- 


keyways provided in the bosses of the crosses, 8, on whic 

the tube is centred, and this ke *y will prevent the bosses from 
turning on the shaft, C. Carriers or catch-pins are also pro- 
vided on the face-plate for the same purpose. To the shaft, 
C, the necessary inclination is given to suit the angle which 
the flange has to make relative to the axis of the tube; DD 
are the bearings in which the shaft, C, revolves, a revolving 
motion being imparted by the gearing, EE; F F is the frame 
forming the supports to the parts of the ‘machine that are 
attached to it; G is the lower roller-die fixed in the jaws at 
the upper part of the slide, this slide ~ be raised or 
bewel te the rack, I, and pinion, K, b ich means the 
roller die, G, can be adjusted to the lengt of the tube. The 
same object may also be attained’ by using a nut and screw, 


| in Fig. 1, and the u 
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or steam or hydraulic pressure. In conjunction with the 


plates, which are lined rack and pinion it will be found convenient to use a weighted 


balance-lever, L, which will allow the rack to lower — 
ut upon it, and thus prevent break: 

M is the upper roller-die held by a jaw-at the lower en “of 
the piston-rod, N, which is attached to the arse O; this 
|. piston can be forced up or down by steam or hydraulic pres- 
sure in the cylinder, P, as the slide-valve, Q, opens the lower 


| or upper port for the purpose of adjusting or pressing the 


upper roller-die on the lower one; a screw and nut may be 
used, or a rack and pinion, or other well-known contrivances. 
When the lower roller- die i is adjusted to the tube, as shown 
per coined forced down upon it, they 
will cause the heated end of the tube inserted between them 
to assume the shape of the dies, and be turned down or bent ; 
if now a revolving motion is given to the tube, A, it is 


| evident that a flange will be formed at the end of ‘the tube. 


ctively | 


The top and bottom roller-dies have to be shaped according 
to the form the flange has to assume, so for each form of 
flange corresponding roller-dies have to be employed. RR 
is the frame carrying the cylinder, P, or other suitable 

—— necessary to adjust and force down the upper 
roller-die. Small rollers are fixed to the slide, H, at T', to 
support the tube as it revolves. 








EXHIBITION oF ReapinG AND Mowine MaAcuHrInes IN 
Berun.—An exhibition of the above-mentioned machines 
is to take place in Berlin, commencing on the 13th and end- 
ing on the 19thof July. This exhibition has been organised 


| by the Société d’ Agriculture de Mare-Brandebourg and 
vided with a key or feather, which fits into correspon ing 





Niederlausitz, and is to include the three following classes of 
implements —1. Reaping- machines, with arrangement for 
laying the cut corn in rows. First prize, a gold medal and 
30/.; second prize, a silver medal and 23/.—2. Reaping- 
machines without such arrangement as that above mentioned. 
First prize, a silver medal and 16/.; second prize, a sum 
equal to 7/. 10s.—3. Mowing-machines. Prize, a silver 
medal and 7/.10s. The machines are to be tested, in the 
first place, by means of the dynamometer, and afterwards 
cach separately in the field. e exhibitors may, if they 
please, employ their own teams, and try their machines on 
crops which will be placed at their disposal for that pur 

by the society. Applications are to be made, before the 
oe day of June, to M. Le Conseiller v. Schmidt, No. 27, 
h-strasse, Berlin. 
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Durie the past three years a most important series of ex- 
eriments have (as many of our readers are no doubt aware), 
on carried on ut Wigan, on the steam coals of South Lanca- 
shire and Cheshire. These trials were conducted under the 
direction of Dr. Thomas Richardson and Mr. Lavington E. 
Fletcher; and these gentlemen have just published an exceed- 
ingly complete report, the first part of which we now lay 
before our readers. A second report has also been made to tlie 
Admiralty by Mr. Robert Nicholl, R.N., and Mr. William Lynn, 
who carried out some further experiments at Wigan on the part 
of the Government; and we shall, next week, publish some ex- 
tracts from this report, and notice some slight differences 
between the results given in it and those obtained by Dr. Rich- 
ardson and Mr. Lavington E. Fletcher. These results we may 
mention, however, are even more favourable than those obtained 
by the latter gentlemen. 

The report made by Dr. Richardson and Mr. Fletcher is pre- 
faced by Mr. Maskell W. Peace, the law clerk and secretary to 
the South Lancashire and Cheshire Coal Association, as 
follows : 

The recent discussions in the House of Commons upon our 
coal-fields, and the appointment of a Royal Commission to 
inquire into their soba duration, have directed public atten- 
tion so prominently to the subject of coal, that it will hardly 
be necessary to do more than allude to its importance as one of 
the great sources of our national wealth. It may be well, 
however, to remind our readers that the coal district of South 
Lancashire and Cheshire is the third largest coal-field in this 
country. A large capital has been embarked to develop its re- 
sources. It gives direct employment to nearly 50,000 persons, 
and yields an annual output of about thirteen million tons. 

The coal-owners who conduct this large and important trade 
find many questions constantly arising which affect them asa 
body, and some years ago they formed themselves into a society, 
called the South Lancashire and Cheshire Coal Association, to 
protect and advance the common interests of the trade in the 
widest acceptation of the term. One of their fundamental 
rules is to exclude from consideration all questions relating to 
the price of coal, and to the rate of wages paid to the miners. 
The working of the Acts for the Regulation and Inspection of 
Mines—the Parliamentary Select Committees upon those Sta- 
tutes, and upon the Law of Master and Servant—the tolls, 
terminal charges, bye-laws, and regulations of railway and 
canal companies, find abundant materials for exercising the 
watchfulness of the Association. Its attention is also directed 
tu the improvement of railway and canal transit, and to the in- 
crease of facilities for the shipping and export of coal. As an 
illustration of the public spirit of this body it may be mentioned 
that they have recently offered for competition to the world 
prizes of 500/., 2002, and 1002. for the Ist, 2nd, and 3rd best 
coal-cutting machine, which, in the opinion of the committee 
appointed for that purpose, shall be deemed most suitable to 





128 





ENGINEERING, 


[Fes. 14, 1868, 








the requirements of the trade. The successful adoption of 
such a machine would tend not only to cheapen production, but 
materially to lessen the most laborious work of the miner. 

In 1864, Mr. John Lancaster, then the president, called the 
attention of the trade to the absence of the steam coals of the 
district from the ey hg of coals to be supplied for the 
use of steam ships in H. M. Na It appeared that out of 
the numerous workable mines of coal in this district many were 
suitable for steam purposes, but that these steam coals were 
not on the Admiralty list. : 

The absence of almost any demand for the — at the ship- 
ping ports of Lancashire and Cheshire had probably prevented 
any combined movement to procure the admission to the Ad- 
miralty list of the steam coals of that district. It was only 
when the export trade of coal from the Mersey was shown to be 
seriously affected by this state of affairs that remedial measures 
were taken. Foreign orders received there for the shipment of 
coal, directed vessels to be laden with coals “on the Admiralty 
list,” showing that it had unintentionally become a commercial 
standard of quality in foreign markets. The result was that 
vessels in the Mersey, returning abroad with coal, could not 
avail themselves of the abundant supplies ready for them in 
the harbours to which they had been sent, but were obliged to 
go in ballast to the ports of South Wales and the Tyne for their 
cargoes. Thus, then, a list issued by the Admiralty, perhaps 
the most important department of the Government, professing 
to name “the” steam coals of the country suitable for H.M. 
ships, was defective and partial in giving some, and not all, of 
the steam coals of the kingdom applicuble to the purpose. 

The incompleteness of the list not only injuriously affected 
the coal and general shipping trade of Lancashire and Cheshire, 
but, it is submitted, the interests of the nation at large, in 
te out from the navy a large source of supply of steam 
coal, 

It became, then, an object of the association either to have 
the value of their steam coals recognised by being placed on 
this list, or to establish a general test by a Government de- 
ment, accessible to all, as of right, whose certificate would 
satisfactory in foreign commercial circles. The assistance of 
the county and borough members of the district was invited, and 
in many instances the appeal was cordially responded to. On 
the 31st May, 1864, a deputation from the trade waited upon 
the Duke of Somerset and explained the whole subject. This 
was followed by the permissiun of the Lords of the Admiralty 
for the testing of the steam coals of the district at Keyham, 
snd by an inquiry for the descriptions of the coals intended to 
cesent. 

The association, wishing to have a selection of steam coals 
made by impartial authorities, requested Mr. Dickinson and Mr. 
Higson, HM. Ins tors of Mines for the locality, to select such 
of the steam coals as in their opinion ought to be forwarded to 
Keyham. These gentlemen kindly complied with this request, 
and made a report on the subject. 

It was deemed advisable that the Government trials should 
be superintended by some scientific gentlemep on bebalf of the 
trade, The advice of Dr. Richardson, of the Dorbham Uni- 
ver:ity, was sought, and he recommended that, before the coals 
were tried by the Admiralty engineers, experimental trials 
should be made at some central place in the district. This was 
at once agreed to, and Dr. Richardson, by permission of the Ad- 
miralty authorities, obtained plans of the marine boiler, feeding 
and test apparatus in use at — The association, at con- 
siderable expense, erected in Wigan fac similes of the ma- 
chinery. Dr. Richardson and Mr. Lavington E. Fletcher, of 
the Manchester Boiler Association, an engineer unconnected in 
any way with the coal trade, were requested to experiment and 
report upon the coals. Under their supervision the elaborate 
trials detailed in the report were made. These numerous trials 
extended over eighteen months, during which period Mr. John 
Lancaster, Mr. Fereday Smith, and Mr. John Knowles were 
successive presidents of the association. They have all been 
conducted strictly in accordance with the Admiralty rules, and 
by a Government stoker who had never used Lancashire coal 
until he commenced to work at these trials. 

The result has proved that the steam coal of this district is 
distinguished by the following characters : 

ist. Hardness and durability, with the power of resisting the 
action of the weather. 

2ud. Smokelessness under the conditions mentioned below, 
even when the fires are driven as hard as possible. 

8rd. Great evaporative power and remarkable speed. 

4th. The facility with which it can be used to work up the 
duff, or small refuse Welsh coal invariably arising from expo- 
sure to climate. 

Sth. That it is more completely under the control of the 
stoker than other steam coals, and materially lightens the 
labour of the men. 

The following details wil' prove the value of the coal as com- 
pared with other steam coal; 

ist. The average of all the experiments at Keyham, 
941 with Hartley and hand-picked Welsh coals, 
86.50 was 9.41 lb. of water evaporated per pound 
of coal from 100° F., with a total evapora- 
tion of 36.50 cubic feet of water per hour. 
2nd. The average of the steam coals of the Lan- 
10.10 cashire and Cheshire district was 10.10 lb. 
46.67 of water evaporated per pound of coal from 
100° F., with a total evaporation of 46.67 
cubic feet of water per hour. 
Making a gain in favour of the steam coals of this district of 
nearly 10 per cent. in power, and of above 25 per cent. in speed. 
3rd. The results in some experiments were as high 
11.77 as 11.77 lb. of water per pound of coal, and 
76.65 in other experiments with a steam-jet, a 
total evaporation of 76.65 cubic feet of 
water per hour was realised. 
One very important fact shown by these trials is the smokeless 
quality of these steam coals when used with a suitable length of 
firebar, a proper thickness of fire, and with ordinary attention to 


the stoking. 
With these results the association requested the Admiralty 


to send down engineers to Wigan to verily the trials. Similar 
had been made in 1858 and 1859, when Admiralty 





engineer officers were sent down to Elswick and Cardiff to report 
upon experimental coal trials. Eventually, after great efforts, and 
repeated representations to the Lords of the Admiralty, their 
lordsbips were pleased to consent to this course, and to direct 
that engineers should be sent to Wigan from Plymouth and 
Portsmouth Dockyards to make a similar report. 

From the careful manner in which these trials have been con- 
ducted, and from the results appearing from them in the tables 
of the following report, there is little doubt that a favourable 
statement of the coals will be made to the Admiralty. 

P.S.—Since the above report was written, the Government en- 
gineer officers have visited this district, to examine andreport 
upon the experiments recorded in the following colamns. During 
the course of their inquiry, it was suggested that an experiment 
should be made on board a large steamer. For this purpose, 
the Lindsay steamship, of 800 tons burthen and upwards was 
placed at their dis , and the results proved that these coals 
could be burnt with ease, by ordinary stokers, at sea, without 
the production of any smoke, whilst, at the same time, a full 
supply of steam was continuously maintained throughout the 
whole trial of four hours. 

REPORT. 
Wigan, Ist July, 1867. 
Messrs. “‘ The South Lancashire and Cheshire Coal 
“Association.” 


ssocuat 

GENTLEMEN,—1. We have now the honour of reporting the 
results of the experiments to which we have submitted your 
coals in a marine boiler, built according to the type of boilers in 
use in the navy. 

2. The coals which we have tried, were selected for this in- 

uiry in accordance with a circular, from which we extract the 
Lilewing details: 
South Lancashire and Cheshire Coal Association, 
Rooms, Clarence Hotel, Manchester, 
22nd September, 1864. 
Apmtratty Coat List. 

DEAR Str,—The committee on this subject have determined 
ou the reports of Joseph Dickinson, Esq., and Peter Higson, 
Esq., inspectors of mines (who have kindly agsisted in the 
matter), that the following mines shall be sent to the Admiralty 
authorities for trial, and that the samples forwarded shall be 
taken from the colliery named opposite thereto. 

Mr. Dickinson’s District. 
Worsley top four-feet... The Bridgewater Trustees, Worsley. 
Upper Crumbouke .., Messrs. Green and Holland, Tyldesley. 
5 emer Coumbenhe... Messrs. Andrew Knowles and Sons, 


portions. To give an idea of the boiler, views 
Xttuched to this report, which will show at a glance its pens’ 
construction. It is 8 ft. 10in. high, 7 ft. 8in. long, and 5 ft 
wide; containing two furnaces, each 1 ft. 8§ in. wide, with 
wrought-iron bars, 4 ft. long, lin. thick, and ¢ in. spaces, and 
an ordinary vertical bridge. There are 124 available interna] 
tubes, 5 ft. long, and 23 in. inside diameter, giving 364.7 square 
feet of heating surface. The area of the firegrate is 13.749 
square feet. The chimney is 18 in. diameter, and 52 ft. high 
from the top of the boiler. 
2. Feed. 


5. The feed apparatus is extremely simple. The boiler jg 
fed from a water-tank by a 2 in. direct pipe through a 2 in. stop- 
cock. The tank is situated a little distance from the boiler, and 
so _— that the bottom is — level with the top of the 
boiler. It is 9 ft. Gin. long by 5 ft. 3} in. broad, having a super- 
ficial area of 50 square feet, with a capacity, therefore, in pounds, 
for every inch in depth, of 26031b. To this tank is affixed a 
graduated scale in feet and inches, the indicator of which js 
worked by an ae wooden float, so that the exact amount 
of water passed into the boiler can be correctly measured at any 
time.- The stop-cock for the admission of water is worked by 
hand, and so regulated as to keep the same level in the boiler. 
as nearly as possible, during the whole of the experiment. 

3. Draught. 

6. The draught in the chimney is correctly gauged by a 
syphon glass tube partly filled with water, the rise and fall of 
which indicates the strength of the draught. The draught in 
the flame chamber is also gauged in the same manner. 

4. Temperature. 

7. When the experiments were commenced, the boiler was 
uncovered and exposed to the air, which exerted a strong cool- 
ing action. The boiler is now protected with patent hair felt, 
upon which a covering of canvas is placed. 

8. The results of this protection from the weather are shown 
ed the following temperatures, which were carefully noticed at 
the 

















time: 
Temperature of Air at Date. 50° Fah. | 46° Fab. 
Position of Thermometer. Naked | Covered 
. Boiler. Boiler. 
degrees, degrees. 
East side of boiler, } in. distant... ... 103 60 
West side of boiler, 4 in. distant ... 87 65 
Back of boiler, 4 in. distant ... ... 100 69 
Top of boiler, 6 in. distant eee .| 147 to 158 70 





Pendlebury. 
Upper three-yards Messrs. Knowles and Hall, Radcliffe, 
Atherton Colliery, near - Manchester, 
Six-feet Rams J. Fletcher and others. 
The Kirkless Hall Company, Westleigh. 
Great seven-feet «.. James Diggle, Esq., Westleigh. 


The Lordsfield Colliery Company, 
Ashton-under-Lyme. 
The Arley Main Colliery Company, 
ckrod. 


* Roger .., 


Yard eee one Bla b 
* Arley four-feet The Exors. of J. Hargreaves, Burnley 


Mr. Hieson’s District. 


From the Pemberton Little 
Hindley Hall Colliery, belong- 


Delf, or two-feet mine, and 
Pemberton four-feet mine, ing to Messrs. Pearson and 
Knowles. 


where the two are so near 
together as to form one seam. 
From the Haigh or Arley Yard 


Mine 


Kirkless Hall Colliery, belong- 
ing to the Kirkless Hall Coal 
Company. 

Ince Hall Colliery, belongin 

{ to Ince Hall Coal and Canne 
Company. 

{ Bickerstaffe Colliery, belonging 


From the Bickerstaffe four- 
feet, » Blaugate Mine ...)_ * Messra. Bromilow, Foster, 

From the Rushy Park and) The Garswood Park Colliery, 
Little Delf Mines, worked St. Helens, belonging to 
simultaneously and mixed... Messrs. Bromilow and Bros. 

From the Ince three-feet, four- 
feet, and seven-feet mines, 
worked simultaneously and 
mixed ose 


From the Furnace Mine o 


. 
. 


Strangeways Hall Colliery, be- 
longing to Wm. Heyes, Esq. 


Haigh Colliery, belonging to 
From the Arley Mine Earl of Crawford and Bal- 
carres. 

8. In order to render the mass of details as intelligible as 
possible, we have arranged our report to embrace the various 
poiuts, in the following order, viz. : 

I. The Apparatus. 
1, Boiler. 
2. Feed. 
3. Draught. 
4. Temperature. 
Il. Mode of Conducting the Experiments. 
Ill. Modifications. 
. Firedoor. 
Grates. 
. Fire Bridge. 
Steam Jet. 
Smoke. 
. Clinker. 
Tubes. 
IV. Stowage. 
V. Mixed and Other Coals. 
I, Tus ApPpaRATus. 
1. Boiler. 

4. The boiler is of the marine multitubular type, and corre- 
sponds in every respect to the one employed at Keyham for 
testing steam coal for use in the Government service. It isa 
type of the class used on board Her Majesty’s steamers, though 
smaller than any in actual service, but preserving their general 


NP OP SOME 





* These coals were not tried, as the proprietors declined to send 


— to the experimental boilers. 
dley Yard was submitted to experiment by a decision 


of the committee of the association in lieu of those just named. 








In front of ash-pit, 178° to 200°. 
11 —Mope or Conpuctine THE EXPERIMENTS. 

9. The tubes are perfectly cleared and the boiler is filled wita 
water to the standard level, at which point it is maintained, as 
nearly as possible, during the experiment. 

10. The fires are lighted, and when they are brought into 
good ordinary working order, the time is noted, with other 
details, and the various observations are recorded from time to 
time until the experiment is finished. 

11. The usual mode of stoking has been generally pursued, 
viz.: Charging the fresh coals in the front and pushing them 
forward as the combustion progresses, which we term the coking 
system, or careful firing. 1n some experiments a random system 
of firing was adopted, which consisted in spreading the coal over 
the whole area of the grates. In all cases the mode of firing is 
recorded. Each furnace was fired alternately ; but in some in- 
stances the furnaces were charged simultaneously without pro- 
ducing any perceptible effect as far as the appearance of smoke 
was concerned. 

12. The thickness of the fuel on the grates has proved to be 
an important element in the proper management of your coals, 
We have tried 9, 12, and 14 in. fires, and in all instances, what- 
ever were the other conditions, the greater the thickness of the 
fires, more speed and power were obtained from the coals. We 
select the following data from the records annexed, in illustra- 
tion of this point: 








Power or 
Pounds of § ae t 
Coal. | Water Eva- | of Water 
| oun d Pe Evaporated 
| on per Hour. 
Great 7 ft., 9 in. fires... ... os 9.779 48.145 
Blackrod yard, 9 in. fires... ...| 10.236 44.748 
Great 7 ft., 14 in. fires... | 10.494 53.302 
Blackrod yard, 14in. fires... ...| 11.057 45.363 





13. The o agenay and continuance of any smoke was re- 
corded, according to the system adopted in the Government 
experiments at Keyham ; and we would remark that, with thick 
fires, the formation of smoke was reduced to zero. 

14. The fires were prigked whenever it appeared necessary, 
but in some instances this was dispensed with, and in such 
cases the fact is recorded. Nearly all the experiments prove the 
advantage of this practice, by which the grates, being kept clear, 
more air is admitted, and both speed and power are increased. 

15. In the management of this and every other point con- 
nected with the most profitable use of coal for raising steam, we 
cannot insist too strongly on the employment of men as fully 
trained for such duties as enginemen are expected to be, who 
have charge of the machinery in which the steam is employed 
or used. On all these points in our experiments, we think this 
the proper place to record our warm approval of the skill and 
judgment of Mr. George Weekes, who has had charge of the 
fires during the whole period over which the experiments ex- 
tended. 

16. It would be tedious to you minutely to enter into a fall 
description of all the details of the other observations made 
during the course of each experiment. These observations were 
recorded by Mr. Booth, who, being an independent party, has 
conscientiously noticed every fact, whether favouring or opposing 
. 
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our preconceived opinions, as to the effect of any particular 
alteration. h 

17. In order to convey a better idea of the mode of cunduct- 
ing each experiment, we have made a copy of a few pages of the 
note-book, which will show the manner in which the record was 
kept. The figures in the columns headed Water indicate the 
number of inches run from the tank, while the figures in the 
columns headed Coal give the number of the weighings, each 
being 200 lb. 

Cory or Recorp or EXPERIMENT. 


ndex No. of experiment oo 62204, 
By whom Seaete W. I. Booth. 
Day of week Monday. 
& ) Day of month m4 March 25th, 1867. 
4) Hour and minute of commencing } 4, i 
experiment... oot gee eu 
Description of coal tried , Lower Crumbouke. 
Description of firedoor Perforated, No. 7. 
Area of perforations eee a a. ar uae does, 


Closed. 

10,3125 sq. ft. 
Wrought iron. 

8 0" 5¢ 2°-9¢ 3”. 
14 in each furnace. 


oer sq. in. (8.375 sq. 


Dead plate... ais eee om 

Total area of firegrate * a 

Particulars of furnace bars ... 
Length, thickness, windage 
Number of bars in row 


Temperature of air ese ‘id 54°—53*, 

Temperature of feed-water ... eve 42°-—42", 

Damper ove ose ove «+» Full open, 

Vacuum in chimney ... ° cece | 2" fall. 

Vacuum in flamebox eee ose, amet 

Temperature in flamebox «. No pyrometer. 
Temperature in smokebox ,,, «» Seestokes. Average448, 
Ashes eve eve ons ee 25)b. 


Clinker ove ove ove oe §=24Ib. 
REMARKS. 
Careful firing—fires 14” thick. . 
Intermittent perforations with firedoors open occasionally— 
ashes used. 
Verification of trial No. 220. 
Experiment closed at 1.42 p.m. 
RESULTS. 
Duration of trial—3 hr. 42 min. 
Water evaporated—41 in. = 10.677} Ib. 
Pounds of water at 100° evap. per pound of coal=11.278, 
Cubic feet of water at 100° evap. per hour—48.77. 
Smoke marks per hour—2.16. , 
63 in. of water evaporated from tank after experiment closed 
with the fuel left on the bars. 


Hour of day 10 a.m., Monday, March 25th, 1867. 














Minutes. | Stoke Left.|Stoke Right.|Smoke.| Water.| Coal. 
oss oe 0 ats 
1 eco ace ove ove 
2 eee ove . . 
3 eee 434° | ate See ose 
4 1 ove ] Tees we ove 
5 one eee | ks we! om 
6 bes coef ak ° 
z 454° {91 bee 
8 1 1}? ea A ose 
9 os | rh PF . 
10 oe | | eee 
11 oss : - ° 
12 ons 1? aad 
13 eos Jorge 
14 ase | 
15 426° | ,, “ 
16 1 acs ‘ ous * 
17 eee 4 as ove 
18 . oss oes wee ose 
19 oss ose ol ove 
20 oes : ¥s ose 
21 one ° 
22 ° 426° | ts eee 
23 1 * 
24 od ae 
25 mi @ 
26 ae’ 4 
27 a 
28 i 
29 i 424° a ee wi 
30 1 ase eee ee eos 
Carried | ‘ 
‘Forward 3 2 4 0 | 200 











19. In concluding our remarks on this portion of our report, 
we may perhaps explain that all the preliminary experiments 
were made with the same coal, viz., fromthe Yard Seam. This 
was necessary in order to enable us to acquire a knowledge of 
the best mode of testing your coals, and to guide our opinion in 
forming a correct judgment of the importance to be attached to 
the various modifications as they were made, and which are 
explained in the following sections. If we had used first one 
coal and then another at this stage of our inquiry, we might 
have been at a loss whether to attribute the improvement or 
declension to the alteration introduced or to the change of fuel. 

_ 19a. In nearly every instance, each experiment was repeated, 
in some cases more than ouce, so that no error might escape our 
notice from want of verification. 

(To be continued.) 








Rattways 1v AmERIca.—The United States’ Statistical 
Bureau, attached to the Treas Department, reports that 
there were in America at the close of 1867 54,325 miles of 
railways, of which 38,605 miles were completed, and the 
aggregate cost of the roads and their equipments was 
$1,654,050,799. Pennsylvania is the leading railroad state, 
with 4192 miles completed, costing $221,947,857. Ohio has 
3397 miles; Lllinois, 3224; New York, 3182; and Indiana, 
2306 miles. 





THE MONT CENIS TUNNEL. 


Tue Italian Government have recently published their usual 
monthly statement of the progress made in the Mont Cenis 
tunnel. © According to this, the length pierced during the 
month of December, 1867, was 73.25 métres, of which 35.40 
métres were on the Italian side, at Bardonnéche, and 37.85 
métres at Modane, on the French side. 

The position of the tunnel up to the 31st of December, 1867, 
was as follows: 


the natural outlets. The rail has also been the indirect cause 
of a number of the natural outlets being silted up. The rivers, 
khals, and streams which intersect the Hooghly and Burdwan 
districts, have from time immemorial been the means of drain- 
ing the country of its surplus water, but the pillars of the 
numerous bridges arrest the flow. ‘It is notorious that since 
railway bridges have been laid over the khals that fall at Bally, 
Rishra, Serampore, and Biddabatty, over the Sursutty at ‘I'ri- 
bany, and over the combined streams of the Mogra khal and 
the Kumaundea, these rivers have become very shallow. This 
theory is most persistently believed in by the natives. 

The question of a reduction in the rates for despatching 
telegraphic messages by the European line has lately been under 

sa 





métres. 
Total length of tunnel .,. ase bse 12,220.00 
a Ww executed oes eee 7,846.65 
Total length ‘remaining to be executed 4,373.35 


The falling off in the advancement made during the month of 
December, as compared with the other months of the same year, 
is due in a great Yedsure to the suspension of the works for 
some Ways, for’ the purpose of verifying the line and levels by 
the engineers. “The progress made during the year was 1511.96 
métres, and shows an increase of 486.97 métres on that of 
1866. The tunnelling advances more rapidly on the Italian 
side, and this may be attributed in a great measure to the extra 
hardness of the rock met with on the French side. 

The following table gives the progress made in the tunnel 
during’ each year, from its commencement to the end of 1867. 
The cost up to the 31st December, 1866, was 33,699,973 
— the amount spent during the past year is not yet pub- 

ished. 














Te ‘Lutal Progress. | 
‘ ardon- , 
Year. | ndche. Modane. Each | Total Cost. 
| year. length. 

p métres. métres. | métres. | métres. | francs. 

172 t| 284.85 | 212.75 | 497.60 497.60 | 8,369,246 
" } 

1859 236.85 132.75 369.10 | 866.70 | 1,630,753 
1860 203.80 139.50 | 343.30 1,210.00 | 2,500,000 
1861 170.00 193.00 363.00 (1,578.00 | 3,000,000 
1862 880.00 243.00 623,00 (2,196.00 | 2,000,000 
1863 | 426.00 | 876.00 | 802.00 2,998.00 | 3,500,000 
1864 621.00 467.00 |1,083.00 |4,086.00 | 6,552,254 
1865 765.30 458.40 |1,223.70 |5,809.70 | 5,502,738 
1866 812.70 212.29 |1,024,99 |6,334.69 | 5,644,982 
1867 $24.50 687.46 |1,511.96 \7,846 65 | 





It appears that from the 1st of January last the prosecution 
of the work atthe Mont Cenis tunnel has been intrusted to a 
company, which has at its head the engineers Sommeiller and 
Grattoni, two of the first projectors of the great undertaking, 
and whose names have throughout been honourably associated 
with it. The company undertakes to finish the tunnel in four 
years, ending the 31st of December, 1871, and to pay a stipu- 
lated forfeit for every month beyond that time during which it 
shall not have been completed. If it ends the work before that 
time, the same sum is to be paid to it for every month gained. 
The Savoy Journal suys the tunnel is pretty sure to be finished 
early in 1871, but that this will hardly be the case with the 
two pieces of railroad which are to connect St. Michel and Susa, 
the present termini of the railway north and south of the Alps, 
with the extremities of the tunnel. Ground has been broken 
on this side, but upon the other it will not be begun until the 
end of the winter. ‘The work will be carried on with the utmost 
activity. It is estimated that if 6000 to 7000 workmen be em- 
ployed on the North-Alpine section—and it is said that the 
configuration of the ground and the limited resources of the 
country will not admit of a larger number—the line can hardly 
be opened in less than four and a half to five years, which is 
also about the time that will be needed to complete the section 
from Bardonnéche to Susa. The work on those two pieces of 
line will be of great magnitude and extremely costly. It is 
estimated at from 1700 to 1800 thousand francs (68,000/. to 
72,000.) per. kilometre.’ The average price in Franée is only 
from 10,0007. to 12,0007. The cost of the tunnel itself is esti- 
mated at from four to five millions of francs per kilometre. 








NOTES FROM INDIA. 
Bengal.—In the month of May, the latest period for which 
the financial department has published statistics, the trade of 
all India was as follows: 


Merchandise. | 3866. | 1867. 





£ £ 
Imports ... ob mm eve} 2,025,494 2,)58,395 
Exports ... od he ode 5,397,150 6,539,016 
Re-exports —«.. 190,811 111,365 
Treasure. 
Imports of gold ... 794,429 | 407,573 
= silver... * 1,414,931 1,514,487 
Exports of silver... + «+. 65,826 55,688 





Total vee £10,888,641 | £11,186,504 


The leading captains of ships in the port of Calcutta have 
addressed Lloyds’ agent on the state of the port. They declare 
that its condition is a reproach to any civilised Government in 
the nineteenth century. From their experience they say that 
the difficulties and expenses of landing and shipping cargo in 
Calcutta are greater than they are in any other ports of the 
world, and this not from any necessity, but simply because the 
science and invention which have been brought to bear every- 
where else, have here been neglected. 

Baboo Jay Kissen Mookerjea, the most active of the Bengalee 
Zemindars, has written a long memorandum on the extent to 
which railway works have obstructed drainage in the interior. 
All along the railways staguant pools of water have accumulated 
in a way injurious to the neighbouring villages. ‘The evil could 
in some degree be removed by cutting a continuous channel on 
both sides of the line, so that the water would flow into one of 








ation, and there is believed to be good reason to hope 
that a lower tariff will shortly be promulgated. The result of 
recent negotiations, if carried out, will be that ordinary 
messages will be charged 3/. 10s. henceforth, whilst double that 
sum will be exacted for telegrams in cypher, the registration of 
which will be compulsory. Those who send the latter class of 
message will, however, have the benefit of a guarantee that 
their cypher shall be repeated over and over again until the mes- 
sage reaches in an_accurate shape, and they will also be assured 
of a refund in case of loss, Five cyphers will be allowed to 
count as one word instead of three as heretofore. 

The Viceroy of India, in a minute recently recorded, has ex- 
pressed his opinion that a Governor (instead of a Lieutenant- 
Governor) should be appointed for Bengal, gn the ground that 
the country is as rich, and commands as extensive a trade as 
Bombay and Madras, and is more populous than either. 

A call of 100 rupees per share has been made on the share- 
holders of the Port Canning Reclamation Company, and it is 
promised to be the final call. 

Central Provinces.—The success that has attended the work- 
ing of the Chindwarra coalfields is likely to lead to the forma- 
tion of a limited liability company for working them on a more 
extensive scale, 

It is reported that Colonel W. W. H. Greathead, C.B., of the 
Royal Engineers, who has been for some time in office at the 
Horse Guards, is about to return to India to succeed Major 
Hovenden as deputy consulting engineer in the Railway Depart- 
ment in Oudh, ; 

Itis expected that before the next monsoon the Godavery 
river will be open for navigation as far as the second barrier, 
225 miles from the sea. 

The Central India Times learns that the main line of railwa 
from Bombay and Calcutta is to be opened to a further length 
from Khundwa to Beree in a few days. 

North-Western Provinces.—On 8th January the communi- 
cation between Meerut and Delhi was re-opened by the East 
Indian Railway authorities, sending up trains to bring on the 
Meerut passengers to and from Guazeeabad. But just as this 
arrangement had been completed, the combined Dak Carriage 
Companies of Meerut published an advertisement to the effect 
that their horse contractors having been fined, they had with- 
drawn their horses, and the consequence would be considerable 
inconvenience to the travellers beyond Meerut. 

A fatal accident, attended with loss of life, occurred at 
Bilita, a station on the East Indian Railway, at about eleven 
o’clock on the night of Christmas-day, The down passenger 
train, which left Allahabad at noon, overtook and ran into an 
empty goods train proceeding in the same direction within the 
distance signal of the station, ‘The brake-van of the goods 
train was entirely smashed; the guard, who was in charge, 
killed, and three of the goods wagons thrown off the line. 
The cause of the accident has been attributed to the circum- 
stance that the lamps of the goods train had burnt out, or so 
nearly so, that the light was undistinguishable in the misty 
evening, and also to the passenger train running at undue 
speed. ‘This is the second instance of a similar accident oc- 
curring within a very short space of time. The occurrence is to 
form the subject of a Government inquiry. 

Madras.—The Right Honourable the Governor, accompanied 
by the staff and several ladies and gentlemen, started in a special 
train, on the morning of the 8th of January last, from Perambore 
Railway Station to open the bridge across the Chittravutt 
river. This stream is a tributary of the Pennaur river, which 
it joins at Guddaloor. The arrangements for the excursion 
were as follows: Departure from Perambore at 6.30 a.m., 
arrival at Cuddapah at 2.p.m. Bridge opened and a grand 
tiffin given by the contractors of the, North-West line, Messrs. 
Barnett and Bonnycastle, at 8.p.m. Train then proceeded to 
Tarputty, a town of considerable importance, situated on the 
Pennaur river, whence it returned to Cuddapah at about 7 p.m. 
Here the party were entertained by a Nautch, for which purpose 
thirty dancing girls were taken fromm Madras in the special 
train. After sleeping at Cuddapuh, the party returned the 
next day to Perambore, the whole distance traversed being 
about five hundred miles. | 

Bombay.—Cowasjee Jehangeer Readymoney has presented 
the High Court of Bombay with a petition, praying it to wind 
up the Back Bay Reclamation Conjpany’s affuirs. 

At Marteh, on the 14th December last, one of the police 
sepoys in the service uf the Great Indian Peninsula Railway, 
while talking to another sepoy, in the train proceeding to Shola- 
poor, slipped from the foot-board on which he was standing, 
while the train was slowly moving out of the station, and fell 
under the wheels, His body was cut in halves. 

The Bombay Builder considers that Government have de- 
cided wisely in not adopting Colonel Strachey’s proposition of 
scattering a number of small docks with their attendant 
nuisances along the foreshore of the harbour. The decision not 
to make a dock in Moody Bay is also ‘considered sound. ‘The 
breakwater, admitted by all the advocates for wet docks to be 
indispensable, would have ruined the Custom House basin and 
Government dockyard to the south. If docks are ever con- 
structed at Bombay, as no doubt they eventually will be, a site 
should be selected where there may be room for extension, and 
for all accessory means and appliances, and where the sailors 
may be housed and accommodated without any risk of their 
being found a thorn in the side of the rest of the community. 

It has been, definitely settled that the passenger terminus 
of the Great Indian Peninsula Railway is to be situated at 
the head of Bazaar Gate-street. 
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BOTLERS FOR MARINE AND STATIONARY 


ENGINES. 


DESIGNED BY MR. THOMAS DUNN, =NGINEER, MANCHESTER. 


length; the old tube over the Hotel curve was 28 ft. span, 
and has been replaced by one of 35 ft., while that over the 
eastern curve (27 ft.) is nearly the same as before. The cross 
section, Fig. 3, shows the transverse arrangement of the plates 
composing the tube, the disposition of the strengthening 
flanges, and the mode of connxion with the supporting 
girders. It will be seen that the top consists of three 
plates, which are 3 in. thick, bolted together with 3 in. bolts 
passing through 1 in. flanges, at intervals of 5in.; the 
parallel sides are of 7 in. metal, and the invert has a strength 
of 1 in., increased by transverse and longitudinal stiffening- 
flanges on the inside, the former of which are 3 in. deep in 
the centre, dying away to nothing at the sides of the invert, 
and are filled up flush with concrete covered with tar, so that 
it presents a smooth and uniform surface. Externally the 
invert plates are stiffened by longitudinal flanges, and, at 
intervals of 3 ft., by the ate om which form the connexion 
with two cast-iron earrying-girders, placed 10 ft. 8in. apart 
from centre to centre, and of the section shown in Fig. 3, and, 
to an enlarged scale, in Fig. 5. In addition to the brackets 
-_ ‘mentioned, the sewer crossing is attached to the girders 
y light wrought-iron steadying-strips, as seen in Fig. 3, 
every 3ft. Longitudinally the sewer-tube is made up of 
plates 6 ft. long, except at the ends, which are cut to suit 
the skew of the crossing (an angle of 25°), and in the invert, 
where 3 ft. castings are employed. Figs. 1 and 2 show the 
arrangement of the plates, and it will be seen that around 
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etch end a deep flange has been cast to make good the con- , 


nexion between the tube and the three courses of cement-set 


brickwork which form the ends of the sewer at the points of 


junction. 

The girders, Figs. 4 and 6, have no load to carry, except 
that of the tube and its contents, the weight of the roadway 
being supported by a system of independent girders and 
intermediate arches placed over the crown of the sewer, a 
method of construction which was attended with much diffi- 
culty, in consequence of the deficiency of room, and the 
number of gas and water mains which had to lie between 
the girders and the road-metalling. 








DUNN’S STEAM BOILERS. 


WE give, above, engraving of several forms of marine and 
stationary boilers, designed and recently patented by Mr. 
Thomas Dunn, of Manchester. The peculiarities of these 
boilers can be best explained by reference to the various 
figures. In Fig. 1, which is a section of a marine boiler, it 
will be seen that the firegrate is situated at about the middle 
of the height of the boiler, and the roof of the firebox is 
formed of semi-elliptical plates rivetted together at their 
edges, sc as to produce a corrugated surface against which 
the products of combustion impinge. These corrugations are 
intended to give a larger heating surface to the firebox, and 
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increase its strength; they also prevent the adhesion of sedi- 
ment, as the expansion and contraction of the plates loosen 
the scale and allow the water to have free access to them. 
Beyond the firegrate is the bridge, over which the products 
of combustion pass to the down flue, and then through the 
tubes, forming the multitubular part of the boiler, and then 
into a chamber, which communicates by means of a flue with 
the chimney or funnel. Under the bridge are inserted a 
few short tubes, which admit air into the ewe flue for the 
p ‘of igniting the inflammable gases passing over the 
bridge, or a regulating damper, is employed, as shown in 
Fig. 1*, instead of the tubes. The flue aear the bridge is 
only opened when the fires are just ignited, but if owing to 
the leaking of the vessel the water should come in and close 
the lower flue, the upper flue may be opened so as to > 
the engines going until the water rises in the vessel sufli- 
ciently to extinguish the fires. 

Fig. 2 is a section of another form of marine boiler; in this 
instance the roof of the firebox is made of corrugated plates, 
stayed longitudinally and vertically, and the water par- 
titions, shown in section in Fig. 3, are placed in the down 
flue to absorb a portion of the heat from the products of 

bustion in passing to the up and down flues, which are 
formed by the water partitions projecting downwards from 
the central portion of the boiler, aa the other partitions pro- 
jecting upwards from the lower part of the boiler. The 
chamber and the flues are similar to those above described im 
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reference to Fig. 1. In this boiler the outer side of the 
chamber is formed by the water partition, and consequently 
all the flues and lower portions of the boiler are perfectly 
water-tight, so that in case of the leaking of the vessel the 
boiler may be kept in full work until the water rises to the 
level of the firegrate. In both the marine boilers shown 
in Figs. 1 and 2 the fire is applied ncar to the surface of the 
water ; the ashes and cinders are or may be collected in 
buckets, and the direction of the products of combustion is 
indicated by the arrows. P 

Fig. 4 is a vertical section, and Fig, 5 a sectional plan, of 
a single vertical boiler for stationary engines, in which the 
inside firebox contains, besides the firegrate a large pipe or 
tube which is kept full of water, the communication between 
the water space surrounding the firebox being effected by a 
pair of branch pipes. To the outside of the tube, and to the 
inside of the firebox, are rivetted T or angle-iron bars to 
hold in position the fire-clay or other slabs shown in Fig. 5; 
these slabs and the tube forming the partition which separates 
the up draught from the down draught, and the fire-clay of 
the slabs when red hot materially assists in the consumption 
of the smoke. ; 

Fig. 6 is an elevation, and Fig. 7 a plan in section, of the 
half of one of Mr. Dunn’s vertical boilers with two firegrates. 
In this variety of boiler the firebox, which is divided in the 
centre by the two water partitions, the space between which 
forms the down flue; the upper end of the partitions is 
partially closed by a perforated fire-clay top, the object of 
which 1s to ignite the i ble gases, and to prevent the 
passage of smoke into the down-draught flue. At the bottom 
of the down flue are placed the pipes —- which the feed- 
water passes, and is thus partially heated in passing to the 
boiler. 

Fig. 8 is an elevation of the upper part of Mr. Dunn’s 
compound veftical steam boiler, suitable for land or marine 
purposes; and Fig. 9 is acorresponding plan. These boilers 
are formed of four boilers similar to the one shown in Figs. 
4 and 5, the down flues being united below into the central 
flue, x, leading to the chimney or funnel. Although there 
are shown ,four boilers united in the engraving, Mr. Dunn 
does not limit himself to this number, as a greater or less 
number may be used, and each portion of the boiler may be 
shut off from, or connected to, the main flue, in case of 
repairs or for cleaning. The various portions of this com- 
pound boiler being similar, any portion may be removed, and 
a spare one kept for the purpose put in its place when repairs 
are necessary. The boilers shown in Figs. 6 and 7 may also 
be grouped together to form a compound boiler. _ : 

Te. 10 is a section of a cylindrical horizontal boiler, with 
Mr. Dunn’s improvements applied thereto; the roof of 
the firebox is made in the manner described in reference to 
Fig 1, and to the lower part of the internal flue forming the 
continuation of the firebox is rivetted; a curved plate. 
The plates of the flue are perforated opposite this curved 

»late, and the feed-water is pum into the channel formed 
by the curved plate; the feed-water is thus distributed 
uniformly in the boiler. The end of the curved plate is 
connected to the supply pipes passing through a portion 
of the flue, and the feed-water is thus heated in passing to 
the boiler. The dotted lines in Fig. 10 represent the heating 
pipes formed in a coil. Fea & pee 

n Fig. 12 is shown another modification ; in this instance, 
the corrugated roof of the firebox is similar to that shown 
in Fig. 2, and to the lower part of the boiler is rivetted an 
inverted Barlow's railway rail or other trough iron, to 
form a channel for the easier distribution of the feed-water. 
The pipes for the feed-water are curved to increase the 
surface exposed to the heat of the flue. 





Otp Marsriats at Wootwicn.—It is satisfactory to 
find that the immense stock of ordnance materials which 
have been accumulating for the past twenty or thirty years 
in Woolwich Arsenal, and with which the open spaces front- 
ing the stores and factories are now encumbered, are soon 
like to be made use of. In addition to a large number of 
32-pounders, and other cast-iron guns, bored out and 
strengthened with inner tubes on Major Palliser’s plan, 
about 2000 tons weight of the smaller calibres are now being 
transferred to the Koyal Gun Factories, to be worked up 
into malleable blocks and coils for the manufacture of the 
service guns now adopted, on the Fraser system of cheap con- 
struction. Colonel Campbell, superintendent of the esta- 
blishment, through whose suggestion the War Department 
has sanctioned the introduction of the system, is so well satis- 
fied with the results hitherto obtained by the initiatory trials 
during the past week, that the number of puddling furnaces 
is to be increased from three to five. A numberof efficient 
puddlers have been added to the establishment at a pay of 
12s. per day, and, besides the old guns, Colonel Campbell in- 
tends using up the whole of the refuse, such as the old car- 
ronades of the time of George I., and the useless spherical 
and broken shot and shell amassed in various parts of the 
Arsenal. With five furnaces ten tons of malleable iron of 
very superior quality will be produced daily, at the rate, in- 
cluding all expenses, of about 8/. per ton. 

Society or Eynerneers.—At the last meeting of the 
society, Baldwin Latham, Esq., president, in the chair, 
twelve candidates were balloted for and duly elected. As 
members: Mr. John Rowan, Aylesbury, Bucks; Mr. Hugh 
MeIntosh, Lambeth ; Mr. William R. Lacey, Wandsworth; 
Mr. Charles Sendey, Royal Small Arms Factory, Enfield ; 
Edward Sacré, Parliament-street, Westminster; Mr. James 
Edwin Phillips, Spittlegate Ironworks, Grantham; Mr. 
Christopher Prakell, North Moor Foundry, Oldham. As 
foreign members: St. Constantine Astapoff, St. Petersburg. 
As associates: Mr. John Clayton Mewburn, 166, Fleet-street, 
E.C.; Mr. Johnson Vivian Jeffree, Crossness. 

Norra-Eastern Rattway.—The engineer’s department of 
this undertaking is gradually replacing the timber bridges 
and viaducts with iron and stone structures. In some cases 
even with culverts are being substituted. 


»} at simple and not at compound interest. 





STEEL AND IRON RAILS. 
To rue Eprror or ENGINEERING. 

Srr,—A correspondent is necessarily at some ne 4 
when discussing a question with an editor, but as my only 
aim is to arrive at a sound conclusion on this important 
topic, I venture to return once more to the charge. 

e introduction of compound interest into the calculation 
was your own, as may be seen on referring to the concluding 
paragraph in your leading article of January 31st. In Mr. Price 

ilhams’s excellent paper, read at the Institution of Civil 
Engineers, is a table in which the principle of compound 
interest is distinctly adopted. Individually, however, I am 
not at all disposed to insist on the necessity for computing 
the outlay at compound interest, and, during the discussion 
on Mr. Price Williams’s paper, I expressed the opinion 
enunciated in your last article, viz., that since all profits or 
savings go to the shareholders half-yearly, in the shape of 
dividends, the expenditure for rails, &c., should be computed 
i This, however, 
does not appear to be the view generally entertained, and 
since you argued, in the article before referred to, that even 
at compound interest the greater economy of steel rails was 
undeniable, I felt justified in arguing the question on that 
basis. I observed, subsequently, that there was an inaccuracy 
in my statement with regard to the superior economy of iron 
rails over steel in the second period of forty-eight years, and 
I should have corrected this error if your correspondents had 
not properly called attention to it. 

If the method of calculation at compound interest be held 
to be inadmissible, I entirely object to a calculation based on 
a renewal fund accumulating at compound interest. Renewal 
funds are, I imagine, falling into general disuse on sound lines 
established for some years. It is getting to be generally under- 
stood that, after a certain period, each half-year should 
witness, and should bear the cost of, every renewal necessary 
to maintain the full condition and efficiency of the permanent 
way. Railway companies do not, therefore, adopt the prac- 
tice of setting aside a given sum yearly to accumulate at 
compound interest, so as to be available to meet the cost of 
renewal at the end of a term of years. This being so, it 
appears evident that the difference jp the cost of steel and 
iron rails must at least be calculated at simple interest. This 
mode of comparison, doubtless, tells, to some extent, in 
favour of steel rails; and if it be generally admitted as the 
correct one, all future estimates should be made in accord- 
ance therewith. 

That the question is one from which interest of some kind 
cannot be excluded may be made apparent by a supposed 
case of probable, not to say frequent, occurrence. 

An engineer is called on to construct a railway of, say, 
100 single miles in length, the rails for which will weigh, in 
round numbers, 12,000 tons. If he decide on laying iron 
rails, their cost at 8/. per ton (laid) will be 96,000/., and on 
this outlay the company will be called on to pay 48007. per 
annum as interest. If the engineer determine on adopting 
steel (rails at 157. per ton (laid), the outlay for rails will be 
180,000/., and the yearly interest thereon will be 90007. Let 
the iron rails be taken as lasting sixteen years, and the steel 
rails forty-eight years. At the end of sixteen years, the in- 
terest paid on the iron rails will have been 76,800/. A new 
outlay must then be incurred of 54,000/., being the cost of 
relaying with new iron rails, less the value of old rails sold ; 
and as the interest on the first outlay cannot be got rid of, 
the sum chargeable with interest during the second period of 
sixteen years will be 96,0007. plus 54,000/., or 160,0007. At 
the end of thirty-two years the total sum paid in the sha 
of interest will have been 196,8007.; and again adding the 
cost of renewal, the total capital expenditure on the rails 
will have been 204,000/., and the interest paid thereon at the 
end of forty-eight years will amount to 360,000/., this latter 
sum representing the amount which would have been divided 
half-yearly amongst the shareholders but for the necessary 
outlay for rails. 

If steel rails had been laid, forty-eight years’ interest at 
90007. per annum would amount to 432,000/., or one-fifth 
more than the interest paid on the cost of iron rails. 

There is yet another method of stating the question, and I 
am not sure that it is not the practically correct one. Take 
the case of the supposed railway just instanced. The interest 
chargeable in perpetuity for steel or iron rails will obviously 
be 90007. or 4800/. per annum respectively. Let us suppose 
that the railway has arrived at that stage in its history (un- 
fortunately but too soon attained) when the yearly renewals 
become an average quantity—that is to say, that in the case 
of iron rails lasting sixteen years, ;,th of the whole quantity 
are regularly renewed year by year, and 2th part in the 
ease of the steel rails. Then every year there must be ex- 
pended in the renewal of the rails, if of iron, 750 tons at 81., 
less 32. 10s. for old rails, or 3375/.; to which must be added 
1800/., the permanent interest on the original outlay, making 
81751. per annum as the cost of iron rails. 

In iike manner, 7s part, or 250 tons of steel rails at 15/., 
less 7/. per ton for old rails, will cost 20007. per annum ; to 
which add 9000/., the permanent interest on cost of steel 
rails, making the year of cost of steel rails 11,000/. The 
balance on this case. at the relative duration supposed, is 
considerably in favour of iron rails. 

It must not be overlooked that almost all the estimates of 
the durability of steel rails have been founded on the wear of 
rails costing more than 14/, 5s. per ton. We have yet to see 
how far the cheaper steel rails now abtainable will outlast 
iron rails of really good quality. 

I do not at all question the superior economy of steel 
rails laid in the positions alluded to in my former letter; 
but when I have to construct a branch line, or to renew a 
main line of only moderate heavy traffic, I shall hesitate to 
use steel rails at present prices, except probably for the por- 
tions of the line subjected to more rapid wear, such as the 
switches and crossings and the lines in station-yards and 


goods sidings. 


IT am yours faithfully, 
February 12, 1868. ¥. F. 





FRENCH GOODS LOCOMOTIVE. 

THE two-page engraving which we publish in the present 
number comprises an elevation, plan, and transverse sections 
of one of the eight-coupled goods engines constructed for the 
Northern Railway of France, by MM. J. F. Cail, Parent, 
Schaken, Houil, Caillet and Co., Fives-Lille. The principal 
dimensions of the engine are as follows: 


ft. in. 
Diameter of cylinders... ove oe oo 2 Tp 
Stroke ese ose ose woe o 2 15 
Transverse distance between centres of cylinders... 6 10% 
Length of steam and exhaust ports * —- & 
Width of steam ports... ove ese eve af 
- exhaust ,, «.. enn « ese 
Travel of slide-valves in full gear eee * 44 
Inside lap of slide-valves eee ° ove Os 
Outside ,,- ,, on eee ee eee on lit 
Throw of eccentrics ... eve ove eee 23 
Diameter of barrel of boiler ... eve ow £01 
Length of firebox casing (outside) eee oo 710 
Width me = ove ove eve ; " 
Length of firegrate ... ove ove eve 1 
Width a oe eve ove w-- 3 1} 
Area of firegrate  ... «» 22.4 square feet. 
Height of crown of firebox above grate oe 4 2 
Height of centre line of boiler above rails ae 2 
Length of tubes eve eee ove we 13 5h 
Diameter ,, oes ove one ate 1.97 
Number _,, one eo 249 
Heating surface : 
Firebox ... eve e 104 square feet. 
Tubes don ove oa 9s 
Total eee ove «1833 
Diameter of chimney (inside) ove we. 2 F 
Height of top of chimney above rails ... we: 1B GD 
Diameter of safety-valves ove ove ove 54 
Number . ooo 2 
Working pressure of steam ... 118 Ib. 
Diameter of wheels ... eee wee oe 4 3h 
Between centres of 1st and 2nd pairs of wheels... 4 68 
- - 2nd and 8rd_,, * oo «4 62 
ee bs 3rd and 4th ,, » «wo 416 
Total wheel base oe eee ove o- 18 118 
From centre line of leading wheels to inside of 
leading buffer plates eco eee oe 6 OF 
From centre line of trailing wheels to inside of 
trailing buffer plate eve coe oe 61 
The second pair of wheels are without 
flanges, although by an error they have 
been shown with flanges in our engravings. 
Total length of frames inside buffer plates oe 27 7 


Dimensions of axle journals : 


Leading axle journals, 6}} in. diameter by of in. long. 
2nd 3 9 








” ” 6} ” ” ” 
3rd ” ” 7% ” ” 9% ” 
Ath ” ” 6h ” ” 9f ” 
Distribution of weight, engine empty: 
tons. cwt. 
On 1st pair of wheels ove eee w. 10 8 
9» 20 mm as one oo © 
»» 3rd ” oe oes -- 10 12 
»» 4th ”» eee eee wo 6 9 
Total weight, empty ese 37. «6 
Engine in working order : 
On Ist pair of wheels eee ove oe 9 8 
», 2nd 7 ove ove e ll 0O 
” ” eee ove os 3 
» 4th . od eee a @ 0 





Total weight in working order ow 43 4 
From the dimensions above given it will be seen that the 
pe are of a class intended for working very heavy traffic, 
and we believe, that they are found to do their work well, 
although there are undoubtedly many points about them, 
both of arrangement and detail, which would not be regarded 
with favour on English lines. 








Unwrovcut Stret.—The quantity of unwrought steel ex- 
ported from the United Kingdom was about maintained last 
year, the total to November 30, having been 30,517 tons, as 
compared with 31,529 tons to the corresponding date of 1866, 
and 20,868 tons to the corresponding date of 1865. The 
slight decline observable arose in the deliveries to the United 
States, which only amounted in the first 11 months of 1867 
to 17,778 tons, against 18,799 tons in the corresponding 
period of 1866, and 9418 tons in the corresponding period of 
1865. The total value of the unwrought steel exported to 
November 30 last year was 998,6197., as compared with 
1,029,907/. in the corresponding period of 1866, and 686,110/. 
in the corre: pas of 1865. The value of the un- 
wrought stee expo in the whole of 1866 was 1,129,7611. ; 
in the whole of 1865, 782,129/.; in the whole of 1864, 
890,395/.; in 1863, 935,5177.; in 1862, 848,9337.; in 1861, 
726,956/.; in 1860, 986,2287.; in 1859, 806,8327.; in 1858, 
589,6767.; and in 1857, 748,5791. The quantities of un- 
wrought steel exported in each of the ten years were as 
follows: 1857, 22,374 tons; 1858, 16,378 tons; 1859, 24,744 
tons; 1860, 32,173 tons; 1861, 21,810 tons; 1862, 26,779 
tons; 1863, 28,687 tons; 1864, 26,834 tons; 1865, 23,877 
tons; and 1866, 34,647 tons. 

Sir Cuartes WHEATsToNE.—Among the very numerous 
tributes paid to the genius and labours of Sir Charles Wheat- 
stone, the Italian Scientific Association of the Forty lately 
forwarded to him, through the British Legation in ho | 
its annual gold medal for the greatest discoveries in physical 
science, a medal founded by its president, Professor Matteucci, 
and which the society unanimously adjudged to Sir Charles 
in acknowl mt of his celeb; and invaluable con- 
tributions to the science of electricity. 
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PUBLISHER’S ANNOUNCEMENT. 








The permanent circulation of ENGINEERING is 
now greater than that, collectively, of all the weekly 
engineering journals published in London, at the same or 
a higher price. 








Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEaU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Sor this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue Institution or Crvin Enainerrs.—Tuesday, Feb- 
ruary 18, at 8 P.M. “On the Supporting Power of Piles, 
and on the Pneumatic Process of Driving Iron Columns as 
practised in America.” By Mr. W. J. McAlpine, Mem. 
Inst. C.E. 

Socrety or EncrneEers.—Monday, February 17, at 74 P.M. 
Papers to be read: “On the Panama Railroad,” and “ On 
the Darien Ship Canal.” By Dr. Cullen. 
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FRIDAY, FEBRUARY 14, 1868. 
THE IRON TRADE. 


Mr. Primsot1’s series of letters to the Zimes con- 
trast the British with the foreign iron trade unfavour- 
ably to ourselves. Where economy is the rule 
there, it would appear to be the exception here. In- 
deed, we are not sure that he has pointed out the ex- 
ceptions, for he admits that he has visited neither the 
Welsh nor the Cleveland districts. The blast-furnace 
practice in Cleveland is superior to anything else of its 
kind in the kingdom, and, from what Mr. Plimsoll tells 
us, is not excelled in any place he has visited abroad. In 
making 100 tons of pigs from ironstone yielding from 
27 to 36 per cent., os informs us that 117 tons of 
coke are consumed in Belgium, which is about the 
figure in and about Middlesboro’-on-Tees, where the 
stone, uncalcined, yields 31 per cent. Some of the 
furnaces in Cleveland make a ton of pigs with 21 
ewt. of coke. But, besides this, the whole of the 
furnace gases are taken off, and are made to 
heat the blast-stoves to the high temperatures 
of from 1000 to 1200 degrees, and in the best 
works there is still enough gas left to raise all the 
steam required, the boilers being fitted with grates 
for burning coal only, when some irregularity or inter- 
ruption renders it necessary. But in Staffordshire, 
Wales, and Scotland there is hardly any attempt to 
save the gas; and as the coal will not carry as high a 
column of materials as the very hard Durham coke, 
and as the furnaces are much smaller, the absolute 
waste of heat by radiation is very great. If the 
masters practised anything like the economy to be 
found in Cleveland, they would save enough to enable 
them to get on, and keep open a market, with fewer 
difficulties than now with their men. 

We donot quite understand Mr. Plimsoll’s account 
of the Belgian furnaces. We take it that they are 
open-topped, for he says nothing of taking off the 
gas; and yet he speaks of having walked upon the 
materials at the furnace-top. We should suppose 

















from this that the blast was off for the time; for, 
with the blast on, inflammable gas would rise from 
every part of the materials, and it would almost cer- 
tainly burn as it rose. 

As to puddling, we learn that abroad they use 
smudge coal, or unscreened slack, and that at the rate 
of 15 ewt. per ton of pigs; and there is no smoke. 
So, too, they use nearly all slack for puddling at Dow- 
Jais and a few other m heh in this country, assisted, 
however, by a forced draught in the ash-pit, and we 
have the best reason to know that the “ vield”® per ton 
of puddled bar is but 16 cwt. in all, in the proportion 
of 13 ewt. of slack to 3 cwt. of lump coal. Mr. 
Plimsoll admires the Appolt coking-ovens, and we 
shall give a drawing of one of them next week. He 
states that they do their work in 24 hours only, giving 
75 to 80 per cent. of fine hard coke from a given 
quantity of coal. In the south of France, too, the 
coke-masters do what the gas companies have taught 
them to do, and convert the escaping gases into vari- 
ous valuable chemical products. 

The great point that struck Mr. Plimsoll was the 
absence of smoke at the large ironworks. It is earn- 
estly to be hoped that our ironmasters may yet learn 
something from their foreign neighbours in this re- 
spect. 

ithe Continental ironworkers are more cleanly, are 

better housed at home, and better protected from the 
weather at the works (blast-furnaces more especially), 
than are ours. The pig-beds are always housed. So 
they are at all American furnaces. The colder winters 
and heavier snows furnish one reason for this protec- 
tion. 

The feature in Mr. Plimsoll’s letters which has 
pleased us most is his proposal for an exhibition of 
iron-making plant and apparatus. As the Royal 
Agricultural Society has grown from a small beginning, 
and has rendered incalculable service to agriculture, 
so now should an iron-making society, and it could 
adopt no better motto than that of the society just 
named—* Practice with science.’ The good which 
such a society, conducted by able and high-minded 
men, might accomplish would almost beyond question 
be very great. It would improve our make and 
cheapen the production of iron, and thus aid in retain- 
ing to us the immense advantage we enjoy in our 
practically exhaustless stock of coal. 








ABYSSINIA. 

AccorDING to the latest accounts from Annesley 
Bay, the piles and other materials had arrived for the 
new pier which is to be constructed opposite the 
commissariat store-shed. Very commodious store- 
sheds were being rapidly erected, but there had been 
no roofing or side-planking provided for them ; corru- 
gated iron had been sent for, but it is supposed that 
a belief must have existed in Bombay that materials 
for the sides could be obtained on the spot. A second 
stone pier is in course of construction, and it is very 
much needed by the shipping. The pier, it is said, is 
admirably constructed of loose stones, and has stood 
well against the high tides and heavy rollers; tram- 
rails are laid down along it, and pe Sm extending 
towards the camp. Two very considerable wooden 
sheds are in process of construction by the commissariat 
department; their platforms are raised three feet 
above the ground level to protect the contents from 
flooding, and they are constructed to hold a vast 
quantity of stores. The sappers are still employed in 
putting up a bund, a low stone wall well backed with 
sand, along the beach to keep out the high tides. The 
lines of rail to connect Zoulla with Koomayloo are being 
laid ; their progress was not so rapid as might have 
been desired, as they were being fixed only at the rate 
of about one-third of a mile per diem. The telegraph 
to Koomayloo has probably now been completed, and 
in working order for some weeks, as at the latter end 
of December last it was rapidly progressing under the 
energetic superintendence of Captain St. John, of the 
Royal Engineers, who has been employed lately on 
similar work in Persia, and has had great experience 
in telegraphy. 

Lighthouses have now been erected at Assaike and 
Adjnee Island, both of which are now lighted up. 

The correspondent of the Times of India, writing 
from Zoulla, under date 20th December, says, “I saw 
on the bunder, the other day, what appeared from a 
* distance to be a locomotive with a p var funnel ; 
, ol examination, the brass plate in its front informs 
“ me that it is Perkins’s patent portable steam oven. As 
its weight is 13 tons, as marked on the packing- 
“case, some six feet high, and nine or ten long and 
: broad (which, by the way, would form a mansion 

not to be despised in these parts), its portability 





must consist in its movability on wheels. The idea 
“ is not a bad one, and in a civilised country, where 
there are roads to allow of its draught, it would be 
“ vefy useful—at Aldershott or the Curragh, for in- 
stance. What would be the boiler in a locomotive 
“ is the oven in this machine, and its boiler is a small 
“ chamber with tubes running the length of the oven, 
“which forms the steam-heating apparatus. As 
“camels even cannot pass up to Senafé except with 
“ much difficulty and danger, this machine must wait 
 yntil a road is prepared for it! Another sample of 
“the thoughtfulness of the Home Government is to 
“be found in a number of cases containing Captain 
 Warren’s cooking apparatus. This, also, is supposed 
“to be portable ; but as each case weighs 250 1b., and 
“ as two must necessarily be placed on any baggage 
“animal, it happens to be in excess of the weight 
“ carried even s camels. It may slowly and with 
« difficulty be sent to the front on strong selected 
“ camels, and they may be found serviceable if used 
“ by Europeans and with care.” 

About seven miles from Annesley Bay some hot- 
water springs have been discovered, which are 
strongly impregnated with salt and sulphur. The 
boring for water at Koomayloo has been unsuccessful, 
at a depth of 40 ft. only brackish-bitter fluid eae | 
obtainable. The sand in the bed of the torrents wi 
hold a fair supply of water for a moderate demand for 
many months of the year, but it is simply rain-water, 
and not to be replenished except by rain. 

Colonel Merewether has reconnoitred the country 
for forty miles beyond Senafé, and reports the cheering 
intelligence that grass abounds; the roads are fit for 
animals, but not for carriages; and, above all, the 
water supply is good. 








THE ANTI-STEEL CRUSADE. 

Ture is probably no law, principle, or question— 
whether it be the law of gravitation, the principles of 
natural philosophy, or the question whether there is, 
after all, “anything like leather”—which a certain 
class of minute metaphysicians are not at all times, 
and under any circumstances, ready to re-legislate 
upon, re-investigate, and re-discuss, respectively. What 
humbler mortals, with their inferior power of logical 
deduction, may regard as absolute proof, is to the 
great Pyrrhonic philosopher, who doubts everything, 
just no proof at all. ; 

With great minds, however, proof may often, if not 
always, be dispensed with altogether, or, to put it 
differently,'facts, as has also been said of figures, may be 
made to prove anything. Thus, in the case of certain 
materials employed by the mechanical engineer, the 
facts that one material was twice as strong as another, 
however tested, twice as-durable, however subjected 
to wear, and worth twice as much money as “ scrap’ 
when worn too far for further use, would, to simple 
and illogical minds, amount to absolute proof that the 
former was the better material. So far, however, from 
this being the case, we can bring forward logicians who 
would show, we had nearly said clearly show, that, the 
facts being as stated, the stronger, more durable and 
valuable material was the worse of the two. The pro- 
cess of deduction might not be quite so clear, but no 
matter ; there would be a process of some kind, and 
there would be the conclusion staring you full in the 
face—a conclusion which may be described, in Yankee 
phrase, as a ‘‘ knock-down argument.” 

The process is much easier and neater than might 
be supposed. It requires no real conflict between 
facts or supposed facts, nor between opinions even. 
There may be an Alps of testimony, as unshakable as 
Monte Rosa, but the great logician has only to look 
the other way, and, to employ another Yankee phrase, 
he “can’t see it;” those who do not wish to see, 
being, as all know, incurably blind. The great logician 
does not disprove your facts ; he does not even dispute 
them. He quietly ignores them. Upon any given 
subject settled in the minds of all practical men, ten 
or twenty, or possibly forty, years ago, he will inform 
you that, “We have as yet no precise data bearing 
‘upon this important question, and, in the mean time, 
“all positive deductions, especially if acted upon in 
“ responsible practice, would be premature.” 

The absolute superiority of properly made “ mild 
steel” over wrought iron, except, perhaps, where the 
former is exposed to very considerable ranges of 
temperature, as in boiler-furnaces, was very gene- 
rally admitted by engineers eight, ten, and even fifteen 
years ago. For railway axles and tyres the superiority 
of Krupp’s steel was laseaasialile. But the price 
was much too high to admit of its general use. For 
rails it was, of course, entirely out of the question, 
although, could it have been produced at even double 
the price of iron, there oul have been found hun- 
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dreds of railway engineers only too glad to use it. 
At last a far cheaper mode of producing excellent mild 
steel was discovered, and more than half a million tons 
of steel made by this process are already in most 
successful use. That this steel is absolutely better 
than iron, for rails, tyres, and axles, has now been well 
established and generally admitted for a considerable 
number of years. The price, however, was higher in 
the case f rails, although not much, if any, higher 
than first-class makes of iron in the case of tyres and 
plates. The exact difference in price and in tensile 
strength was well enough known, but the exact dif- 
ference in quality was not so well known. Continued 
experience with steel has shown, however, that it is 
very much more durable, as compared with iron, than 
was at first believed to be possible, and that, although 
its absolute strength might be only twice greater 
than that of iron, its durability has actually been found 
to be six, and, in some cases, even sixteen, and, in 
one case, twenty-four times greater than that of iron. 
We have been at the pains to place upon record the 
great mass of facts proving, not the absolute supe- 
riority of steel over iron—for that was proved long 
ago—but the unexpected and, indeed, wonderful 
degree of that superiority, as shown by continued 
experience. And we have pointed out the obvious 
bearing and importance of these facts. 

Nothing, however, is so well established, but that 
the hard-sleeping philosopher, who doubts everything, 
will, when at least he dves wake, show, after his own 
conclusive fashion, that the thing established was 
never established at all—that it has no existence. 
The Engineer, under other management, ¢emp. 1861-64, 
showed the liveliest appreciation of the importance 
and value of the Bessemer steel process. It then 
went to sleep, to wake in 1867, when, the success of 
that process having been established beyond all pos- 
sibility of honest dispute, it suddenly discovered, not 
exactly that there was no such thing as steel in ex- 
istence, but that it was not even equal in quality to 
iron, being in fact very greatly inferior! The three 
years’ slumber had been so profound, that the then 
rapidly accumulating facts, of very great interest to 
our profession, as to the unexpected degree in which 
steel had been found superior to iron, were scarcely, if 
ever, noticed by our contemporary during all that 
time. When, at last, utterances were heard, the 
Great Awakened gave out that a steel arched bridge, 
in Paris, was rapidly giving way. For all we could 
know, at the time, this might have been true ; but our 
immediate inquiry in official quarters, and also among 
the leading French engineers, disclosed the fact that 
the statement was wholly erroneous. We sat it 
down, therefore, as an inadvertence, which would, 
doubtless, be soon made right. The rectification, 
however, did not follow. 

Some time afterwards, a more general attack was 
made upon steel in the form of plates. This was 
based upon a lawsuit which arose upon the case of 
some badly made, or badly rolled, or badly tempered 
steel plates, quite unlike what thousands of tons of 
other stecl A ven had proved to be. It would, of 
course, have been but fair to have sought the cause of 
an exceptional inferiority, rather than to condemn a 
well-tried material upon this instance alone. 

Open war was finally declared against steel, a few 
months ago, when it had been found out that the best 
steel rail ever made—the “Chalk Farm rail—had 
yielded to great violence, before it was even then half 
worn out, although its upper face alone had worn out 
both faces of eleven iron rails (twenty-two faces) suc- 
cessively laid, and adjoining it at paw end, and with- 
standing the same traflic. The rail had been greatly 
bent sideways, and broken sideways, or in the direc- 
tion of least resistance, by a heavy engine thrown off 
the line in a collision. Nature nor art has yet sup- 
plied us with any material, however strong, which 
some amount of force caunot rend. The author of 
the attack did not trouble those who were to read it 
with the trifling particulars we have mentioned; 
indeed, it is the prerogative of great minds to dis- 
pense with details; indeed, details are often found 
to weaken, and sometimes to destroy, those grand 
and comprehensive generalisations so characteristic 
of very _ minds. “ What business had this 
“rail to break at all? That’s what we want to 
“know!” It was broken. That was quite enough. 
In one or two previous instances in the history of rail- 
ways, iron rails had broken too. Therefore this “ rail 
“behaved exactly as an iron rail worth 5/. per ton 
“might have been expected to behave.” Another 
way of looking at the matter would occur to some 
minds, viz., that had the iron rail been there, at that 
moment, with a couple of heavy engines rampant upon 





it, it possibly might have behaved no better than did 
the steel rail. The test is a very conclusive one, but 
it is not, we believe, the test usually applied by engi- 
neers, and we do not know that it has yet been re- 
cognised by the Board of Trade. No matter; the 
rail had no business to break. But, as break it did, 
there must have been a cause. What was this cause ? 
Ah! one must be discovered or, still easier, invented. 
“Molecular deterioration.” Yes, that sounds very well; 
so well that it will answer every purpose, “ Molecu- 
“Jar deterioration!” ‘“ Rotten steel rails!” “ Pit- 
“ falls to destruction!” ‘ Up with them all!” “ Iron 
“at any price!” “If it is 14/. per ton, so much the 
“better '!’ This is a free, but not too free, 
digest of the first open attack upon steel rails, 
and how eagerly it was welcomed among those 
who, “in the iron way ” themselves, of course believe 
there is “nothing like iron!” But there was some- 
thing more than ignorance in the attack, although 
the very first men in the engineering profession, ae 
had long ago adopted steel rails in their own practice, 
could see nothing else in it. In ¢wo years we were 
told we should know all about steel rails, not before. 
And the look-out, even beyond that date, was painted 
in very dark colours. It was not quite so clear, 
though, why we should know so much more of steel 
rails after eigh¢ years’ wear than we already knew after 
six, nor why, when steel had already done so well, it 
should ¢hea go all at once to the bad. But it is be- 
tween the sixth and cighth years, we suppose, that 
“molecular deterioration ” sets in, and the interesting 
patient breaks down from premature decay. Curiously, 
the “two years” fixed upon, much in the spirit of pre- 
diction to which the good Dr. Cumming has accus- 
tomed us, neatly measured off also the further term 
of years alloted by law to Mr. Bessemer’s first patent. 
But let that pass as an intentional coincidence, only 
there was more than ignorance in it. 

The real object of the attack upon steel began to 
be rather clearer not long afterwards, when an argu- 
ment as to the impolicy of using steel rails was based 
upon the pretence that the royalty was 2/. per ton, in- 
stead of 1/., as all, who are informed upon the matter, 
know it tobe. This pointed rather to a wish to spite 
the patentee than to assist railway men in their de- 
cision upon the practical question at issue. 

Last week, however, the whole mystery of the 
crusade against steel was unveiled, a very large and 
lively cat was released from the bag, and the origin of 
the lacteal fluid in the cocoa-nut was demonstrated to 
a dead certainty. It is not against steel, after all, but 
against the man who invented it, that all this hubbub 
has been raised. This is exactly what we had always 
supposed, but we had no right to say so. It is stated 
as “a fact long known to many,” that Mr. Bessemer 
has “ purchased, set up, and started a great puffing-ma- 
“chine on the Yankee principle,” and that, like Messrs. 
Moses, the eminent tailors and poets, he ke«ps his 
own leading-article writer constantly at work. Messrs. 
Moses have often been kind enough to send us copies 
of their more important literary works for review, and 
we are fain to believe that were Mr. Bessemer really 
the proprietor, publisher, or otherwise, of similar 
works, he would as kindly do the same. He has 
failed, however, to do so, nor have we been able to 
find a copy of any work of the kind representing his 
interests. We would, really, very much like to see 
one. The Engineer, until overtaken by indigestion 
and nightmare, was the leading exponent of the 
economy and advantages of the Bessemer process, and 
it maintained this position interruptedly for more than 
three years ; but we cannot suppose it is now refer- 
ring to itself as the great “ puffing-machine,” for we 
know that Mr. Bessemer never had any part or lot in 
that journal, nor did he ever, as we also snow, in- 
fluence, directly or indirectly, any leading article 
which ever appeared in its pages. We have only, 
however, to follow the dénouement to learn, by unmis- 
takable quotations from our own columns, that 
Enciveerine is the “ re ee" intended. 


Now Mr. Bessemer has as little to do with us 


as with The a ; he is neither owner, part- 


owner, shareholder, creditor, nor mortgagee of this 
journal, the name of the sole proprietor of which is 
registered, under a solemn declaration, at Somerset 
House. And were this journal a “ pufling-machine,” 
it would not have gained, as it das gained, the largest 
circulation of any weekly engineering publication in 
the world, nor the cordial co-operation of the most 
eminent members of our profession, not only in the 
United Kingdom, but throughout Europe and in 
America. The public are quick enough to see the 
difference between mere puffing and a careful collation 
of facts, with logical pod consistent arguments based 





upon them, and showing to what conclusions these 
facts really point. Those who have watched the 
course of this journal from the beginning know that 
we have oftener blamed than praised, and that char- 
latans and schemers, who, deceiving themselves, would 
deceive others, have suffered under even stronger 
discipline than a mere expression of our a. 
Our readers will judge how far we have been right, and 
how far wrong. At any rate, we have never doubted 
that, from the beginning, EncrvzerinG has made a 
name for itself for thorough independence and, what 
has long been needed in journals of the same class, 
honest (not vicious) fearlessness of expression. We 
regret that our success should, as it has notoriously 
done, have told heavily against The Engineer. Yet we 
felt that, contrary to much that was said when 
we set out, there was room for but one first-class 
engineering journal ; for second and third class papers 
there is always plenty. We gave our neighbour fair 
warning, and he should have put his house in 
order. In attempting to keep pace with us, he has 
sunk many thousands of pounds, with no result but a 
declining circulation. Yet the mortification resulting 
from defeat in a fair contest of strength is no excuse 
for a low attack upon Mr. Bessemer, who has nothing 
whatever to do with either journal ; not only nothing 
in the moneyed capacities already named, but nothing, 
also, as contributor, counsellor, prompter, or any other 
imaginable member of the “brain staff” of the re- 
spective papers. If it has happened, therefore, that 
we have succeeded, let none, in spite and vexation, 
turn around and spoil their teeth in gnawing a Bes- 
semer file. It will not hurt the file, nor will it hurt 
us. Let The Engineer keep to its “ donkey injectors,” 
and other nostrums upon which it writes so pro- 
foundly, although “in honest kindness we would re- 
“ commend him, if he hopes to follow in our wake, 
“and is ambitious of our friendly recognition, and 
“ that of the respectable English press, seriously to 
“ consider whether he should not, as completely as 
“he is able, profit by our example.” 








THE STRENGTH OF BEAMS.—No. IT. 
On THE TRANSVERSE STRENGTH OF STEEL RKaiLs 
AND OTHER ANALOGOUS Beams. 

In considering the transverse strength of beams, 
the commonly accepted law, ut tensio sic tis, is a 
sufficient approximation to the truth in instances 
where the “ web” portion is small in comparison to 
the gross section ; bat when, as in a solid square or 
rectangular bar, it is of equal section per unit of 
depth with the ‘ flange” portions, or, still more, when, 
as in a round bar, or in a square bar strained in the 
direction of a diagonal, the web portion is even more 
excessive, that simple law gives perfectly ridiculous 
results. In fact, where the material is cast iron, the 
error in a square bar, strained in a direction parallel 
with one of its sides, is 143 per cent.; in a round bar 
it is 174 per cent.; and in a square bar strained in 
the direction of one of its diagonals, the error is no 
less than 190 per cent! ; 

The preceding results deduced from experiments on 
east iron, although apparently not bearing directly on 
the question we are considering, afford strong pre- 
sumptive evidence that a similar divergence from the 
ordinarily accepted law will obtain in steel beams, and 
the necessity of investigating this point before we can 
hope to arrive at any fair estimate of the resistance to 
be expected from any given section of steel rail will be 
at once evident. . 

In investigating the theory of the resistance of 
materials to a transverse strain, Mr. Barlow was 
struck by the consideration that, in applying the law, 
ut tensio sic vis, to contiguous fibres, the effect of 
lateral adhesion was omitted, since each fibre was 
assumed to be capable of taking up the same degree 
of extension and compression from the same force as 
if it acted separately and independently of the ad- 
joining fibres. Now, it is a well-known practical fact 
that a powerful lateral action does in reality exist, 
tending to modify the effect of unequal strains. This 
fact was proved by Mr. Barlow beyond suspicion by 
direct measurements of the extensions and compres- 
sions of the outer fibres of beams under certain trans- 
verse strains. Thus in a beam 7 ft. 4in. long, 6 in. 
deep, and 2 in. thick, the extension of the outer fibres 
me a calculated strain of 14,666 lb. per square inch 
was yzb7 Of the length, whilst under a direct tensile 
strain of similar amount the measured extension 
was siz of the length, or nearly double that resulting 
from the same strain per square inch on the metal 
when in the form of a beam tested by transverse 
strain. There can be no question, therefore, that 
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Jateral action does modify the effect of unequal strains 
on contiguous fibres, and that the deflection of a 
beam, as well as its ultimate strength, is governed by 
this condition to so great an extent as to make the 
neglect of it result in an error of any amount up to 
190 per cent. This new resistance wi | be dependent 
upon the amount of deflection in connexion with the 
depth of metal in the beam, and it will be uniform per 
unit of area over the whole cross section, since it is 
due to the elastic reaction of the contiguous fibres, 
which will be a constant amount throughout the whole 
depth of the beam. This of course premises that the 
extension and compression of the several fibres will be 
directly proportional to their distance from the neutral 
axis—a fact well ascertained to be the case by direct 
experiment. 

t follows, then, that whatever the form of cross 
section of a beam, the value of the ultimate resistance 
of the fibres, as deduced by mathematical analysis, 
will be higher than the resistance of the material to 
direct tension. Adopting Mr. Barlow’s notation, 
/ being the ultimate resistance to direct tension, F the 
apparent resistance to the same force excited by trans- 
verse strain, and @ the resistance due to flexure, 
then F=f+@. The variable quantity in this equation 
is , which will be governed by the form of cross 
section. For our present purpose, we need not com- 
plicate the questions under consideration by any 
general and comprehensive formule; the sections of 
rails in ordinary use do not so widely differ as to neces- 
sitate this labour. It will only be necessary to ascer- 
tain the values of the several symbols in solid bars, 
which may be easily done by sveling ourselves of some 
of the numerous experiment on this transverse strength 
of that class of specimens, when the application of 
the results to rail sections will follow easily. 

Before we can do this, however, it will be necessary 
to consider some method of ascertaining the moment of 
resistance of the given cross section; that is, the pro- 
dnet of the effective area of metal on one side of the 
neutral axis by the effective leverage at which it acts, 
or, in common engineering parlance, the area of 
flange x depth of the girder. Having this moment of 
resistance, M, and also the moment of the weight, m, 
that is, the bending force multiplied by the effective 
leverage at which it acts, we may at once obtain the 


value of F, since obviously => . The value of m is 
readily arrived at, since it is merely the moment of 
weight round support. Thus, with a weight, W, 
applied at the centre of a given span, /, the moment of 


the weight round one support will be . for the effec- 
tive weight, and | for the effective leverage, there- 


Ww 
fore m = ai and under all conditions of loading it 


is essential to the condition of stability that the mo- 
ments of the weights round each support should 
be equal, With an equally distributed load, the centre 
of gravity of the load transferred to each support being 


“ the effective leverage will be that amount, and the 


Wi 


moment, m == . Again, ifthe weight W be applied 


at a point dividing the span, /, into the given segments, 
a and b, the moment will be the weight o_—t ied by 
the product of the two segments and divided by their 
Was 


sum, that is, a= Under any given distribution 
of load the value of m can be easily obtained by the 
method of commencing at each support simultaneously, 
and multiplying the successive increments of weight 
by the distance of their respective centres of gravity 
from the supports; carrying on the process till the 
whole of the weights have been dealt with, and the 
moments on each side balance. 

To determine the moment of resistance of any given 
cross section is generally a rather more tedious process 
than the foregoing, but it is equally simple, although, 
from the fact of the calculus almost always figuring 
in the portions of engineering works treating on the 
subject, most practical men would naturally be led to 
suppose the contrary. We shall show how the re- 
quired result may be obtained with very few figures, 
or indeed, if necessary, without any figures at a 

The determination of the moment of resistance of a 
given cross section is derived from the knowledge of 
the fact that, in practice as well as in theory, every 
fibre in a beam is strained in direct proportion to 
its distance from the neutral axis, and that the effective 
leverage at which each fibre acts is also proportional 


condition, geometrically, for a square cross seetion 
we are informed of the following facts. The neutral 
axis being at the middle of the depth, at that point 
the horizontal strain will be wi/, increasing to the 
maximum amount at the extreme depth. _ If, there- 
fore, we draw the diagonals of the square (Fig. 1), we 














width of which, at any given distance from the neutral 
axis, will be proportional to the horizontal strain on 
the fibres at the same point, and the area of which 
will, consequently, be proportional to the sum of the 
horizontal action of all the fibres on each side of the 
neutral axis. In short, the area of the triangle repre- 
sents the equivalent area of metal, if the force were of 
uniform intensity throughout, equal in amount to that 
on the extreme fibres. Having the effective area of 
flange, it is necessary to ascertain the effective depth. 
Now, as the ‘iienale represents the distribution of 
forces of equal intensity per unit of area, the centre of 
pressure will obviously be at the same point as the 
centre of gravity of a triangle; that is, at two-thirds 
the height of the triangle from the apex. The distance 
from centre of pressure of one triangle to the same 
point in the opposite triangle will, consequently, be 
the effective depth, and be equal to % Again, 


the area of each triangle being equal to G the moment 


of resistance of a square cross section will be 
@" x4; thatis, M=“. 
4 6 


The process will be more clearly illustrated if we 
take the more complex problem of a square bar strainen 
in the direction of a diagonal, which may be solved 
geometrically as follows (Fig.2): Draw the diagonals 

















of the square, and divide the one in the plane of which 
the bending force acts into any number of equal parts. 
Through the points thus set off draw lines at right 
angles, intersecting the sides of the square, and from 
the points of intersection set up verticals cutting the 
line A—B. Remembering that the strain on each 
fibre is proportional to the distance from the neutral 
axis, it will be at once seen that if we draw lines from 
the points thus obtained on the line A—B to the 
neutral axis, the intersection of these lines with the 
horizontal ones, representing the several layers of 
fibres, will give the equivalent lengths of fibres, if the 


consequently, by joining the several points, we obtain 
a figure, shaded on diagram, representing the sum of 
all the forces, and the area of which will be the effec- 
tive area of “ flange.” 
The area of this figure might be found by direct 
measurement from the diagram, and its centre of 
vity in the same way; but in this instance it will 
So by inspection that the shaded space is a 
parabola, since the ordinates vary as the rectangles of 
segments. The area of a parabola is rds of the 
circumscribed rectangle, amery ry effective 
area of the shaded portion will be —x——_ x —_.. 
P 3°29 VQ? 
and the centre of pressure being at its centre, the 





effective depth will be ==} and the moment of the 
V2 


cross section =3 x i x <: x a therefore 
B2.9 VQ 2 
M=_*_, 
6/9 


It appears, then, that the strength of a square beam, 
strained in the direction of one of the diagonals of its 
cross section, is less than that of the same section 
strained in a direction parallel to one of its sides in 


the proportion of / 2 to unity, that is, as 1.41 2 








THE “NITRATE STEEL PROCESS.” 


True to the instincts of Cancer, the crab, the 
famous “red fish which walks backwards,” Pagorus,* 
a member of the same family (for it is he, unless we 
greatly mistake the style of the writer), is now illu- 
minating, in bright colours, the wonderful results (to be) 
achieved by the resuscitated, and “as good as new” 
nitrate steel process. When Mr. Bessemer had 
shown in his specification of October, 1855, how iron, 
once melted, could be decarburised without any 
further consumption of fuel, or manual or me- 
chanical treatment, merely by blowing atmospheric air- 
through it, the only active element of the air 
being, of course, its oxygen, innumerable, attempts 
were made to “dodge” this leading principle by get- 
ting oxygen into the iron, or getting the iron to the 
oxygen, im some other way. ‘The real principle was 
in all cases, of course, the same, just as if a patentee 
had said, “I claim softening ‘ilen, for bending, by 
‘enclosing it within a closed vessel, and admitting 
“ steam to it.” Others might claim the admission of 
boiling water as an improvement, and another might 
go so far as to believe he could dodge the patent 

y setting up a boiler within the vessel, instead 
of admitting the steam from without. So there 
were some who proposed to run the iron down air- 
shafts, as Sir Anthony Hill did fifty years ago (and 
to little profit for the Plymouth Works). Newton, 
the patent-agent, secured the rights of some one, not 
named, to the tubular rabble, the use of which is now 
dignified as the “ Richardson process,” only his rabble 
was worked mechanically instead of by hand. Others 
saw that nitrate of soda and saltpetre possessed abun- 
dant stores of solid oxygen, which gasified and libe- 
rated itself when exposed to a heat of 700° or 
so. Mr. Bessemer soon saw the necessity for se- 
curing the use of any gaseous matter giving off 
oxygen (No. 356, a.p. 1855), and, later, of any so/id or 
liquid substance in combination with atmospheric 
air, and capable of evolving oxygen (No. 1292, a.p. 
1856). If this did not cover the ground, Victor 
Avril not long afterwards provisionally protected the 
treatment of melted iron with nitrate of potassa. Sir 
Frederick Knowles, too, we believe, actually made 
tolerable samples of steel by dosing melted iron with 
saltpetre. There were many persons at work, in fact, 
at the same wep ; but no supply of oxygen could 
be found so cheap as that afforded by the air. There 
are millions of tons of nitrate of soda forty miles in- 
land from the Pacific coast at Iquique, Peru. But 

uano freights from the Chinchas are 65s. a ton, and 
or nitrates the cost would be about the same. The 
Peruvian Government, too, — ready to turn an 
honest penny, would not probably be long in dis- 
covering any especial increase in the demand for 
nitrates, and would put on a royalty which would be 
* Pagorus, literally the hard-tailed, or Pagorus Bernardus 
(or Fredericus, for it’s much the same), is popularly known 
as the “ Hermit Crab.” The “critter” is one of a tribe of 
anomoural, decapod crustaceans; inhabiting, rent free, the de- 
serted shells of univalves, the outgoing tenants of which are 
whelks and “sich like.” Quere by our “ rough-proof” reader, 
“may not the fine old Norman name, Paget, have been de- 
rived from Pagorus?” We must refer him tothe Nomeno- 

ry Society, if one can be found. If not, to the (our) 
“devil.” —Ep. E. 











to the same amount. Representing the effect of this 





same intensity of force were acting throughout; and, | ‘ 
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felt and respected all over iron-dom, and nitrate of 
soda, now quoted at from 10/. to 12/. 10s. a ton, 
might, under an increased demand, soon double in 
price. Of course, if it could be found cheaper else- 
where, competition would set in, and the monopoly 
would break down. 

Pagorus, in The Engineer, does not appear to per- 
ceive any special difficulty in keeping the nitrate at the 
bottom of the charge during the somewhat lengthened 

riod of conversion. We do see some slight hitch 
ioe and shall be glad to see it removed, not, 
even then, that we can foresee any great good 
which can result from it. Our contemporary cannot 
see that the gunpowder process is at all likely to be 
costly. “Assuming Mr. Hargreaves’s ultimate success,” 
which is Zhe Engineer’s clear and logical mode of 
arguing about the probability of such success—as- 
suming that Mr. Hargreaves could balance the ex- 
pense for nitrates by using iron costing “16s. to 20s. 
per ton less than anything that Mr. Bessemer can 
use”—assuming that this inferior iron could really 
be purified by nothing but oxygen, nitrogen, and 
soda, which have been tried and fai/ed in Schafhiiutel’s 
method of puddling—assuming that large masses of 
molten metal could be run into and cast from Mr. 
Hargreaves’s plant, assumed to be inexpensive, with the 
same facility and economy as this is done by the mechani- 
cal movements of the Bessemer plant—assuming that 
puddlers will work the refined metal produced in the first 
instance for no wages—assuming that there will be 
no further loss of iron in the subsequent operations— 
assuming that Mr. Hargreaves will charge no royalties, 
and be content to become “a very wealthy man” by 
the aid of The Engineer's assumptions—then the 
nitrate process will save the full amount of the 
Bessemer royalty which our contemporary hasgradually 


auctioneered from the well-known figure of 1. to 
2/. 10s. - ton. Assuming still further, as there 
seems to 


xe no limit whatever to our contemporary’s 
ower and license of assumption—assuming that Mr. 

argreaves will borrow Mr. Mallet’s great mortar from 
Woolwich arsenal, run his liquid iron into it, fire off 
the whole by a charge of gunpowder, and thereby in- 
stantaneopsly produce fine steel, which will drop down 
in the shape of a hot ingot on the coast of France— 
then, not only the Bessemer royalty, but also the 
working expenses for the Bessemer process, which 
amount to less than 1/. per ton, and of course the 
freight to France, will be saved, and “an incalculable 
boon to the world ” will be the result. 

But who is to dogmatise, still less sneer, when men are 
found who are patiently working out again and again, 
and at much cost, often abandoned and seemmgly 
hopeless experiments? Let us ever respect the 
earnest and the persevering. We shall be the first to 
applaud if, after much churning, the butter really does 
come at last. The mixture, if not a new one, may— 
who knows ?-—lead to a new result. 





——==—_ 








Amertoan Commerce.—The commercial accounts from 
America continue to show an extraordinary falling off in the 
trade with this and other countries, the value of the goods 
imported at New York in January having been only about 
1,910,0007. against 2,990,0007. in the same month of last 

ear, and 3,600,000/. in 1866. The exportation of gold, 
conven, has been 1,400,000/., against 600,000/. in each 
January of the two preceding years. At the same time the 
import trade is threatened with a serious blow by a Bill 
introduced into the House of Representatives to abolish the 
bonded warehousing system. The debt and currency questions 
continue to be urgently discussed in all the journals, and a 
flood of pamphlets with regard to them seems to be issued 
daily. 

Lxugps.—Short time is still the order of the day with the 
forges, while the tool-makers and engine-makers are also 
slack. The engine-makers appear to consider that they have 
rather better prospects. : 

Martne-ENGINE Buripine in Spatn.—We have received 
from a friend the following extract from a letter written by 
an English engineer residing in Spain: “Alexander, of 
Barcelona, is now making marine engines of several hundred 
horse power for Liverpool people. Think ofthat! They will, 
at this rate, be building iron vessels here before long.” 

Tue Cusvetanp Iron Trapr.—The make and delivery of 

ig in the Cleveland district appear to be pretty evenly 
Soteneed, Two new blast furnace have been completed by 
Messrs. Cochrane and Co., of the Ormesley Ironworks, and 
are ready for putting in blast. The Cortinental demand for 
Cleveland pig is only moderately active. The demand for 
cast-iron pipes and railway matériel is alsc rather weak. The 
rail trade shows rather more animation, and there is also a 
slightly better demand for shipbuilders’ iron. Shipments of 
salle are being made by the large works for Trieste, Rotter- 
dam, and the East. ; 

Eyeuisn Enrerrriss tv France.—Representatives of an 
English company are understood to have applied for the con- 
cession of a line of railway from Lyons to Bordeaux. The 
cost of construction would be no less than 6,000,000/.; and 
the promoters ask, first, for guarantee of interest, and, 
secondly, for a considerable subvention from the State. It is 

roposed to construct a branch to the rich coal and metal- 
fursical basins of Champagnac and Vendes. 





SIR DAVID BREWSTER. 

Sir Davin Brewster, Principal of the University of Edin- 
burgh, and one of the first natural philosopher of his age, died 
at his seat of Allerly, near Melrose, at balf-past seven on Mon- 
day evening last, in the 87th vear of his age. He was born at 
Jedburgh, on the 11th of December, 1781. His father, who 
was rector of the grammar school there, destined him for the 
ministry, and he was accordingly sent to the University of 
Edinburgh, and maintained there for several sessions, during 
which his performances as a student were promising and even 
brilliant. He passed through the theological classes, and took 
licence as a preacher of the Church of Scotland; but he 
was strongly attracted during his college career towards 
the study of science and the observation of natural pheno- 
mena. The powerful drift of his mind and inclinations 
in this direction was increased by the delicate condition of 
his health, which inspired the apprehension that he might 
not be able to sustain the severe physical fatigues and trying 
exposures incidental to ministerial duty; and at last he re- 
solved to turn completely to the pursuit of science as his aim in 
life, and in that spirit declined a presentation which was 
offered to him by the Duke of Roxburgh. He had received 
the honorary degree of M.A. in 1800; and at and after that 
period he enjoyed the acquaintance and assistance in his 
scientific studies—in which he already gave evidence of sur- 

assing powers of observation—of Robison, the Professor of 
Natural Philosophy, and, of Playfair and Dugald Stewart. 
He had already so far improved upon the instructions he had 
received, that, in maturely examining the bases of Newton’s 
theory of light, he succeeded in discovering a novel and 
important fact in optics—that of the influence of the 
condition of the surfaces of bodies on the “ inflection” or 
change of direction of the rays of light, which had been 
formerly accepted as a consequence of the nature of the bodies 
themeaiven, Te had already devoted himself principally to 
the science of optics, in which he was destined to attain 
so distinguished a reputation. In 1807 a number of 
honours poured in upon him. He was made LL.D. 
of Aberdeen University; Oxford conferred on him the degree 
of D.C.L., and Cambridge that of A.M. Next year Dr. Brew- 
ster was elected a member of the Royal Society of Edinburgh, 
of which he subsequently filled the offices of secretary, vice- 
president, and president—holding the latter office at his death ; 
and in the same year he took in hand the task of editing the 
Edinburgh Encyclopedia, a work to which he made a number of 
important and interesting scientific contributions, and which he 
did not complete till 1830. This considerable undertaking, 
however, was far from occupying the whole of Dr. Brewster's 
almost marvellous working energy. In 1813, under the title of 
a Treatise on New Philosophical Instr ts, &c., he presented 
to the public some of the results of his optical researches during 
the preceding twelve years. In 1811 he had bestowed some 
attention upon the experiments prosecuted by Buffon with 
the purpose of discovering the nature and emulating the 
effects of the burning-mirrors of Archimedes; and these ex- 
periments suggested to him the construction of what he 
styled “ polyzonal” lenses. Lighthouses at that time were 
usually fitted — plain parabolic reflectors ; Dr. Brewster pro- 
posed instead the use of lenses built up of zones of glass, each of 
which might be composed of several circular segments, arranged 
concentrically round a central disc, with the effect of strengthen- 
ing the light and transmitting it toa greater distance. The 
invention, or adaptation of Buffon’s invention, excited a good 
deal of interest at the time, as it promised to lead to*an im- 
provement in the illumination of our lighthouses and the safe 
conduct of our coast navigation ; but it was not then practically 
taken up in this country, though it was in France. In 181d, 
at the desire of the Corporation of Edinburgh and of Professor 
Playfair, he undertook to take the place of the latter in deliver- 
ing the lectures on natural philosophy; but he did not long 
persist in this task, grudging every moment and every effort 
that did not lead him further in the investigation and knowledge 
of his favourite subject. In the same year he sent again to the 
Royal Society of London a paper “ On the Polarisation of Light 
by Reflection,” and the society elected him a Fellow, and voted 
him their Copley medal for his discoveries and researches. In 
1816 he hadjthe hononr to receive from the French Institute half 
of the prize of 3000 francs awarded for the two most important 
discoveries made in Europe in physical science during the two 
years preceding. In that year also he achieved the invention 
which has rendered his name most popular —that of the 
kaieidoscope. Thenceforward honours continued to flow in 
rapidly on him, and in 1831 he received the decoration of the 
Guelphic Order of Hanover. The year following he was knighted 
by King William IV. In 1833 he was a candidate for the chair 
of Natural Philosophy in the University of Edinburgh, but was 
defeated by Mr. James D. Forbes, now Principal Forbes, of St. 
Andrew’s. To the distinctions we have enumerated as falling 
to his share the King of Prussia added (in 1847) the Order of 
Merit. In 1849 he was elected one of the foreign Associate 
Members of the Institute of France, and the Emperor Napoleon 

in 1855) conferred upon him the cross of the Legion of Honour. 
The list of Sir David Brewster’s contributions to scientitic and 
general literature is very extensive. He was twice married— 
in 1810 to Juliet, the younger daughter and co-heiress of James 
Macpherson, of Belleville, M.P., better known to fame as the 
“ translator” or author of “ Ossian.” The first Lady Brewster 
died in 1850; and in 1857 Sir David was again married, to 
Jane, daughter of Mr. Thomas Purnell, of Scarborough, who 
survives him.— Times. 











A Great Russtan Rattway Brrper.—A bridge has been 
thrown over the Boug, on the Balta and Olviopol line, which 
is no less than 800ft. in length. The weight of this fine 
structure is 1640 tons. 

A Biscurr Manvuractory.—In our description of the 
biscuit manufactory of Messrs. Gray, Dunn and Co., of 
Glasgow, on page 91 of our number for January 31, last, it 
was by an error stated that the machinery referred to had 
been made by Messrs. Stevenson and Co., Liverpool, whereas 
it should have been stated that it was constructed by Messrs. 
T. and J. Vicars, of Liverpool, a firm to whom are due many 
important improvements in biscuit-making machinery. 





PAVED STREETS. 
To rue Epitor or ENGINEERING. 

Str,—Had your correspondent “Concrete” read my 
letter of the 20th ult. (which appeared in your impression of 
the 31st) a little more attentively, he would, I think, have 
seen that, open as my method may be to “many objections,” 
those he mentions in his letter of the 3rd inst. are scarcely to 
be urged against it. 

In the first place, he alleges that I have not been sufficiently 
explicit in my description, in that I have not stated whether 
the plates I propose to use are of wrought or cast iron. I 
have not, to my knowledge, the pleasure of “Concrete’s” 
acquaintance, and, therefore, I cannot tell the precise amount 
of information he personally may stand in need of; but I 
will venture to say that the doubt he professes to feel on this 
subject is not entertained by many of your readers. ‘“ (Con- 
crete” then goes on: “ If of wrought iron, would 3 in. be suf- 
“ ficient to sustain a weight of 6 ewt. without bending and 
“buckling in ever neatlite direction?” Possibly it would 
not, if the plates did not take an even bearing on the concrete 
foundation of the road; but your correspondent will see, on 
reference to my letter, that I have myself contemplated the 
possibility of some such contingency by providing that the 
plates are to be “buckled, if necessary,” and I need not tell 
him that “ buckled plates” have stood satisfactorily severer 
tests than I am proposing to apply to them. 

Again, “Concrete” says, “if the plates ar2 to be close 
“ together” (and they would evidently be useless if they were 
not), “ how could room be found for the bolt and key,” the 
“simple arrangement” by which it is proposed to fasten 
them together? This, I can assure “ Concrete,” presents no 
difficulty whatever, as I shall be most happy to prove to him, 
or to any one else at all interested in the subject, but with 
the detailed description of which arrangement (beyond the 
sketch given in your last number) I need not now trouble 
your readers. 

But “Concrete” reserves his final thrust for a coup de 
grace. How can the first cost be the same, or nearly the 
same, between the proposed system and that now in use, 
when, the other circumstances being equal, the first cost of 
the proposed system is increased by the expense of the iron 
boxes? Again, I must ask “ Concrete” to refer to my letter, 
and he will see that my estimate of the equality of first cost 
was based on the calculation that granite paving, 6 in. thick, 
laid as suggested, would be found equal to paving 9 in. 
thick, as ordinarily laid, and, according to “ Laxton,” the 
difference in cost per super yard between the best granite 
paving of these respective thicknesses is 6s. 6d.—a sum 
which would go very far towards paying for a wrought-iron 
plate a about 60 Ib. 

am, Sir, your obedient Servant, 
106, Cambridge-street, 8.W. Wituram Dennis. 








Tue Corron Trapr.—The deliveries of raw cotton from 
Liverpool to the trade have averaged thus, for this year, 
65,180 bales, as compared with 35,490 bales to the corre- 
sponding date of 1867, and 37,650 bales to the corresponding 
date of 1866, the average for the whole of 1867 being 47,290 
bales. The imports this year have scarcely kept pace with 
the demand. 

From tHE Nortnu.—Messrs. Laws, Clough, and Co., of 
North Shields, have a large screw steamer building at Messrs. 
Schlesinger and Davis’s yard at Sunderland. On Saturday, 
Messrs. Backhouse and Dixon, of Middlesboro’, launched the 
Fulmar, a steamer of 1000 tons, built for Messrs. Harris and 
Co., of Middlesboro’. Messrs. Blair and Co., of Stockton, 
have supplied the Fulmar with engines of 150 horse power. 
Messrs. Backhouse and Dixon have another steamer of 2000 
tons now on the stocks 

Rattway TRaFFic IN France.—Experience shows that a 
week of bad weather cost the Paris, Lyons, and Mediter- 
ranean—the most extensive system in Europe—no less a sum 
than 56,0007. from the loss of traflic sustained. 

Rattway Ecoyomy.— Briquettes, in which petroleum 
bears a part, are now being used for the engines of the 
Orleans Railway. By this means dust coal is utilised, which 
would otherwise be wasted. 

Tue ZoLLvEREIN.—The number of forges and blast-fur- 
naces in the Zollverein in 1865..was 1581, which produced 
4,060,628 tons of iron, lead, zinc, &c. In this total, the works 
devoted to the production of iron numbered 1376, the number 
of workmen employed in them being 87,097, and the produc- 
tion 3,784,905 tons. 

Tue Deputy-DirEcToR oF ENGINEERING TO THE AD- 
MIRALTY.—Mr. W. Scamp, C.E., the late deputy-director of 
engineering and architectural works to the Admiralty, who 
has retired with a full-pay superannuation after a lengthened 
period of service, transacted his last official business at 
Somerset-house on Wednesday week last. 

Tue OupE anD RowitkunD Raritway.—At the recent 
general meeting of the shareholders of this company the 
chairman, in moving the adoption of the report, stated that 
the districts which the railway would have to serve were very 
favourable for the construction of railways, and, with the 
exception of crossing the Ganges near Cawnpore, there was 
not an engineering work of any difliculty to Be encountered, 
and as the xarwe fovewd would not exceed 3 ft. in height, 
the line would be rapidly formed by digging a ditch at each 
side and throwing the soil on the line. It was also stated that 
a committee of ——- officers had been appointed to report 
on the line and rolling stock of the Cawnpore and Lucknow 
Railway, with a view to ascertain whether some improve- 
ments might not be made in the construction and working of 
that line before commencing the other lines. It was stated 
by the managing director that the alterations requisite in 
the roiling stock that had been sent out were not important, 
and the expense would be small. 

GoLp-MINING IN Vicrorta.—It appears by the gold- 
mining records of the colony of Victoria that 12 selected 
mines, with an aggregate paid-up capital of 145,382/., have 
paid as profits in the short period of from seven months to 
five years no less a sum than 1,878,907/. The history of 
mining has never before shown such extraordinary results. 
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BALDWIN a 2 leg oy oy Y .& e —. 
the Surveys of Propos ines for a Ship ‘between 
” the yr A and Pacific Oceans. By Dr. CULLEN. 
(Continued from page 122.) 
Child’s Survey. 

In 1850 and 1851, this route was surveyed by Colonel Childs* 
for the American Atlantic and Pacific Ship Canal Company, 
his assistants being Messrs. Fay, Curry, Fitzgerald, and Crop- 
sey. He proposed to cut a canal 28.28 miles long, with six 
locks, on the Atlantic side, and to canalise the San Juan by 
means of seven dams and eight locks. The communication be- 
tween the lake and Brito, on the Pacific, was to be effected by 
a canal 46.32 miles in length, with fourteen locks. Thesummit 
of the ridge to be cut through on the Pacific side was found to 
be 18.03 ft. above the surface of the lake, and the width of the 
ridge to be eight mifes. Some dredging would be required at either 
end of the lake, as well as piers and embankments, the - 
to its shores being obstructed by shoals and sandbanks. At 
Brito an artificial harbour would be necessary. 

This line, the direction of which is westerly, would thus re- 
quire seven dams and twenty-eight locks, and would consist of 

miles. 

28.28 of canal on the Atlantic side. 
90.80 of river navigation. 

56.50 of lake navigation. 

18.32 of canal on the Pacific side. 





193.90 

Child’s estimate for a canal 17 ft. deep was 6,570,4832, At 
the same rate.a canal 20 ft, deep would cost upwards of 
10,000,0007. He estimated the time necessary for the transit 
of a vessel from sea to sea at seventy-seven hours, assuming 
that she would be in continual progress, day and night, and 
— only spend twenty-eight minutes at the passage of each 
lock. 


Line by Lake Managua. 

To avoid the difficulty of cutting through the rocky ridge it 
was proposed to carry the canal from the lake, ‘by the river 
Panaloya, or Tipitapa, to Lake Leon or Managua, and thence 
to descend to the port of Realejo, on the Pacific. Lake Managua 
is about 15 leagues in length, and 35 leagues in circumference, 
its greatest breadth being about 9 leagues. The average depth 
of water is 10 fathoms, and its surface is 28 ft. 8 in. higher 
than that of the Lake of Nicaragua, with which it communicates 
by the river Tipitapa. It is, therefore, 157 ft. 2 in. above low 
water on the Pacific. The length of Tipitapa is 30 miles, and 
for a distance of 24 miles from the Lake of Nicaragua it has a 
depth of from 1 to 3 fathoms; but beyond this there are rapids, 
and in a distance of 44 miles a fall of 13 ft., caused by a dyke 
of ne lava. It could, therefore, only serve as a feeder for a 
canal. 

By this course the difficulties of getting over the ridge would 
be obviated, but the length of the navigation would be increased 
nearly 100 miles, and it is doubtful whether Lake Managua 
could furnish the water necessary for the lockage, in both direc- 
tions, which it would have to supply. 


Other Branch Lines Proposed. 

It was also proposed to connect the N.W. end of the Lake of 
Nicaragna with the Gulf of Fonseca, or Conchalagua, the 
shortest line between them being more than ninety miles. An- 
other plan was to make a cut from its S. end to the Gulf of 
Nicoya. By each of these modifications, however, the length 
of the canal, the amount of excavation and lockage required, 
and the cost would be very considerably augmented, 

CGrsted.—Lastly, Ersted, a Danish engineer, proposed a line 
from the mouth of the Sapoa river, at the S.W. part of the lake, 
to Salinas Bay, and estimated the height of the ridge at 130 ft. 
above the surface of the lake. This line would be altogether in 
Costa Rica. 

Gamond.—In 1858, (Ersted’s line was surveyed by M. Thome 
de Gamond, who ascertained the elevation of the Col de Salinas 
to be 130 ft. above the surface of the lake. His report was pub- 
lished by M. Belly. 

M. Belly.—Early in 1859, M. Belly, M. Gamond, M. Elie de 
Beaumont, Mr. O’Gorman Mahon, and a large staff of assistant 
engineers went out to survey the line for an association of 
French and English capitalists, but after a careful examination 
the project was pronounced to be impracticable. 

Earthquakes and Volcanoes.—Besides the unfavourable fea- 
tures of this route, the consideration of the insecurity of the 
works, if ever completed, would justify great hesitation in under- 
— any extensive operations in this district. Earthquakes 
are of very frequent occurrence. Volcanoes have risen witbin 
very recent periods, and prodigious quantities of ashes, water, 
and lava have been from time to time thrown over the country ; 
and the relative elevations of land and water have been mate- 
rially changed, all within the memory of living men. Hum- 
boldt says, “there is no spot on the globe so full of volcanoes 
as this part of America, from the 11th to the 13th degree of 
latitude.” Mr. Stephens describes several volcanoes now in a 
state of activity not far from the line the canal would take; 
and Baily relates a curious instance of the rise of a volcano to 
the height of 1500 ft. above the level of the sea from a spot 
where living men had milked cows. Indeed, the volcanic cha- 
racter of this country is officially recogrised, for the arms of 
Nicaragua and the seal of the Government are five volcanoes in 
action.t 

Unhealthiness.—The insalubrity of the climate, owing to the 
swampy character of the banks of the San Juan, is another 
disadvantage under which the route labours. Qo this point it 
may not be irrelevant to mention that, in 1779, an expedition 
was sent from Jamaica by Sir J. Dalling, to take the fort of 
San Juan on the river, and the cities of Granada and Leon, so 
as to command the lake. Lord Nelson, who was engaged in 





* Childs, Colonel O. W., Map and Profile of the Nicaragua Ship 
Canal Route, New York, 1852. 
+ Belly, M. Felix, Canal de Nicaragua, Paris, 1858. 
A new volcano burst forth near Leon on the 14th of No- 
vember, 1867, and continued to burn till the 30th, when it died 
away, apparently smothered by its accumulated eruptions, 





this expedition as captain of the Hinchinbrook, in writing to 
Dr. Moseley, who was preparing a second edition of his ‘* Trea- 
tise on Tropical Diseases,” remarks that, “in the Hinchin- 
“ brook, with a complement of 200 men, 87 took to their beds 
“ in one night; and of the 200, 145 were buried in mine and 
“ Captain Collingwood’s time, and I believe not more than 10 
“ of that crew survived.” On the return of the expedition, 
Nelson himself was carried ashore at Jamaica almost in a hope- 
less state. 

Political Considerations.—Politically, there are at present no 
difficulties with regard to this route; but there was long a dis- 
puted boundary question, in which Ni a, Costa Rica, and 
the Mosquito territory were concerned. For many years, too, 
the occupancy of the mouth of the San Juan was a bone of con- 
tention between the British and United States’ Governments, 
and a bewildering mass of diplomatic rubbish was written on 
the subject, which was, happily, brought to a close by the Bul- 
wer and Clayton Treaty of 1850. But hardly was the ink dry 
when they disagreed about the meaning of the first few words 
of the first sentence, each interpreting them iu a directly oppo- 
site sense, whereupon the distracting correspondence recom- 
menced, and culminated in the burning of Greytown, or San 
Juan de Nicaragua, by Captair Hollins, of the United States’ 
corvette Cyane, on the 18th of July, 1854. This act brought 
matters to a crisis, and the paltry and undignified squabble was 
at last settled by the Dallas-Clarendon Treaty of 1857. 

Harbours.—The want of adequate harbourage on either 
coast is the grand disadvantage under which this route labours. 
Brito has no pretension whatsoever to be called a harbour, the 
line of the coast thereabouts not presenting even an indenta- 
tion. The harbours at the other proposed termini on the 
Pacific are wanting in either capacity or security, or both. 

The so-called harbour of San Juan de Nicaragua, or Grey- 
town, is formed by a broken, low peninsula, which forms with 
the coast an inlet or basin, about three quarters of a mile in 
extent, at the mouth of the San Juan. ‘This narrow strip of 
land is composed of loose, black, ferruginous sand, which is so 
highly magnetic as to interfere with the proper action of the 
compass. Outside of ita shoal extends to the distance of a 

uarter of a mile, over which the sea breaksheavily. Off Punta 

renas, the western point of this strip, there is a shoal with 
only three-quarters or half a fathom on it, which often shifts, 
and is subject to considerable changes, from the heavy floods 
that occasionally come down the river. Punta Arenas itself has 
of late years advanced so.rapidly as to close the harbour, except 
to small vessels. In fact, this harbour is only the recipient of 
the waters of the San Juan, after they have passed through its 
delta, or percolated through the low grounds and out of the 
lagoons in the vicinity, bringing with them much drift bush and 
dead trees. These ground on the shoal off Punta Arenas and 
become the nuclei of future islets, which, by their gradual in- 
crease, threaten to block up the harbour, and force the river to 
seek an outlet somewhere else. The delta, which is increasing, 
is formed in the first instance by mud brought down by the 
river. On this, dead trees ground and form islets, which in time 
become connected, the quick rank vegetation of the moist 
climate assisting in the process. The three channels into the 
river have only a depth of three-quarters or half a fathom over 
the shoal which extends in front of them, from the west extreme 
of Greytown towards Point Mandeville. Within them are from 
one and a half to two fathoms in the river. The West India 
mail steamers and the New York steamers, which call at San 
Juan de Nicaragua, do not enter the harbour, but lay to out- 
side; and, as the prevalent winds make the coast a lee shore, 
they have to keep steam up allthe time. Should it blow much, 
they cannot communicate with the shore, but are obliged to 
put to sea at once. Northers are not unfrequent, and much 
damage was done by one on the 22nd of November, 1862. 
Lieutenant (now Captain) Pim, R.N., who surveyed the har- 
bour in April, 1860, says: “The deepest water 1 could obtain 
between the two points of the entrance was only : 
12 ft., and that not continuously across.” Ona 
subsequent visit he found that “the sand spit 
which forms the seaward face of the port had 
extended itself, and therefore narrowed the en- 
trance, during fifteen months, no less than 200 
yards.” More recent information is to the effect, 
that the harbour is almost completely filled up, 
and the river has forced a channel for itself else- 
where. Itis evident that such a harbour could 
never be made suitable for the terminus of a ship 
canal. For this and the other reasons given 
above, the idea of opening a ship-canal communi- 
cating by this route has been finally abandoned. 

For many years past, passengers and goods have 
been carried across by the Accessory Transit Com- 
pany, formed by Vanderbilt, of New York. They 
are conveyed by steamers and boats, on the lake, 
and mules from thence to the Pacific; and, although there are 
six transhipments on the way, the line is so frequented by out- 
ward and homeward bound Californians that it pays very well. 

A railroad from Monkey Point to Realejo has been proposed 
by Captain Pim, R.N. Monkey Point, 38 miles due N. of 
Greytown, is in lat. 11° 46’ N., long. 82°45’ W. The little 
bay under its lee, which is protected by two islands, has good 
anchorage and an average depth of 3} fathoms. ‘The line runs 
close to the Chontales gold district. Its length would be 225 
miles. The lowest summit level, according to Mr. Collinson, 
C.E., is 619 ft. above the lake, or 740 ft. 9 in. above low water 
of the Atlantic. 

(To be continued.) 








_ A Heavy Terecrarn Brii.—A new difficulty has arisen 
in regard to the payment for Russian America. During the 
negotiations for the purchase of this territory there was con- 
siderable telegraphic correspondence between Washington 
and St. Petersburg, for which the bills of the Atlantic Cable 
Com any amount to about $10,000. This sum Russia is of 
opinion the United States should pay, but this Government 
declines to do so. At Secretary Seward’s request, therefore, 
4 eT Pig a the money to pay for Russian America 
is held in abeyance by one of Congressional committees 
until this difficulty can be settled. a 





BOILER EXPLOSIONS IN 1867. 
By the courtesy of Mr. E. B. Marten, the engineer of the 
Midland Boiler Association, we are enabled to reprint the follow- 
ing illustrated portion of his report for the year 1867, 


No.1. January 2nd, 1867, 1 killed, 1 injured . 

A small boiler to heat a bath. It exploded, causing great 
damage, because the connecting-pipes were frozen. All such 
boilers should have a proper safety-valve. 


January 2nd. 


No. 2. 8 killed. 3 injured. 





Plain cylinder, 33 ft. long, 6 ft. diameter, 331b. pressure. 
Only set two days, but was old and detetiorated, and had 
won ed before at another place. It had been turned } round, 
and old fitting-holes stopped. First rent was supposed to be in 
a seam at front end, over the fire. Main portion of shell was 
driven back, and front end forward, and torn in its flight. The 
cause of explosion was, that the seam in front was over-heated 
and injared, and also incautious working without a steam- 
gauge. 

No. 3. January 2nd. 1 killed, 4 injured. 


— 
Pa ~\ 
YA 


at 





One tube externally fired, 30 ft. long, 6 ft. 6 in. diameter, with 
dished ends. Tube 2 ft. 9in. diameter, slightly oval. Pressure 
60 1b. Tube collapsed sideways from end to end, because it 
was not strengthened by hoops or other means, which were the 
more needed because it was slightly oval and the longitudinal 
seams were nearly in one line, 


No. 4. January 3rd. 1 killed. 

Boiler for heating apparatus. Fire was lighted without 
noticing that, as there was no safety-valve, all escape of steam 
was prevented by the connecting-pipes being frozen. 


No. 5. January 5th. 1 killed. 

Cast-iron boiler for heating water for a horse shower-bath, 
fixed behind an ordinary fire-place. Burst, and caused great 
damage, owing to the pipes being frozen, There was no safety- 
valve. 


No. 6. January 16th. none injured. 

Kitchen boiler. Burst, and did great damage, because pipes 
were frozen, preventing escape of steam. ‘There wes no safety- 
valve. 


No. 7. January 26th. 8 injured 





Plain cylinder, 30 ft. long, 6ft. 2in. diameter. Pressure 


801b., to 351b. Rent into four pieces, which were flattened 
out and scattered on to other boilers, but are arranged in sketch 
so as to show their original position in the boiler. It had 
worked a very long time, and was overheated and injured along 
the fractured line. 


No. 8. January 80th. 2 killed, 2 injured 





Elephant boiler, 16 ft. long, 5 ft. diameter; tubes, 1 ft. 10 in. 
diameter ; 45 lb, e. Flat end blew out, throwing boiler 
upwards by reaction, but shell and tubes were not injured. The 
flat end was not sufficiently stayed, having only one stay-rod to 





the centre, the bolt of which was broken. 
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No. 9. January 23rd. 1 killed. 

Kitchen boiler. Fire had been out some days, and the boiler 
burst soon after rekindling it, and did much damage, because 
the supply-pipes were stopped by frost, and there was no safety- 
valve for escape of steam. 


No. 10. January 9th. 1 killed, 8 injured. 


Kitchen boiler, which burst because the supply-pipes were 
stopped by frost, and there was no safety-valve. 


No. 11. February 8th. 1 killed, 4 injured. 

Small boiler to 6 horse power engine. Gave way at centre 
of furnace, and water forced out at both ends, and it was sus- 
pected that the water was low. 


No. 12. February 11th. 4 injured. 


Cornish, about 30 ft. long. Tube, 3ft., unstayed. Tube 
collapsed sideways, and was rent from grate-bars to end, with- 
out injuring front plates or shell. It was said to be short of 
water, but most likely the true cause was the weakness of the 
tube. 
No. 13. 


March 12th. 1 killed, 3 injured’ 


Agricultural, 45 lb. pressure. Fire-box blew off, and the 
outer shell separated from it. ‘The cause of explosion was over- 
pressure from the safety-valve being screwed down. 


March 19th. 8 killed, 4 injured. 


—<— 
— gn 


Agricultural, 451b. pressure. Firebox and tubes blew ont. 
The cause of explosion was over-pressure, as the safety-valve 
was tied down with string. 

No. 15. March 28rd. 8 killed, 1 injured. 

Colliery boiler, 301b. pressure. Rent in two while the en- 
gine was standing, but no details obtained. 


No. 16, March 29th. 


at ied 


Soe es 


2 killed, 2 injured. 


Small plain cylinder with nearly flat ends, 4 ft. 7 in. long, 
2 ft. 4in. diameter; plates y.th inch. No emptying-plug or 
feed-pipe, and only a very small hand-hole. Front end attached 
by slight angle-irov, which gave way, leaving the shell un- 
a ow The cause of explosion was the internal corrosion of 
front end, owing to very bad water being used. The plates 
were reduced to a knife-edge in line of fracture. 


No. 17. April 10th. 1 killed, 1 injured. 





Cornish, one tube 32 ft. long, 6 ft. diameter; tube, 3 ft. 10 in. 
diameter ; plates, Jin. ; pressure, 25 1b. to 40 1b. It was twenty 
years old, but just repaired and reset. Furnace-tube failed, and 
collapsed from one end tothe other, except about 4ft. of front, owing 
to its weakness, being unstrengthened by hoops or cross-tubes. 


No. 18. May 9th. 


y 4 





2 injured. 


Plain cylinder, 3 ft. 2in. ong, 1 ft. 8 in, diameter; plates, | 
y th inch ; pressure, 301b. Workmanship and material very | 
inferior. Piece of top ripped out from manhole, and allowed | 
man-lid to blow out through manhole. The cause of the ex- | 
plosion was the large manhole and over-pressure. The safety- 
valve was too small, and very roughly made. 


May 10th. 1 killed, 1 injured. July 11th, 3 killed, 3 injured. 


Locomotive, 130 1b. pressure. Barrel blown away and broken 
to pieces, leaving fire and smoke boxes. The cause of explosion 
was supposed to be the strain on the boiler caused by its being 
made a stay to the frame without allowance for expansion, and 
thereby weakening a horizontal seam. 


One tube Cornish, 26 ft. long, 8 ft. 10}in. diameter; tube, 
5 ft. diameter for 8 ft. 6 in. of front end, tapering to 4 ft. dia- 
meter at back; pressure, 30\b. Rent along bottom, allowing 

central ring of plates to open out. The whole 
boiler was thrown some distance by the reaction of 
issuing contents. The cause of explosion was 
corrosion at midfeather wall, the plates being little 
thicker than paper. 


No. 20. 





May 18th. 4 injured. 


July 13th. none injured. 


Cornish, one tube 20 ft. 6 in. long, 5 ft. 43 in. diameter; tude, 
3 ft. diameter; plates, Zin.; pressure, 641b. The ends came 
out and tube collapsed for its full length, every joint being 
broken. The cause of explosion was bad construction and 
workmanship, and tube too weak for pressure. 


No. 21. June 4th. 2 killed. 


Two tube Cornish 
51 ft. long, 7 ft. -dia- 
meter; tube, 2 ft. 7 in., 
tapering to 2 ft.; pres- 
sure, 55 1b. Left-hand 
tube collapsed, and 
about the centre of col- 
lapse plate was torn in 
two pieces from seam to 
seam. The cause of 
explosion was over- 
heating, because the 
water was teing let low 
before all the fire was 
cut. 


No. 26, July 2Ath. 1 injured. 


Two tube, externally fired, 30 ft. long, 7 ft. diameter ; tubes, 2 ft. 
4 in, diameter; pressure, 50 Ib. Two plates lately put in bottom 
gave way, and shell rent along bottom and opened out, dividing 
into several pieces, which were scattered to great distances, 
but are arranged in sketch so as to show their original position. 
The cause of explosion was too frequent repair over the fire- 
place, and external tiring. 
1 killed, 2 injured. 


No. 22. 


April 20th. 

Locomotive. Side-plate in the upper part of high top fire- 
box blew away. The cause of explosion was most likely the 
boiler being made the frame of the engine without allowance for 
expansion. 


Plain cylinder, 6 ft. long, 2 ft. 5in. diameter; plates, } in.; | No. 27. January 11th. 1 killed, 
pressure, 90 1b. The end blew out from excessive pressure, as| Cornish, 12 ft. long, 4 ft. Gin. diameter; tube, 2 ft. 4 in. 
the escape from the safety-valve was prevented by a plug in| diameter; pressure, 40 lb. Small piece of plate was blown out 
the exit-pipe. | near the bottom, and the boiler was displaced by the reaction 

os : ai | of issuing contents. The cause of explosion was extensive ex- 
No. 23. 1 killed, 2 injured. ternal corrosion on the lower part. 


No. 28. February 15th. 
None injured. 


Two-flued, 28 ft. long, 6ft. 9 in. 
diameter, slightly oval; plates, 3in.; 
tube, 2ft. Sin. diameter; pressure, 
45 1b. Shell had once been externally 
| fired. Rent along the seams, which 

were in one line, and a large piece of 
| the plate blew away, leaving sches un- 
injured. The cause of explosion was 

defective form and worn-out state of 
sheil. 





July 10th. 


| 
| 


No. 29. August 27th. 
7 killed, 3 injured. 


Cornish, 18ft. long, 4 ft. 9in. dia- 
meter; tube, 1 ft. Gin. diameter; 
latee, } in.; pressure, 50 1b. There were nostays. End plate 
lew out while being caulked at a jump-joint in back angle-iron. 
Josion was bad construction and want of stays, 

proper care in working. 





Balloon, 22 ft. diameter; pressure, 5 1b. Bottom blew out, 
and was torn in pieces. Main portion of shell fell over on to 
another boiler. ‘The cause of explosion was deep corrosion along j The cause of ex 
the bottom where it rested on the brickwork, and also want 
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No. 30. October 4th. 


Water heater made of large bottle-shaped a placed in the 
flue. The force of explosion caused the neighbouring boilers to 
be unseated. No details have been obtained as to the cause of 


the explosion. 
No. 31. 


4 injured. 


October 7th. 


1 killed. 





One-tube Cornish, 11 ft. long., 4ft. diameter; plates, zin. ; 
tube, 2 ft. 14 in. diameter; pressure, 501b. Gave way under- 
neath. Top thrown upwards. Front part and tube thrown to 
the front. The cause of the explosion was extensive corrosion 
at the bottom where it touched the walls. 


No. 82. September 2nd. 
Locomotive, but no details obtained. 
No. 33. November 3rd. 


2 injured. 


1 killed, 1 injured. 





Plain cylinder, 19ft. long, 6 ft. diameter; pressure, 40 lb. 
It was thirty-six years old, and iron deteriorated and also 
much patched. The cause of explosion was over-pressure for 
s0 old a boiler. 


No. 34. 


November 6th. 


2 killed, 3 injured. 





Agricultural, wagon-shaped, 6 ft. 5in. long, 3 ft. high, 2 ft. 
4in. wide; plates, gin.; pressure, 50 1b. Upper portion of 
barrel blew off. The cause of the explosion was over- pressure 
from locked safety-valve and defective construction. 


No. 35. August 5th. 1 killed, 2 injured. 
Full particulars are not obtained, but the steam and hot 

water were allowed to come in from a neighbouring boiler 

through the blow-off pipe while the men were cleaning. 


No. 36, 1 injured. 


November 7th. 





Plain cylinder, 12 ft. 3in. long, 3ft. 11in. diameter; pres- 
sure, 20 lb.; flat front, and round back end. Main portion 
thrown back, and front forward. Front torn all round the root 
of angle-iron, and stay-rivets drawn through flat end. The 
cause of explosion was weakness of construction of flat end, and 
bad safety-valve, which could have been loaded to 60 1b. 


No. 37. November 11th. 3 killed, 10 injured. 





Plain cylinder, 40 ft. long, 5 ft. diameter ; D penn 7-16th in. ; 


pressure, 45 1b. to 501b. Parted at third seam, and front 
thrown forward, and main portion backwards. The cause of 
explosion was a seam-rip of old standing near patch at place 


Yo. 38, November 14th. 4 killed, 3 injured: 





Breeches tube, 25 ft. 6 in. long, 7 ft. 6in. diameter; plates 
7-16th in; pressure 30 lb. Front end and fire-grate tubes and 
taper junction were thrown to the front in one piece. Main 
shell not injured. _ Back part of tube remained in boiler. 
Bottom part of taper junction, where flattened to receive the two 
fire-tubes, collapsed upwards. The cause of explosion was the 
want of proper stays or strengthening tubes, and consequent 
weakness. There was only one safety-valve of small size. 
November 21st. 


No. 39. 3 killed, 2 injured. 





One-tube Cornish, 11 ft. long, 5 ft. diameter; pressure 44 1b. 
Tube gave way at an old crack at back of strap-plate and 
partially collapsed. ; 
No. 40. 1 killed, 


November 27th. 





Plain cylinder, 25 ft. long, 6 ft. diameter; plates 7-16th in. ; 
ressure 50 lb. Had been a one-tube Cornish, but tube had 
een taken out, leaving flat ends. Back end was blown out. 
Main shell thrown forwards. The cause of explosion was weak- 

ness of construction in not sufficiently strengthening the flat 
end to compensate for loss of tube. 


No. 41. October 31st. 


Cornish, 26 ft. long, 5ft. Gin. diameter; tube 2 ft, 11 in. 
diameter; plates jin. Pressure 30 lb. Tube collapsed for 
want of wm strengthening hoops, blowing out back end and 
blowing boiler forward. 


none injured. 


No. 42. December 7th. none injured. 





One-tube Cornish, 28 ft. long, 6 ft. diameter; tube 4 ft. dia- 
meter; plates #in. Pressure 281b. Tube collapsed for the 
whole length, but no particulars of the cause obtained. 


No. 43. December 14th. 2 killed. 


Some repair had been done to a boiler, and a‘blank flange 
used to stop off the steam was being removed without shutting 
the stop-valves to the other boilers, and the joint blew opt when 
the bolts were loosened. 

December 23rd. 


No. 44. 6 killed, 4 injured. 





One-tube Cornish, 18 ft. long, 6 ft. diameter; tube 3 ft. 2 in. 
diameter; plates Zin. Pressure 25lb. Rent along bottom, 
and two rings of plates blown away, but tubes and ends not 
much injured. Fre cause of explosion was extensive corrosion 





of first rupture. 





on the part resting on the midfeather wall. 


No. 45. 


December 28th. 


1 killed, 





Balloon, 11 ft. Gin. diameter, and 11ft. 6in. high; plates 
Sin. Bottom domed up 3 ft. Gin. over fire; ordinary pressure 
8lb. Boiler had worked two days at 25lb. pressure, but 
safety-valve loaded to 161b. The cause of explosion was 
undue pressure for an old boiler of such weak shape. 


No. 46. December 30th. 2 injured. 





Two-tube Cornish, 22 ft. long, 7 ft. 2in. diameter; tubes 2 ft. 
7 in. diameter; pressure 15 1b. Rent along bottom, and sheli 
blown away, leaving tubes and ends nearly uninjured. The 
cause of explosion was that the bottom was corroded to a knife 
edge all along the midfeather wall. 
No. 47. 


December 31st. 2 killed, 1 injured. 





Plain cylinder, 30 ft. long, 4 ft. 6 in. diameter; plates g in. ; 
pressure 29 1b. Rent over fire near where a new plate had 
pony been put in. Front part of shell opened out and rent, 


and 
was deterioration from 20 years 
No. 48. September 9th. none injured. 

Two-flued, 40 1b. pressure. The cast-iron mouth-piece of 


manhole fractured from insufficient strength, and allowed lid 
and upper flange to blow off. 


ack end blew away in one piece. The cause of explosion 
wear, and bad management. 








City Gas.—Dr. Letheby, in his quarterly report on the. 
quality of the gas supplied to the city of London, states that, 
in the course of the quarter which expired on the 30th of 
November last, 669 examinations were made of the illumi- 
nating power of the City gas, that each of the examinations 
was the mean of ten observations, and that they were made 
in accordance with the instructions of the Act of Parliament. 
The following were the results in standard sperm candles: 
Great Central gas, maximum 16.52, minimum 12.02, and 
average 13.96; Chartered gas, maximum 16.36, minimum 
12.57, and average 14.31; City Company’s gas, maximum 
15.69, minimum 12.00, and average 13.75. It thus appeared 
that the illuminating power Sed bern constantly above the 
requirements of the Act, and to the extent of about two 
candles. In the corresponding quarter of 1866 the average il- 
luminating power of the Great Central gas was 13.89 candles ; 
of the Chartered gas 14.19 candles ; and of the City Company’s 
gas 14.17—all of which numbers were close to the averages 
of the past quarter. The chemical quality of the gas, as 
regards the amount of sulphur contained in it, had not been. 
so satisfactory; for, excepting the Chartered gas, the- 
quantity of a” aed had generally been excessive. The 
following were the grains of sulphur in 100 cubic feet of 
gas: Great Central gas, maximum 34.61, minimum 12.74, 
and average 21.87; Chartered gas, maximum 26.30, minimum 
11.35, and average 18.73; City Company’s gas, maximum 
30.58, minimum, 14.19, and average 22.97. In fact, of the 
61 observations made during the quarter of the gas of the 
City Company 42 were found to be in excess of the quantity 
sanctioned by Parliament. Of the 60 observations of the 
Great Central gas 41 were in excess, and of the 61 of the 
Chartered gas only 21 were in excess. The gas of each of 
the companies had been at all times free from sulphuretted 
hydrogen, and with the exception of the Chartered gas it 
had 9 been free from ammonia. In conclusion, Dr. 
Letheby reported that the pressure at which the gas had been 
delivered at the laboratory had been rarely under an inch of 





water. 
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A SCOTCH DISTILLERY. 


Tua proverbial notion of the height of bliss at- 
tributed to the Scotch Highlander, “a Loch Lomond 
of whisky,” is almost outdone by the actual facts and 
figures which represent the aggregate productions of 
Scotch distilleries. We do not intend to collect sta- 
tistics in this manufacture, but it will be sufficient to 
say that the production of some of the largest single 
establishments in Scotland averages between 50,000 and 
70,000 gallons of spirits per week. The distillery be- 
longing to Mr. W. Macfarlane, of Glasgow, is one 
of po, tal distilleries of the kind, and, although 
an old-established and gradually enlarged concern, it 
contains a great number of the most modern arrange- 
ments, all executed on a very large scale, to suit this 
establishment. The production of alcohol, in its ab- 
stract scientific principle, is the conversion of the 
starch contained in flour or grain into grape-sugar, and 
the subsequent conversion of this sugar into alcohol 
and carbonic acid. The conversion of starch into 
sugar is a mere change of arrangement of atoms, as 
far as chemistry is able to teach at present, i.c., the 
starch and sugar contain the same elements—carbon, 
hydrogen, and oxygen—in the same percentage and 
proportion, only differently arranged—as we are not 
allowed to say crystallised with regard to a substance 
like starch. The conversion of starch into sugar is 
an effect of simple heat and moisture, and may be 
brought about in two ways. First, the slow action of the 
process of growth, by bringing the grain into a similar 
condition in which it commences growing in the soil, 
and checking this growth by drying when the per- 
centage of sugar has arrived at its maximum; this is 
the operation of malting. The quicker process is the 
mashing of unmalted or raw grain, mixed with a certain 
proportion of malt, the diastase of the latter effecting 
the necessary conversion of the unmalted grain. In 
Mr. Macfarlane’s distillery both processes are in use, 
and most of the spirits are made from a combination of 
malted and raw grain. The grain, after the process of 
growing, or the other preliminary operations of this 
zrowing process, must be dried, and this is effected in 
the malting-kiln. The simplest form of kiln has a large 
floor of perforated bricks or tiles, upon which the 
malt is spread and exposed to the heated air rising 
from a fire below this floor. The perforated bricks 
have in more recent time been replaced by cast-iron 
lates, having a series of narrow slots or perforations, 
for the transmission of the heated air. A malting-kiln 
ofthat kind has been introduced in some of the Scotch 
breweries with much success. An arrangement of 
malting-kilns in superposed stories or floors is carried 
out in Mr. Macfarlane’s distillery, which is very eco- 
nomical in space, and probably also in fuel. There 
are three superposed floors, each perforated in the 
usual manner, and fitted in the centre with one or 
two discharging-holes. The fire is in the ground-floor 
below these kilns, and the fresh malt is brought upon 
the highest level, or top floor, first of all. The heated 
air, rising through all the kilns, evaporates the gross 
bulk of the water, and, after a number of hours, the 
grain from the upper floor is discharged into the lower 
one through the central discharging-hole, the contents 
of the second kiln being previously discharged into 
the lowest compartment nearest to the fire, where the 
malt is finally dried and removed ready for use. 
There are some difficulties in working these kilns, 
arising from the necessity of passing the steam formed 
by the malt in the lower chambers through the grain 
= over the upper floors; but, as a whole, these 
three-story kilns work very well, and save much space 
as compared with single kilns. An extraordinary 
drying-kiln is that used by Mr. Macfarlane for dry- 
ing the unmalted grain. This is a large square build- 
ing, carrying a perforated floor about 30 ft. or 40 ft. 
above the ground, and having no other floors or par- 
titions throughout this entire height. Below the per- 
forated floor an open passage is left for heated air, 
which is driven through at high speed by means of a 
large fan, and ascends through the floor and through 
the grain spread over it. The gtain, when dried, is 
discharged through trap-doors or holes in the floor, 
and falls into the large space below, where it is allowed 
to accumulate up to the height of the air-passages, 
say within a few feet from the drying-floor. This 
enormous store of dried grain forms a kind of pres- 
sure-reservoir delivering grain in a continuous stream 
from its bottom Genet tubular passages fitted with 
Archimedian screws. This kiln cau dry 1200 to 1500 
bolls of grain per day. The machinery for working 
it, by means of a high-speed blast of heated air, has 
been designed by Mr. James R. Napier and Pro- 
fessor Rankine. The fan we understand to be 14 ft. 





diameter, and the heating of the air is effected by its 
being passed over a series of pipes heated by steam, 
the air outside and the steam inside the pipes moving 
in opposite directions. One of the most imposing 
articles in this distillery is the vessel in which the 
malt is mixed with hot water or “mashed.” This isa 
cast-iron cylinder 30 ft. in diameter and 8 ft. deep to a 
perforated false bottom, the real bottom being some 
inches below this, In the centre is a column round 
which a set of mechanical mixers turn and revolve, 
driven by gearing working in a circular rack, which 
runs all round the circumference of this large vessel.* 
The capacity of this vessel is 30,000 gallons, and it is 
filled with fresh materials every six or eight hours. 
The capacity of this vessel virtually gives the limit of 
the productive power of this establishment, as all the 
material converted into spirits there must pass through 
this apparatus. The function of the mashing process 
is to extract the sugar from the grain by dissolving it 
in water, and to draw off the “wort” or saccharine 
liquor ready for fermentation. The liquor, as drawn 
from this vessel, is pumped into fermenting-vats made 
of wood, and hooped with iron. ‘There are numerous 
vessels of this kind in this distillery, each holding from 
9000 gallons upwards; but the most remarkable 
fermenting-vats are two vessels of extraordinary size, 
each capable of holding 52,000 gallons of liquor. 
The fermentation is a process in which no mechanical 
means are employed. The sugar, under the influence 
of a moderate temperature, and stimulated by the ac- 
tion of yeast, decomposes spontaneously, and, without 
taking up any other element from either air or water, 
is divided into aleohol and earbonic acid, these two 
substances, when added together “‘ upon paper,” mak- 
ing up the composition of sugar, although, in reality, 
no chemist has ever succeeded in producing sugar 
from these two substances. ‘The wort filled into the 
fermenting-vat yields about 10 per cent. of refined 
spirits, but for obtaining these latter it is necessary to 
separate the alcohol from the rest of the liquor by 
means of distillation. This last process effects no 
chemical change ; its rationale is simply to separate the 
more volatile alcohol from the less volatile liquor in 
which it is contained, by raising the mixture to a tem- 
perature which is above the boiling-point of the first, 
and below that of the second substance. The old and 
primitive mode of operation consists in using a large 
still made of copper, and communicating with a con- 
denser, and heating this still by means of the direct 
action of a fire maintained below it. The second and 
more modern form is to distil the aleohol by means of 
steam, which passes through a series of cellular vessels 
through which the fermented liquor is slowly moving 
in a continuous stream. The action of this system is 
continuous, and far more under control than the 
former. Nevertheless, both systems are at present in 
use, and must be simultaneously maintained to meet 
the demand for different kinds or differently flavoured 
spirits. The distillation by direct heat produces the 
“Trish whisky,” while the other method yields “ Scotch 
whisky.” The difference is very material, as the 
former spirit contains a series of volatile products 
besides achohol, which are removed from the product 
in the process of distillation by steam. The most 
noteworthy amongst these admixtures of “Irish 
whisky” is a small percentage of fusel oil, a 
spirit of similar composition to that of alcohol, yet 
of a poisonous effect upon the human organism. It 
is obvious, therefore, that the “ flavour” of some kinds 
of spirit is bought ata high price, as far as their effect 
upon the health of the consumer is concerned. There 
is, however, no marketable spirit entirely free from 
volatile products different from alcohol, most of which 
are of a less noxious character than fusel oil. A new 
set of stills for Irish whisky has recently been set to 
work &t Mr. Macfarlane’s distillery. It consists of 
three copper stills, delivering their products from one 
to the other in succession, so as to distil the product 
three times over. The first still, containing the fresh 
liquor from the fermenting-vat, has a capacity of 
13,690 gallons; the second still holds 6820 gallons of 
weak spirits, and the third still has 4620 gallons 
measurement. This whole plant is of a very striking 
appearance, and executed with great nicety of work- 
manship. The gross bulk of the alcoholic liquor pro- 
duced in this distillery, as well as in the majority of 
the large establishments of this kind in Scotland, is 
exported to ttansoeeanic countries, and it forms the 
irresistible weapon with which the Anglo-Saxon race 
exterminates every tribe of savages with which it 
comes into contact. 





* This mashing apparatus is the make of Megsts. Norman 
and Co., Glasgow. ul 








THE SEWAGE QUESTION. 
To THE Eprror oF ENGINEERING. 


Srr,—After an armistice of about six months, my old an. 
tagonists, the advocates of the “Chadwick water-carriage 
“highly diluted sewage meadow-inundation with putrid 
** water sanitary plan,” again show their front. As all had 
then retired from the contest, and left me the field (even the 
“ full-plumed eagles” of the great “O.O.” having ceased 
“to soar,” and gone to “earn their bread and cheese else. 
where”), I began to think that the battle was won, and my 
position safe. ‘o be sure, in your impression of November 8, 
1867, came a sort of skirmish attack in the shape of a promul- 
gation on sanitary engineering by Mr. J. M. Gale, president 
of Institution of Engineers of Scotland, in which the system 
of throwing all refuse in one sewer, and flushing it with lots 
of water, is pointed out as the best he knew. But even this 
was advanced with so many drawbacks, and that gentleman 
evidently felt himself on such unsafe ground, that I did not 
think it necessary to reply. 

Now, however, Mr. Baldwin Latham, the worthy president 
of the Society of Engineers, comes out in his inaugural 
address with a description of the Croydon Sewage Works, as 
an intimation how towns should be drained, it is time to place 
myself on the defensive. His position is so eminent, and 
your journal has such a wide circulation, that this kind of 
talk would do much damage to my particular system, if I did 
not prove the errors in his particular system. I freely grant 
that Mr. Latham has, by indisputable skill, succeeded in 
mending a bad case, and that his irrigation works have not 
only saved the Wandle from pollution, but also improved the 
revenue of the town and added to the agricultural products 
of the country. No one, in fact, who has visited the Bed- 
dington meadows, and paid any attention to the arrange- 
ments there, can fail to acknowledge their great usefulness, 
and in leaving them will probably (as I did with right hearty 
good will) courteously take off his hat, as a silent expression 
of respect for the man who planned and executed these 
works. 

But I am sorry to see Mr. Latham claim for this more 
than is due. If the captain of a ship which has sprung a 
leak succeeds in reaching port safely, through ingeniously 
jamming a side of bacon in the hole, should he be justified in 
recommending the adoption of leaky ships, with handy sides 
of bacon on board, as the best means for making quick trips ? 
And surely this is just what Mr. Latham does. He describes 
with graphic truth the leaks in his ship, thus: “ The volume 
“of water poured into a sewer always displaces an equal 
“amount of the mephitic air of the sewers. It may be 
“taken for certain that deleterious gases are liberated in 
“every system of sewers from the very moment fecal and 
“ other decomposing matters are admitted into them, to the 
“ time the sewage is utilised upon the land, or entirely dissi- 
* pated by being poured into the sea.” (Notice the alterna- 
tive, ye City fathers, who have no low-level meadows close 
by!) “The very fluctuation of the flow of sewage through 
‘**a sewer will give those gases a force, in an unventilated 
* system of sewers, that will enable them to pass through 
* any trap, and so on to our habitations.” This is all “just 
so.” But why pour in these sewers the “faecal and other 
decomposing matters” that breed these disaster? Is there 
any particular need of 1t ? 

Mr. Latham states that only lots of water can cure these 
evils—the more the better, forgetting that in ninety-nine 
cases out of a hundred it must be all pumped up to reach 
the irrigation fields, or an outfall at high tide. He sums up 
the various magnificent plans for furnishing water enough 
for this purpose to the metropolis, all of them reaching any 
amount of miles up country for their supply, and costing no 
endofmoney. Waxing warm with the glorious future which 
all this wealth of water in sewers will open, Mr. Latham, 
after a burst of eloquence on engineering success in general, 
points out that of his sanitary scheme in particular by saying 
that: “ We remove in an expeditious and inoffensive manner” 
(meaning, I suppose, the “ mephitic gases which force any 
trap”) “from the midst of our populations those matters 
“ thrown off by nature, and destructive to life, and thus set a 
* bound to the tide of disease and death.” 

This is rounded off so prettily that I read it twice (like 
Micawber did his own productions of a like kind) with great 
gusto, and smacked my lips afterwards. But just that 
action spoiled it all. It set me a-thinking. So I re-read 
once more Mr. Latham’s estimate of the advantages of his 
sanitary scheme, and of the piles of money made by it. The 
only thing that astonishes me now about that ingenious cal- 
culation is the modesty with which many important items 
are left out which might swell the figure immensely : 

Mr. Latham’s figures are : 


£ s. d. 
12,195 0 0 


2439 funerals, &c., saved, at 5/. each eve 
2439 x 25 = 60,795 cases of sickness pre- ° 
vented, at 1/. iss a eee .. 60,975 0 0 


1317 value of labour at 197. 10s. for 6 years 166,828 5 0 
To this should be added: 


Value of labour done by individuals, who 
did not break their hearts by untimely 
deaths of beloved relatives, and thus con- 
tinued their pursuits ; 2 broken hearts for 
2 days for 2439 deaths at 2s. cach per day 

Value of labour done by disappointed greedy 
heirs, who, not getting the filthy lucre 
they hoped for, were compelled during 
an average of 5 years to continue working 
with por. countenances; 501. = 
annum per disappointed heir of 2 
deaths eve ove eve eee ove 

Value of labour done by people who did not 
idle away their time by gazing at the os 
ing by of 2439 funerals, 300 individuals 
for one hour, at 6d. perhour [... es 


609,750 0 0 


18,292 0 0 
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ing in wear and tear of hat-brims of people 
= keep to the old habit of taking off 

their “tiles” when funerals pass by; 6 

brims per funeral, at 1d. per brim an 
Three hundred children born of ladies who 

did not become widows by ultimely deaths 

of husbands; value of labour done for 

one year in after life, at 100/. per baby... 30,000 0 0 

And so forth, until we really can get a couple of millions— 
at least, if we don’t deduct the losses sustained by under- 
tgkers, doctors, hatters, &c., nor the value of the advantages 
gained by others. ; ; 

The only question which puzzles me somewhat is, Who 
has got all thismoney? Where isit? Somebody must have 
it, and it is arithmetically certain that Croydon is a very 
flourishing town, where every one is making small fortunes 
annually out of 2439 funerals that did not happen. 

Unfortunately, I have since received the Medical Times of 
January 18, 1868, and find there statements concerning the 
health of Croydon, in a leader on the subject, which vary 
considerably with those of Mr. Latham. Thus it seems that 
the Registrar-General gives the following for the death-rate of 
the registration sub-district of Croydon, comprising the parish 
and town of Croydon and something more : 


61 0 0 


Years. Population. Death-rate per 100. 

1861... ee 37,093 ove eee 17.4 
1862 « 38,890 oes oe 18.1 
1863. «. 44,790 eve ese 21.1 
1864... ee 42,770 ove eee 22 

1865... oe 44,849 ove eve 2¢ 

1866... «. 47,030 ove oe 22.6 
1867 .. 49,315 ee 20.9 


The Medical Times, moralising about this statement, says 
that it is an undoubted fact that Croydon has experienced an 
increased rate of mortality, and that this has resulted more 
or less from epidemic disease ; while Dr. Buchanan reports 
about the health of Croydon parish as follows : 

‘Owing to the rapid increase of the town by the residence 
“ in it of well-to-do Londoners, the poor, among whom there 
“is always a larger mortality than among the rich, have of 
“late years constituted a smaller proportion of the town 
than twenty years agu. While assigniug all due weight to 
“this fact, it must be stated that typhoid fever has made no 
“such distinction of classes, and that, in its recent excep- 
* tional appearances at Croydon, the good houses have been 
“more attacked than the bad ones, doubtless through the 
better houses having more generally inside water-closets.” 

It is evident, says the Medical Times, that the supporters 
of the Croydon mode of sewage disposal do not admit of a 
doubt on the superiority of their system, and that their 
“doxy” is the true and only orthodoxy. But they do more. 
They completely ignore the existence of all other plans, and 
their origimators with it. Can they ignore, however, such 
damning statements as those which Dr. Buchanan made to 
the Privy Council about the power of sewer gases to produce 
disease—a gentleman of whom the Medical Times says that 
he a Gamaliel is, at whose feet it is well content to sit for in- 
struction in that matter. The passage referred to I will 
quote at length :—*“ But the most remarkable case is that of 
“Croydon, where, in 1853, a memorable outburst of fever 
* eoincided with a proved delivery of sewer gases into the 
* houses; and although great pains have since been taken by 
“ventilating the sewers to remove this risk, a recent out- 
“break of typhoid fever (1866) has occurred with accidents 
“almost identical with those of Worthing, sewer gases 
“having been heard noisily forced through the traps of in- 
“side water-closets a few days before the inmates of the 
* house were stricken down with fever.” 

And if the advocates of the Croydon plan deny the justice 
of Dr. Buchanan’s conclusions, how will they figure away 
the increase of death-rate the Registrar-General gives an ac- 
count of? According to this, the number which, since 1861, 
have lost their lives, ino to this increase, is about 1100. 

With these facts before us, it does seem extraordinary that 
the president of the Society of Engineers should assert that 
“the happiest results have attended the introduction of his 
“system of sewer ventilation.” 

'o prove how beautifully pure the sewer water has become 
by tke irrigation process, Mr. Latham produces an analysis 
by Dr. Odling. Without in the least wishing to make in- 
vidious comparisons, I must, however, say that I have more 
confidence in the dictum of Professor Voelcker on that sub- 
ject; and this is decidedly to the effect, that water coming 
from the meadows is so far from being pure, that it is not fit 
for any domestic purpose whatever, not even washing or 
scrubbing, on account of the putrid matter it still contains, 
and that notwithstanding the “tasting test,” which we know 
proves nothing. 

But it is not necessary to pin one’s faith on this or that 
chemist to show that the Croydon treatment of sewage is all 
wrong; Mr. Latham’s own statements give evidence enough, 
as the following matters-of-fact reasoning will prove. The 
quantity of food (taking the nutritive parts of all kinds used 
by men) required annually per average head of population 
is equivalent to 666 1b. of broadstuffs, say, wheat (according 
to “ Kolb’s Comparative Statistics,” this is a very high aver- 
age). Theaverage yield per acre of medium arable manured 
land is about 20001b. of wheat. One acre can thus grow 
food for three average persons, or the food of one average 
person «an be grown upon }acre. If these 6661b.of wheat 
were burned, a certain weight of ash would remain, the in- 
gredients of which (61b. phosphoric acid, 4.3 Ib. potash, 2.2 Ib. 
magnesia, 0.4 Ib. lime, &c.), of course, were taken out of that 
— If, therefore, these minerals were returned to that 

d, it could produce the same quantity of food without 
petting 7 poorer. Now, when that food is oxidised in the 

uman body, these same minerals are ejected therefrom, only 
the latter part of the organic ingredients being retained to 
sustain life; thus, if we manure } acre with the excreta of 
one average individual, we do all that is necessary to main- 
tain its fertility, so far as mineral elements are concerned. 
It is well known, however, that the plants can only take these 
minerals up in the form of a solution, and that most of them 





cannot be solved in pure water, It must contain carbonic 
acid and ammonia for that purpose. Hence it would be un- 
availing to manure solely with minerals, unless the land is 
left sufficiently long “ fallow,” so that the carbon and ammonia 
furnished by the atmosphere may effect this solution. It is 
also well known that human excrete contain organic matter 
in large quantities, the most valuable of which are the nitro- 
geneous substances; these, when in the soil, are converted 
into ammonia, part of which is again oxidised into nitric 
acid. The amount of these organic elements is so large that, 
after what is used for solving the minerals, a large proportion 
is still available for being taken up by the plant as nourish- 
ment direct, thus promoting that rapid development of foliage 
by which the plant is only able to draw with its leaves 
organic food from the atmosphere rapid enough, to yield us 
fruit in the short season generally available for its complete 
growth. It is the 1 coma of this organic element in 
human excrete which makes them so valuable as manure 
when rightly employed, and so detrimental when the reverse 
is done; and hence is the amount thereof taken by the best 
agricultural judges as the measure of its value. 

It is evident from the above indubitable facts that the 
excreta of three average individuals contains a// the manurial 
elements required for acre of medium tillage land, or, in 
the words of Boussignault and Liebig, that each human 
being produces the manure required for growing his own 
food. Experience, then, has also shown that the fecal 
matter of three persons, and at the utmost of four (depending 
upon the nature of the soil), is sufficient per acre, provided 
it is properly used, and none of the organic matter is lost, 
either through fermentation beforehand or through dilu- 
tion with large quantities of water, the free oxygen of which 
causes its combustion and consequent escape in the form of 
noxious gases. 

But how stands the,case with the Beddington meadows? 
According to Mr. Latham, the excreta of about 120 indi- 
viduals are there put on per acre. (I suspect it is at pre- 
sent rather more, for the population of Croydon has increased 
while the area of the land has remained constant since that 
statement was made.) Let us, however, assume the figure 
120, which would give 40 persons fper 4 acre. Now, if we 
take the largest quantity of grass that such a piece of land 
ever produced by the irrigation process, and, after it is con- 
verted into meat, &¢., through its consumption by the cattle, see 
for how many persons the annually required amount of food 
has been thereby produced in equivalent nourishing elements, 
then we shall find that quantity by no means enough for 40 
individuals, and nothing like it. 

It is a favourite theory with the irrigation advocates that, 
not the soil, but the plants take up, with their roots, &c., the 
manuring elements direct. But we have seen that these 
plants do not take the large quantity due to forty persons, 
because they do not yield it in food afterwards. So, if these 
organic elements are not to be found in the grass, and not in 
the soil, the question is, where are they, then, and¢what has 
become of them? Surely Mr. Latham does not claim to have 
mysteriously annihilated them? If so, we must attribute to 
him divine powers. The answer is evident. What has not 
been turned into food has escaped ; some of it in the shape 
of “mephitie gases,” which Mr. Latham acknowledges “ force 
any trap,” oan which Dr. Buchanan declares have produced, 
and do produce, disease; some of it in the shape of putrid 
matter, which Professor Voelcker declares still to infect the 
water after the irrigation process; and much of it in stink, 
generally proceeding constantly from the whole area of the 
meadows, but principally from the filtering basins and dis- 
tributing ditches, which anybody with an unprejudiced nose 
can smell. The grand result is that, whatever of the organic 
matter is not converted into elements to sustain life has been 
converted into elements to destroy life; and that the death- 
rate increases with the increase of population (as shown by 
the statistics), because thereby « still increasing quantity of 
organic matter is given to the grass plants, which, not being 
capable of taking it up, let it escape in the atmosphere to 
produce more disease. To put it plainly and poetically, 

Filth furnishes fruitful food or fearful fatalities ; 
The only alternatives are corn or calamities. 

And the grand moral to be drawn from this is, that Dame 
Nature is a self-willed and obstinate lady, whom it is im- 
possible to humbug in any fashion, not even with rye-grass 
meadows by Mr. Latham, talented as he doubtlessly is; that 
she does does not allow either him or any one else to destroy 
her property, or to try to make away with it by “’cute 
dodges ;” that she lets us have the loan and use of it, but 
demands a strict account of what we do with it; and that if 
we do not employ it according to her regulations, she most 
unmercifully punishes us for our stupidity and disobedience. 

One other thing I must say; I am sorry to do so, but Mr. 
Latham’s address prompts it. Was it exactly in good taste 
for him, as president of a learned society, in a summing up 
of what the present state of engineering science is, and in 
furnishing his hearers with “sailing directions” for the 
future, to point exclusively to his own works as the proper 
and only solution to the question which relates to the combi- 
nation of sanitary and agricultural interests? Would it not 
have looked better if he had also mentioned other plans? 
Surely there have been reports, and descriptions enough pub- 
lished about them ; and their results, as shown by practical tests, 
have been so well reported on, that it is impossible to ignore 
them, and not difficult to decide in which direction we should 
proceed. Or does Mr. Latham only read his “ lieblingsblatt” ? 

Avoir le courage de son opinion is well enough in the 
defence of a favourite project; but in an inaugural address 
we look naturally not only for valuable scientific facts on the 
point in discussion, but also for all the facts stated with per- 
fect impartiality. 

I am, Sir, your obedient Servant, 
Cuar.es T, Ligrnvur. 

The Hague, Holland, 62, Frederick-straat, § 

February 6, 1868. 





To THE EpitTor oF ENGINEERING. 
Srr,—Your impression of January 31st did not come to 





hand until late last night—hours after I had mailed my 


former letter to you, and I was thus also not aware of Mr- 
Latham’s reply to “ An Old Subscriber,” animadverting the 
letter’s data about the Croydon death-rate. When I first 
noticed the discrepancy between your two correspondents on 
that point, I made at once inquiries to discover who was right. 
The Ricilities for dving which are not many here in Holland, 
but I chanced to et hold of the Medical Times of January 
18th, and there found a statement ing with that of 
* An Old Subscriber.” Reflecting on the quaint style of Mr. 
Latham’s calculations, and on what slender basis he builds 
his conclusions in his “ Address,” I doubted not but the error 
lay with him. Hence my allusions to it in my former letter. 
If I had seen Mr. Latham’s reply sooner, and thus learnt 
that after all he may be right, I would not have mentioned a 
word on that subject (because I hate “to start off on a 
wrong tangent”), but would have treated only the other 
available points of discussion in his paper; and if the Medi- 
cal Times has really given wrong information, I beg Mr. 
Latham’s pardon for whatever reflexion I made through that 
cause. 

As the case stands now, the question of error (or of vera- 
city, if there is one) must be settled between Mr. Latham 
and the editor of the Medical Times (for the statements re- 
ferred to appear in a leader), and as this paper bears the 
highest character as to reliability and as an expounder of 
medical lore, my remarks about the death-rate in dispute 
must remain as they are, and fall or stand with the source I 
drew from. 

Mr. Latham’s utter condemnation of “ An Old Subscriber,” 
because he made known certain matters before the publica- 
tion thereof in official returns, I do not see the force of. So 
far as I know, there are in this class of statistics no state 
secrets, and divulging them can be no treason. The question is 
simply, what is the fact? and I hope this will be found out. 
Nor do Ladmire much the slur cast by Mr. Latham on the 
Medical Times, when he speaks of “ certain articles which 
“are based upon an hypothesis that will not bear scrutiny.” 
As these articles are “leaders,” such language is nor 
severe, and perhaps wholly unmerited. I beg respectfully to 
suggest to Mr. Latham to follow his own advice of accom- 
plishing “ by fair and open means whatever the aim may be 
*‘ of his ambition.” Let us have no mysterious or slanderous 
hints. 

Mr. Latham says: “ The success of the works at Croydon 
“in a sanitary paint of view have been so great that it serves 
“to commend the system to the disparagement of a whole 
“host of nostrums that are being forced by fair and foul 
“ means on the authorities of towns.” 

Without quarrelling just now with this summary mode of 
disposing of the plans of others, or the absence of all proof 
on his part for doing so, and confining for the moment myself 
to the “ blowing” Mr. Latham does about his own particular 
system, I am anxious to see how he will reconcile this cool 
puff with the allegations of Dr. Buchanan as to the sickli- 
ness of Croydon and its causes, and also an explanation of 
the merit of wasting on one acre the manure that ought to do 
for forty. 

T am, Sir, your obedient Servant, 
Cuartes T. LizRNvuR. 
The Hague, 62, Frederick-straat, February’7, 1868. 








INDICATED HORSE POWER. 


“ Steam-engines should be bought and sold by the number of 
units of actual duty they are capable of performing, above 
that power absorbed and lost in working when discon- 
por from the system of gear, &c., they have to drive, 
and running at their normal] speed.” 

To THE Eprror or ENGINEERING. 

Srr,—Circumstances render it necessary that my letters 
should be currente calamo. I, however, do my utmost to 
make it clearly understood what my object is in encroaching 
on your coveted space; and, further, I believe that, if this 
object can be attained, it will prove decidedly beneficial to 
the engineering trade, as well as to all users of steam power, 
and, at the risk of being considered quixotical, I may add 
a great national gain. fio effect this change, a continuous 
agitation will be necessary, as there are doubtless many 
interested in maintaining the present system, which throws a 
kind of @gis around all makers of inferior engines; ¢.g., no 
more question of detail should be allowed to interrupt the 
harmonious action of those really desirous of initiating the 
change in the nomenclature and mode of gauging the 
mechanical capabilities of prime movers. Believing this, it 
is my intention as much as possible to avoid everything that 
can possibly be construed into argumentum ak havin S 
at the same time I do not consider we are likely to gain 
much by allowing letters on even our side, containing evident 
misconceptions and inaccuracies, to pass unchallenged. With 
your permission, I will try to set your correspondent, who 
signs “ Younker,” right with reference to myself. 

“Younker” is evidently chagrined at my taking his state- 
ments literally, instead of exercising a little imagination and 

iving to them a meaning totally different to that they have. 

For instance, in his letter of the 15th ultimo, he says, “That 
“‘ with a boiler evaporating a given bulk of water, he would 
“have the same results whether he used a large or small 
“ cylinder capacity, if there was no great disparity between 
o he two piston speeds.” Now, Sir, ete to your readers 
if I am not correct in interpreting this as I did in my letter 
of January 22. Let us see, disparity—dispar, adj., unlike, 
different, unequal—means, most certainly, inequality ; and no 
great disparity must then mean either equality, or some- 
where near. 

But the joke becomes too evident when “ Younker,” in 
your impression of yesterday, endeavours to charge me 
“‘ with wishing, when speaking of an engine as of certain power 
“merely, to consider certain dimensions of cylinder without 
“taking the boiler into account. I (i.e. ‘Younker’) say 
“ that, in rating an engine as capable of exerting an amount 
“of work, you must of necessity consider the evaporative 
“ power of the boiler which produces the steam used in the 
“ said engine. ‘J. W.’ seems rather incredulous at my assert- 
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“ ing that with the same boiler I shall obtain the same effect 
“ whether I (‘ Younker’) use, say (to take an extreme case), 
“ q 12 in. cylinder with 2 ft. stroke or a Gin. cylinder with a 
“ 6 in. stroke, provided there is not a great disparity between 
“the piston Tend Further on he adds, “he would not 
S think ‘J. W.’ would be so sceptical as to deny that the 
“ work done by each engine is the same in both cases.” 
This, Sir, is identically the same ey i which he propounded 
in his first letter. I have shown that the statement is absurd. 
I also explained that the boiler question is merely incidentally 
connected with the subject ane discussion. I have shown 
that the steam-engine is but a meter, so designed as to make 
use of the power inherent in the steam it measures; that 
not all the boilers in Christendom could drive a sugar-mill 
were it not for this steam motor, no more than the same 
motor could ae a ship without the steam and suitable 
ropeller. ‘“ Younker” might just as reasonably argue that 
ving in his house a gas-meter, which indicates a consump- 
tion of gas 75 per cent. more than he burns, the proper 
course is to have new gas retorts and accessories at the gas- 
works, instead of a new meter in his own house, as to argue 
that the steam-engines of the design and dimensions he gives, 
even with the exact amount of disparity in piston speed due to 
each cylinder to make their capacities equal, would emit the 
same amountof useful or actual power, as I shall showin course. 

“ Younker” seems quite muddled in his ideas of cylinder 
capacity, for he says, “with cylinder capacities of 16 to 1 
“should I call the largest 80 horses’ power, and the smallest 
“5 horses’ power ?” I at once say that I cannot tell that ; 
but I would certainly rate them as 16 to 1, so that, reduced 
to the least common measure, one would be 16 and the other 
1 horse or unit power. For what I understand by cylinder 
capacity is not the cubical capacity of one cylinder, but the 
area of the cylinder in square inches into the piston speed in 
feet per minute. Whereas he stated, diameter of cylinder 
and stroke. That he did this is no fault of mine. Neither 
has he the right to take exception to his words being taken 
literally, when describing a simple principle which every 
oem understands. It is all nonsense arguing that the 

oiler is the measure of the mechanical capabilities of a 
steam-engine. Do we not daily find the greatest discre- 
pancies in the performance of steam-engines of equal capa- 
cities supplied by steam from the same boiler or boilers 
qennected P Is not “ Younker” aware that, after all, the 
various rules for fixing the nominal power have been founded 
on the assumed boiler pressure, piston speed, &c., and that 
because the engines of different makers, which should have 

iven identical results, with equal cylinder capacity, have not 
| so, is one of the chief reasons why the nomenclature [ | 
object to has become so useless and objectionable. Some | 
makers believe in high pressure, short admission, quick | 
speeds ; others have each their separate ideas, I regret to 
say, chiefly based on prejudice. 

Sir, “ Younker” does explain this week that he means by 
“no great, disparity” a difference of 2400 ft. per minute (!) 
in the two engines he cites. It was not likely that I should 
know he meant this; and I consider that it was my duty to 
notice the error into which he, no doubt, inadvently fell. As 
he refers to another correction I made in his notation, I may 
just, en passant, observe that I see “ Younker” did write you, 

ir, about this inadvertence, but, as he this week states, his 
communication “ was too late to prevent the rectification of 
the error. This surely must be the printer’s devil. 

Allowing that “ Younker” is correct when he states that 
there is no great disparity between the piston - ge a Gin. 
cylinder with 6 in. stroke and a 12in. cylinder with 2 ft. 
stroke, the former travelling at 3200 ft. per minute, and the 
latter at 800 ft., I still maintain that the boiler power is be- 
side the question I raised, viz., a just measurement or gauging 
of the mechanical capabilities of an engine above that ab- 
sorbed in running the engine itself at the normal speed. Of 
course it is always understood that sufficient boiler power is 
provided. The boiler may be one of the most wasteful ever 
constructed, and there are some very bad boilers in existence. 
Let us say that its furnaces consume 50 per cent. more fuel 
than the furnace of an improved boiler, the same quantity of 
water being evaporated in each case. Let the latter boiler 
be known by the letter J, the former by the letter C; and 


f= number of Fahrenheit units of heat for J developed 
= » ” ” Cc by 
p = foot-pounds or volumes of steam for consumption 
either boiler... ove soe eee of fuel. 


Then, Jp=f772, and, 

Cp=f’772=a quantity 50 per cent. more than Jp, 
which is obviously incorrect. For if we had a perfect steam- 
engine for each boiler, and the steam could be passed through 
each without leakage of calorie, and each engine was capable 
of just using the quantity of steam supplied by its boiler, it 
is clear that the results would be just the reverse of that 
shown in the calculation. Would “ Younker” in this case im- 
prove the engine or boiler? For Jp would be 50 per cent. 
more than CJ, which is correct. Let us reverse the case. 
Suppose two engines of dimensions supplied by the same 
boiler; the actual power, it is admitted, should be identical 
ineach engine. But is it so? 

No, Sir, for the loss by friction and condensation, in the 
average common engines, ranges from one-fourth to one-tenth 
(10 to 25 per cent.) of the whole indicated power. This is no 
imaginative statement, but safely within the bounds of truth. 
This makes no comparison with certain improved modern 
engines, which are known to give more favourable results for 
the fuel consumed. Will “ Younker” »xplain how his theory 
can be reduced to practice ? 

With reference to the gauging, I still maintain that if the 
actual or useful units of mechanical work, over and above 
that absorbed in friction, condensation, and other sources of 
loss in running the engine at its normal speed, when discon- 
nected from the machinery it is to drive, is not adopted, no 
change in mere nomenclature can be productive of permanent 
benefit to the trade. 

It is now definitely understood that one HP.=33,000 min. 
foot-pounds. I quite agree that a “ Watt” of 33,000 foot- 
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make the unit or “ Watt” 1000 foot-pounds, as suggested by 
“ Younker,” would be most generally accepted. It would be 
easily remembered that certain machines, formerly driven by 
a moter of 30 HP., would require just 33 times 30 Watts, or 
990 W. There is little else beside the increased number of 
units required to note the power of a moter, to wit, 3000 HP. 
=90,000 W., that can be objected to. 
I am, Sir, your obedient Servant, 
33, Rusholme-grove, Rusholme, Feb. 8, 1863. J. W. 


P.S.—In my letter of 22nd ult., end of second paragraph’ 
the word “not,” which should have been between “for” and 
“initiating,” is omitted. Third paragraph, ninth line, the 
word “steam” should be “wale.” I dare say I am to blame. 








TUDDENHAM’S TWISTED BARS. 


Tuts twisted ornamental metal work of some examples 
of which annex engravings, is the invention of Mr. Stephen 
Tuddenham, of Westminster-bridge-road, Lambeth, and 
promises well to supply to a large extent a want long 
felt by architects and others engaged in designing works 
of utility or of pure ornament, in which it is desirable that 
the metals (and especially wrought iron) should be employed 
on account of their strength or durability. The want re- 
ferred to is some method by which a greater variety of 
ornamentation can be imparted to the individual pieces com- 
posing ornamental structures, such as gates, railings, 

alconies, and other similar applications of the metals. It 
needs not the eye of an artist to discern that the majority of 
works of this Lind, if executed in wrought iron, are, if not 
decidedly ugly, at least very far from possessing anything 
remarkable in the way of beauty, as witness numerous ex- 
amples lately erected in this metropolis. This is not to be 
wondered at when we consider the little variety of form to 
be found in the materials at the disposal of the designer in 
wrought iron. Round, square, oval, half round, T, angle, and 
flat bars are nearly the only sections he has to ou upon, 
and let him combine, bend, or twist them as he may, his 
design, when executed, will generally be found very far short 
of what art work*in metal ought to be. Itis true that, given 
an unlimited supply of money and a first-class medieval 
smith, and very Peautiful things can be produced; but, in 
this utilitarian age, our works of construction, whether large 
or small, are restricted too much by considerations of £ s. d. 
to admit of this extravagance. Therefore, in order to effect 
a compromise between the want of beauty combined with 
cheapness, on the one hand, and the sendiipbesnte combined 
with dearness on the other, we use cast iron, and, taking 
advantage of the facility with which we can mould it into a 
variety of shapes, we sacrifice the strength of —— iron, 
perhaps obtain a shade of the beauty of the wrought struc- 
ture, and a we get something very cheap. In deal- 
ing, however, with cast iron, we soon arrive at the limit of 
what can be done in its ornamentation ; for if we require to 
produce ornamental members which are undercut or possess 
many other points of esthetic beauty, our material ceases to 
be as facile as we could wish, and we are reluctantly com- 
pelled to abandon our cherished design for something bearing 
some resemblance to it. 

Mr. Tuddenham’s invention is well worthy of notice, as 





pounds would be an improvement. My opinion is that to 


a an extremely simple modification in some slight 
particular may be made to produce an extraordinary effect 








TUDDENHAM’S TWISTED BARS FOR ORNAMENTAL PURPOSES. 
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upon an old manufacture. Twisted bars of simple geometri- 
eal section, such as square, round, triangular, &c., have long 
been used for purposes of ornamentation, but the patterns 
so produced have necessarily been wanting in variety. It 
has occurred to the inventor to roll special ornamental sec- 


| tions of iron in the form of mouldings, the designs of which 


are, of course, susceptible of great variety; these sections 
are afterwards twisted, and the members of the original 
straight moulding produce very handsome helical devices in 
the rod so treated. Instead of the wrought-iron bars being 
rolled into plain mouldings, ornamental bas-reliefs can be 
formed on their surfaces by a suitable preparation of the 
last groove in the finishing rollers, thus producing another 
source of variety. Again, instead of wrought iron, the 
straight bars or mouldings can be formed in cast iron, with 
any desired ornamental device on their surfaces, suitable 
pedestals, caps, or foliage being cast with them, if desired ; 
then, after being rendered malleable in the usual way, the 
straight portions of the bars are twisted, and the device thus 
completed. 

The inventor has designed a machine specially adapted to 
the purpose of twisting these bars, and by its means he is 
enabled to twist them at any part of their length, to any de- 
sired extent, and in either direction, so that one portion of a 
bar may be twisted right-handed and the other left-handed, 
a suitable ornamental device being placed at the point where 
the direction of twist changes, so as to relieve the want of 
symmetry at that part. Other metals besides wrought and 
cast iron are prepared in the same manner by rolling, draw- 
ing, or casting to any desired section, or various combinations 
of different metals are prepared in this way, and afterwards 
twisted together, so so form standards, posts, &c. Large 
works of the same kind are also produced by twisting suit- 
able ornamental bars into a hollow cylindrical form, so as to 
save material, while in some cases the moulded bars them- 
selves are made hollow for the same purpose, and twisted 


singly. 

he cost of producing ornamental bars in this way is by 
no means so great as might be expected, the twisting being 
effected with comparative ease, and the rolling of the sec- 
tions offering, in most cases, no special difficulty. Our illus- 
tration shows several bars of wrought iron treated in the 
manner described, and the sections of the iron from which 
they have been produced. The bars are showed both straight 
and after being twisted. 

There can be no doubt that the invention under notice 
will prove of great utility, and its application to purposes of 
decoration, both alone and in combination with other existin 
methods of ornamentation, must be immense. Gates, rail- 
ings, balconies, and all such structures formed of these bars 
are incomparably superior to those formed of the old con- 
ventional sections hitherto in use. 

The invention is applicable to an immense number of use- 
ful purposes, of which we have made no mention. To in- 
stance one only, we have seen a wrought-iron bed-post, the 
upper of which is formed of a light solid moulded bar 
twisted, and the lower part fancifully formed of a combina- 
tion of a twisted bar with other bent bars of ornamental 
section, but not twisted, the whole composing a bed-post 
quite unique in design, of great strength, and of which the 
ornamental effect is far superior to anything that can be pro- 
duced in wrought or cast iron by any process hitherto em- 
ployed. 
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THE ALLEN ENGINE.—No. II. 
THE VALVES AND VALVE-GEAR. 

Tue theory of working by variable expansion 
requires the following distribution of the steam: First, 
the lead of the valves should be constant, or the same 
for all points of cut-off, admitting the full pressure at 
the beginning of the stroke; second, the opening 
daaid' be sufficient to enable this pressure to be main- 
tained in the cylinder up to the point of cut-off, and 
the cut-off should be so rapid, that the pressure shall 


versed sine of the angle which the crank makes with 
the centre line. But the piston cannot be rigidly 
connected with the crank, and the angular vibration 
of the connecting-rod materially accelerates its motion 
in the end of the cylinder furthest from the crank, in 
case of a direct-acting engine, and retards it in the 
end nearest to the crank. To find the actual motion, 
we must add at the one end, and subtract at the 
other, the versed sine of the angle made with the 
centre line by the connecting-rod. This is illustrated 





in the following figure, in which let DH be the 





‘of the angular vibration of the connecting-rod is dis- 
regarded, equal diagrams cannot be obtained on the 
opposite strokes ; and the earlier the cut-off, the greater 
the difference will be. To take an extreme illustra- 
tion, suppose the eccentric, in the valve-gear now 
being described, to be set opposite to, instead of with, 
the crank. Then the angular vibration of the driving 
arm of the lever would be the reverse of that of the 
connecting-rod of the engine; the fulcrum of the 
“link” would be retarded while the piston was ac- 
celerated, and vice versd, and the motion of the piston, 
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not fall during the operation of closing the port; and, 
third, the exhaust action should not he affected by 
changes in the point of cut-off, should permit the con- 
fined steam to exert its expansive force as nearly as 
possible to the end of the stroke, and then discharge 
it without loss of power from back pressure. Thus, 
every feature of the diagram is invariable, except the 
point of cut-off, which is moved by the action of the 
governor, according to the changes occurring in the 
load. It is not possible to effect all these objects by 
means of a single valve. The exhaust-valves must 
differ from the admission-valves, both in their dimen- 
sions and in their movements. Each must be adapted 
to the performance of its own functions, and to this 
end must be quite independent of the other. 

In this engine four valves are employed—one for 
admitting the steam, and one for releasing it, at each 
end of the cylinder. ‘There is no separate cut-off 
valve ; but the admission-valves, by closing, effect the 
cut-off. All these valves derive their motion from a 
single eccentric. We shall be able to describe this re- 
fined but really simple system with the greater clear- 
ness, if we commence at the same point, trace the 
movements, and then describe the construction of the 
valves. For this purpose, we shall refer to the various 
figures of the two two-page engravings which we 
published the week before last. 

The eccentric is set on the shaft in the same posi- 
tion with the crank, as shown in Figs. 2 and 11, and 
works a right-angled lever, which is pivoted at its 
angle on a vibrating fulcrum. The motion of this 
lever is illustrated in the diagram, Fig. 17. The 
centre of the eccentric revolves in the circle, 1 to 16. 
The progression of the figures shows the direction of 
its motion. At the same time, the fulcrum at the 
angle of the lever vibrates in the are, as shown, 
about a sustaining pin, not shown in this diagram, 
but seen in the general view of the engine. The 
figures show the corresponding positions of the centre 
of the eccentric, the fulcrum, and the extreme point 
of the driven arm of the lever, at eight equidistant 
points in the forward and return strokes of the piston. 
The movements of the driven arm of the lever, from 
which motion is imparted to the valves, will be seen 
to be the same as those of the ordinary stationary 
link, worked by two eccentrics. The arrangement 
shown is for an engine running in the forward direc- 
tion only; the reverse motion is obtained in the or- 
dinary manner, by extending the “link” in the oppo- 
site direction. This arrangement is simple and com- 
pact, the “link” being formed in one piece with the 
eccentric strap, as shown in Figs. 2 and 11; its chief 
object, however, is to obtain an exactly correct valve- 
motion. For this purpose, it is first necessary to 
impart to the vibrating fulcrum, or middle point of the 
“link,” a motion coincident with that of the piston 
of the engine. Why this is necessary, and the mode 
in which it must be effected, we will now explain. 

The velocity of the piston is not the same in the 
oo ay ends of the cylinder. It would be the same 
if the piston could be rigidly connected with the 
crank, and then the motion would be equal to the 
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centre line, and AC DE the circle described by the 
crank. The equal arcs, A C and D E, represent equal 
times, aud the motion, HI, in the time AC,=Az 
+nf, and the‘motion, KL, in the time D E,=Dm 
—mg. The difference of velocity arising from this 
cause is greater than would at first be supposed. At 





to the points of cut-off on the opposite strokes, would 
differ hy from 25 per cent. to 35 per cent. 

The eccentric being set, however, in line with the 
crank, and also the length of the driving-arm of the 
lever being made equal to six eccentric cranks, as that 
of the connecting-rod of the engine is equal to six 
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Pair of diagrams taken from an Allen —-— which has been at work for two and a half years at the works of Messrs. 
an 


Evan Leigh, Son and Co. (Limited), 
revolutions per minute. 

the commencement of the opposite strokes it is 40 
per cent. when the connecting-rod is six cranks, 50 per 
cent. when it is five cranks, and 66 per cent. when it 
is four cranks in length. It then diminishes uniformly 
to the middle of the stroke, where the two velocities 
become equal, and pass one into the other, so that 





chester. Scale 5. Cylinder, 20 in. diameter, by 36 in. stroke. Speed 100 


cranks, the angular vibrations of the two are coinci- 
dent, and the motion of the fulcrum or sustaining-pin 
of the “link” coincides exactly with that of the piston. 
These dimensions, in the engine illustrated, are as 
follows: stroke, 2 ft. ; length of connecting-rod, 6 ft. ; 
throw of eccentric, 24 in.; distance from centre of 
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Pair of diagrams ; Allen engine, cylinder 18 in. diam. and 30 in. stroke, at South-Tyne Paper-mill. Speed, 108 rev. per 


min.; vacuum condenser, 28 in. 
the average difference, or the difference between the 
total motions of the piston during the opposite moieties 
of the time of ot stroke, is one-half that between 
the initial velocities, as above given. If this effect | 


Only half the intended load on engine. 


Diagrams given last week incorrectly engraved. 


shaft to sustaining-pin of link, at the mid point of its 
vibration, 74 in. This position of the eccentric re- 
quires the motion to be reversed between the “ link” 
and the valves; but this will be seen presently to be 
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rather a convenience than otherwise. The above 
construction, however, causes the tipping motion of 
the “ link ” about the sustaining-pin—which com- 
mences when the sustaining-pin is at either ex- 
treme of its vibration, and gives to the admission 
valves their opening movements—to be unequal in the 
opposite directions ; because, if these commence when 
the centre of the eccentric is on the centre line, 
which, in Fig. 17, is the upper one of the two parallel 
lines, then, as will be seen, the motion of the eccentric 
which produces the tippings is greater to the points 
9, 10, 11, than to the corresponding points, 1, 2, 3. 
The action is made equal, by dropping the sustaining- 
pin of the link a little, so that the tipping motion in 
each direction shall begin when the centre of the ec- 
centric is on the line shown below the centre line. 
The distance between the two lines, or that which 
the sustaining-pin needs to be lowered, is, in the en- 
gine shown, .07in. This device effects also another 
desirable object, namely, to give a slightly greater lead 
to the valve at the end of the cylinder in which the 
motion of the piston is most rapid. By these means 
exactly equal diagrams are made, on the opposite 
strokes, at every point of cut-off, from the commence- 
ment up to the half-stroke, beyond which point the 
steam is not permitted to follow in these engines. 

The “link,” although its movements are thus made 
correct, possesses the two faults inseparable from this 
motion, namely, that when employed as a means of | 
cutting off early, it opens a very narrow port, and re- 
leases and confines the steam very soon. The latter 
of these defects is remedied in this engine by employing 
separate exhaust valves, and giving to them, from the 
same “ link,” an independent and invariable motion. 
These valves are driven from the extremity of the 
“ink,” and a rock-shaft, placed midway, enables the 
motion to be reduced, and reversed, and transmitted 
across from the line of the eccentric to that of the ex- 
haust-valve spindles, as shown in Figs. 1, 2, and 3. 
‘The fault of the narrow opening is cured by employing 
valves which open simultaneously four passages, and 
still further, by the introduction of a movement which 
enlarges the openings considerably. The admission- 
valves are driven from the block, the position of which 
in the “link” is adjusted by the action of the 
governor, from the centre at which the valves are not 
opened at all, to the point at which the steam is cut 
off at about the half-stroke (see Fig. 2). Between the 
“link ” and these valves a motion is introduced, the 
object and effect of which is, to get rid of more than 
one-half of the useless motion of the valves after they 
have covered their ports, and at the same time to en- 
large by about 60 per cent. the openings made by 
them. These two apparently incompatible objects are 
effected by a more extended application of the principle 
of the toggle joint, first and very generally applied to 
the valve-gear of engines by Watt. For this purpose, 
each admission-valve driven from the “link” 
separately, as shown in Figs. 2 and 11, and 
the motion of each is modified, as already stated, 
by the introduction ofa rock-shaft, For compact- 
ness of construction one of them made hollow, 
and the other one passes through it, so that the two 
have a common axis, but independent movements. 
The object of the separation is, that the action of the 
vibrating arms in modifying the valve movements 
shall not, as has heen the case in all previous applica- 
tions of this principle, be limited by the necessity of 
imparting through a single rock shaft similar move- 
ments to each valve. This arrangement is well shown 
in Fig. 2, and the motion is illustrated in the right- 
hand diagram, Fig. 17, which shows the motion of the 
connexions for both valves. ‘The opening motion of | 
the forward valve is indicated by the letters, A B, and 
its covering motion by the letters A D; first, on the | 
diagram of the link motion; second, in the motion of | 
the driving arm on the rock shaft ; third, inthe motion 
of the driven arm; and fourth, in that of the valve, | 
the two latter being marked A' B' D'. The motion | 
of the after.valve, represented by the letters C DB, | 
is precisely similar, aud may be followed through in | 
the same manner. The manner and degree of the | 
modification of the valve movements is obvious on | 
inspection of this diagram. Lach valve opens its 
port by a movement in the same direction as repre- | 
sented by the arrows. | 

Each admission-valve is simply an open rectangular | 
frame, moving between parallel faces, and therefore in | 
equilibrium. The valves are shown in Fig. 4, in their | 
proper positions, relatively to that of the piston, the for- | 
ward valve at the extreme point of its cover, and the 
after valve open by the amount of the lead required at 
great speed. In the latter the four openings are clearly 
shown, two on each face, the steam that enters by 
three of them passing through the valve itself. The 
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valves are set one a little above and the other below 
the centre line, as partly shown in Fig. 5, and the rod 
working the after valve passes through the forward 
one. The back plate behind each valve is made of 
such a form as to be unyielding under pressure of the 
steam, and is supported in a manner which prevents 
any inconvenience from unequal expansion. Provision 
is made by fitting strips for readily re-adjusting this 
plate in case of wear, but working, as the valve does, 
entirely freed from pressure, even that of its own 
weight, on the faces, this wear is found to be exceed- 
ingly slow. ‘The length of each opening, in the en- 
gine described, is 54in., equal to an aggregate length 
of 22in., and the extreme opening movement is 3 in. 
The exhaust-valves work in separate chambers 
between the admission-valves and the cylinder, and 
each one opens two passages for the escape of the 
steam, as shown in Fig. 4. Each of these passages is, 
in this engine, 9 in. long by 1 in. wide. These valves 
are worked by two rods, which pass through the ex- 
haust chamber (Figs. 4 and 5), one on either side of 
the steam passage to the cylinder, which should have 
been dotted in Fig. 5, and are united in a crosshead, 
not shown in the plates, to the middle of which the 
connexion with the link is made. The valves are 
attached to these rods by steel tongues, as shown, a 
method which is found to answer extremely well. 
This system of valves and valve gear is entirely the 
invention of Mr. John F, Allen, of New York, having 
received no addition or modification, except in the 
constructive details, from any other hand. It 
proper also to add that no change whatever has been 
made in it since the original exhibition of the engine 
in 1862, except the introduction of the equilibrium 
valves. The valves then employed for admission had 
the same movements, and made four simultaneous 
openings, but worked under pressure of the steam. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the pig-iron 
market was firm at the opening, when 52s. &d., cash, was ob- 
tained, and 52s, 9d., six weeks. A good business was done the 
following day at prices a shade lower, and “ warrants ” were in 
demand at 52s. 6d. and 52s, 7d., cash, and 52s. 7$d., a month. 
Since then prices have declined a little almost daily, and have 
come down to 52s, 3d., cash, and 52s. 4d., three weeks paid, 
which were the prices prevailing to-day. No. 1 Coltness was 
quoted at 58s. yesterday, and No. 1 Gartsherrie at 51s. 6d. 

Fresh Discovery of Blackband Ironstone.—It would seem 
that the blackband ironstone, which Mr. Robert Mushet’s father 
first drew attention to in this shire, is not yet worked out, nor 
likely to be worked out for some time to come. That mineral 
has, to a large extent, been the making of the iron trade of 
Lanarkshire, and the chief means whereby a number of very 
large fortunes have been made during the last thirty or forty 
years. Another discovery has just been made of a very valuable 
deposit of blackband ironstone in the neighbourhood of Mother- 
well, on the estate of Murdostoun, which was purchased some 
ten or twelve years ago by the late Mr. Robert Stewart, the 
well-known proprietor of the Omoa Ironworks, and a former 
Lord Provost of Glasgow. The estate was believed to contain a 
large quantity of the mineral in question, and Mr. Stewart was 
doubtless induced to become the purchaser in the expectation 
that the belief was well founded. Nearly 300 triai bores were 
put down before Mr. Stewart’s death, but without effect, and 
all hope of succeeding had almost ended in despair. At length 
indications of ironstone appeared sufficient to justify the sink- 
ing of ashaft. The ore ie now been reached, and it is found 
to be a seam of 3 ft. in thickness, and of excellent quality, and 
is believed to be of very considerable extent. Much excitement 
and satisfaction have resulted from the discovery. 

The Caledonian Railway again.—The improvement which 
was taking place in the affairs and in the stock of the Caledonian 
Railway Company is now meeting with a reaction of such a 
sort as to have resulted in a veritable imbroglio. On the sub- 
ject of revenue versus capital there seems likely to be an almost 
interminable discussion. There is even something worse than that 
now, for, in the proposed reconstruction of the board of directors, 
internal dissensions are showing themselves in the shape of 
manifestos from the recently appointed shareholders’ committee, 
from the dissatisfied shareholders in Edinburgh, from the 
majority of the board, including the chairman, and from a 
ininority of the same body, and, to crown all, the “ Public 
Accountant” makes a third effort in the pamphleteering line. 
A meeting of the shareholders is to be held in this city to- 
morrow, when the imbroglio may possibly be brought to a ter- 
mination, and a new era be entered on by the reconstructed 
voard. 

The Highland Railway.—The recent rain storms have told 
with considerable effect on some of the Scotch lines of railway, 
more especially the Highland line, some of the works on which 
were illustrated in ENGINEERING in the course of last autumn. 
The Tay and the Tummel were so much flooded that a breach 
was made in the line at Dalguise; a suspension of the traffic 
ensued ; but as the repairs were completed on Thursday last, the 
traffic was resumed on the following day. 

University Honour to the Reverend Patrick Bell.—The in- 
ventor of the first practical reaping-machine, the Reverend Patrick 
Bell, minister of Carmyllie, has this week been created a Doctor 
of Laws by the Seratus Academicus of the University of St. 

ndrews. He is now Reverend Patrick Bell, LL.D. 

Royal Scottish Society of Arts—At the ordinary meeting of 
this society held in Edinburgh on Monday last, a paper was 
read which gave a description of “‘ Improvements in the Means 





of drawing off and measuring Water direst from the main,” by 
Mr. J. G. Winton, London. After some discussion on the subject, 
the description was remitted to a committee to consider and 
report. 

i tlantic Telegraph Compa Meeting of Glasgow Share- 
holders.—As a large amount of stock is held in the Atlantic 
Telegraph Company in Glasgow, and as there is some misunder- 
standing existing regarding the affairs of the company, a meet- 
ing was held here yesterday, under the presidency of the Lord 
Provost, for the purpose of receiving a statement from Mr. 
Saward, the secretary of the company, preparatory to the meet- 
ing which is to be held in London, on the 25th instant. The 
meeting approved of the statement, and expressed contidence in 
the directors. Sir William Thomson, the eminent electrician, 
and one of the directors of the company, I think, also 
addressed the meeting. His remarks excited considerable 
interest. He said he had been asked what the dimensions 
of the cable from Falmouth to Boston would require to 
be, and, in answer, he might say that the lengths must 
be estimated as nearly in the proportion of 2 to 24, or 2000 
miles the one way and 2500 the other, The addition of 
500 miles to «a cable would very considerably impair the 
speed at which it would be possible to transmit messages. 
cable of precisely the same dimens‘ons as theirs would work at 
a slower speed: the rule for those calculations being that the 
speed would be inversely as to the squares of the lengths. The 
Atlantic cable, working at the greatest speed attainable, would 
perform 56 per cent. more business than a cable of the same 
length laid between Boston and Falmouth, of the same diameter 
of copper and thickness of gutta-percha. ‘Taking into account 
the greater number of miles, they had next to recken the cube 
of 2}, and the result was that the whole mass of that cable 
would double that of the Atlantic cable, and it would take 
the materials of two cables laid between Boston and Fal- 
mouth to do as much work as the one now in use. He 
did not mean to say that a cable between those places 
would not be a success; but he must say that he believed in 
the future, a very dim future it might be, to see many cables 
across the Atlantic, and he did not see why the Atlantic Com- 
pany should not become possessors of cables between Falmouth 
and Boston; but in the mean time he believed there was no in- 
tention of doing so, or of departing from the excellent and ad- 
vantageous route that had already been chosen for their cables 
—advantages which were now felt very much indeed. The 
dangers of competition were practically very small; and, con- 
sidering the time which must elapse before the cable could be 
laid successfully between Falmouth and Boston, there was left a 
very large margin of time for the development of the traffic 
which at present passed through the hands of the Atlantic 
Telegraph Company. After a few further remarks, in the 
course of which he complimented the directors for their able 
management of the affairs of the company, he concluded by 
expressing the hope that the shareholders Would support the 
board of directors, so that they might have the requisite three- 
fourths of the shareholders in order to get Parliamentary 
powers to raise the necessary 10 per cent. 


THE DICTATOR. 
To tue Eprror or ENGINEERING. 

Str,—It appears from Ericsson’s letter, published in your 
paper, that Mr. Watt was right, and I was wrong, touching 
the configuration of the armour on the sides of the Dictator, 
and it is proper that I should at once acknowledge this. Mr. 
Reed produced, at the Institution of Civil Engineers, a 
diagram in every respect the same as Mr. Watt's. But I 
there also discredited its accuracy, as it was not the same as 
the drawing I had received from Ericsson. The cireum- 
stance is in no way material to the controversy respecting 
the good or bad qualities of monitor vessels, which is not to 
be judged by such details, and Ericsson no doubt preferred 
to give me his own plan instead of the modifications which 
had been forced upon him by others. Nevertheless, it is due 
both to Mr. Watt and myself that any error, however incon- 
siderable, that I may have fallen into in a statement of fact 
should be both admitted and rectified so soon as it has been 
found out. 

I am, &e., 
Joun Bourne. 


ENGINEERING AT CROYDON. 
To THE Epitor oF ENGINEERING. 

Str,—Your correspondent, Mr. Baldwin Latham, has en- 
deavoured to show the inaccuracies of the figures quoted in 
my letter to you of the 22nd inst. 

Sir, unfortunately I did not state that the death-rate 


given was up to October, 1867. I took it as representing the 
whole year, and if the death-rate for the last quarter has so 
greatly decreased as to make the death-rate of the whole 
year as stated by Mr. B. Latham, I shall be only too happy 
to hear it is so. I fear such is not the case, and am still left 
to believe what I have before stated, namely, that 20.9 per 
1000 represents the death-rate of Croydon for the past year. 

Has not the increase of inhabitants in Croydon been 
caused by well-to-do Londoners going to reside there? and is 
not the death-rate lower amongst this class than amongst 
the poorer inhabitants? These are questions which need due 
consideration before deciding upon the benefits arising from 
the sewage irrigation scheme at Croydon. 

I am, Sir, yours obediently, 
An OLp SUBSCRIBER. 

February 5, 1868. 

Wonperrvt Iron Ores.—We read in our excellent con- 
temporary, The Engineer, that “ the 613 blast-furnaces from 
which we obtained about ten millions and a half tons of pig 
iron were fed by upwards of ten millions of tons of iron 
ores.” This assigns to the average of British ores a per- 
centage of 105 per cent. of iron! How are other nations, 
whose ores contain, say, from 20 to 70 per cent. of iron only, 
to compete with us if this be correct ; or how are we to com- 
pete with other nations if that style of “ spreading informa- 
tion” is to be much longer tolerated in the profession * 
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STEAM BRIDGE. FOR 


THE GOVAN FERRY. 


BUILT AND ENGINED BY MESSRS. W. SIMONS AND CO., ENGINEERS, RENFREW. 






MIDSHIP 


WACCONS 


We give, on the present page and on page 163, engravings 
of the new iron steam-ferry bridge recently built and engined 
by Messrs. W. Simons and Co., London Works, Renfrew, for 
the Clyde Trustees, from designs furnished by their engineer, 
Mr. Andrew Duncan. This vessel has been constructed to 
¢ all the traffic on one bottom over the Govan Ferry, a 
traffic which was previously divided between e, horse-boat 
and passenger-hoats worked by hand. The now vossol has 
been found well adapted for the work, and carries two loaded 
wagons or three loaded carts, together with sixty or eighty 
passengers. With these it crosses the Clyde in 1} minutes, 
whilst the former boats took from 15 to 30 minutes. 

The principal dimensions of the new ferry-boat are as 
follows : 


Length ... du eso ast 45 feet 
Breadth amidships... ae @ x 

»  atends... ene eee |: oe 
Draught of water amidships ... 1} ,, 

es - at ends 6 inches. 


It is constructed in six water-tight compartments, formed 
by longitudinal and athwartship iron bulkheads. The ma- 
chinery for propulsion consists of a pair of highly-finished 
diagonal steam-engines, of 29 nominal horses’ power, geared 
to the driving wheel, round the cireumference of which is 
wound the driving-chain, having its ends secured on each 
side of the Clyde. 

The boiler is upright fitted with cross tubes; the consumption 


SECTION 


& CARTS 


of coals is only 10cwt. in eighteen hours. A small donkey 
| engine is attached to the boiler. The steam from both engines 
and safety-valves is discharged through the vessel’s bottom 
under water, so that no noise is made to disturb horses or 
cattle. The sides of the hull are curved to the are of a circle 
to present less resistance to the action of flood and ebb tides 
in the river. The gangways, for the combined traffic of 
carriages and passengers, are worked hy two auxiliary steam- 
engines driving the chain-barrel for hoisting and lowering 
the gangways. These engines are secured’ to the upright 
stanchions, and all the movements connected therewith are 
easily and rapidly performed. 

This is the first steam ferry-bridge adopted on the Clyde, 
and it has proved of great advantage to the inhabitants on 
the banks of the river, particularly to large numbers of work- 
men who pass and repass daily. The result of its employment 
has been a great lessening of the ferry charges. It has all the 
accommodation of a stationary bridge costing about 100,0007. 
at a mere trifle of the cost in comparison, and is capable of 
conveying traffic as fast as such could progress over the 
former, with the additional advantages of allowing the enor- 
mous shipping of Glasgow freely to pass and repass without 
the slightest hindrance. Steam-vessels of this description 
should be invaluable on the shallow rivers of India or the 
colonies, where the traffic would not warrant the expense of 
a stationary bridge ; and such vessels are also well adapted for 
landing troops, artillery, or goods where there is neither pier 
nor harbour accommodation. 











COAL-WASHING MACHINERY. 


CONSTRUCTED BY MESSRS. SIEVERS AND CO., ENGINEERS, DEUTZ, COLOGNE. 








Wiru the growing demand for sulphurless coke on the part of 
the blast-furnace managers and steel-masters in this country, 
the question of purification of coal becomes more and more of 
paramount importance. Coal-washing has now been practised 
all over the Continent for about half a century; and it has 
enabled ironmasters to use coke produced from coal of such 
impurity as to be utterly useless for the purposes of iron- 
smelting in its natural state. The impurities of the coal gene- 
rally are of two different kinds, viz., iron pyrites and slate. 
The pyrites or sulphurets of iron occur in crystals from the 
size of a pea down to microscopic minuteness, and they very 
often are grouped together in thin layers, as if deposited in 








cranks or crevices of the coal. The clay slate occurs in larger 
quantities and in layers passing right through the | of the 
coal, only so thin as to be inseparable from it by mere fracture 
or cleavage of the large lumps. For removing these impurities 
from the coal, it is necessary to reduce the whole to the state 
of coal-slack, or of a more or less fine-grained powder, accord- 
ing to the nature and properties of these elements. Clay slate 
can generally be removed by reducing the coal to a size which 
will pass through a }-in. or even a 1-in, riddle, as this material 
cleaves and breaks in large pieces, and readily detaches itself 
from the coal; but the removal of b igep demands the reduc- 
tion of the coal to the state of powder of at least the same size 





of grain as the crystals of sulphides are themselves, so that the 
particles of coal may not inclose or firmly hold any sensible 
quantity of the pyrites. 
The washing-machinery illustrated above, and on pages 148 
and 149, is an arrangement used by several continental collieries, 
for the removal of clay slate from coal, tolerably free from 
pyrites. This is done independent of any intention of further 
purification for coking, if this may be required, and the main 
object is to produce small coal for steam-boilers and similar pur- 
— free from the admixture of slate or other inccmbustible 
eavy matter. The machinery illustrated is capable of wash- 
ing about 100 tons of coal per day of ten hours, taking the coal 
to contain about ten per cent. of slate. It requires five horses’ 
power, and keeps about 30 cubic feet of water per minute in 
circulation, using the same water over and over again. The 
actual supply of fresh water required is 2 cubic feet 
minute. here is no grinding apparatus connected with 
the plant, as it is intended to work = coal slack only, and the 
slate can be separated from the coal by simple riddling and 
washing. Fig. 1 shows the general arrangement of the whole 
in a {cross section through the house, which has two super- 
osed stories or floors; Fig. 2 is a plan of the upper, and 
Fig. 4 a plan of the lower floor. Fig. 8 shows a longitudinal 
section through the house. The coal-wagons are run into the 
house upon the rails, D, and placed bodily into the tipping-cage, 
E, which discharges the coal into the half-round trough or 
receiver, F. An Archimedian screw feeds the coal into the 
conical revolving riddle, G, where the large pieces are separated 
from the small coal, and sag into a wagon through the 
spout of the riddle, G. The small coal falls through the meshes, 
and is collected at H, in the trough of an elevator, which delivers 
the whole to the screens in the first floor, I. These screens con- 
sist of a revolving cylinder, placed on an inclined position, and 
perforated with holes of gradually increasing sizes. The first 
quarter contains } in. holes, the second in. holes, the next,1 in., 
and the last 1fin. holes. The coal is thereby separated ac- 
cording to sizes, and each size is by itself delivered upon the 
sieve of a washing-machine, M, four such machines being 
placed in a row underneath the revolving riddle. The details 
of the washing-machines are shown in Figs. 5, 6, and 7. Each 
machine contains a square sieve, E, placed in an inclined 
position at the top of a water-trough, A, formed in the shape of 
a syphon, and having a piston, B, in the free end of the syphon 
for alternately displacing the water by its rise and fall. The 
piston is moved by. a cam, C, being lifted slowly, and then 
allowed to fall suddenly, so as to cause a quick pulsation of the 
water through the meshes of the sieve, E. A box, D, is pro- 
vided for loading the piston to any desired extent. ‘I'he action 
of the water in its pulsatory movement through the coal and 
slate is to lift the particles of coal and to allow the slate to 
settle down between them, so that after a short time the slate 
collects in layers upon the sieve, while the coal remains at the 
top, and is washed over into the gutter, G, in front of the sieve. 
Returning to Figs. 1, 2, 3, and 4, we can now follow the washed 
coal in its further course through the inclined gutter, N, into the 
last revolving riddle, O, where it is again separated accordin 
to sizes and discharged into the five rows of wagons. The c 
and slate which does not pass through the meshes of the upper 
revolving riddle, I, and which therefore does not arrive upon 
any of the washing-machines, is discharged through a spout, 
Fig. 8, upon a revolving table, K, where the pieces of slate are 
picked out by hand. The revolving table discharges the picked 
coal into one of the wagons below the riddle, O. Rails with 
small turntables at their crossings are provided for the removal 
of the wagons, and suitable circulating pumps, all driven by the 
steam-engine, provide the supply of water for the operation of 
washing. The oo construction and fitting up of such a 
plant we understand to cost about 6002. 








INTERNATIONAL MARITIME EXHIBITION, 


Mr. Freprric Bernat, her Majesty's Consul at Havre, 
has addressed a letter to the Times, in which he calls atten- 
tion to the approaching International Maritime Exhibition 
to be held at Havre, which will open on the 1st of June next, 
and for which the time of receiving applications for space 
has been prolonged to March 10th. Mr. Tyernal states that, 
although some demands for admission had been received from 
Great ‘britain, including entries in three classes made by him 
on account of the Board of Trade, yet the number has fallen 
far short of what had been reasonably expected. This is a 
great mistake on the part of all who are connected in any 
manner with our mercantile marine, and it can only be at- 
tributed to their being unaware of the wide scope and im- 
portance of the above Exhibition. It has been taken under 
the immediate patronage of his Majesty the Emperor and 
the Prince Imperial; it has excited the greatest interest in 
the seaport and other important towns of ce, and an in- 
fluential committee has been formed in New York to organise 
a proper exhibition of American naval objects and ap- 
pliances. 

The building will consist of a covered gallery in the form 
of a square, enclosing a large open space, and the whole area 
will comprise about 124 acres. The rates to be paid by ex- 
hibitors, varying according to locality, are moderate. There 
will be in all forty-three classes, embracing every description 
of article connected with ships and seamen. Practical trials 
of lifeboats and other life-saving apparatuses will be made. 
Apart from the more serious business of the Exhibition, but 
in connexion with it, there will be nautical fétes and regattas, 
and there will also be a large salt-water aquarium, which 
will represent “ Fingal’s Cave,” and with the experience 
gained at Paris, and from the fact that this one will be on 
the coast, it will without doubt form one of the most interest- 
ing + in the Exhibition. 

As Mr. Bernal says, the above sketch will show that such 
an Exhibition, held in the “ Liverpool of France,” at our 
very doors, ought to possess very great attractions for a mari- 
time nation Great Britain, and he yet ventures to hope 
that we may be better represented thereat than at the pre- 
sent moment appears likely. Further information respect- 





ing the Exhibition can be obtained on application to Mr. 
Bernal. 
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LANCASHIRE AND CHESHIRE COALS, 
(Concluded from page 129.) 
ILI.—MopiFications. 

1. Fire-door. 

20. Iw using fuel for raising steam, it is obvious that the 
success, commercially or otherwise, depends upon the quantity 

and the way iu which the air is supplied to the fuel. 

21. In ail our experiments the air was admitted through the 
grates and a perforated fire-door. 

22. The character of the coal must regulate the quantity 
of air to be admitted through the door or dead-plate. The com- 
bustion of Welsh coal being almost, so to speak, local, it does 
not require the admission of air through the fire-door; while 
the combustion of Hartley coal is greatly facilitated by a supply 
of air in the front of the furnace. 

23. We had therefore to determine how far your coals re- | 
quired a modification on this point. 

24. The sketches* of the fire-doors Nos. 1 to 7 will enable | 
you to form a correct idea of the modifications we have tried. | 
| 














25. These modifications have heen tried in connexion with 
long and short grate-bars, and placed at different levels. 

26. Having regard to the number of smoke marks, the 
temperature of the smoke-box, and the work performed, we 
have found that the perforations of the door, as shown in sketch 
Nos. 2 and 7, are those best adapted for your coals. With 
closed doors the combustion is imperfect, and accompanied with 
loss of power, as shown by the following experiments: 





| 


' 
Smoke | 
Marks. | 


Power, or 
pounds of water 
evaporated per 
| pound of coal. 


Coal. Fire-door. Fires. 





a or Arley| 
ard. ...| Closed 

++»| Perforated 
.«| Perforated 


12” thick 
12” thick 
14” thick 


10.421 | 277 
10.99 4 
11.246 0 


Ditto... 
Ditto... 


27. The best mode of using these limited perforations, is to 
work the slides so as to close them altogether soon after a new 
charge has been thrown on the grates. The extra supply of air 











is needed just as the fresh coal commences to evolve its gas, 

while the air passing through the grates is amply sufficient, for 

nae we combustion, after the coal has been partially car- 
ised. 


28. The experiments made with a perforated dead-plate, in 
connexion with a smaller area of perforation in the fire-door, 
did not lead to any decisive result. This is due, as we believe, 
to the fact that the dead-plate is not under the same control as 
the door, and to the tendency of the combustion of the fuel to 
extend to the dead-plate; or, in other words, to a point where 
it is so desirable that the air, when admitted, should only mix 
with the coal gases in course of distillation for combustion in 
contact with the conducting surface of the boiler. We select 
the following results to show the difference between perforated 
acd closed dead plates : 


Pr] 


Coal. | Dead plate. 





Power, or Speed, or 

pounds of | cubic feet of 
water evapo- | water evapo- 

rated per | rated per 
pound of coal. hour. 





46.89 
47.83 
47.21 
49.107 § 


Yard coal Perforated 
Ditto ditto 
Ditto Closed 
Ditto ditto 


| 10,728 
10.712 
11.311 | 
10.749 | 





al = 
2. Grates. 

29. The different points to which we directed our attention in 
reference to the grates were their leigth, thickness, windage, 
and level. 

80. We tried lengths of 2 ft. 3 in., 2 ft. Gin., 3 ft., 3ft. 3 in., 
and 4ft., a thickness and windage of lin. x }in., \% x }, 
?x< 8.43xX2,8 X wh, with three levels, Aigh, middle, and 
low, the former being 9} in. below the crown of the furnace, 
the second 134 in., andtwo of the latter respectively 16 in. 
and 18 in. 

31. We also tried bars of cast and wrought iron, 

82. As regards the first of these modifications, without goin 
into a minute criticism of our observations, we found that wit 
bars 2 ft. 3 in. long it was impossible to burn off the coal to the 


* We have only considered it necessary to reproduce the 
sketches of firedoors, Nos. 2 and 7, which were found to give the 











best advantage, while with bars 4 ft. long there was a great loss 
of heat. 

33. The length of grate which is evidently best adapted for 
your coals in this boiler is 3ft., showing an area of 10.3155 
square feet, with which we have practically a smokeless fuel, 
and accomplish the largest amount of work with the greatest 
economy. 

34. The high level brings the grates too close to the crown of 
the furnace to enable the stoker to use the thick fires which are 
so advantageous, and the same remark applies to the mid-level 
grates. 

35. The low-level grates have given the best results, as they 
enabled us to use fires 14 in. thick. 

We select the following experiments in illustration: 
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Fires. 
Thick- 
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Speed, or cubic 


feet 


and length of 
grates, 
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f water 
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Coal. | Level 
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smoke marks. 
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of water ev 
evaporated 
hour. 


rated p 
of coal. 
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High, 3’0” x1” x }” |About 6”, 10.183 

do. do. 10.178 | 
8’0"x1"~ 2"; 12”_—*| 10.712 | 

do. * 10.976 | 
370" <1" 4" 11.311 | 
5 11.289 | 
10.153 | 


9.557 


| 41.776 
12.188 
49.54 
50.672 
49.45 
48.16 
44.38 
| 45.28 


Yard 
do. | 
do. |Mid, 
do. | 
do. |Low, 
do. | do. 

Low, 3/0” x1"x}" 

do. 


do. 
12”to14” 

do. 
do. 12”to14” 


do. | do. 


36. The thick fires undoubtedly act in virtue of the quantity 


16 


of heat which is produced at the point best adapted for its con- 


duction to the water. It is also probable that their more 
efficient action depends upon their bringing a mass of solid 
incandescent fuel in direct and close contact with tho iran of 
the boiler. The conduction of the heat is much more rapid be- 
tween these two solids—the fuel and the metal—than between 
mere heated gases and the tubes. ‘The flame which sometimes 
passes over and under the bridges into the flame-chamber may 
be regarded as the contact of two solid substances, the flame in 
such cases being really solid particles in a state of incandes- 
cence, and, in good management, this flame never extends to 
the end of the tubes. 

37. We believe that, with your coals, the great object ought 
to be to accomplish as anh of the work as possible on the 
grates, and looking to the flame-chamber and tubes as auxiliaries 
to use the escaping heat of the flame and hot gases. 

38. When so managed, coals of the type of this coal-field are 
admirably suited for marine boilers. 


3. Fire Bridges. 

39. Our modifications of this part of the apparatus were con- 
fined to the thickness of the bridge at the end of the grates, 
the air space above, and the addition of a hanging bridge with 
the air space below and that between the two bridges. 

40. The variations in the case of the vertical bridges were 
limited to two thicknesses, 9 and 15 in., with an air space of 
6 in., 9 in., and 14 in. above. 

41. With the hanging bridge, the air space, between it and 
the vertical bridge, was varied from 9 in. to 13 in., and below, 
12 and 15 in. spaces were tried. 

12. No material benefit was obtained by increasing the thick- 
ness of the vertical bridges, nor did the quantity of heat, there- 
by accumulated, assist in the prevention of smoke, and dispense 
with careful stoking. 

15. When the air space was reduced to Gin. above the 
bridge, with a view of deflecting the flame towards the boiler 
and increasing the reverberation in the flame-chamber, we found 
that the obstruction to the draught more than counterbalanced 
any advantage otherwise obtained. 

44. The adoption of the hanging-bridge proved a decided im- 
rovement, not so much by increasing the power of the fuel, but 
y giving greater steadiness tothe whole operation. The stoker 

was enabled to act with more freedom, and the accumulation of 
heat in the bridge at this point proved of great advantage in 
preventing the formation of smoke. For example: 
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Haigh yard, without hanging-bridge 11.068 
Do. with do. 11.246 





4. Steam Jet. 

45. When experimenting with some of the coals, and in cer- 
tain conditions of air, we found the draught of the chimney 
was occasionally too sluggish to elicit the full power and speed 
of the fuel. 

46. The effect of the steam jet was most decided. The rate 
of evaporation was aeaacshly increased, while with some of 
the coals the economy was but slightly diminished, as shown in 
the following results: 


per) 
evaporated 


or pounds 
our. 


of water at 100° 


Coal. 


Power, 
evaporated 
pound of coal. 
Speed, or cubic 
feet of water at 
100° 

per h 





Ince Mixed. 
Without steam jet... 
With steam jet ... 


47.309 
76.658 





Furnace Mine. 
Without steam jet ... 
With steam jet 


45.704 
67.690 





best results. 








47. We would refer you to experiments Nos. I., II., in corro- 
boration of the above statement. 
48. It is almost needless to _— out how important such a 
= as this application of the steam jet would become on 
oard a ship under certain circumstances. 


5. Smoke. 

49. We have already more than once directed attention to 
the fact, that when your coal is used in a manner suited to its 
character, it is truly a “smokeless fuel,” and in the course of 
this inquiry we made some experiments in reference to this 

int. 

50. The formation of smoke doubtless arises, in the case of 
coals of the character of those we have used, from the sudden 
evolution of gas when fresh coal is thrown on the furnaces, and 
when an extra supply of air becomes necessary for the perfect 
combustion of the gases. 

51. This extra demand for air, under the circumstances above 
mentioned, is fully provided by the use of the perforated door ; 
but, acting on our idea as to the too sudden evolution of gas, 
we brought a small water-pipe to the front of the boiler, with a 
branch entering each furnace just above the firedoor. This 
branch pipe was bent with a slight curve downwards in direction 
of the coal, and the end covered with a rose. 

52. When a fresh charge of coals was thrown on the dead- 
plate, a fine shower of water was discharged on the surface of 
the coal to damp it, and thus regulate the distillation. In the 
experiments made with this arrangement, the number of smoke 
marks recorded were greatly diminished, and in some cases not 
a single trace of smoke was evolved during the entire duration 
of the trial. 

53. As our knowledge of the proper method of using your coal 
increased, we found it totally unnecessary to have recourse to 
this or any other expedient for this purpose. 

6. Clinker. 

54. The formation of clinker on the grates is a serious draw- 
bavk tothe use of nearly every descriptivu of cual. 

55. The character of the cliuker greatly varies, some being 
dry and others of a pasty consistence. Some are easily re- 
moved from the grates when cold, and others are firmly at- 
tached. 

56. In many eases the clinker is. formed at the expense of 
the grate bars. This difficulty has been overcome, in some 
cases, by covering the grates with blocks of limestones; but such 
a plan is unsuited for marine boilers. Coating the bars with 
a burnt into shape, has also been tried with excellent 
results. 

57. We made some experiments on this point, modifying the 
above experience in the following way: We mixed a small quan- 
tity of lime with the coal before throwing it on the grates, in 
the hope that the lime would form a dry residuum with the 
ashes of the coal, but the result, although favourable, was not 
so decided as to justify us in prosecuting the inquiry. 

7. Tubes. 

58. We often had occasion, during the earlier experiments, to 
examine the working of the fires, the action of the fire-bridges, 
and the reverberation of the flame in the flame-chamber. This 
was done by looking through the sight-holes in the back and 
sides of the boiler, which were opened for the purpose, 

59. The opinion being very generally entertained that the 
flame, in passing from the furnace to the smoke-box, escaped 
through only a portion of the tubes, leaving the other tubes 
canpueiiedy useless, we tried some experiments in which some 
of the tubes were plugged. 

60. As the lower ranges lie over the fires where the heat is 
greatest, we thought that, in diverting the flame to the higher 
rows of tubes, we might effect 2 better absorption of the heat, 
and thus improve both the power and speed of the coal. 

61. We put our ideas into practice by plugging the lower 
ranges, as well as other modifications, and carefully watched the 
results. 

62. These results did not satisfy our expectations, and the 
experiments were discontinued. They, however, prove that 
the number of tubes may be diminished without, lessening the 
power of the boiler. 





Power, or 
Pounds of 
| Water at 


| Speed, or 
| Oubie Feet 


Yard Coal. 





Tubes all open... ove sss wee}, 10.897 
Tubes. plugged up in alternate rows; 
diagonally eve ee} 11.039 


ase ae 





IV.—SrowacGE. 
63. In this respect your coal holds a prominent position among 
the best steam coal of this country. twit 
The following figures give the weight of a cubic yard 
ous coals in different conditions: 


| Gonditiur of the Coal. 


of vari- 





Name of Coal. — 7 
| Round. —s for Beans. 





c. qr. 
121 
| No beans. 
'. 8 


c. qr. 
12 0 
11 3 
} 113 | 


| 
43 | 


Lancashire Coal 
Newcastle Coal 
Welsh Coal... 
Lancashire round and Welsh 
dust mixed 


wee) 
eee one 


eee oe eee 


V. Mrxep CoALs. F 

64. It having been suggested that we should try various mix- 
tures of Lancashire coals, we made several experiments, W: 
are recorded in sheets Nos. 30 and 31. : 

65. Two classes of mixtures were tried, the one being made 
up of different Lancashire coals, and the other of Lancashire 
and Welsh coals. . ‘ 

66. The results confirm those obtained in previous experi- 
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d and power of the mixture being about a mean 
ery ach coal, fo illustration of which we need only refer 
you to the details given in sheets 30 and 31.* : 

67. The value of the Lancashire coals is also shown in the 
efficiency of a mixture of the dust of Welsh coal with Lanca- 
shire coal. The former was so fine that it could not have been 
burnt alone on the grates. The following experiments are 
quoted in illustration of this point: 

















: Power, or 
| Pounds of ey he 
| Water eva- | f W. a | Smoke 
Cus |porated per ater |Marks. 
|" Pound of evaporated | 
| Coal. | Per hour. 
shireround ... 11.311 48.220 | 8 
aun toad ai ‘a we] 11.140 | 47.560 | 6 
Newcastle round én =a 10.845 {| 52111 | 5 
Lancashire round and Welsh! 
oi | 10.604 41.384 0 





dust, mixed... 
Other Coals. 

68. Having employed the inverted fire-bridge in most of our 
experiments, it was thought desirable to submit Welsh and 
Newcastle coals to trial under the same conditions. 

69. The following are the rgsults—from which it appears 
that we have obtained rather more work and economy than in 
previous trials with these coals, which are placed alongside for 
the purpose of comparison: 


| Wigan Experiments. | Keyham Experiments. 

















| Power, or | ¢ Power, or 
| Ponnds of Speed, or Pausiie uf Speed, or 
- Cubie Feet , Cubic Feet 
Coals. a W ater a|_of Water |p .. cond eq|,of Water 
svaporated |i vaporated Pp q | Evaporated 
| per Pound ver Hour, | Pe Roun per Hour 
of Coal. | ! ‘| of Coal. 
Newcastle...) 10.845 52.111 10.71 44.6 
Welsh ...... 11.17 49.645 10.14 40.6 

















70. The small of your coal is itself of superior quality, and 
we have reported a trial made with yard slack to determine this 
point, with the following result: 
ee | 


Power, or | 





> 4 Speed, or | 
. y - wy Cubic Feet | Senile 
Coal. avinaiiea of Water Ma we 
P evaporated | © °**5 
| per Pound of ee | 
| Coal. | | 
Yard slack .uesseseeee| 9.268 | 34073 | 18 
Yard round, and Welsh; | 
dust, mixed... 10.604 | 41.384 | 0 





71. The value of the small coal, in the case of the Lancashire 
coals, evidently arises from their physical character. 

72. The Lancashire coals are of a hard nature, resist the dis- 
integrating action of the weather, and the small coal produced 
by attrition is of a rubble character, quite unlike the dust which 
is produced by the Welsh coal under the same circumstances. 

ConcLUSIONS. 

73. The great power of this coal, the rapidity of its combus- 
tion, its smokeless character when properly used, and the 
facility with which it is managed by the stoker, places it in the 
first rank of steam coals. 

74. We think that these experiments fully prove the value of 
Lancashire and Cheshire coals for use on board steamships both 
in her Majesty’s Navy and in the commercial steam marine. 

We have the honour to remain, Gentlemen, 
Your obedient Servants, 
Tuomas RicHARDSON, 
Laviyeron E. FLercuer. 





We append to the above report some extracts from that made 
to the Admiralty by Mr. Robert Nicholl, R.N., and Mr. William 
Lynn. These gentlemen used the same boiler and apparatus as 
were employed by Dr. Richardson and Mr. Fletcher, and they 
state as follows: 

“The mean results of the experiments of the Table with the 
Lancashire and Cheshire steam coal show that 10.684 lb. of 
water per pound of coal, and 48.305 cubic feet of water per hour, 
have been evaporated from a temperature of 100° Fahrenheit, 
burning at the rate of 27.503 lb. of coal per square foot of fire- 
grate per hour. The results thus obtained exceed those stated 
in the document of the association, theirs being 10.1 1b. of water 
per pound of coal, and 46.67 cubic feet of water evaporated per 

our from a temperature of 100° Fahrenheit. During these ex- 
awe the mean temperatures were of the smokebox 402° 

ahrenheit, and of the chimney 625°Fahrenheit. The strength 
of draught measured by the syphon gauges was fin. in the 
chimney, and 4 in. full in the flamebox. The mean result of the 
experiment noted in the last line of the Table, and made with a 
mixture of the Lancashire and Cheshire steam coal with the 
Welsh dust, in the proportion of two-thirds of the former to 
one-third of the latter, show that 10.753 1b. of water per pound 
of coal and 41.29 cubic feet of water per hour have been evapo- 
rated from a temperature of 100° Fahrenheit. 

“Table 2 shows trials of the same coal with the steam jet. 
The steam for this jet was taken from a boiler adjacent at 30 lb. 
pressure. The mean results of the experiments show that 
10.174 lb. of water per pound of coal and 68.938 cubic feet of 
water per hour have been evaporated from a temperature of 
100° Fahrenheit, burning at the rate of 41.894 ]b. of coal per 
hour per square foot of firegrate. During these experiments 





* The sheets referred to are the detailed tables attached to 
Dr. Richardson and Mr. Fletcher’s report, tables which it is 
not necessary that we should republish here. 








the mean temperature of the smokebox was 702° Fahrenheit. 
The strength of the draught measured by the syphon gauges 
was 1 in. for the chimney and 3} in. in the flamebox. 

‘* We had learned that the Lindsay screw collier, belonging to 
the Wigan Coal and Iron Company, had been fitted with the 
short grates and bridges, similar to the experimental boiler, and 
we suggested that a few hours’ run with her would be a practical 
test of the steaming powers of the smokeless coal of this dis- 
trict; to this the company immediately assented, and the vessel 
was placed at our disposal; accordingly, on the 29th of June we 
proceeded to Liverpool, where we found the Lindsay with steam 
up, waiting for us. We proceeded to sea sufficiently far, so that 
the time occupied until the vessel got back to her moorings 
made a four hours’ run. The stokers of the ship attended to 
the fires, which were worked in the manner described with the 
experimental boiler, namely, with heavy fires and firing in front. 
The steam was maintained at a pressure of 22 lb., as shown by 
the gauge in the engine-room, and was blowing off at the waste 
steam pipe all the time of the trial, and no smoke was visible 
during the whole of the four hours’ run. At the conclusion of 
the four hours, we asked the stoker to put a rake through the 
fires, and fire up at random, and when this was done, some dark 
smoke soon issued from the top of the chimney, so that we take 
exception to the term ‘smokeless steam coal.’ As shown in 
this trial, and also at the Wigan Company’s works; they are 
smokeless only when all the products of the coal are consumed ; 
and this can be done, and smoke prevented, even on board ship.” 





SURFACE CONDENSATION. 
To THE Epiror OF ENGINEERING. 

Srr,—“ Younker’s” letter, published in Enerverrine, 
dated February 7, 1868, on surface condensation, has opened 
the way for a discussion on this important subject, which is 
now engrossing the attention of all marine engineers, and 
other parties interested in the use of steam for propelling 
vessels. I agree with “ Younker” (in theory only) that when 
the condenser tubes are vertical the cooling water ought 
to be admitted first to those parts exposed to the greatest 
heat, viz., at the mouth of the eduction-pipe into the con- 
denser ; but if we take a practical view of the matter, I be- 
lieve the advantage gained by this method would be far out- 
weighed by the necessary complication of water passages, 
&ec. This may appear at first sight a reason scarcely worth 
mentioning ; but when we consider that it is sea-water that 
we have in those passages, and as this water corrodes or 
destroys wrought and cast iron very quickly, more especially 
when the passages have a number of bends and elbows of all 
angles, and the water having a great velocity, there must be 
a corresponding increase of friction within those passages : 
this constitutes one great disadvantage. Another objection 
is, that in large vessels the top of the condenser, where the 
water is first delivered (if direct from the sea through the 
pipes and to the circulating-pump), is above the level of the 
water outside the ship, consequently the water cannot flow 
there by gravitation, but a vacuum must be formed by the 
pump first. If the tubes and condenser should get hot, the 
pump will have some difficulty to draw the water through, 
and also the ferules or india-rubber washers will be affected 
by the heat. Iam perfectly well aware that condensers are 
sometimes above this level fitted to engines of the ordinary 
style, but it ought to be avoided if possible. 

There can be no doubt that long xipes or tubes are objec- 
tionable ; the experiments by Mr. W. Williams, quoted by 
“ Younker” as a proof that i pipes are not so effective as 
short ones, was, £ think, amely answered by you in your 
foot-note. Long tubes are very difficult to keep clean, and 
when dirty, with a scale on them, it is almost impossible to 
get them out without destroying them. 

The calculation given to prove that the volume of the 
surface condenser is larger than the jet condenser is correct, 
no doubt, but I scarcely think that it is done to obtain any 
benefit as far as volume is concerned ; it is simply larger be- 
cause the cooling surface under the present arrangement 
cannot be obtained without the increase of volume named ; 
but to obtain the same results from a jet condenser as with a 
surface condenser is simply impossible. The vacuum gene- 
rally obtained by jet condensers is from 24 to 27 inches of 
mercury ; if the engine is in good order 27 in. can be main- 
tained. I know several engines that maintain this, and 
also keep the feed-water pretty hot. Now the surface con- 
denser can do very little, if any, better than this. It is not in 
this direction that we must look for any considerable im- 
provement ; it is in having fresh water for the feed, and con- 
sequently there will be no blowing off at the seum-cocks ; this 
ought to reduce the expenditure of the fuel in a great degree. 
The boilers will have little or no deposit to contend with, 
and as the water will be almost fresh, it will boil quicker; the 
heating surface being clean will also enable the boiler to steam 
much better ; and lastly, the boilers ought to last much longer 
than those fed from the jet condenser; but hitherto all 
attempts to realise the whole of these expectations have 
failed ; it is now a certain fact that boilers fed from surface 
condensers fail long before boilers fed from the ordinary jet 
condenser. On examining one of these boilers it was found 
pitted or corroded in a most singular manner; some plates 
were quite sound, others marked here and there, as if a piece 
had been scooped out; close to the seams on the furnace 
crowns and the boiler bottoms seem to be the favourite places 
for this process. It is now the practice to allow a small 
portion of sea-water to intermix with the feed before it 
reaches the pumps on its way to the boiler. This is attended 
with a degree of benefit in favour of the boiler. 

Dr. Joule’s method for condensing steam is, no doubt, the 
best known, and most effectual (as an experiment), but I 
doubt if it can be worked out in a practical manner to be at 
once readily cleaned, not liable to get out of repair, and ac- 
cessible in all its parts. These are most important points 
the marine engineer has always to keep under his eyé in de- 
signing, although it is not always done, as, witness, boilers 
constructed that cannot be cléamed without drawing two and 
three rows of tubes. To keep the tubes clean in the con- 
denser some engineers use a solution of common soda in 





fresh water, this being allowed to enter the condenser in 
much the same manner as tallow enters the cylinder. 

I believe that another condenser will, ere long, make its 
appearance in which neither tubes or sea-water will be re- 
quired ; I mean that the steam will be condensed by an arti- 
ficial cold. We have now ice-producing machines, and I see 
no reason to doubt that steam can be reduced to water. Of 
course if chemical means are employed care must be taken 
not to use anything to injure the iron of the condenser or 
boiler. This is now being experimented with, and should it 
turn out a perfect success, I have no doubt that it will soon 
take the place of the present expensive and cumbersome con- 
densers. 

“ Younker” asks, “ How is it that during this long time,” 
&e. &. I must inform him that wherever brass and 
wrought or cast iron in contact are immersed, or 
partially immersed, in sea-water, the corrosion of the iron is 
inevitable, but the corrosion in boilers fed from surface-con- 
densers is not due to the action of brass in the boiler; it is 
the fresh water in contact with the plates of the boiler that 
is doing the mischief. I would be glad to hear if this water 
has been analysed, and also the opinion of any competent 
person why this action takes place. 

With regard to rapid circulation of the water, I believe 
the circulating-pump is quite sufficient. I have seen agitators 
fitted to condensers, which agitators in fact, were small centri- 
fugal pumps driven from the main shaft by a rope. These 
are now discontinued, and the engines are working as well 
as before. It would be a great benefit if some of your 
readers would contribute their opinions and experience with 
surface condensers, also the mode of fixing tubes, and work- 
ing of the same. 

Yours truly, 

February 12, 1868. W. C. 








Ovr Inon-chap Firet.—A return likely to be called for 
annually has been laid before Parliament, giving an account 
of our iron-clad fleet built, building, or ordered. The return, 
which is dated the 30th of August, 1867, contains a list of 
thirty-one ships then completed, thirteen of them wholl 
armour-clad, and eighteen partially. They are: the Blac 
Prince, 32 guns; Warrior, 32; Detence, 16; Resistance, 16 ; 
Achilles, 26; Hector, 18; Valiant, 18; Minotaur, 26; Agin- 
court, 26; Northumberland, 26; Royal Oak, 24; Prince 
Consort, 24; Caledonia, 24; Ocean, 24; Royal Alfred, 18; 
Zealous, 20; Bellerophon, 15; Lord Clyde, 24; Lord War- 
dan, 18; Penelope, 11; Pallas, 8; Favourite, 10; Research, 
4; Enterprise, 4; Waterwitch, 2; Vixen, 2; Viper, 2; 
Royal Sovereign, 5; Prince Albert, 4; Scorpion, 4; Wi- 
vern, 4. Twenty-one of these ships are of more than 3000 
tons each. Six other ships were at the date of this return 
building, two to be wholly armour-clad, and four partially 3 
the Hercules, just launched; the Monarch, 6 guns, to 
launched in June; the Captain, 6; the Repulse, 12, to be 
launched in April; the Audacious, 14, in December; and the 
Invincible, 14, in March, 1869, All these six ships exceed 
8700 tons. Another, the Bellona, is ordered. Lastly, there 
are the four wholly armour-clad_ batteries launched in 1855 
and 1856, the Erebus, Terror, Thunderbolt, and Thunder ; 
the three first of 16 guns, and the last 14, their tonnage 
ranging from 1469 to 1973. The first cost of the thirty-one 
iron-clad ships completed amounted in the whole to 7,284,294, 
This includes fittings, hut the accounts for some of the latter 
ships are not yet closed, and this sum does not include inci- 
dental and establishment charges. These last indirect 
charges, calculated in accordance with the recommendation 
of the Committee on Dockyard Manufactures, add about 35 
per cent. to the gross direct charges for labour and materials 
expended upon each ship in the financial year 1864-65, about 
51 per cent. for 1865-66, and the year 1866-67 is tor the pre- 
sent estimated to show the same ratio of 51 per cent. These 
indirect charges have amounted, on the Bellerophon, to no 
less than 114,372/.; Lord Warden, 104,292/., with a further 
addition to foilow; Royal Alfred, 69,9991., also liable to some 
addition; Lord Clyde, 66,9641.; Pallas, 61,076/. The most 
costly of the ships have been the Minotaur, 450,774/.; the 
Agincourt, 446,048/., both of them with unsettled claims for 
extra payment; the Northumberland, 483,130/., with the 
accounts not yet closed; the Achilles, 444,590/.; and the 
Hercules, estimated at 401,000/. Further sums have to be 
added to the cost of these ships for dockyard, incidental, and 
establishment charges. 

Steet Raits 1y Ameritca.—Mr. Robert H. Sayre, the 
superintendent and engineer of the Lehigh Valley Kailroad, 
in his recent annual report, speaks of steel rails as follows: 
“ My opinion of the value of the steel rails remains unchanged. 
During the year three of them have been broken—one by a 
slide of rock, and the other two from causes not ascertained. 
The breaking of two rails out of two hundred tons, after a 
use of three years, with a large tonnage passing over them, 
composed of trains of the very heaviest class, should not con- 
demn them. <A recent examination of the steel track shows 
every rail in it, with one single exception, to be poner and 
apparently in as good condition as when first laid, except the 
natural wear incident to. the service they perform. We 
know they will wear out in time, and I do not, as yet, agree 
with those who claim that they will outlast fifteen or twenty 
iron rails; but my experience leads me to reiterate the 
opinion, heretofore expressed, that on our main line, espe- 
cially on the Wilkesbarre mountain and Weatherly grade, it 
will be economy to make the renewals with steel.” 

A New Inoncnap.—An Admiralty order, received at Chat- 
ham dockyard, directs‘preparations to be forthwith made for 
the construction at that establishment of another powerful 
armour-clad war-ship of the Hercules class, in the large dock 
from which the Hercules was recently floated out. ‘lhe in- 
structions accompanying the order state that the new vessel 
—the name of which is not announced—will be in all re- 
r) the same as the Hercules below the water-line, and 
that the ironwork for the keel of the new ship is to be im- 
mediately commenced.—Times. 
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ET DOCKS FOR BOMBAY. 

Tux all-important subject of the provision of wet 
docks for Bombay has again, recently, engaged the 
attention of the Government. It is true that up to 
the present time few, if any, such provisions for the 
requirements of trade exist in tropical countries ; that 
is, however, no reason why the accommodation of 
docks should not be provided in those countries, and 
nowhere in those regions is such accommodation 
more required (having reference to the largeness of 
the trade) than at Bombay, the total value of whose 
trade amounted in 1863-4 to 77,608,333/., in 1864-5 to 
79,791,892/., and in 1865-6 to 75,693,150/. 

By an order of March 30, 1867, the Government of 
Bombay appointed a committee to consider the subject. 
The committee consisted of officers and gentlemen 
connected with the customs of the port, the Bombay 
municipality, the railway companies, the Peninsula 
and Oriental Steam Navigation Company, the agents for 
Lloyd’s, and representatives of some of the first com- 
mercial houses 1n the island. 

The committee turned its attention to the following 
three questions, viz. : 

I. Are Mr. Russel Aitken’s estimates of the com- 
parative cost of loading and unloading ships in the 
open harbour and in wet docks sufficiently accurate to 
afford a fair basis for estimating the probable income 
which would be derived from wet docks? If not, 
what corrections are needed ? 

II. Can this income be relied on, without legislation, 
to make the use of the docks compulsory ? 

III. If not, can resort be had to such legislation 
without injustice to those who, in a capricious haven 
like Bombay, do not desire to use wet docks ? 

The results of the committee’s inquiry on the first 
point showed that, under existing circumstances, there 
would be a saving in the cost of landing a cargo of 1600 
tons from a vessel in a wet dock of 3650 rupees from 
what it would cost for landing from a vessel in Bom- 
bay harbour, and, with improved wharfage and 
lighterage accommodation, the difference in favour of 
wet docks was sct down at 868 rupees per vessel of 
1600 tons. For shipping a cargo of cotton on board 
a vessel, the difference of cost in favour of wet docks 
was ascertained to be 429} rupees. 

The second question, involving as it does almost 
allthe points necessary to be considered with refer- 
ence to the proposal for wet docks, was considered 
by the committee under the following several heads : 
viz., 1, commercial; 2, local (including the engineer- 
ing question and navigation); 3, sanitary; 4, dis- 
ciplinary ; 5, financial (that is, the providing the funds 
for construction) ; 6, administrative. 

With reference to the commercial advantages of 
wet docks, that is a question which, considering the 
present large trade of the port, coupled with the exist- 
ing want of facilities for loading and discharging, 
must be determined in their favour. From a state- 
ment containing a list of all the ships that arrived at 
Bombay between Ist February and 30th of June, 
1867, it appears that vessels remained, on an average, 
from 20 to 80 days in the harbour, whilst some were 
over 100 days, and one 127 days. The committee 
stated their opinion that the relative convenience, 
expedition, and saving of expense and labour in dis- 
charging or taking in a cargo in a wet dock, alongside 
a wharf, with all modern improved appliances, as com- 
pared with a ship discharging a loading in the 
stream at a distance of a mile from the shore, was 
greatly in favour of the former. And they pointed 
out Moody Bay as an admirable site for the purposes 
of trade, being equidistant from and close to the go- 
downs of the fort and native town. 

Viewed locally, there can be no doubt that the most 
valuable wharfage frontage of the whole island of 
Bombay is concentrated between the Mazagon and 
the Wellington (Apollo) piers. At the south extremity 
of those limits are the Government docks and dock- 
yard, and at the north extremity those of the P. and 
OQ. Company; within these is the portion assigned to 
the Elphinstone Land and Press Company, for reela- 
mation purposes; and the other portion, called Moody 
Bay, has been reserved for reclanation on Government 
account, and this last site the *ommittee considered 
would be best utilised for the public interests by the 
construction of wet docks. An estimate of 176 laces 
of rupees has been formed by Mr. Russell Aitken, 
executive engineer to tlhe municipality, as the probable 
cost of constructing docks on that site. On the sani- 
tary question the evidence was somewhat conflicting ; 
medical men, and a majority of the ships’ captains 
thought that living on board ship in dock would be 
prejudicial to the health of the crews, whereas several 

gentlemen of large experience on the subject did not 














anticipate any dangerous or pestilential eflluvium from 
the docks. This question the committee considered 
as the greatest obstacle in the way of constructing 
docks, but, on the whole, they were willing to run 
that risk rather than deprive commerce of so great a 
desideratum. With reference to discipline, the com- 
mittee could see no good reason why sailors should 
conduct themselves in Bombay in a manner totally 
different from their habits in every other seaport in 
the world where they have liberty to land. With 
regard to the mode of raising funds fer the construc- 
tion of docks, the committee unhesitatingly con- 
demns any proposals for conceding the site to a 
private joint stock company, and considers that a loan 
should be raised directly by Government for the pur- 
ose, or that a trust should he formed, vested with 
yorrowing powers, the interest on such loans being 
guaranteed by Government ; and on this latter point 
Colonel Strachey remarked, “TI regard the provision 
“of the dock accommodation as hardly less essential 

to the trade of Bombay than the provision of the 

railways that lead to the port, and, further, that the 
“ rant of the guarantee is as absolutely necessary for 
‘ the subscription of the capital in the one case as in 
“ tha,.other.” | After the completion ,of the docks, 
under whatever, agency! they may liave been con- 
structed, the committee strongly urges the appoint- 
ment of a trust for the administration and manage- 
ment of the estate. 

The committee state their opinion that a sufficient 
income can be relied on ina short time, if not im- 
mediately, to pay interest on capital raised under 
Government guarantee for the construction of docks 
in Moody Bay. 

With reference to the proposed alteration of tidal 
basins suited for the accommodation of the large class 
of vesséls frequenting the harbour, the committee 
state, “ Were there little or no rise and fall of tide, 
“such basins would be advisable, inasmuch as the 
* sanitary difficulty would be gotrid of, aud free ingress 
“and egress would be afforded at all times ; but as the 
“maximum rise and fall (and to the maximum we must 
“ have regard in such questions) amounts to 16 ft., the 
“ committee do not see how such basins could be con- 
‘structed so as to ensure as great safety and economy 
“to large ships as would be secured in wet docks.” 

The committee consisted of ten members and the 
chairman, of whom only five sigued the above report. 
Five others sent in a dissent, wherein they differ in 
almost every point from the finding of the report. To 
begin with, they “cannot concur in the conclusion of 
“the majority (sic), that takingall things into considera- 
“tion, it is shown that wet docks are the best to adopt.” 
Again, “ According to recent tidal observations made 
“by Mr. Ormiston, the rise and fall of the tides vary 
“from 16.7 ft. at springs to 1.3 ft. at neaps, the mean 
** tidal column being only 9.2ft., a quantity so moderate 
“that it seems hardly worth impounding.” A very 
strong argument against the construction of docks in 
Moody Bay is that a breakwater is said to be indis- 
pensable to the successful docking of vessels; and 
this would disturb the tidal currents of the harbour, 
and tend to throw silt into the custom-house and dock- 
yard basins. ‘The objections to docks from a sanitary 
point of view are strongly urged in the dissent, and 
the advantages of tidal basins are, on this as well 
as on other points, persisted in, “The advantages 
“which a deep-water tidal basin possesses over a wet 
“dock,” say the dissentients, “ are so obvious that we 
“have no hesitation in giving it the preference over a 
“wet dock.” 

It is unfortunate that this inquiry should, like all 
previous similar ones, end thus without finally setting 
the question at rest; for although the arguments of 
the dissentients have influenced the decision of Govern- 
ment in a direction adverse to the construction of 
docks at Bombay at present, the fear is that nothing 
else will be attempted as an alternative to furnish that 
accommodation which the commerce of the island so 
much requires. After an interval, we shall probably 
hear of another committee being appointed, only to 
conclude its labours in as unsatisfactory a manner as 
all its predecessors have done. 

Street Rarrs.—In their recent report the directors of the 
Great Northern Railway speak of steel rails as follows: “ It 
was undoubtedly desirable for the permanent benefit of the 
undertaking to replace iron rails with steel on many portions 
of the line. As, however, the advantages derived from the 
use of steel were not realised until after the lapse of a period 
equal to the life of a new iron rail, it appeared to the Board 
to be inequitable to tax the current revenue with the whole 
cost of the improvement. By appropriating to capital a 
portion of the extra expenditure, the future revenue to be 
benefited by the reduced cost of maintenance would bear a 
share of the expense represented by the interest on the 
amount charged to capital.” 





THE GREENOCK FOUNDRY, 

Axout the year 1780, when almost all foundry iron 
in Scotland was imported from Wales, and was worth 
about 13/. per ton in the pigs, and when Scotch pig 
iron was so bad that no respectable founder would 
attempt to use it, a foundry was established upon the 
site now occupied by the Greenock Foundry Company’s 
works. In 1827 this establishment, which was 
one of the oldest foundries in Scotland, was enlarged 
and converted into a marine engineering works, and in 
this capacity it again ranks amongst the oldest works 
of its kind in that country. ‘The original name of the 
firm was Scott, Sinclair, and Co., and this name is still 
to be seen upon many of the large tools made at 
the Greenock foundry for that establishment’s own 
use. A most remarkable characteristic of these ex- 
tensive works, and one very rarely to be found in old- 
established mechanical workshops, is the great capacity 
of the buildings and plant, the large scale upon which 
all parts of these works have been planned and laid 
out, and the great power and excellent style of work- 
manship of all the self-acting tools. These tools, 
which at the present day are equal to the largest and 
most powerful marine engineer’s tools in this or any 
other country, must indeed, at the time they have been 
designed and fitted up, been far beyond the average 
requirements of marine engineers, and may have given 
to the Greenock foundry the reputation of being one 
of the most extravagantly fitted engineers’ shops in 
the world. ‘the very opposite idea to this will im- 
press itself upon the mind of any professional visitor 
to the Greenock foundry at the present day. There is 
a plant of tools before our eyes, all or at least most of 
them now serving a second generation of engineers, 
most of them fully equal to the present demands of 


‘modern practice, and all, without exception, in perfect 


working order, apparently hardly affected, and in 
reality not injured, by the wear. There is a planing- 
machine, bearing the name Sharp, Roberts, and Co., 
and the date 1830 upon its standard, and fitted with a 
reversing tool-holder, upon which the words “ Joseph 
Whitworth’s patent” are to be read. It works witha 
fair speed and precision, and has recently been fitted 
with a double tool-holder, cutting in the forward and 
back stroke, by Mr. Rait, one of the present partners 
in the Greenock Foundry Company. 

A duplex lathe, marked Joseph Whitworth and Co., 
No. 60, probably one of the very early productions of 
the Chorlton-street Works, Manchester, and which, 
to judge from its outward appearance, must have 
turned out some thousand times its own weight of 
finished work, is an article worthy to be placed in 
an exhibition. We have chanced to see this machine 
while being cleaned, with the spindle-bearings opened 
so as to enable us to inspect the spindle itself. There 
is practically no wear at all upon this steel spindle, 
which runs in its bearings with the same smooth- 
ness and precision now as any new Whitworth lathe is 
known to do. Nor has this veteran Jathe become old- 
fashioned cither in appearance or construction, and 
there are not many lathes of more recent design 
which would compare favourably with this old tool. 
To all those who doubt the policy of purchasing the 
highest class of engineering tools which» may at any 
time be in the market, a visit to the Greenock foundry 
would not fail to be beneficial. There is this “ extra- 
vagantly ” fitted workshop filled with tools, which, if 
of inferior make, would have been worn out and 
destroyed years ago, now working and fit to work 
upon a par with any newly established shop for any 
future length of time. ‘There is real economy in such 
a fact, to say nothing of the superiority of the work 
produced by such machines. The tools of largest 
size are all placed together in one large building, 
where they form a double row, with a wide passage 
in the centre, and ample accommodation between the 
different machines. ‘Two vertical boring-machines of 
very large size, and of a peculiar design, making use 
of the wall for stiffening the frame, which is sup- 
ported by a cylindrical cast-iron column, are the 
make of the Greenock foundry, and were de- 
signed by Mr. Hastie, the late manager under the 
firm Scott, Sinclair and Co. One of the well-known 
large slotting-machines, with its slotting-bar counter- 
weighted by a chain rolling over a pair of pulleys, and 
and a large planixg-machine are the make of Messrs. 
Thomas Shank aud Co., of Johnstone. A radial 
drilling-machine of unusually large size, and with 
its vertical pillar replaced by a long bed fixed 
against the wall, similar to the vertical beds of 
the modern wall-planing machines, is placed in 
the erecting shop. The only class of tools, of 
which the number appears small in proportion, are 
shaping-machines, The ereeting shop contains two 
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pillar cranes, each commanding one-half of the floor 
space, the two circies touching each other, so as to 
enable one crane to take a load from the other. The 
mode of connecting these cranes to the walls by dia- 
gonal timbers at the roof is very good, and is some- 
what similar to Mr. Wilson’s excellent arrangement of 
cranes, which we noticed in our description of the 
Bridgewater Foundry, Patricroft. The crane pillars 
are held at the top by a framing of timber raciating 
towards the four corners of the building, and connected 
there with the main walls. ‘The tendency of any load 
upon the crane in every position of the latter is to 
strain one or two of these diagonal beams in tension, 
while on the opposite side the compression is, for the 
greatest part, relieved by the strains transmitted to 
the foundation or bottom framing of the crane through 
the pillar itself. Mr. Robert Wilson assists this ac- 
tion in some cases by counterweights connectedsto the 
bottom framing; but, even without such, counter- 
weights, the tendency of all strains upon the crane is 
to pull the corners of the building toward§‘the centre 
—a direction of thrust which any buildiag. is most 
able to withstand. ‘There is no travelling crane in 
this erecting-shop; but the boiler-shop, Whieh is of a 
more recent construction, and formed imtwo spans of 
about 40 ft. each, has a traveller over eaéh span, sup- 
ported upon cast-iron J-shaped columns er pillars. A 
row of four spans of roofs covers an exteéiigive forge for 
heating, bending, and preparing boiler aud ship plates. 
It is fitted out with the usual plant of Sratibhing and 
shearing machiues, rivetting machines, &e. A machine 
for planing the edges of plates, by, Messrs. Shanks 
and Co., of Johnstone, is one of the mest important 
modern additions to this plant. There is a-supply of 
water power, calculated to be about ‘70 horse power, 
available for the purposes of these works, aud it has 
been utilised by a turbine constructed on a principle 
somewhat resembling Williamson’s wheels, only the 
current of water is from the centre towards the peri- 
phery. A small gas-works was originally laid out 
for supplying the foundry with a uniform quality of 
good coke, and for utilising the gas in the works and 
offices. ‘The coke produced is sufficient for the re- 
quirements of the foundry, although at this present 
time there can hardly be an advantage in such an 
arrangement. The Greenock Foundry forms the en- 
gineers’ shop for the large shipbuilding-yard of 
Messrs. Scott and Co.—an establishment which, after 
a long suspension of operations, has just now recom- 
menced working. 








RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the: annexed 
— from the Great Seal Patent Office;Chancery- 
ane. 

(No. 1078, 1s. 6d.) William Robert Lake, of 8, 
Southampton - buildings, patents, as the agent of 
Richard Alexander Dougias, of Chicago U.8., an. ar- 
rangement of brick-making machinery. In this ma- 
chinery the clay is ground bet ween series of rollers 
revolving at different velocities, and is fed into 
stationary moulds having plungers for pressing the 
clay, and others for raising the bricks out of the 
moulds. A special arrangement for removing the 
pressed bricks, and for filling the moulds, is also in- 
cluded in the patent. 

(No, 1089, 8d.) Henry. Patterson Boyd, of Low 
Walker, near Neweastle-on-'yne, patents methods of 
manufacturing screws suitable for fixing armout plates 
and similar purposes. Mr, Boyd proposes forging the 
screws between dies as follows: The ironis first forged 
between dies having spiral..bead sinkings, into which 
the metal is forced, and thus prepared for forming the 
thread of the screw, thé distance between the centres 
of the hollows in the dies being (assuming that the 
distance between, the centres of the. threads is -ulti- 
mately to be equal, to the diameter of the bolt) one- 
fifth less than the finished distance.»'The metal “is 
next to be forged between dies having sinkings more 
nearly resembling the reverse of the screw, the dis- 
tance between the centres of these sinkings'heing one- 
teuth less than “the finished distanée ‘between. the 
centres of the thread; and, finally, the screw is to be 
completed between dies which are exact counterparts 
of the finished screw. A large quantity of excellent 
screws, for fixing armour plates, have. been made in 
France by some process of forging ; but we cannot 
say whether the system followed: is the same as that 
adopted by Mr. Boyd. 

(No, 1093, 1s, 10d.) Charles Hleury Gardner, of 
West Harding-street, and Joseph Bickerton, of Old- 
ham, patent improvements in lithographie,. zinco- 





graphic, and typographic printing-machines. The 
main features of these patents are an arrangement for 
giving two or more motions to the table, whilst the 
cylinder has only one, and a method of holding the 
cylinder without vibration when it is required to be in 
a state of rest. It would require the aid of drawings 
to explain these arrangements. 

(No. 1095, 1s. 4d.) Thomas Howard Head, of the 
Teesdale Works, Stockton-on-'ees, patents an ar- 
rangement of rolling machinery for producing plates, 
&e., of correct width, and with true edges, direct from 
the bloom, so as to dispense with shearing. | For this 
yurpose Mr. Head places, both in front and at the 
hook of the ordinary horizontal rolls,-pairs of vertical 
rolls so arranged as to press against the edges of the 
plate or bar which is being produced. ‘The vertical 
rolls are adjustable to varios distances: apart, and it 
is preferred that all the reduction in width of the plate 
or bar should be effected by that pair of vertical rolls 
which is in front of the horizontal roll; the other pair 
of vertical rolls, at the back, merely skinning the | 
of the plate. We illustrate this rolling: mill on page 
158 of the present number. 

(No 1096, 1s. 4d.) William Clark,of 58, Chancery- 
lane, patents, as the agent of Eugéne Bachelier, of 29, 
Boulevart St. Martin, Paris, apparatus for propelling 
vessels, This propeller consists of pallets or blades 
fixed to beams, the ends of which are connected to 
cranks, so that the beams have a motion imparted to 
them similar to that of the coupling rods of a locumo- 
tive engine. ‘Ihe stroke of the pallets in one direction 
is performed in the water whilst, during the return 
stroke, they are raised out of it. This form of pro- 
peller, with slight modifications of details, is re- 
patented every few months with a persistency which 
it is difficult to account for. The modifications in the 
present instance consists in arranging the propelling 
machinery, so that the blades work in compartments 
or water-passuges formed within the vessel. 

(No. 1099, 4d.) John Aitken, of Tottington 
Higher End, patents making the outer case or cover 
which encircles the bags employed for filtering 
saccharine liquids of cotton instead of flax, as usual. 
The covers are woven in a tubular frame, and it is 
stated that a single cotton bag of this kind can be 
used for filtering, instead of the combined cotton bags 
and flax covers now used. 

(No. 1102, 8d.) John Shore, of 19 and 20, Cardi- 
gan-street, Birmingham, patents forms of valves and 
screw stop-cocks in which the faces of the valve and 
seat are formed with a series of ridges and furrows, 
the ridges on the one fitting into the channels of the 
other. In some of the valves and stop-cocks, also, the 
face of the valve is formed as above, but the seat is 
formed by a layer of india-rubber or other elastic sub- 
stance on which the valve closes. This is a better 
plan than the former, as grooved valves and seats of 
the kind first mentioned would be difficult to fit 

roperly. 

(No. 1104, 10d.) Charles George Gillyatt, of 
Wickenby Manor, patents a form of liquid manure 
drill. In this implement the manure is contained in a 
barrel, which revolves upon a fixed axle which is bent 
up within it, this axle being hollow and being per- 
forated at the highest part of the bend. The barrel 
has fixed to its inner circumference a number of cups 
of gutta percha, which, as the barrel revolves, lift 
the manure and deliver it into the opening at the top 
of the bent axle. The manure flows down through 
the axle to the distributing machinery, which latter 
could not be clearly descrived without reference to 
drawings. 

(No. 1105, 10d.) William Gregory, of Ardwick, 
Manchester, patents a machine for grinding and 
polishing, which we illustrate on page 166 of the 
present number. 

(No. 1107, 4d.) Charles Crockford, of Holywell, 
Flintshire, patents various methods of utilising some 
of the products obtained during the process of “ gal- 
vanising ” or coating iron with zinc. A description 
of the various processes patentéd would occupy more 
space than we can devote to them here. 

(No. 1109, 1s.) Richard Longden Hattersley, of 
Keighley, patents improvements in looms, these in- 
cluding a method of operating revolving, or combined 
shuttle-boxes by means of an eccentric on the crank- 
shaft, with or without connecting-rod; changing the 
order of picking by means of an eccentric on the 
ergnk-shaft, and also by the same lever which operates 
on: the revolving boxes; and various other details. 

(No. 1110, 1s. 4d.) John Richardson, of Bradford 
House, Harrogate, and Charles Greenwood, of 20, 
Parliament-street, Harrogate, patent apparatus for 
coupling, tightening up, and uncoupling railway car- 





riages or wagons without its being necessary to go 
between the vehicles for the purpose. It would be 
impossible to describe the arrangement proposed with- 
out reference to drawings. 


RANSOME’S PATENT STONE. 

Tue ILilustrated Australian News gives an account 
of the manufacture of Ransome’s patent stone at the 
new works lately opened in Melbourne, by a company 
formed.there for the purpose of introducing the new 
stone intd Victoria. It has been thus far applied 
chiefly to ornamental work, and it is remarked that 
‘the specimens of mouldings, &c., were fully equal to 
“ anything that could have been turned out by hand.” 
Ransome’s process, obviously possesses nearly the same 
advantages with respect to ordinary building stone, 
and in the case of all stone wrought to irregular forms 
it is immeasurably superior to hand-wrought natural 
stone. 

The works at East Greenwich are now unusually 
busy upon large and various orders for ornamental 
and other stone-work. 


THE DONKEY INJECTOR. 
To tux Eprror or ENGINEERING. 

Srr,—After having seen in last week’s Hngincer an ad- 
vertisement from Messrs. Brown, Wilson, and Co., no doubt 
intended to counteract the unfavourable opinion you have so 
justly pronounced upon their donkey pump or so-called 
‘injector,’ I was determined to get the fullest and best in- 
formation I could about the one which was fixed in the 
English boiler-house in the French Exhibition, for the purpose 
of ieeding Messrs. Howard’s boiler. I was so much the more 
desirous of getting additional reliable evidence, because 1 had 
myself seen this donkey four or five times during my visits 
to the Exhibition, extending over the last fortnight of 
October, 1867, and every time I saw it, it was out of order 
and not capable of doing its work, and upon inquiry I learned 
that it was not to be relied upon; and another donkey pump 
by Messrs. Appleby Brothers, was doing its work with the 
greatest regularity, and no trouble whatever. 

As mentioned above, I asked, yesterday, a gentleman who 
was staying in Paris during the whole of the Fexhibition, and 
who used every day steam taken from the boilers in the 
boiler-house in which this donkey was fixed, what his experi- 
ence was regarding Brown, Wilson, and Co.’s steam-pump, 
and his statement was this: It worked in Paris so unsatis- 
factorily, that he would never employ one for his own use (be 
has just ordered one of Appleby’s for a new boiler, just com- 
pleted for him). It would somictimes start off at a tremendous 
velocity, and then made such a noise from knocking, that it 
was every minute feared it would knock itself to pieces, and 
all at once it would stop dead, without any apparent reason 
whatever. There are no means of regulating it: it either flies 
off and fills the boiler in a short time, consequently lowerin 
the steam far more than‘ ought to be done, or it won’t wor 
at all, and no intermediate speed seems to be attainable with 
it. At last, my informant tells me, it gave so much trouble, 
as no reliance could be placed upon it, that it was discon- 
nected altogether, and the other eee yy hy na 7 close by, 
made by Appleby Brothers, was used for feeding Messrs. 
Howard’s boiler; and after this was done, everything went 
on as smoothly as possible, showing clearly that the opinion 
you have pronounced is borne out by practice. 

The superintendent of the English machinery in the Ex- 
hibition, Captain Beaumont, R.E., would no doubt be able to 
testify to the correctness of the above statement, as I believe 
the donkey was disconnected from the boilers by his orders. 

I am, Sir, your obedient Servant, 

London, February 19, 1868. 8. K. 








Pagorus, THE “ Harp-TaILep.”—We owe an apology to 
Pagorus for the atrocious dog-Latin and dog-Greek which 
accompanied our notice of him last week. We referred, 
inadvertently, and hastily, to the ‘ Nomenological Society,” 
whereas we should have written, classically, of the Onomato- 
logical Society. May Pagorus be comforted with the dif- 
ference. 

Tux CartER and Epwarps Rirte.—On Monday last the 
officers of the Small Arms Select Sub-committee of Wool- 
wich arsenal carried out a series of trials of the Carter and 
Edwards }in. bore breech-loading rifle. This was fired a 
total of 113 rounds, charged with the new Boxer cartridges, 
consisting of 75 grains of compressed powder and a bullet 
weighing .410 grains. The diagram of the several targets 
was tolerably good, and was as follows: No. 1, 2.74; No. 2, 
3.77; No. 3, 2.71; and No. 4, 2.75. The test for accuracy 
and mechanism having been completed, the committee pro- 
ceeded to the back of the range and witnessed a test of rapid 
firing from the weapon, when 20 rounds were fired in 58 
seconds by Sergeant Bott. This was pronounced by Colonel 
Fletcher very satisfactory, and this was succeeded by 10 
rounds steady firing, as from the ranks. The committee then 
proposed filling the muzzle and breech of the rifle with fine 
sand, similar to that with which the troops are frequently 
assailed on their march in India. ‘The barrel and breech- 
piece were then thoroughly smothered, and three rounds of 
ball cartridge were fired at repeated intervals with complete 
suecess, after which the weapon was handed to Private Cross, 
Royal Marines, who obtained 20 rounds in 49 seconds. The 
committee were then desirous of testing its power of en- 
durance, and lashing the rifle to a temporary rest, with the 
assistance of a dozen yards of line, so as to admit the rifle- 
men within the shelter of a brick wall in ease of accident, 
the weapon was fired with six rounds of damaged and im- 
perfect cartridges, which, from the facility they afforded for 
the escape of gas, made the trial more than ordinarily 
severe. This also was successful, and terminated the trials. 
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ALCOHOL STILL; WITH RECTIFIER. 
CONSTRUCTED BY MESSRS. BLAIR, CAMPBELL, AND M‘LEAN, SCOTLAND-STREET COPPER WORKS, GLASGOW. 
(For Description, see Page 154.) 
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COKE OVENS AT MESSRS. PINART FRERES, 


MARQUISE. 


DESIGNED BY MR. GEORGE APPOLT, OF SULZBACH, AND MR. CHARLES APPOLT, OF METZ. 
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In one of his recent letters to the Times, on “ The Iron 
Trade,” Mr. Samuel Plimsoll spoke very highly of the coke- 
evens which he had seen in use at the works of Messrs. 
Pinart Fréres, of Marquise, and he stated “that, whereas in 
“ England 60 per cent. of coke from a given weight of coal 
“ is considered an excellent result, 80 per cent. was obtained 
“here (at Marquise) day by day; that from two ovens, each 
“about the size of a cottage house, no less than 18 tons of 
“ coke per day from each—that is, 36 tons—was produced ; 
“ that the place was as innocent of smoke as Snowdon; and, | 
“finally, that the coke was of excellent quality, probably 
“ harder than any produced in this country, and so far better 
“ for blast furnaces. The labour also was so much reduced 
“ by this system that three men and a foreman managed the 
“ whole.” 

The ovens from which these results are stated to be ob- 
tained were designed by Mr. George Appolt, of Sulzbach, | 
and Mr. Charles Appolt, of Metz, who took out a patent for 
them in this country as long ago as May, 1864. a 


standing this, however, and although their use has been at- 
tended with such success on the Continent, there appears to 
be little known about them here; and we therefore publish 
engravings showing one arrangement of them, in the belief 
that these oe will convey information which will be 
both new and interesting to many of our readers. In our 
illustrations, Figs. 1 and 2 are vertica) sections on the line, 





AB and GH, Fig. 3, respectively; Figs. 3 and 4 are hori- 
zontal sections on the lines, C D and E F, Fig. 1; Fig. 6 is 
a vertical section on the line, J K, Fig. 3; Fie. 6 is a ver- 
tical section on the line, L M, Fig. 3; and the other figures 
refer to details which will be described presently. 

The oven, or rather block of ovens, shown in our engravings 
consist of a wall 5 ft. 5in. thick, and 20 ft. high, enclosing a 
space 17 ft. 2 in. in length, by 16 ft. 9 in. in width, this space 
being divided by partition walls into eighteen oblong com- 
partments or shafts, A. In the ovens we are describing, 
these compartments form three rows, six in each; but in the 


| ovens mentioned by Mr. Plimsoll they form two rows only, 
| there being nine in each row. 


This, however, is a mere 
matter of arrangement, the system of construction adopted 
being the same in both cases. In the ovens which we 
illustrate, each shaft or compartment measures 4ft. lin. by 
1 ft. 6 in. inside at the bottom, and 3 ft. 9in. by 1ft. 2in. at 
a height of 11 ft. above the bottom. Above the level just 
mentioned, the side walls of each compartment are carried 
up perpendicularly, whilst the end walls are caused to ap- 
proach each other more rapidly, so that each compartment 
terminates at a height of 13 ft. 2in. in an aperture 14 in. 
square. Owing to the tapering form of the compartments, 
spaces, h, are left between them, and with these spaces the 
interiors of the compartments communicate by means of 
the openings, i, with which they are pierced for a portion of 
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their height. The walls of the compartments are strength- 
ened by the struts, d, extending from one to the other and 
to the surrounding walls. 

Beneath the ovens are three tunnels separated from each 
other by the walls, mm ; and in the crowns of these tunnels 
are openings corresponding to the various compartments 
above. The bottoms of the compartments are closed by cast- 
iron doors, p, constructed as shown in Figs. 7, 8, and 9, these 
doors, when opened, allowing the contents of the compart- 
ments to be discharged into wagons placed on rails laid in the 
tunnels as shown. The discharge of the materials is facilitated 
by the tapered form of the compartments, and, indeed, tho 
facilitating of the discharge of the coke is the main reason for 
this shape being adopted. Through the crowns of the tunnels 
are also led cast-iron pipes, 0, 3 in. in diameter, communicating 
with the spaces between the compartments, and other open- 
ings, ¢’, for the ry ae of admission of air are also formed 
at different heights in the outside walls. These openings are 
fitted with plugs for regulating the admission of the air, and 
they also enable the attendants to examine the interior of the 
oven and see how the process of combustion is going on. 

The products of combustion are led off from the aoe, h, 
by the flues, d’ and d”, which leave the spaces at two different 
levels on each side of the oven, and are eventually connected 
by the system of flues, d’”, e’, and e”, shown in Figs. 1 and 2. 
In the arrangement of ovens which we illustrate there are 
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fitted to the flue, e”, two wrought-iron cylinders, g’ g’, which 
are intended to be used for drying and heating the washed 
coals previous to introducing them into the compartments to 
be coked. The construction of the cylinders, g’, is shown by 
the enlarged views, Fig. 10, in which 1’ l’ are the doors by 
which the cylinder can be charged and emptied, and h’ is a 
wheel by which it can be turned. One of the trunnions, k’, 
is hollow, to allow of the escape of the steam from the coal 
during the drying process. 

The compartments are closed at the top by cast-iron plates, 
k, lined with firebrick, and rails are laid on the top of the 
oven, so that hopper-wagons can be brought over the com- 

artments and made to discharge the coal directly into them. 
The compartments aré built of tirebrick, and the outer walls, 
as well as the flues and other parts exposed to the heat, are 
lined with the same material. 

When the ovens are built, they are heated by placing fires 
of wood, &c., in every compartment. When in regular use, 
they are worked as follows: Nine compartments are emptied 
every twelve hours, each compartment being thus allowed to 
retain its charge yee pay hours only—a time whieh Mr. 
Plimsoll states is found to be sufficient for producing a good 
hard coke. The alternate compartments are emptied simul- 
taneously, so that each compartment, when re-charged, has 
next it other compartments im full work, and the heat com- 
municated by these compartments is sufficient to eause the 
fresh coal introduced to give off gas, which, passing through 
the openings, i, and being brought into contact with atmo- 
spheric air, and with the flame from the other compartments, 
enters into combustion. The dampers with which the open- 
ings, ¢’ and 0, are provided, enable the supply of air to be 
regulated with great nicety, and very complete combustion 
of the gases is thus obtained. The great feature of the 
arrangement is that during the period following the intro- 
duction of a fresh charge, when under ordinary cireum- 
stances the coking process would go on but slowly, the 
evolution of the gases from the fresh coal is assisted by the 
heat given off by the burning gases from the adjacent eom- 
sartments—a heat which, in common ovens, is entirely lost. 
Pndecd, the rapid action of the oven appeuts to be entirely 
due to the utilisation of the heat generated by the combus- 
tion of what are ordinarily waste gases. 

The compartments in the ovens at Marquise are stated by 
Mr. Plimsoll to measure about 2 ft. Gin. by 1 ft. 8 in., and 
they are worked with 24 ewt. charges. The operation of 
charging is as follows: The bottom door being opened, the 
coke is discharged into an iron wagon placed in the tunnel 
below, this wagon being lined with thin firebricks. On re- 
ceiving the charge, the wagon is hauled out and the coke 
quenched ; and the door at the bottom of the compartment 
being closed, a scoopful of small ashes is emptied into the com- 
partment at the top. These ashes lay upon the bottom door, 
and prevent it and the surrounding ironwork from being in- 
jured by the heat. An iron corve, having a hopper bottom, 


and containing 24 cwt. of coal, is then brought over the com- 
partment, and its contents discharged into the oven through 


the hopper. This operation is performed almost instantly, 
and the top cover being then put in place and luted with a 
little wet clay, the oven is in full work again. Mr. Plimsoll 
states that “in this way the whole 18, 36, or 54 are filled and 
“ emptied every twenty-four hours, coking about 60 tons of 
* small coal into coke of exceptionally good quality, and in 
* quantity equal to 80 per cent, of the coal used. 


ALCOHOL STILL, WITH RECTIFIER. 


Tue process of concentrating alcohol from any fermented 


saccharine liquor is in its abstract principle an operation of | 
The liquid containing the alcohol, which | 
for the sake of brevity may be described as a mixture of alcohol | 


extreme simplicity. 


and water only, is brought to a temperature exceeding the 


boiling-point of rectified alcohol, and still below the boiling- | 


point of water. Although it is not possible under such con- 


ditions to make the alcohol boil or evaporate by itself without | 


there being at the same time a proportinate evaporation of water, 
and consequently an approximate rectification of the alcohol, 
instead of a complete concentration of the spirits of wine; yet 


according to the temperature at which each distillation is con- | 


ducted, and particularly by repeated distillations of the spirits 
at gradually lowered temperatures, the successive rectification 
of alcohol to any degree required in commerce and practice is 
readily effected. The different kinds of fermented liquors which 


produce the great variety of spirits known in the market are all | 


made and concentrated in precisely the same manner, and the 
same kind of apparatus and plant is suitable, with only very 
slight occasional variations of details, for all kinds of spirits. 
rhe plant for distilleries of a large productive power is, in spite 
of its theoretical simplicity, a very costly one, and requires great 
attention and care in its manufacture. The material for almost 
all stills is copper, and the fittings, valves, and other accessories, 
are generally made of brass, so that the material from which 
these constructions are made is the heaviest item in their cost, 
and justifies a proportinately greater outlay upon the finish and 
workmanship than would be generally admitted for iron 
work and machinery in general, The engraving given on 
page 152 shows a still of the most modern construction, as made 
xy Messrs. Blair, Campbeil, and McLean, of Glasgow. 

drawing represents an arrangement which is preferred for the 
manufacture of rum. The large closed copper vessel is placed 
with its flat bottom directly over the firegrate and main flue, 
and is exposed to the action of the return flue all round its 
conical surface or side. 
of communicating with the worm or condenser direct, as is the 
case in ordinary spirit stills, enters into a closed vessel fitted 
with a series of parallel tubes, in precisely the same manner as 
a surface condenser of a marine engine is arranged, the cold 
water being outside and the vapour inside the tubes. The 
action’ of this surface condenser upon the mixture of alcohol, 
vapour, and'steam is a partial condensation, which, of course, 
will uct first, and to a proportionally greater extent upon the 
water than upon the adethol, sines the former condenses more 
readily than the latter. According to the extent of condensing 
area, the temperature of the water outside and the speed of the 


The | 


The exit pipe for the vapours, instead | 


vapour passing through the tubes inside, the degree of rectifi- 
cation can to a certain extent be regulated. The condensed 
liquid drops down into the lowest ‘portion of the vessel, from 
which it is returned to the still by a pipe, and only the vapour 
which has escaped condensation, and is therefore more rectified 
than the first product of evaporation from the still itself, passes 
into the worm and is finally condensed there. The application 
of this rectifier enables the distiller to produce a higher con- 
centration of spirits at a single operation, and from one single 
still, than the simple arrangement of still and worm as generally 
employed in distilleries in this country; but the latter prefer to 
repeat the distillation, and pass the spirits through two or three 
different stills, each in succession re-working the product of the 
preceding still. This subdivision of the work allows of a more 
rapid operation when great quantities are constantly and re- 
gularly produced, and it also assures a more uniform result as 
regards the degree of rectification. Messrs. Blair, Campbell, 
and McLean have made a great number of very large stills of 
that kind for export to the colonies, and also for the great 
distilleries in Scotland and Ireland. 








February 18, 1868. 
Cuares Hurron Grecory, Ese., President, in the Chair. 

Tue paper read was “On the Supporting Power of Piles; 
and on the Pneumatic Process for Driving Iron Columns, as 
practised in America,” by Mr. W. J. McAlpine, M. Inst. C.E. 
| (of New York). 

The first part of this communication related principally to the 
experience gained in driving 6539 piles, an average depth of 32 ft., 
for the foundation of the Government graving dock at Brooklyn, 
N. Y., when the support was mainly derived from the adhesion 
of the material into which the piles were driven, and slightly 
from their sectional area. The piles were in rows 2} ft. apart, 
and at transverse distances of 3 ft., all from centre to centre; 
intermediate piles of tough second-growth oak being frequently 
employed. The main piles were chiefly round spruce spars, very 
straight, from 25 ft. to 45 ft. long, and not less than 7 in. in 
diameter at the smaller end, and on an average 14 in. in diameter 
at the largerend. From a record kept during the progress of 
the work, it was ascertained that it took two and one-third 
blows to drive each foot of pile, and that the distance moved 
uniformly diminished from the first to the last blow, ranging 
from 8 in. at the beginning to no movement at the end, the 
| average distance moved by the last five blows being lin. A 
| considerable number of the piles were driven by a Nasmyth 
| steam piling-machine, with a ram of 3 tons, and a stroke, or 
full, of 3ft., and making from sixty to eighty strokes per minute. 
| The other machines were generally operated by steam power, 
| giving an average of a blow per minute ; but occasionally the ham- 
mers were hoisted by manual and horse power. The rams in 
the latter machines were of cast iron, swelled out at the bottom 
to concentrate the weight at that point, and weighed about 
2200 lb. each, though some were used of 1500 Ib. ; the fall being 
30 ft. It was observed that the heaviest ram, when striking 
blows of the same effect as lighter ones,.did the least injury 
either to the head of the pile or to the protecting iron ring, and 
this injury was stili less with the Nasmyth hammer. It was 
also found that no advantage was gained by the fall of the ram 
being more than 40 ft., as the friction on the ways then pre- 
vented any increased velocity to the ram when falling from a 
greater height. With the Nasmyth hammer, piles were driven 
35 ft. in seven minutes, while with the other machines similar 
piles required one hour, or more, to drive them the same 
distance. 

Experiments were made at different times to ascertain the 
weight which the piles would sustain. For this purpose a long 
lever of oak timber was employed, with which a nuinter of the 
foundation and coffer-dam piles of nearly the same size, and 
driven under exactly similar conditions, were withdrawn. It 
was thus ascertained that a weight of 125 tons was required to 
move a pile, driven 33 ft. into the curth, to the point of ultimate 
resistance, with a ram weighing 1 ton, and falling 30 ft. at the 
last blow. ‘Ibhese trial piles averaged 12 in. in diameter in the 
middle. From a number of other experiments, it was believed 
that the extreme supporting power of the pile, due to its 
frictional surface, was 100 tons, or 1 ton per superficial 
foot of the area of its circumference. From an analysis 
of the experiments, the following general laws seemed to 
have prevailed in these cases:—Ist. Tnat the effect of 
lengthening the fall of the ram was to increase the sus- 
taining power of the pile in the ratio of the square root of the 
fall, 2ud. That by edding to the weight of the ram the sustaining 
power of the pile was increased by 0.7 to 0.9 of the amount due to 
the ratio of the augmented weight of theram. 3rd. That a pile 
driven by a ram weighing 1 ton, and falling 30 ft., would sustain 
an extreme weight of 100 tons. The formula based upon these 
data, as applicable to. rams weighing from 1000 ib. to 3000 Ib., 
falling from 20 ft. to 30 ft., was X—= 80 (W+-0.228 / F-1), 
in which X was the supporting power of a pile driven by the 
ram, W, falling a distance, F; X and W being in tons, and F in 
feet. The author was of opinion that, under the most favour- 
able circumstances, the pile should not be loaded with more 
than one-third of the result given by this formula; and when 
there was any danger of a future disturbance of the material 
around the pile, or when there was any vibration in the structure 
which might be communicated to the piles, the load imposed 
should not exceed one-tenth. 

The bearing support due to the sectional area of the pile had 
not been considered in the preceding inquiry ; but numerous ex- 
periments had been made, which gave results of from 5 tons to 
10 tons per square foot. 

_ The island oceupied by the city of New York was separated 
from the mainland by a navigable tidal estuary, called the 
Harlem River, and this was spanned by several bridges. In re- 
| constructing the bridge forming the continuation of the Third 
Avenue, it was decided to make a pivot draw in the centre; 
and, with a view of creating the least possible obstruction to the 
current, the draw pier was composed of one central and ten cir- 
cumscribii.g iron columns, each 6 ft. in diameter and 50 ft. in 
height, the water in the middle of the river being 20 ft. deep. 
Careful experiments upon the supporting power derived from 
the frictional surface of these columns, when sunk from 20 ft. to 








THE INSTITUTION OF CIVIL ENGINEERS. . 





30 ft. in moderately fine material, had led the author to adopt a 
coefficient of 4 a ton per superficial foot of the exterior surface. 
These piles were sunk by the pneumatic process (both plenum 
and vacuum), and the method of sinking them was next 
described in minute detail, as well as the apparatus and means 
taken to ascertain their sustaining power. Although the 
lateral support, as determined by the experiments, in addition 
to that which would be derived from a base of 6 ft. in diameter, 
showed that it would be ample for that place; yet, in view of 
subsequent operations, the importance of devising a method of 
increasing even the large base due to the size of the column 
offered advantages too great to be neglected, and various methods 
of accomplishing this result were proposed. The one adopted 
was as rs em It had already been decided to fill the columns 
with concrete, and it was naturally suggested to extend this 
masonry below the bottom as deep as men could work in the 
water, and also to undermine the adjacent earth, as far as 
practicable, and to extend the concrete into the space. This 
was done in sections of about”2 ft. in width, and when the ring 
had been completed it was found that the column was virtually 
extended, and that the water would readily sink under pressure 
to a-level with the bottom of the concrete, so that the sand 
within it was easily removed, and the space filled with concrete 
to a depth generally of 4ft. or more. Contrary to statements 
occasionally made, it was found that the cement set with far 
greater rapidity under pneumatic pressure than in the ordinary 
atmosphere. : . 

The experience gained, and the reflexions resulting from the 
operations at the Harlem Bridge, proved, among other things, 
the rapidity, facility, and economy of driving iron columns of 
large size under favourable circumstances. The extracts from 
the author’s journal showed that the last columns were driven 
from 16 ft. to 20 ft. in from three to six days in sand and 
porous material, free from obstructions. The economy of this 
work was indicated by the small force employed at Harlem, 
which was twelve men, all told, including the engine-drivers, 
stevedores, and foreman, Their aggregate wages, and the ex- 
pense of fuel, did not exceed 61. per day. The cost of the plant 
was urider 15004 The metal in the column, if but 1} in. thick, 
which was quite sufficient, would have been in New York 13/. 
per lineal foot of the column. It was remarked that at Harlem 
the officers and workmen experienced neither temporary nor 
permanent ill effects from a pressgre of two-and-a-half atmo- 
spheres. It was believed that cylinder-piles might be driven to 
great depths through.extraordipary obstacles, such as rocks, 
logs, sunken vessels wilthont serigys.loss of time or at much 
cost; and that they’ Would’ penetrate quicksand, which was so 
troublesome by all other methods, with unusual facility. Again 
the columns might be regulated in their descent, and be 
suddenly arrested at any precise point, at the will of the di- 
rector, by means of a pneumatic reservoir. ‘Thus, the descent 
was commenced at first slowly, the velocity gradually increasing 
until the movement became dangerous, when it was instantly 
stopped. In some cases the piles could be driven by the 
vacuum process alone, in all cases by the plenum, and some- 
times both might be employed with advantege; and the driving 
could be further aided by the use of mechanical pressure or 
weight. The support which such columns derived from their 
exterior frictional surface in ordinary earth was, as previously 
stated, at least equal to } a ton per square foot, but in the finest 
earth it would amount té3 tons. The support from the area of 
the bottom in shallow depths was from 5 tons to 10 tons per 
square foot; and at the great = to which these columns 
would be ordinarily sunk, it must be considerably more. 








TWISTED WROUGHT-IRON BARS. 
To THE Epiror or ENGINEERING. 

Srzr,—In your number of the 14th inst., page 142, you give 
drawings of Mr. Tuddenham’s twisted bars for ornamental 
purposes, and speak of his “ invention” in reference to twisted 
bars. Allow me to say that bars of a cruciform section, 
originally twenty feet long, and twisted regularly, have been 
long in use as balustrades and balcony railings, and I have 
had a considerable quantity of these in this warehouse during 
the last two years; they have been much admired by English 
ironmasters, but not one of them divined the method by 
which the uniform twist on each long bar was obtained. [ 
enclose lithographs of the bars in stock. 

I am, Sir, your obedient Servant, 
JAMES ROBERTSON. 

5, Bankside, S.E., February 19, 1868. 

{The lithographs enclosed by Mr. Robertson represent 
rails produced by twisting bars of light cruciform section, a 
pair of these twisted bars being in one case combined with 


excellent effect.—Ep. E.]} 








THe WATERLOO AND Wuitenatt Rarttway.—aAt the 
recent half-yearly meeting of this company, the chairman 
stated that the company was in precisely the same state as 
when they met in August last. The works were at a com- 
plete standstill. They had spent all their money, and the 
public did not feel disposed to subscribe the capital neces- 
sary to complete the undertaking. Unless, therefore, some- 
thing turned up during the spring, the directors would call a 
special meeting and advise the abandonment of the under- 
taking. Could they obtain the capital, he should have no 
fear of the result. Mr. Burke said he had been very san- 
guine that the South-Western Railway Company would have 
found the necessary capital to complete the line, as it would 
be of so much advantage to them. The abandonment of the 
undertaking would involve a call of 2/. per share to pay off 
the outstanding liabilities. 

Lonpon anp Norru-Western Rariway.—The great 
bridge which is being carried out at Runcorn by this com- 
pany comprises three openings, of 300 ft. each, over the 
Mersey ; two are completed, and the ironwork of the third 
will be finished in April. The approaches to this fine work will 
not be ready for traffic until the autumn, but it is expected 
to be commenced then. 

CaBLEGRAMs.—There has been a roaring trade in cable- 
grams of late. In the first half of February, 1868, the 
average daily receipts were 12541. per day, against 9271, per 
day in February, 1867. 
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PUBLISHER’S ANNOUNCEMENT. 








The permanent circulation of ENGINEERING is 
now greater than that, collectively, of all the weekly 
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porting Power of Piles, &c.;” and 2. “ On the Manufacture 
and Wear of Rails.” By Mr. C. P. Sandberg, Assoc. Inst. 
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LARGE-SPAN SUSPENSION-BRIDGES. 


Berore determining the length of span of any bridge, 
it is necessary to consider carefully all the require- 
ments of the site of the structure. Ifit is to be over 
a navigable river, jt Must interfere as little as possible 
with the navigation; and to avoid this altogether, the 
bridge must be of one span, and of such a height that 
all vessels can pass under any part of it without lower- 
ing their masts. The height of the banks on either 
side may be so great that it would be more expensive 
to place piers in the river than making one large span 
without them. If we were to take the case of build- 
ing a bridge over the narrowest part of the Mersey, at 
Liverpool, we should probably find that no interference 
with the water-way would be permitted, and therefore 
no piers could be built in the bed of the river. Nor 
would the headway be less than 150 ft. from ordinary 
high water to the underside of the bridge. Such con- 
ditions would at once determine the span to be about 
4000 ft. If the length of the bridge, including the 
approaches, is much more than the average length of 
the bridges over the Thames at London, it is certain 
that passengers would object to walk that distance if 
they can cross the river or estuary in large and fast 
steamboats, such as they have on the Mersey, for the 
small sum they there pay. The question therefore is, 
is it advisable to nike bridges of about 14 miles 
long, including approaches, for passengers to walk 
over? Would it not be better in every way to carry 
them over ?—in fact, make a short railway, or tram- 
way, on it? Ina district, or between two such im- 
portant places as Liverpool and Birkenhead, where the 
traffic would be for business, and time the great object, 
ought not the traffic to be carried over as quickly as 
possible, and with the least fatigue and trouble to the 
passengers? The quicker all passengers and goods 
are taken across, the less is the weight on the bridge 
at one time. Assuming passengers and vehicles to 


pass over a bridge of 14 miles long in twenty-five 
minutes by mere animal power, and by steam power in 
five minutes, we shall have in the last case only one- 
fifth of the former moving load on the bridge at one 








and the same time. Of course, something must be 
added to this for the weight of the carriages in which 
the passengers are carried over, unless the thickness 
of the roadway covering is reduced, which could, of 
course, be done. In this case a roadway planking 
3 in. thick would be quite enough, and would super- 
sede a thickness of, say, 9 in., so that really the quick 
moving load on the bridge would be only one-fifth of 
the slow moving load. By taking passengers over 
quickly, and without labour to themselves, the traffic 
would naturally be much greater than obliging them 
to walk over. Even if ah passenger had to pay, say, 
1d. toll and walk over, it would be more to the advan- 
tage of the owners of the bridge to build it lighter, and 
at less cost, and carry the passengers over in the 
shortest possible time. 

It is a question whether bridges of the enormous 
span of 4000 ft. will be built for a long time to come. 

here is no doubt they can be built, if required, and 
if, by the outlay of capital, a fair interest is assured. 

A bridge over the narrowest part of the Mersey, at 
Liverpool, could not be less than 8000 ft. long, with a 
centre span, as before mentioned, of 4000 ft., the 
underside of the roadway being 150 ft. above ordinary 
high-water level. The cost of building this bridge 
would be something enormous. 

For this large span, it is no use thinking for a 
moment of applying any kind of girder or truss, 
either of iron or steel, nor even as a suspended span. 
Ought the chains or ropes to be of iron? It must 
therefore be a suspension bridge, and the suspension 
chains or ropes must be of steel of the best quality. 
It is most important that the chains or ropes should 
have the greatest strength with the least weight; 
therefore chains formed of links with bevelled heads, 
lapping over each other, pins, washers, nuts, should 
be avoided. Ropes composed of thin wires are ob- 
jectionable (as explained in our issue of the 7th 
instant), so that the best thing we know of at present 
to be adopted is laminated steel ropes, formed of thin 
strips of steel about 3in. wide, and built upon each 
other, and side by side, until the required section is 
obtained. Taking the versed sine of the suspended 
ropes at yoth of the span, viz., y>th of 4000 ft., equal 
400 ft., the safe strength of the metal at 25 tons per 
square inch (the breaking weight being 100 tons), 
the weight of the platform, or roadway, at 1} tons 
per foot run, and the distributed or moving load 
(over a width of 40ft.) at 14 tons per foot run, 
the weight hanging on the ropes will be 3 tons per 
lineal foot, giving 12,000 tons on each pin, cad a 
strain on the ropes, independent of the strain from 
their own weight, of 30,000 tons. The strain on the 
rope from its own weight will be about 7 tons, nearly, 
per square inch, which leaves 18 tons per square inch 
for the strain due from the weight of the bridge and 
moving load, thus making the required section of the 
ropes to be 1666 square inches nearly, or about 24 
tons weight per lineal foot of rope, equal to two 
ropes, each 3 {t. by 4ft. 10 in., nearly. 

Assuming these chains to be about 8250 ft. long, 
their weight would be at least 20,000 tons. The road- 
way being 40 ft. wide, the weight of it would not be 
less than 12,000 tons. The versed sine of the curve 
of the ropes being ysth of span, viz., 400ft., the 
towers must be at least that height above the roadway. 
The roadway being 150 ft. above ordinary high water, 
and assuming the piers to be 50 ft. below, we shall 
have a total height for piers of at least 600 ft. There 
will be on each pier a vertical pressure of 22,000 tons 
nearly, which at, say, 5 tons per square inch in the 
iron, gives 4400 square inches, or 6 tons nearly, per 
lineal foot in height, and including connexions, 
bracing, &c., would be 7 tons, which, being multi- 
plied by the height and two piers, makes 8400 tons of 
cast iron in the piers. In each abutment, or anchor- 
age, there would be also required about 300 tons of 
cast iron, which, added to the weight of thé piers, 
would make a total of 9000 tons of cast iron in the 
bridge. 


The approximate cost would be as follows : 


20,000 tons of laminated ropes of steel, including £ 
fixing (say) at 501. per ton......sserecersssssseees 1,000,000 
24,000 tons of wrought iron, &c., &c., in roadway 
and suspension-rods, at (say) 30/. per ton ...... 720,000 
9000 tons of cast-iron in piers and abutments, at 
(SAY) QOL. Per tOMsserecorersecsereccssrcscesscosscsscees 180,000 
nry, &c., in base of piers, abutments, &c.,say 200,000 





re Ihe £2,100,000 
Contingencies, 10 per Cett.ss..ccsseoeees ore 210,000 
Total...cccccccsecce £2,310,000 


exclusive of cost of approaches, which, in the neigh- 
bourhood of Liverpool and Birkenhead, would amount 
to a very large sum. 

The above estimate is for a bridge calculated to be 





strong enough to support safely a distributed load of 
80 lb. per superficial foot of roadway, which load would 
be given, on the main span of 4000 ft. by 40 ft. wide, 
by 80,000 persons, each person weighing about 
il stone, and occupying 2 square feet area. This 
great number of people and enormous load on the 
bridge would probably never be; and as it could 
always be prevented, if necessary, it would be utterly 
useless to make so large a bridge strong enough to 
carry that great load. Even if made, it would probably 
never pay a reasonable amount of interest on the 
capital. 

It is almost a question even if it would pay, were 
the bridge made to take over the least possible load or 
number of people at one time. Assuming that passen- 
gers and vehicles were carried over in carriages and 
trucks, in a train running each way every five minutes 
—which would be at the rate of eighteen miles per 
hour—the moving load would then be reduced to a 
minimum : for illustration, we may say it would be 
nothing; in which case the material in the bridge 
would be reduced, say, one-half, and the cost, say, one- 
third, still leaving the cost of the bridge at the large 
amount of 1,500,000/., besides the cost of the ap- 
proaches, which would probably exceed 1,000,000/., 
making a total of 24 millions. An outlay in a struc- 
ture of this kind ought certainly to give a return of 
10 per cent. per annum for interest and depreciation. 
In fact, 10 per cent. is nota sufficient return; but, 
assuming it to be so, it will be necessary, in order to 
realise this amount, to run 144 trains per day, each 
carrying about 500 passengers, at, say, 2d. each, equal 
to 72,000 passengers per day. Even supposing the 
traflic would be so great over any bridge of that length, 
it would certainly be great ‘economy in first cost to 
arrange to run it over quickly in light loads. Of course 
no locomotive would be used, but simply an endless 
rope to pull the trains either way, arrangements being 
made never to have more than one train on the bridge 
at the same time. 

Although the moving load would be decreased so 
much, it is a question whether the actual strength of 
the platform, or roadway girders, could with safety be 
decreased, for fear the wind should overcome their 
stability. Even with the strong platform, the main 
ropes would have to be widened out at the piers, so 
as to form a curve in plan, to resist the horizontal 
action of the wind. ‘The platform could then be kept 
parallel, and the suspension-rods would be inclined 
outwards from the platform to the ropes. Another 
but more expensive method to provent horizontal 
vibration would be to have additional piers on either 
side of the main piers, to carry light chains to several 
points of the platform, as ties to resist the action of 
the wind. 








TESTING CAST-IRON PIPES. 

Ar the last meeting of the Institution of Engineers 
in Scotland, an interesting subject was brought up 
for discussion by Mr. Page’s paper on an improved 
bar-testing machine and callipers for measuring the 
thickness of pipes, designed by Mr. Henry J. King. 
These ingeniously devised instruments, the drawings 
and descriptions of which we shall publish in our next 
number, were produced and applied for the inspection 
of a large contract for pipes destined for the Calcutta 
waterworks, and made by Mcssrs. D. Y. Stewart and 
Co., pipe founders, Glasgow. The Calcutta water- 
works are an engineering work of great importance. 
The engineer of these works is Mr. W. Clark, of 
9, Victoria-chambers; the contractors, Messrs. Brassey, 
Wythes, and Aird. The pipes for these waterworks 
have been contracted for by Messrs, D. Y. Stewart, 
who took an order for 18,000 tons, and Messrs. 
Cochrane, Grove’ and Co., of the Ormesby Foundry, 
Middlesborough, who made 6000 tons of pipes. The 
branch pipes and special castings for the works were 
ordered at the Stavely Company’s works, at Chester- 
field. The pumping-engines are in the hands of 
Messrs. James Watt and Co.; there are six engines of 
450 horse power collectively. 

The inspection of the large quantity of pipes pro- 
duced at Messrs. Stewart’s foundry has been ea- 
trusted by the contractors to Mr. Henry J. King, who 
designed the instruments referred to for this purpcse. 
The testing-machine has one peculiar feature in, its 
construction which is worthy of attention. Mr. ’King 
loads his test-bars gradually by a continuously in- 
creasing weight. He effects this by suspend'ing a 
weight upon two coil springs, and causi this \weight 
to be gradually lifted by the test-bar. The we ight is 
thereby taken off the springs, aud transmitted to the 
bar in proportion to the rise of the bar, and t his not 
only allows the strain at which fracture en sued to 
be read off with the greatest accuracy upon this 
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machine, but it also has the advantage 
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of avoiding all | respectively, of 20 tons and 30 tons were applied. 


inequalities of time in the successive additions of load. | The average of 427 tests of the Ebbw Vale Company’s 


The gradual addition of dead weights in testing, as is 
now: well known, contains an element of imaccu- 
racy likely to affect the results of the tests in 
an irregular manner, and this mode of adding 
the final portion of the test load in a kind of con- 
tinuous action is therefore likely to afford some 
advantages. There have been some other machines 
constructed with a similar purpose in view, but they 
are not as compact and handy as Mr. King’s testing- 
machine. The instruments which present still more 
movelty are the different callipers for measuring the 
thicknesses of pipes. There is one pair of callipers 
which, if oan all round the pipe, indicates the exact 
dimension of the thinnest part, wherever that may be 
situated in the periphery. Another instrument is made 
to pass into the interior of the pipe and measure the 
thickness at any desired spot, so as to insure an equal 
thickness throughout the entire length of the pipe. 
The discussion about the utility of these instruments 
was principally confined to pipe-founders and “ en in 
the trade,” who, with few exceptions, indicated a feel- 
ing somewhat unfavourable to the propensities of 
modern engineers to measure and test everything with 
such “superfluous” care. ‘The statement was iade, 
and not contradicted, that pipes, when correct in 
thickness at both ends, were of necessity equally 
ecerrect throughout their entire length, and that this 
or any other mode of measuring them in the centre 
was an “ over-refinement.” All this is far from being 
the real state of the ease. Although 
founders might prefer to see engincers confine them- 
selves to weighing and paying for their productions, it is 
a matter of real necessity for every engineer to k ep 
a careful control over the dimensions and the quality 
of metal of each single pipe. 
pose that pipe-moulding, and even machine-moulding, 
as a work of such accuracy and perfection as 
tto make sensible errors in size and _ thicknesses 
altogether avoidable. The number of operations in 
moulding and coring a pipe is very considerable ; 
each of these operations brings its own sources ol 
error. The material, moreover, of which moulds and 
cores are made is of a coarse and variable nature. 
Even with machine-moulding, which undoubtedly is 
far more accurate and reliable than hand-work, any 
inequality of the sand at different places will cause a 
certain amount of spring in the working parts of the 
machine or in the moulding-box, and an inaccuracy 
will be the ultimate result, which, moreover, is most 
likely to be greatest in the middle of the length of 
the pipe, and will disappear towards both ends. We 
are not acquainted with the precise mode of pipe- 
manufacture in Messrs. Stewart and Co.’s works; but 
we have no reason to believe it t] superior 


“ 


some pl 


It is a mistake to sup- 


to be either 
‘or inferior to that of their neighbours and rival estab- 
lishments. Yet we are prepared to maintain that the 
number of wasters detected and thrown out by the 
‘aid of Mr. King’s callipers must have been a very sig- 
mificant proportion throughout the whole quantity of 
pipes delivered and accepted hitherto. There ean be 
no doubt, moreover, that the application of such con- 
trolling instruments tends to improve the_ attention 
and care in the manufacture, and is, therefore, beneti- 
cial in the end, not only to the engineer, but also to 
the pipe-founder as well. Founders may, or may not, 
ery out against the over-refinements of modern engi- 
neering ; this will not alter the course of events, and 
the ultimate result will be that iron-founders will 
become a highly scientific and refined set of men in 
the end. 
STEEL-LAID RAILWAYS. 

A CONSIDERABLE amount of evidence will, we believe, 
tbe bronght forward, in the coming discussion at the 
Institution of Civil Engineers upon Mr. Sandberg’s 
paper on steel rails, to show that steel-laid lines offer 
less resistance to traction at high speeds than do iron 
rails. We presume there is not an engine-driver on 
‘the southern division of the London and North-Western 
Tine who cannot tell when he is on steél and when off, 
; ind experienced and observing passengers can do the 
s, wae. It has been the custom to discuss the question 
of ‘steel v. iron as if the only advantages of the former 
we te its unquestionably greater safety and durability. 
Bu ¢ it would be most unreasonable to suppose that 
stec L rails, which have twice the tensile and compressive 
stre. sgth of iron, and even more than twice the stiff- 
ness, , Go not also make a superior road. Mr. George 
Berk ley, two or three years ago, made upwards of six 
hund red tests of the stiffness of steel and iron rails of 
equal section. The rails were supported on 5 ft. bear- 
ings, and loaded with dead pressure at the middle. 





The fi, tst rails tried weighed 63 lb. per yard, and loads, 





Bolekow and Vaughan’s and the Patent Shaft Com- 


pany’s iron rails gave, with 20 tons, a deflection of 


$ in. and a permanent set of Zin. With 30 tons the 
deflexion was 2}in., and the permanent set 2, in. 
With Brown and Co.’s steel rails of the same section, 
forty-five tests gave an average deflexion of but ,%, in., 
and a permanent set of din. 

With 85 lb. steel and iron rails, respectively, the 
superiority of steel, under loads of 25 tons and 35 
tons, was even greater. With Ebbw Vale and Patent 
Shaft rails, thirty-two tests with 25 tons load gave 
f;ths in. deflection and 0.45 in. permanent set, while 
35 tons gave 1.81 in. deflection and 1.57 in. permanent 
set. With Brown’s steel rails of the same section, a 
load of 25 tons gaye only slightly more than 4 in. 
deflection and 4th in. permanent set, while 35 tons 
gave but 1.03 in. deflection and 0.79 in. permanent 
set. 
one of these rails was 50$ tons per square inch, that 
in the head withstanding 47 tons. 

Under driving wheels loaded with from 5} to 7 
tons—and even greater weights are te be met with— 
the deflection of iron rails between 3ft. bearings 
would be nearly Jin. Ataspeed of forty miles an 
hour nearly twenty sleepers are passed every second. 
It may be suggested that there is not ¢ime, at this 
speed, for deflection between each pair of sleepers ; 


but i 


requires but a simple calculation, based upon 
the laws of falling bodies, to show that in but the ath 
of a second, while the wheel is rolling, from over one 
chair 18 in. towards the next chair, any ponderable 


body will fall Jin. nearly. The effect of these de- 
flections, repeated, too, at such almost inconceivably 
short intervals, is to very greatly increase the resist- 
: to traction, and this is the penalty which we pay 
for yielding rails. Theoretically, the work expended 
in bending a rail, of perfect elasticity, is restored 
the wheel rolls away from the mid span 
towards the next chair; and the gravity opposed 
by the ascending gradient from the mid span of a 
deflecting rail is exactly compensated by the impulse 
gained in rolling down from the previous chair to the 
mid span. But this elegant theoretical compensation 
applies only where the wheel is left to roll of itself, 
in its own time, and without any rolling resistance 
per se. So far from applying in practice, every loco- 
motive engineer is aware that no way is worse than a 
yielding way, or a way flexible between fixed supports. 
Were a line of steel spring-bars laid on, say, 3 ft. 
supports, and to have such a flexibility as to deflect 
2in. between each pair of sleepers, a high-speed train 
would knock itself and the way to pieces in passing 
once over it, and the tractive resistance would be 
lt would be impossible to keep such a 
line open, for fast traflic, for wwenty-four hours 
together. Not that the spring-bars, with a train 
at forty miles an hour, would actually be deflected the 
full 2 in. between each pair of sleepers; for, as before 
said, the utmost fall which could occur at forty miles 
an hour, between 3 ft. supports, would be din.; but it 
would be found that in the struggle, as we may term 
it, between the natural period of gravitating action 
and the isochronous movement of the train, an accu- 
mulating irregularity would be expended every few 
yards in a destructive blow. The mathematical in- 
vestigation of the irregular and conflicting action of 
the forces at work would be interesting in itself, but 
no nice investigation is needed to prove what would 
practically be the destructive result. 

All iron rails differ from the supposititious spring- 
bars only in degree. They deflect much more under 
passing loads than any rail ought to deflect, and by so 
much they increase the resistance to traction, and 
knock themselves and the tyres running over them to 
pieces. Indeed, now that it has been established 
incontestably in railway practice that a good steel 
rail will wear out at least six iron rails, it must have 
struck many engineers that the great excess of me- 
chanical work represented in the destruction of the 
iron rails must be attended with its corresponding 
waste of work in the destruction of tyres, and conse- 
quent increase of tractive resistance. 

Almost all railway expenses are‘in proportion to 
the tractive resistances of trains; and when we say 
“ railway expenses,” we refer to the accepted standards 
of expenditure, as a passenger per mile, or a ton per 
mile, or a “train mile.’ The wear of good iron rails 
is easily referred to the last named standard. They 
will stand about 15,000,000 tons of traffic, equal to 
100,000 trains of 150 tons each. No matter how 
great or little the traffic in a day, a week, or a year, 


an 


as 


enormous. 


this is equal to wearing out the pak aah art of the 
q g 100000 part of the 





The tensile strength of the steel in the web of 





value of rails every time a train goes over them. If 
the value of a mile of iron rails be 1000/.—and this 
is generally about the figure—then the wear is 2.4d., or 
nearly 2$d. per train mile. Locomotive power, de- 
pending mainly on the resistance to traction, costs 
from ls. to 1s. 3d. per train mile, and anything that 
would reduce it even by one-fifth or one-sixth would 
effect a saving equal in amount to the whole cost of 
rails. And if we credit the worn-out rails with the 
value of the old material equal to about one-half the 
cost when new, the real cost per train mile in the case 
supposed will be but 1.2d., and a saving, to that ex- 
tent, in locomotive power, would amount to but one- 
tenth or one-twelfth the present cost. 

That the resistances to traction, and, consequently, 
the amount of locomotive expenses, are much greater 
than they should be, and that the excess is greatly due 
to the imperfection of the way, can be readily shown. 
We will first dismiss the effect of gradients, by observ- 
ing that in the working of a line, in both directions, 
exactly as much force or motive power is necessarily 
restored in descending a given gradient as is absorbed 
in its ascent. ‘The resistances per ton may, therefore, 
be taken as irrespective of gradients. These resist- 
ances are known to be very variable, varying not only 
with the condition of the line, but also with the speed. 
So far, however, as speed is concerned, the resistance 
upon a perfect railway should be constant and invari- 
able; no more at sixty miles an hour than at six. The 
resistance should be but about 6 lb. or 8b. a ton, 
and, on a “ perfect railway,” if such a thing could be, 
a 10 ton engine should take an express of twenty car- 
riages at the rate of sixty miles an hour on a level. 
Uniuckily, the resistances increase rapidly with the 
speed, or, rather, new resistances, not reconcilable 
with perfection in the way, are encountered, and these 
increase as the square of the speed. Thus, on a fair 
average line, the resistance at forty miles an hour is 
more than twice what it is at ten miles an hour. And 
no one attempts to assign any other reason for the 
excess than “‘ atmospheric resistance avd concussions.” 
Concussions! Exactly ; concussions upon rails which 
ought to be true, straight, inflexible planes, which 
iron rails are not. ‘The only mode whereby we can 
approach the truth of rail surface essential to a mini- 
mum resistance to traction is in the use of a harder 
and stiffer material for rails, and steel is the very 
material required. [ven were it really no more durable 
than iron, iustead of being at least six times as durable, 
there are yet good reasons for believing that it would 
be true economy to lay down steel at even twice the 
cost of iron. 

It is a reproach upon our permanent-way practice that 
we have not already a mass of experimental data show- 
ing the actual resistances, at different speeds, oj)- 
posed by permanent way of various structure and of 
various quality in respect of working condition. ‘I'he 
differences which would be disclosed by careful ob- 
servations upon, say, a single mile of straight level 
line, would, we are convinced, prove astonishing. Few 
permanent-way engineers have an idea of what the re- 
sistance upon aniron way way amount to, and we may 
therefore observe that in some experiments not very 
long ago made on tramways and trams at Rhymney, 
Mr. Moyle, who was at that time the engineer, found 
the tractive resistance to be sé#¢y pounds per ton at 
slow speed upon a level! 








THE STRENGTH OF BEAMS.—No. IL. 
On THE Transverse Strenern or Steet Rais 
AND OTHER ANALOGOUS Beams. 

Ir will be well now to give an example of the appli- 
cation of the preceding method to beams of non- 
symmetrical cross sections, and we cannot choose a 
better section for the purpose than an ordinary piece 
of T-iron 3 in. <3 in. x Fin. 

In this instance the position of the neutral axis, 
which in a beam of symmetrical cross section is at the 
middle of the depth, has to be determined. Witha 
little practice, the position may be fixed with a very 
considerable degree of accuracy by inspection merely ; 
having thus assumed some position for it, the con- 
struction of the diagram will be as follows: It is pre- 
mised that the maximum strain per unit of area is the 
problem to be solved; the strain, therefore, on the ex- 
treme fibres of the vertical web will be the measure 
of the strength of cross section. Set off, then, from 
the neutral axis a point, equally distant from it, as the 
extreme fibre of the vertical web, and through that 
point draw the line A—B, squaring down to tuat line 
the edge of the bottom table and the thickness of web 
of the T. From the points thus obtained draw lines 
radiating towards the neutral axis, then the space en- 
closed by these lines (shaded on the diagram) will re- 
present the equivalent section area, if strained to the 




















Fes. 21, 1868.] 


ENGINEERING. 


157 





= 





same intensity as the extreme fibre on the opposite 
side of the neutral axis. On that side, of course, the 
figure will be a simple triangle. Now, since these 
shaded areas represent the distribution of forces of 
equal intensity per unit of area, and since action and 
reaction are equal and opposite with respect to the 
neutral axis, it follows that, if the position of that point 
has been correctly assumed, the areas of the shaded 
portions above and below it must necessarily be equal. 





NEUTRAL AXIS 























If, as is most probable, they should not balance, it 
would be necessary to assume a fresh position for the 
neutral axis, and generally the second trial will give 
the position sufficiently near the truth for all practical 
purposes. ‘The degree of accuracy with which the 
theoretical position of the neutral axis may be ascer- 
tained by this method is very much greater than 
would at first be imagined ; even a difference of but 
réoth of an inch in its position is clearly indicated 
in a magnified form by the process of computation. 

Carrying out the method thus indicated on the 
specimen of T-iron selected as an example, we find 
the position of the neutral axis to be 2.08 in. from the 
end of web, the effective area of metal being .52 
square inches above and below that point. 

It is necessary now to determine the effective lever- 
age at which this metal acts, or, in other words, the 
effective depth of the T-iron ; and, from what we have 
already observed with reference to previous section, it 
will be seen that this depth will be represented by the 
distance between the centres of gravity of the shaded 
portions on either side of the neutral axis. Now, the 
centre of pressure of the upper portion measured from 
the neutral axis will obviously be 2rds of the distance 
from that point to the extreme fibre, that is, } x 2.08 
=1.39 in. ; and the centre of pressure of the opposing 
portion will be equal to the moment of it round the 
neutral axis divided by the effective area, which we have 
already found to be .52 square inches. The required 
calculation to determine the centre of pressure from 
the diagram is as follows : 


Area, Leverage. Moment. 


4 


Portion of Web _—.02 x (; x 42) ==,0056 
2 
19 x (3 + 42) =.1425 } =.356. 
bs 1x1 ae 
‘1x ( Ix2t 42) =.2077 


The moment, .356, divided by the area, .52, will, as 
we have already remarked, give the centre of pressure 
of the figure below the neutral axis, which will, there- 


PP a 
ore, be 52 =.69 in. 


Flange... 


g 


We have already found the centre of pressure 





of the upper portion to be 1.39 in. from the same 
point ; the total distance between the centres of pres- 
sure will, consequently, be 1.89+.69=2.08 in.; and 
the moment of resistance (M) of the 3 in. x 3 in. x $ in. 
T iron, being the product of that distance into the 
effective area, we have M=2.08 X.52=1.08. 

Having thus obtained the value of M, we can at 
once obtain the maximum strain on any fibre under 
any given transverse strain; and should it be desirable 
to know the maximum strain per unit of area on the 
lower flange of the T iron, as might be the case if the 
material were cast iron, it could be at once obtained 
from the preceding construction, since it would be less 
than the maximum strain on the extreme fibres in 
direct proportion to its comparative distance from the 
eeitell ox, that is, as (3—2.08)=.92 in. : 2.08 in. 

Having thus illustrated a method by which we are 
enabled to ascertain with facility and accuracy the 
mathematical value of any given cross section, sym- 
metrical or otherwise, we are in a position to analyse 
the results of direct experiments on transverse strength, 
and to apply the data so obtained to the elucidation of 
the question we are considering in this paper, namely, 
the determination of the transverse strengths of steel 
rails of any given section. The point at which our 
investigation was stopped for the want of such data 
was, it will be someabiaell when it became necessary 
to ascertain the values of the symbols in the equation 
F=/+¢. We can readily do this, now we are enabled 
to determine the moment of resistance of any bar 
experimented upon, since, as we have already observed, 
the value of F is simply the moment of the weight 
divided by the moment of the cross section; and 
knowing the resistance to tension, /, by direct experi- 
ment, it is obvious we have also the value of @. 

In deducing the required data from experiments or 
transverse strength, our subject will be rendered 
clearer, if we include experiments on cast and wrought 
iron as well as on steel. Although apparently not 
bearing directly upon the question, the comparison 
will be valuable, as indicating the direction in which 
modification will take place according as the steel em- 
ployed more nearly simulates cast or wrought iron in 
its attributes of hardness or toughness. We shall 
therefore first avail ourselves of the valuable series of 
experiments by Hodgkinson, Barlow, and others, on 
cast iron. 

Although, in estimating the necessary section of 
iron girders and other structures, the kind of iron 
proposed to be employed seldom enters into the cal- 
culation, the unit strain being fixed irrespective of 
that condition, yet, as a matter of fact, it is well 
known that the variation in the strengths of different 
specimens of iron amounts to considerably more than 
50 per cent. Thus, in ten different descriptions of 
cast iron experimented on by Mr. Hodgkinson, the 
tensile strength varied from 13,505 lb. to 21,907 lb. 
per square inch, the average being 16,502 1b. per 
square inch; and the transverse strength of a bar 1 in. 
square, and 54in. between the supports, ranged from 
413 lb. in the weakest sample to 537 1b. in the 
strongest, the mean being 464 Ib. 

Deducing the value of % from this mean result, 

3 
we have /=16,502 lb., and F= ? when M=" =} ; 


and since the weight was applied in the centre of the 
5Ai AG 
bearing m=" tin. x 464 1b. _ Go64 1b, 


Hence F=6 x 6264 = 37,584 lb.; and p=F-—/ 


= 87,584—16,502=21,082 lb. The ratio of 9 to fin 
these experiments, then, appears to be as 1 : .78. 

The experiments carried out by Mr. Barlow on cast- 
iron bars of various sections corroborate the preceding 
result, as will be apparent from the following analysis. 
The sections experimented on were rectangular, cir- 
cular, and squares placed diagonally. For the'former 
section the value of the moment of the cross section 

db 


will, of course, be M= 73 and for the latter we 
have found it to be M=<. By the same method we 


might have shown that for a circular cross section 

d* 
M= 

10.27 — 
stances applied at the centre of the bearing of 60 in., 
the moment of the weight in cach experiment would 
m=l5w. ‘Tabulating the results of these experiments, 
we obtain the following values of F; and since the 
mean tensile strength (/') of the iron employed was 
found to be 18,7501b. per square inch for the smaller 
and 16,800 lb. for the larger sections, we are also 
enabled to deduce the values of @. 





; and, since the weights. were in all in- 





; ne 
Form of Cross Section. | Breaking | Value of F. Value of @. 
| | 





Round, 2} in. diameter...) 4143 

Round, 24 in. diameter ... 8132 

Square, 2in. broken 2988 
diagonally ........000 ou 


44,957 | 28,157 
47,746 | 30,946 


| Weight. 
vag lb. Ib. | 

"| “oon deep}! 1888 | 41,709 | 22,950 
Square, Lin.XLin..... 527 | 45,630 26,880 
Round, 1 in. area ...ss000. 474 | 51,396 | 32,646 

Square, lin. broken? A } ore | aro 
eget siis...§) | SO | ae 
Square, 2 in. X2 in......... 3478 =| ~=—(-39,094 22,294 
| 89,560 22,760 


Averaging tie preceding results, and correcting them 
by comparison with those previously deduced, and with 
the results of other experiments which it is not neces- 
sary to detail here, we find the several values of @ for 
the different forms of cross section experimented upon 
to be as follows : 

Rectangular cross-section ............p=14/ 
Round pa peoosooncoePas las, 
Square (in direction of diagonal) GH fF 

It is shown, then, by direct experiment, as well as 
by theoretical investigations of the resistance of flexure, 
that the nearer the centres of gravity of the portion of 
cross section above and below the neutral axis approach 
that point, the higher the value of 9; and of course, 
as the converse will hold good in a girder section, 
when the centre of gravity approaches nearly the ex- 
treme points of depth, the value of @ is a minimum, 
and may in most practical cases be neglected, as cus- 
tomary, without material error. B. B. 








THE “DONKEY INJECTOR.” 

Tue makers of the boiler-feeder, known as the 
“donkey injector,” have added, to their advertisement 
of the few testimonials in its favour, a series of our 
own expressions of opinion of its worthlessness and 
danger. This is more candid than we had expected of 
the makers and puffers of such a wretched nostrum. 
As they are willing that both sides should be heard, we 
append the following notes, to be added, next week, 
to the observations already quoted from us. 

Of the parties who have given testimonials in favour 
of the “donkey,” one, Mr. Anderson, of Erith, has 
proved by careful trial that it consumes 35 1b. of coal 
per horse power of effective work done per hour. 

Mr. George Beer, whose certificate also appears, 
lately had occasion to call in an engineer’s workman 
to get his “ donkey” into action after it had stuck help- 
lessly fast. 

On the occasion of the trial of Leigh’s furnace, not 
long since, at Messrs. Whieldon, Lecky, and Lucas’s, 
Westminster-bridge-road, Brown and Wilsoun’s donkey 
injector suddenly stuck fast, and the fire had to be 
drawn from under the boiler, and the engine stopped. 

The donkey injector exhibited by Brown and Wilson 
at the Paris Exhibition, worked for a time, but after- 
wards, towards the close of the Exhibition, could not 
be got to move at all. For more than a fortnight 
before the close its pipes were disconnected, it having 
been found to be of no more use than so much pig 
iron. (See letter, page 151.) 

Messrs. J. and 1. Howard, of Bedford, had one of 
these rattletraps, which behaved so badly that the 
makers had to take it away. Another “donkey,” 
from a new set of patterns, was sent, but this, the 
firm named informed us, they would not keep. 

Mr. David Thomson applied one to the steam road- 
roller lately made by Messrs. Moreland and Son, but 
its action was so jerky, irregular, and noisy, that it 
had to be immediately removed. 

Not one of these donkey injectors can, from its 
faulty construction, work continuously for any con- 
siderable length of time. 

We trust these instances of failure, a few out of 
many, will be added to the advertisement to which we 
have referred. It will not so much matter, however, 
if they are not, as they will now be seen by, and serve 
as a wholesome warning to, many thousands who are 
never likely to see the advertisement itself. 








How To no~p Pearis.—It is said that certain native 
artists, when they would drill a hole in pearls, first fit them 
loosely in apertures bored in a piece of wood. Then a little 
water is sprinkled around them, which gradually penetrates 
the fibres and causes the wood to “sweil,”’ until each little 
pearl is held as firmly as in a vice. Indeed, no vice could 
hold such delicate little treasures without marring them and 
diminishing their value. But by this simple process, which 
might be applied to other purposes, the choicest ones are 
kept securely in their places, without injury, until the artist’s 
work is done, and then, as the water dries out, the fibres 
gently relax, and the pearl is free. 
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PLATE-ROLLING MILL. 


DESIGNED; BY MR. THOMAS HOWARD HEAD, TEESDALE WORKS, STOCKTON-ON-TEES. 
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We publish, above, engravings of an arrangement of 
rolling-mill, which has been designed and patented by 


Mr. Thomas Howard Head, of the Teesdale Works, Stockton- | 
on-Tees, this mill being intended to produce plates and | 


other forms of iron and steel rolled hot from the bloom, 
in such a manner that they may be turned out correctly 
to the width required, and with true edges, thus saving 
the great cost of shearing, and the loss also caused in 
reworking the scrap so sheared off. To this end Mr. 
Head employs both in front and at the back of the ordinary 
helontel rolls a pair of vertical rolls, so placed as to 
press against the edges of the plate or bar both before and 
after it passes the horizontal rolls. These vertical rolls are 
driven at the requisite speed, and are about the same diameter 
as the horisontal rolls. The distance between the vertical 
rolls is capable of adjustment, so that may be set as 
required for each passage of the metal between them. Mr. 
Head prefers to have the power of reversing the horizontal 


rolls, but it is not essential, and the same remark applies to | 


the vertical rolls. In rolling a plate, it is preferred that all 
the cut should be taken, or the reduction made by the first 
vertical rolls before the metal enters the horizontal rolls, and 
the vertical rolls beyond are then only used to skim the edges 
of the plate. When the machine is reversed, if reversing 
gear be employed, the rolls are changed, and the first rolls 
are again made to do the work, the others only to skim. 

In our illustrations, which comprise a front elevation and 
transverse section, aa are the standards or housings arranged 


80 as to allow the vertical rollers to pass them in their ad- | 
| control. 


justment in and out, thus getting the advantage of making 


the plate as wide as the rolls permit; 55 are the ordinary | 


horizontal rolls, which may be balanced as is usual ; ¢ ¢ is the 
bed-plate on which the whole rests; dd are the vertical rolls 
worked by bevil gear, ¢ e, driven either by the main engine or, 


as Mr. Head prefers, by a separate one, and so arranged as to | “ ‘ ; 4 ! 
| of the engineering matters connected with the ship, pre- 


revolve in a direction and with a surface speed correspond- 
ing with the motion of the horizontal rolls. These vertical 
rolls are = either nearer together or further apart by 
the screw shafts, ff, having right and left hand threads, and 
which shafts are worked by hand wheels; these rolls are 
also guided and kept in their places by guide-girders, g, and 
motion-blocks, h. 


Tur Cannon-street Lins.—It is to be regretted that the 
South-Western Railway Company, instead of accepting the 
offer made by the South-Eastern Company of a pertectly 
impartial and inexpensive arbitration by the Board of Trade, 
as to the terms on which the Cannon-street line shall be 
opened to their traffic, will enter into a Parliamentary contest 
on the subject, the almost inevitable prospect being that the 
South-Western passengers must thus expetience many ad- 
ditional months of needless inconvenience, that both the con- 
tending companies will sustain a loss far greater than the 
entire amount involved in the dispute, and that bitter an- 
tagonism will be engendered where for the interest of all 
parties harmonious action is essential. 

Rattways in Germanyy.—A great number of railways 
are to be constructed this year in the various German States. 
Besides the large railways projected in Prussia, for which 40 
millions of thalers have been voted by the Chamber, con- 
necting links to a large extent are to be formed in Bavaria, 
Wiirtemberg, Baden, and Hesse, the three first-named on 
Government account, for which loans will be brought for- 
ward, the last by private companies, who will apply to the 
market for the sale’of preference shares. . 


| has since held. 


| steamers for Messrs. Gwin and Co., of Liverpool. 


SIR DANIEL GOOCH, M.P. 


Str Dantet Goocn, whose portrait we publish this week, 
was born in 1816, at Bedlington, near Newcastle-on-Tyne, 
at which place he lived during the first fifteen years of his 
life. He was educated by the clergyman of an adjoining 
parish, and from childhood his time when not at school was 
spent either at the Bedlington Ironworks or at one of the 
collieries in the district. His professional training began, 
therefore, very early in life. At sixteen years of age he went 
to the Tredegar Ironworks, in South Wales, where he passed 
through the different departments to learn iron-making, and 
also had an opportunity of learning a good deal of the work- 
ing of the coals and minerals of the district. After he had 
been at Tredegar between two and three years, he went to 
Mr. Robert Stephenson—first to his Vulean Foundry Works, 
near Warington, and afterwards to those at Newcastle. He 
had known and seen a good deal of Mr. George Stephenson 
at his father’s house, at Bedlington, Mr. Locke and Mr. 
Gooch’s brother having been Mr. Stephenson’s first pupils. | 

In August, 1837, Mr. Gooch was appointed by the Great 
Western Railway Company as the head of their locomotive | 
department, a position which he held for twenty-seven years, 
until his retirement in 1864. During this period he was en- 
gaged with Mr. Brunel and Mr. Charles Saunders in taking an | 
active part in the railway gauge question, and also in all the 
parliamentary contests of the Great Western Company; and 
he possessed the full confidence of the directors, all matters 
connected with the department being left entirely under his 


In the autumn of 1865, a year after he had left the Great 
Western, he was invited to return to the railway, and take 
the chair of the Board of Directors—a position which he 
In 1859 he was elected a director of the 
Great Eastern Steamship Company, and took the direction 


paring her for her first Atlantic voyage, and going in her to 
America in 1860, and he has ever since taken an active part 
as a director, for the last three years as the chairman. 

When, in 1864, the question of making another attempt 
to lay the Atlantic cable was raised, Mr. Gooch joined some 
others in forming a company for the purpose of buying the 
cable works of Messrs. Glass, Elliot, and Co., and of the 
Gutta Percha Company, and for entering into a contract to 
make and lay the cable. He chartered the Great Eastern to | 
them, and took an active part in all the matters connected | 
with this work, accompanying the expedition both in 1865 
and 1866. 

On the return of the expedition in 1866, her Majesty con- | 
ferred on Mr. Gooch the well-merited honour of a baronetcy, 
in consideration of services performed in connexion with the 
laying of the cables. 

In 1865, while Mr. Gooch was on board the 
Eastern, he was elected a member of parliament for the | 
borough and hundreds of Cricklade, which borough is still 
represented by Sir Daniel. 





Great 





From THe Nortu.—Messrs. Palmer and Co. are pushing 
on the armour-plated monitor Cerberus, which will be fitted 
with 250 horse-power engines by Messrs. Maudslay, Sons, | 
and Co., of London. Messrs. Palmer are also building a 
steam yacht of 318 tons for Earl Vane, two screw steamers 
of 800 tons each for the Mediterranean trade, and two large | 

Messrs. | 
Hawks, Crawshay and Co. are building a large iron light- 
house for one of the colonies. 
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THE ALLEN ENGINE.—No, III. 
Hien Sreep. 
Tue system of valves and valye movements which 
we described in our last article has no necessary con- 
nexion whatever with high speed. It may be employed 


with as great advantage at twenty revolutions per 
minute as at two hundred revolutions; but, on the 


| other hand, it answers as well in every — at two 
| hundred or even at five hundred reyolutions per 


minute as it does at twenty. Its admirable adaptation 
to the exigencies of high speed does not at all require, 
but it enables us to employ, such speed to any extent 
that we may, on other accounts, deem to be desirable. 
Being, however, convinced, both by theoretical and 
practical demonstration, that important advantages are 
to be derived from the employment. of high speed, that 


| the popular view, which regards it as an evil without 


any compensating good, is utterly wrong, and that, on 
the contrary, it is in every respect in which it can be 
regarded beneficial and desirable, and believing, more- 
over, that a high grade of expansion ought not to be 
employed except in conjunction with high speed, the 
promoter of this engine, while he does not in any case 
insist upon it, strongly recommends for general pur- 
poses a piston-speed of from 600 ft. to SOO ft. per 
minute, and is prepared to employ a still greater speed 
where circumstances may render it desirable. We 
shall present here briefly the advantages of high speed, 
and shall then consider the supposed objections to its 
use and the construction which it requires. 

The great and controlling reason for the employment 
of high speed in these engines, in which a high grade of 
expansion, with high initial pressure, is employed—a 
reason compared with which the other advantages which 
it presents, great as these are, become of secondary con- 
sequence—is, that it enables us to avail ourselves of the 
inertia of the reciprocating parts of the engine to re- 
lieve the crank from pressure on the centres to what- 
ever extent we choose, to apply the pressure upon the 
crank ina gradual manner as it advances, and to 
equalise the driving pressure during the stroke, so 
that, in a properly constructed engine, the higher the 


| speed, the smoother, and more uniform, aud more 


silent the running will be. : 

We proceed now to the demonstration of this ac- 
tion of the reciprocating parts in modifying the dis- 
tribution of the pressure through the stroke while 
transmitting it to the crank. These — in this 
engine are the piston and rod, crosshead, connecting- 
rod and air-pump, ram, and rod. ‘They will be con- 
sidered as a projectile, and as moving without resist- 
ance from friction. A certain force is required during 
the first half of the stroke to put them in motion, and 
during the latter half an equal force must be exerted 
in the opposite direction to bring them to rest. The 
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former is supplied by the pressure of the steam, and 
the latter by the resistance of the crank. ‘The 
amouut of this foree at every point of the stroke is 
ascertained by comparing the acceleration or retarda- 
tion of their motion at that point with the accelera- 
tion of the motion of a falling body. 

As the reciprocating parts move in a horizontal 
direction, their own weight has no influence either to 
ussist or to retard their motion, and therefore a force 
equal to their weight is required to accelerate their 
motion as rapidly as that of a falling body is accel- 
erated by gravity—that is, in one second to move 
them 16.083 ft. from a state of rest, and to impart to 
them a velocity of 32.166 ft. per second. 

We will first ascertain this acceleration at the com- 
mencement of the stroke, premising that it will be 
necessary, for the present, to disregard the effect of 
the vibration of the connecting-rod, and assume the 
acceleration to be the same on each stroke. The 
motion of the piston is then equal to the versed sine 
of the angle. The following ‘lables show this motion 
and acceleration—first, for each interval of 10’ in the 
first 1°, and, second, for each 1° of the first 10° of the 
revolution of the crank from the centre line. The 
motion of the crank being supposed uniform, equal 
divisions of are represent equal times, and 1° is here 
taken as the unit of time, except in the first Table, in 
which 10’ are the unit. 

Table I., showing the motion of the reciprocating parts, for 
each interval of 10’, in the first degree traversed by the 
crank from the centre line. Length of crank=1. 

s as i | Motion during | Velocity imparted 











Total Motion. each interval. oe 
10’ 0000042 0000042 0000084 
20’ -0000169 -0000127 -0000085 
30’ -0000381 .0000212 -0000085 
40’ .0000677 -0000296 .0000084 
50’ .0001058 .0000381 .0000085 
60’ 0001523 .0000465 -0000084 


So far, therefore, as can be ascertained without 
going beyond the seventh place of decimals, the ac- 
celeration of the motion of the reciprocating parts 
during the first 1° of the revolution of the crank, 
is uniform, like that of the motion of a falling body. 

Table II., showing the motion of the reciprocating parts 


Sor each interval of 1°, in the Jirst 10° traversed by the 
crank from the centre line. Length of crank=1. 


: : «| Velocity im- 
Total Motion. Motion during parted uring| Differ- 
| each 1°. poe Ne 














ences. 
1° | 0001523 | .0001523 -0003046 
2° -0006092 .0004569 -0003046 0 
8° | .0013705 .0007613 -0003044 2 
4° -0024359 -0010654 -0003041 8 
5° | 0038052 -0013693 -0003039 3 
6° -0054780 -0016728 .0003035 4 
7° | .00745388 | .0019758 -0003030 5 
8° -0097319 | .0022781 | .0003023 7 
9° | [0123116 | ‘0025797 | 0003016 7 
10° 0151922 0028806 | .0003009 7 





| 
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If we should go to a sufficiently high place of 
decimals, we would find the acceleration to be abso- 
lutely greatest at the very beginuing of the stroke. 
At the Oth degree it has quite sensibly diminished. 
It afterwards diminishes more and more rapidly, 
until at the mid stroke it becomes nothing, as shown 
in the following continuation of the last Table : 








F «| Velocity in- . 

Total Motion. Motion during parted during} — 

» . | each 1°. 7 

86° .9802435 0173992 | .0000265 

87° -9476640 -0174205 0000213 52 
88° 9651005 -0174865 0000160 53 
gge -9825476 0174471 OU00L0G =| 54 
0174524 | 0000053 | 53 


90° | 1.0000000 | 


The force required to produce the acceleration of 
the motion of the reciprocating parts at the commence- 
ment of the stroke is what we have first to ascertain. 
Their motion for the first 1° of the revolution of the 
crank, the length of the latter being.1,is .0001523. This, 
multiplied by the square of the number of degrees tra- 
versed by the crank in one second, gives the distance 
through which these parts would be moved in one 
second, at their initial ratio of acceleration, and this 
distance multiplied by the length of the crank in feet, 
and divided by 16.083, gives the force required, in 
terms of the weight of the parts. Let us suppose 
one revolution per second to be made by a crank | ft. 
in length. Then we have .0001523 x 360?=-16.083 
= 1.937. 

Let then W =the weight of the parts ; 

L=the length of the crank in feet. 

ii =the number of revolutions per second ; 

a = the constant number 1.227 ; 

a=the area of the cylinder in square 

inches ; and 
. p=the pressure per’square inch required ; 

and we have the formula 
W Lux R? 








It is obvious that the force varies as the square of 
the number of revolutions, because in imparting a 
greater or lesser velocity it acts always through the 
same distance. In the engine already referred to, the 
diameter of the cylinder is 12in., the stroke 24in., 
the number of revolutions is 200 per minute, and the 
reciprocating parts weigh 470lb. Then W=470; 
L=1.; R?=11.1; 2=1.227; a=113; andp = 
57, very nearly. Thus a pressure of 57 1b. on the 
square inch of piston is required, at the commence- 
ment of the stroke, to put these parts in motion; 
and if no greater pressure than this exists in the 
cylinder, it will be entirely expended in overcoming 
their inertia, and none at all will reach the crank at 
that point of the stroke, or when it is on the centre. 
If the engine was making 100 revolutions per minute, 
the force required for this purpose would be equal to 
a pressure of only 14 1b. on the square inch. 

This important action may be considered again from 
a somewhat different point of view. From an engine 
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running at full speed let all impelling force and all re- 
sistance be conceived to be suddenly removed, when 
the engine will continue in uniform motion. What is 
now the amount and direction of the pressure which 
the reciprocating parts exert upon the crank at different 
points of the stroke? At the point B, in Fig. 3, 
above, the two are moving with equal velocity. Here 
acceleration ceases and retardation begins, and so the 
reciprocating parts commence to exert a pressure on 
the crank, in the direction AC. ‘This pressure is at 
first infinitely small, increases as the retardation be- 
comes more rapid, and reaches its maximum at C,. 
Now, at this point, what takes place? Merely this: 
the crank changes its direction of motion relatively to 
the line, AC, and thus retardation of the reciprocating 
parts at its maximum passes into acceleration in the 
opposite direction at i4s maximum, but the pressure of 
these parts upon the crank continues in the same di- 
rection as before, grows less and less as the accelera- 
tion diminishes, and finally ceases at D. Their pres- 
sure then, in either direction, commences and ceases 
insensibly at the mid points of the opposite strokes, 
and culminates when the crank is on the centre, when 
it is strictly radial or centrifugal. This is obviously 
the case, because centrifugal force, in a revolving 
body, is its resistance to a force deflecting it towards 
the centre ; or, since the body is at rest radially, it is its 
resistance to a force moving it from a state of rest, 
and the amount of its deflexion or radial motion from 
a state of rest is the versed sine of the angle; but at 
this point the reciprocating parts are also moved 
towards the centre froma state of rest, and the amount 
of ¢heir motion is the versed sine of the angle, precisely 
what it would be if they were revolving with the crank. 
This identity is also established by the fact that these 
parts are correctly balanced by a weight equal to 
their own, revolving opposite to the crank, and at an 
equal distance from the centre. 

We obtain very readily from the formula above 
given the coefficient of centrifugal force, or the centri- 
fugal force of 1 lb., making one revolution per minute, 
ina circle of 1 ft. radius, which we find to be .000341. 
Substituting this decimal in place of the constant 
number 1.227 in that formula, and employing R to 
represent the number of revolutions per minute, the 
formula becomes still more convenient. Knowing, 
then, the weight of the reciprocating parts and the 
diameter of cylinder, stroke, and number of revolu- 
tions per minute, a calculation of the most simple 
nature gives the pressure which must be deducted 
from the diagram at the commencement, and added to 
it at the termination of the stroke, to give the actual 
pressure exerted at these points upon the crank. 

Having thus ascertained the force required to over- 
come the inertia of the reciprocating parts of the 
engine, at’ the beginning and end of the stroke, the 
amount of their acceleration or retardation, and so 
the force required to produce it at every intermediate 
point is readily found as follows: 

Let the line, A B, Fig. 1, represent the length of 
the stroke; set off on this line spaces representing 
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the versed sines of the angles, taken at any intervals, 
say, of 10°, and draw the ordinates. Measure on each 
one of these, from the line A B, a distance represent- 
ing the acceleration or retardation for that degree ; 
then the diagonal, C D E, will connect the extremities 
of all the ordinates so measured, and the included 
triangles will represent the acceleration and retarda- 
tion at every point of the stroke. 

We have thus far considered this action as though 
the motion of the piston was unaflected by the vibra- 
tion of the connecting-rod. The dotted lines on Fig. 1 
show the correction required on this account; and 
Fig. 2 shows the actual acceleration and retardation 
when the length of the connecting-rod equals six 
cranks. 


In the following Table are given, in the left-hand 
columns, the versed sines of the degrees, and the acce- | 


leration at each one, as represented in Fig. 1; and in 


the right-hand columns, the actual motion of the piston | 


revolution of the crank, and the acce- 


tenth degree, as represented in Fig. 2. 


for each 10° of 
leration at each 


Fia, 2. 


Fig. 1. 


Actual Acce~ 
leration and 
Retardation 
during 1°. 


Actual 
Motion of 
Piston. 


| Acceleration 
ind Retarda- 
tion during 1°. 


0003046 
0003001 
0002862 


0002 


fersed Sine. 





-0000000 
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9077241 


.0000000 
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-0008253 
0002896 
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0001269 
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0000516 
0001012 
0001434 
0001777 
0002044 
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0001958 
0001523 
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0001041 08389378 
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0000000 


8263518 
6579799 
) | 0001523 
0001958 

.0002332 


0603074 
0151922 
0000000 


-0008001 


| 
000380416 


Where great accuracy is not required, it is sufficient, 
and far more convenient, to employ the diagonal line, 
instead of the curve /m x, to represent the accelera- 
tion and retardation, thus disregarding the inequality 
oceasioued by the vibration of the connecting-rod, and 
showing the mean of this action on the opposite 
strokes. 

Let us suppose that, in an engine making 75 revolu- 
tions per minute, the reciprocating parts are of such a 
weight that the force required at the commencement 


of the stroke to put them in motion is equal to a| 
This | stand ibratior 
‘ °f . " » + stant sO many vivrations ; 
will not modify the diagram of pressure sufficiently to | - 4. 


pressure of 20 1b. on the square inch of piston. 


produce much practical effect. But let the number of 
revolutions be increased to 150 per minute, the centri- 
fugal force of these parts, as the crank passes the 
centres, is now equal to a pressure of SO\b. on the 
square inch of piston; and any pressure of steam 
below this amount acts only as a relieving force, taking 
the strain of these parts partly off from the crank. It 
makes no matter how suddenly it is admitted to the 
cylinder, not an ounce can reach the crank; but as 
the latter advances, and the acceleration of the reci- 
procating parts becomes less, the excess of force not 
required to produce this becomes, in the most gradual 
manner, effective on the crank. 

The further consideration of this subject must be 
deferred until next week. 


Sourn Yorxsutre.—The South Yorkshire iron trade is 
not very active. The coal trade of the district is also in a 
somewhat sluggish state, and stacking has been resorted to 
at some collieries. There has been little doing for steam 
coal for Hull and Grimsby, but a fair business has been done 
for the Lincolnshire ironworks, which keep their furnaces in 
blast. 

Tur Renewat or Rarnway WaGons.—lIn the recent 
port of the Great Northern Railway Company, the following 
particulars are given of the cost of renewing wagons. The 
company had a large proportion of their stock of wagons 
originally constructed to carry six or seven tons, but it had 
been found by experience that wagons to hold nine tons were 
The cost of replacing a worn-out goods or coal 
wagon is as follows: If rebuilt of the same size and descrip- 
tion as the old vehicle, from 15/. to 16/.; if rebuilt of a size 
capable of carrying nine tons, and with bottom doors only, 
from 20/. to 30/.; if rebuilt of the enlarged size, with side 
and bottom doors, from 44/. to 457. During the half-year 
409 wagons had been rebuilt, 332 of which were goods 
wagons ; 156 of the latter had cost for rebuijding and en- 
larging 20/. 6s, Sd., and 176, 447. Gs. 5d. each. The whole 
expense of the former had been charged to revenue ; 
the latter 31/. per wagon had been charged to revenue, and 
137. 6s. per wagon to capital, in accordance with the previous 
practice of the company. 


re- 


preferable. 





Innumerable blows are struck of considerable impact. 


'is only the one question of first cost. 


and of 





PERMANENT-WAY CONSTRUCTION. 

. To Tue Eprror or ENGINEERING. 

Srr,—The able and interesting letters of your corre- 
spondent, “An Old Platelayer,” have opened out a subject 
which seriously affects the public safety, independent of 
wear and tear and revenue considerations, and I shall be 
sorry indeed if they do not achieve the object aimed at by 
the writer—of having less consideration given by the various 


| railway companies to first cost, and more to increased safety 


and diminished wear and tear. The present mode of fasten- 
ing the chair by the twisted spike 1s certainly a most in- 
secure one. I have noticed, for many years, the manner in 
which the spike leaves the sleeper, and “ works” itself more 
useless as a fastening as each train passes over it. 

I shall be glad indeed to see the invention and adoption of 
a permanent fastening for the purpose, which well deserves 
the attention of some of our inventors. 

I remain, Sir, 
Your respectfully, 
Newcastle-on-Tyne, Feb. 19, 1868. A SUBSCRIBER. 


STEEL v. IRON RAILS. 
To tHe Eprror or ENGINEERING. 

In going to business this morning, 1 observed a 
he began spinning a top. At first it behaved very 
ll, the boy joyously plying the whip; but the flagstones 
‘ing wet and greasy, the whip-lash gradually absorbed the 
moisture and grease, and becoming heavier and heavier, the 
boy striking lightly and lightly, while the top staggered 
more and more after each repeated blow. At last the lightest 
blow from the thoroughly saturated whip would knock the 
The boy kept wiping the whip-lash; but it was 
of little or no use; the game was up, and the top would, it 
seemed, for the time at least, spin no more. The boy re- 
luctantly placed the whip and top in his bag, and trudged 
off to school, and I began to reflect on the question of rail- 
way economy. I saw a striking analogy between this ques- 
tion and the schoolboy’s game of whip-top. It occurred to 
me that the whole of our railways (nearly) must have been 
founded and conducted on unsound principles, or why should 
railway investments, as a rule, pay so much worse than 
other investments of avery similar character? Is it that the 
founders and promoters have begun their schemes with the 
settled conviction that forty or fifty years was the extent of 
time railways were to exist in statu quo, then to be super- 
seded by some other mode of transit of a radically different 
nature? Lask this, Sir, because a contemporary journalist 
seems under some hallucination, which alone can account for 
the strange manner in which he opposes all improvements, 

and in particular the desirable innovation of steel rails. 
Excepting, perhaps, in steam-boilers, it is generally allowed 
that steel is better than iron, and in most cases will fully re- 
turn the extra first cost in a reasonable time. There is only 
this question of first cost to really deter railway authorities 
from at once adopting the Bessemer steel rails as the iron rails 
wear out. There is, I believe, a unanimous opinion that in 
all rails subject to very heavy trailic steel is better and more 
economical than iron. Why steelshould not be equally superior 
to iron on lines subject to light traffic I should like to know. 
It is mostly understood that the wheels of a locomotive do 
not roll closely touching the rails at every point; but their 
passage along the rail is one continuous succession of jumps. 
The 
rails are caused to vibrate, so that it is only a question of 
time for the breakage to occur. The iron beam will with- 
the steel beam so many times 
more than the iron beam. So that whether the traffic is 
light or heavy, whether the rails be at crossings and other 
points where the work is greatest or not, if steel is economi- 
cal in one situation, it will be equally so in another. There 


top over. 


Sir, your correspondent, “ F. F.,” in his last letter, takes 
steel rails in every way at a disadvantage, and the iron rails 
are, per contra, placed in the most advantageous position for 
comparison. In the first place, forty-« ight years for Besse- 
mer steel is far too little, while sixteen years is equally too 
much for the iron. In the third place, the period of forty- 
eight years is too short a period for drawing a fair compari- 
son. Thus by “ F. F.’s” first mode of comparison, he shows 
that one-fifth more interest has to be paid on the cost of the 
steel rails than on the cost of the iron rails. By the second 
mode he makes out a balance of about 30007. in favour of 
the iron rails. So far, Sir, as this calculation goes, it is 
correct ; but the data I have shown to be unfair to the steel ; 
also, that the period of forty-eight years is unfair to the steel 
It, however, can®be shown that, for a permanent in- 
the steel rails are the most economical, even when 


rails. 
vestment, 
taken at forty-eight years’ duration against sixteen years for 
iron rails. Further, the principle involved in “ F. F.’s” 
reasoning is the bane of railway economy. Railways should 
be self-supporting ; they should, after completion, be entirely 
maintained in a state of efficiency from a redemption fund, 
and pay a fair rate of interest, instead, as has been the 
almost universal practice, increasing the capital to maintain 
them in something like working order. Are railways likely 
to be in existence for the next 200 years? or are they to be 
superseded, in fifty years, by some other novel system of 
locomotion, not needing our present railway plant? Imain- 
tain that the only just policy is one that saves posterity from 
a burden that they have not helped to create; therefore, in 
our national schemes, we should strive to have them possess- 
ing the germs of immortality ; not like building societies, 
certain railways, &c., which must eventually, from their very 
nature, become bankrupt. Look at our postal service: there 
we find the principles of self-sustenance. 

To return to “ F. F.’s” calculation, which is correct for the 
first forty-eight years, and gives, taken to this period, 
favourable results for iron. But follow me in an extension 
of this comparison ; you will then see that the second forty- 
eight years not only makes up the deficiency of the steel 


rails for the first forty-eight years, but leaves a balance of 
104,400/. to the eredit of steel rails; so that, at the end of 





ninety-six years, there is a saving of 1lys per cent. on steel, 
taken at the worst rate of comparison. The gain by using 
steel will increase every renewal, or yearly, in an increasing 
ratio. Although a simple formula might be given, I will 
give in extenso the arithmetical calculation to show the 
principle involved in this phase of railway economy. 

One hundred miles to be laid with 12,000 tons of iron rails 
at 82. per ton. The same length and weight of steel rails at 
15/. per ton. Interest at 5 per cent. per annum in both 
cases. 

Y. represents years, I. represents interest. Then we have by 
first mode of calculation : 


| 
| 
| 
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for first period of 
-eight years; | 


forty-eight years; 
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II. for forty-eight Y. +892,800 
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1 of forty-eight 


0 fur steel corresponding period 
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second period of forty-eight years 
al for third period of forty-eight years 


0 tot 


988,800 
£310,800 balance in favour of steel. 
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Fifth renewal 
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I. for sixteen years 


hird renewal 


ighth renewal 
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Ninth renewal ,.. 
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I. for sixteen Y. + 249 60 


Sixth renewal 


I. for sixteen Y. + 
I. for sixteen Y. + 336,000 
I. for sixteen Y. + 508,800 


First outlay 

First renewal 
S-cond renewal... 
. for sixteen Y. 
Fourth renewal 
I. for sixteen Y 
Seventh renewal 
I. for sixteen Y 
Tenth renewal 

I. for sixteen Y, 


So that the first forty-eight years gives a balance of 48,0007 


in favour of iron rail. The second period gives a balance of 
152,400/. in favor of steel rails, and 152,400—48,000 leaves 
a balance of 104,400/. to the credit of steel rails in ninety-six 
years. And the saving in each subsequent period would be 
in a continually increasing ratio. In the third period there 
is a further balance of 310,600/., and in the fourth period 
469,200/., in favour of the Bessemer steel rails. The total 
saving in the four periods of forty-eight years would be: 
£ 


104,400 
310,600 
469,200 


884,200 

Noone would be prepared to affirm what the real saving 
would be in rolling stock, gencrally prevention of accidents, 
all of which must be credited to the steel rails in addition: 
the total would be considerable. 

If the limits of this letter allowed, the second method of 
calculation given by “F. F.” would, for a sound policy of 
loco. management, give equally favourable results for 
Bessemer steel rails. The whole secret and pith of the 
difficulty lies in the raising of capital for the first period. 
But, apart from the money question, there can be nd two 
opinions. If the Government had the railways, like they 
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national question, and settled for the general benefit of the 
empire. . . 
I am, Sir, yours obediently, 
Manchester, February 18, 1867. J. W. 


INDICATED HORSE POWER. 
To THE EpiTor or ENGINEERING. 

Sir,—That unfortunate phrase, “not a great disparity,” 
seems to have greatly occupied the attention of your corre- 
spondent, “J. W.,” and given him a subject to write upon, 
without which, I am almost inclined to think, he would have 
remained silent. I give him all due credit for his interesting 
proof that it means “an equality,” but has it not struck him 
that if I meant “an equality” 1 should have used the word 
“equal” at once. And I will endeavour to explain why I 
used the expression, and why I considered it necessary that 
the piston speeds of my two cylinders, the one of a large and 
the other of a small capacity, should not differ greatly. 

“J. W” very justly observes, there are different 
opinions upon high and low speeds, and therefore I en- 
deavoured to confine myself within ordinary speeds, well know- 
ing that if I had ventured to speak of, say, even 2000 ft. per 
minute, I should haye been immediately accused of ventur- 
ing into ground not yet explored by practice. I, myself, 
should advocate the use of high speeds as involving less stress 
on the framing, &c., and all the consequent advantages. 

None of his absurd proofs will get rid of that unimportant 
appendage, the boiler. And, allow me to say, I should con- 
ceive that he is alone in his opinion concerning the boiler 
question being merely incidental to the discussion. Thus, 
he says, he “ has shown that the steam-engine is but a motor 
“ so designed as to make use of the power inherent in the 
“steam it measures;” by this, I presume, he implies that it 
allows the steam to expand against a resistance, and transmits 
the work performed by that expansion. He then adds, 
“ that not all the doi/ers in Christendom could drive a sugar- 
“ mill, were it not for the steam motor.” This I will readily 
grant, but I will ask, how many of the numerous engines in 
Christendom would be necessary to drive the said sugar-mill 
Without even one boiler? He, however, recognises the fact 
that it is absolutely essential to have a boiler, as he affirms 
“the same motor could not propel a ship without steam,” and 
in a subsequent sentence he writes, “ot course it is assumed 
“ that sufficient boiler power is provided.” 

Now, Sir, the question is, what is sufficient boiler power ? 
It is very evident that there can be an insufficiency, but can 
there be toomuch? Decidedly not; and I contend, if you are 
not afraid to use higher speeds than are at present used, that an 
engine of a 2 ft. cylinder can perform, say, 700 horse power as 
efficiently as a 5{t. cylinder now does. I do not argue that 
the boiler is an ewact measure of the mechanical capabilities 
of an engine, since there is also to be considered the question 
of good fitting, careful balancing, losses by radiation and by 
friction, &c.; but this I say, that considering the effect of 
these to be as little as possible, a manufacturer may sell an 
engine and boiler as capable of doing so much useful work 
(subject to the varying qualities of different coals), without 
its being possible tor the purchaser to be deceived in his 
bargain. And, Sir, I should very much like to see more ex- 
periments made upon the work necessary to drive an engine 
uncoupled from its shafting, &c., used in the transmission of 
the power; indeed, this would be the most efficient mode of 
testing the good workmanship, &c., and thus it would create 
a rivalry among .manufacturers of steam-engines, which 
would be beneficial to all parties. 

Sir, “J. W.” has done me the honour to say I am 
“quite muddled” in my ideas of cylinder capacity, and he 
then proceeds to give a definition of cylinder capacity, at 
which I believe even the youngest younker in the profes- 
sion will blush to read. He writes, “ What I understand by 
“ cylinder capacity is not the volume of cylinder, but the 
“area of cylinder in square inches into the piston-speed in 
“feet per minute.” I make bold to assert that never before 
was such a definition given, and I should not think it will 
ever be again. In the first place, it is absurd to talk of mul- 
tiplying an area in square inches by a length in feet ; for of 
what denomination would the product be? And, secondly, 
even the most elementary books on mensuration show how 
to find the volume or capacity of a cylinder, which depends 
on two dimensions only, viz., the diameter and the length ; 
but never have I found it to depend upon a third unit, viz., 
a minute. Perhaps, after all, I am “muddled ;” then I 
should consider he is the only one in the profession who is 
not so (at least upon’ the definition of the capacity of a 
cylinder). 

Following the different portions of his letter in detail, I 
come to that very ingenious proof, which, allow me to say, 
betrays an ignorance of even the most elementary principles 
of the steam-engine. In the first place, he assumes that all 
the heat, which is the result of combustion, is transmitted to 
the water within the boiler, which is simply absurd, since 
there is a fraction known as the “efficiency” of the boiler, 
which represents that portion of the total heat of combus- 
tion which is transmitted to the water within the boiler; the 
greatest value of this “efficiency” yet obtained being about 
-98. He supposes two boilers—one burning 50 per cent. 
more fuel than the other; and though he supposes all the 














heat of combustion transmitted to the water, yet he makes | 


another assumption, that they shall both evaporate equal 
quantities of water in the same time, which is simply absurd, 
as, if his supposition were right, it is evident the boiler 
burning the greatest quantity of coal would evaporate 50 per 
cent. more water than the other. And next he asks, “Sup- 
“pose two engines of the same dimensions, supplied by the 
“same boiler, is the work done by each the same?’ I 
answer, that it is the exception, rather than the rule, that it 
Is not so, as I may instance the case of H.M.S. Viper, a 
twin-screw ship, cach pair of engines supplied from the same 
boilers, the difference between the indicated powers of each 
pair falling within one horse power. Indeed, when dissimilar 
results are obtained with engines of the same dimensions, the 
different rates of expansion adopted in each will explain the 





have the postal service, steel versus iron rail would then be a | apparent anomaly. I must make a correction of an error in 


his letter, which, I suppose, is merely a slip of the pen, as I 
do not propose a “ Watt” of 1000 fvot-pounds, but of second- 
Jfoot-pounds. And there is also another small error, as he 
affirms that 3000 horse power, each of 33,000 minute-foot- 
pounds, or 550 second-foot-pounds, would be 90,000 Watts, 
each of 1000 second-foot-pounds. It is evident 3000 horse 
power would be expressed by 1650 Watts, 55 Watts being 
100 horse power; so that in reality the new notation would 
involve the use of lower numbers than the old. I will end 
this perhaps prosaic letter by asserting, that which has not 
yet proved to be false, “that no person can buy an engine, 
“and expect it to perform so much. useful work, unless he 
‘has a boiler capable of supplying enough steam to use in 
“ engine, and this without a ruinous consumption o 
* fuel. 





‘ 


‘ I am, Sir, your obedient Servant, 
February 19, 1868. , YounNKER. 
[Several other letters on this subject are in type.—Eb. E.] 


THE SEWAGE QUESTION. 
To tur Eprror or ENGINEERING. 

Srr,—It is not my intention to enter into a discussion on 
the merits of a system of sewerage and sewer irrigation, or 
any other plan for improving the sanitary condition of towns, 
| as my engagements will not afford me the requisite time. I 
| now merely propose to reply to the ungenerous attack made 
| by Captain Liernur on Croydon, and to show that he has not 
given that attention to the subject that the matter deserves, 
or he would not adopt the means he has to defam> the fair 
name and character of the town, which is a standing protest 
against “the nostrums that are attempted to be forced by fair 
“and foul means on the authorities of the towns of this 
“country.” In the letter of Captain Liernur, bearing date 
the 6th February, he says, after mentioning that he has 
received the Medical Times of January 18th, 1868, “ Thus 
“it seems that the Registrar-General gives the following for 
“the death-rate of the registration sub-district of Croydon, 
** comprising the parish and town of Croydon and something 
* more,” and then follow the figures. This is a statement 
| identical with that made a few weeks since in your journal 
| by “An Old Subscriber,” and which, at the time, I justly 
| condemned; but it appears that Captain Liernur not only 
reiterates that statement, but comes forward as the apologist 
for “ An Old Subscriber ;” for he says, “ Mr. Latham’s utter 
| condemnation of ‘An Old Subscriber,’ because he made 
|“ known certain matters before the publication thereof in 
| © official returns, I do not see the force of. So far as I know, 
{there are in this class of statistics no state secrets, and 
| * divulging them can be no treason.” ‘The charge I make 
against Captain Liernur and against “ An Old Subscriber” 
is not that of divulging secrets, but of disseminating spurious 
statements and statistics, and issuing them to the public as 
purporting to emanate from the Registrar-General ; while, in 
| fact, not a single figure given by Captain Liernur and 
“An Old Subscriber,” except the population of Croydon 
| sub-district for 1861, is authentic. The figures that are 
given emanate from the “leader” of the Medical Times, 
but are not put forward by the luminary who edits the 
paper (which “bears the highest character as to its re- 
liability”) as purporting to emanate from the Registrar- 
General; this portion of the statement is the fabrication of 
your feorrespondents. As to the reliability of the paper in 
question in medical matters, I do not question its authority ; 
but in statistics it cuts a low figure. Certainly I am justi- 
fied in saying that the figures given in the paper in question 
“are based upon an hypothesis that will not bear scrutiny,” 
when we find they give the population of Croydon at 
38,000, and the registration sub-district at 49,000, instead of 
50,000 and 63,000 respectively. The correctness of the mode 
adopted in estimating the population of Croydon, as shown 
in my last letter, is proved by the experience of many years, 
and, when tested by the census of 1861, it differed not more 
than 1 per cent. from the actual population. The rates of 
mortality given in my address, as president of the Society of 
Engineers, are identical with those since furnished by the 
registrar of the district, and published in the quarterly re- 
turns of the Registrar-General of the rate of mortality. 

Your correspondent, Captain Liernur, would lead you to 
believe that the whole question at issue is one of veracity 
between myself and the editor of the Medical Times; but it 
is not so. The editor of the Medical Times may be a very 
worthy man; but he is very much like a soldier who boasts 
of his achievements because he takes great care to keep out 
of the way of the enemy. He has all the fighting to him- 
self; for he will not face an opponent in the columns of his 
own paper, and, as a matter of course, he is always vic- 
torious. 

With regard to the report of Dr. Buchanan, I fear Cap- 
| tain Liernur has not read it, or he would not have made the 
| blunders he has; for he is “anxious to see how” I “ will re- 
| * eoncile this cool puff with the allegations of Dr. Buchanan 
“ as to the sickliness of Croydon and its causes ;” and he also 
nys, “If the advocates of the Croydon plan deny the justice 
“of Dr. Buchanan’s conclusions, how will they figure away 
“the increase of death-rate the Registrar-General gives an 
“account of? Can they ignore, however, such damning 
“ statements as those which Dr. Buchanan made to the Privy 
* Council about the power of sewer gases to produce disease ?’ 
Ihave already mentioned that the returns purporting to 
emanate from the Registrar-General are fictitious, and 
| therefore need no figuring away; and with regard to Dr. 

Buchanan’s report, 1 am prepared to stand or fall by it. 1 
| fully concur with Dr. Buchanan that sewer gases will pro- 
| duce disease; but, at the same time, it must be fully under- 
| stood that it is due to local imperfections in the execution of 
| the system, and not to the principles involved, when sewer- 
gas produces disease. 

With this letter I forward you a sketch showing the ar- 
rangement of house sewers and the ventilation as recom- 
mended for Croydon. The system of ventilation now adopted 
in Croydon is satisfactory, insomuch that the improved rate 
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of mortality has been reduced two per thousand since it was: 
commenced, and no epidemics of any kind have since arisen. 
It is only further necessary to mention that the present 
system of ventilation adopted for both publie and private: 
sewerage has been brought into operation since Dr. Bucha- 
nan’s visit to Croydon, and is not the system to which he 
refers when speaking of the “recent exceptional appear- 
“ ances at Croydon of typhoid fever.” 

In conclusion, I will give you the actual “conclusions” of 
Dr. Buchanan on the Croydon works, and Croydon system, 
and the healthiness of Croydon, in his own words, which 
certainly must be taken as of some value when your eon- 
temporary says that “he a Gamaliel is, at whose feet it is 
“ well content to sit for instruction in that matter.” “ TKe- 
* duction of typhoid, Croydon, 15 to 54 per 10,000 annually. 
* Degree of change, 63 per cent.” Reduction on earlier 
“ death-rate, Croydon, 20 per cent.” When speaking of the: 
mortality of Croydon, and the mortality tables he has com- 
piled, he says, “ A considerable and progressive reduction of” 
* the total mortality will be observed—a reduction of pretty 
“ constant amount from year to year.” He goes on to say, 
The more contagious epidemics have caused fewer deaths. 
Continued fevers, after an accession of fatality in the earlier 
period of the drainage works, have steadily subsided to one- 
* third of their former amount; and this is true, even after 
“the exclusion of the deaths presumably caused by true 
“typhus in the epidemic of 1848-49. Diarrhea has been 
“reduced. The diminution in mortality from consumption 
“ and lung-disease is notable.” He also adds, “The growth 
* of Croydon by the building of suburban villas has been very 
“rapid, and is an element to be considered in examining 
* death rates. One reason for this fact is the preference givem 
“to the special district of Croydon by builders. Property 
“known to be drained into the Croydon system is more 
“ sought after than other property situated beyond the parish, 
“and the value of land and houses is thus enhanced ;” and. 
then he says, “The connexion between the improvements in 
* Croydon and the better state of the public health since the 
“ completion of the works appears, then, to be established as. 
** much by occasional failures as by a general success.” 

Now I would ask Captain Liernur how he justifies his 
statements, as based on Dr. Buchanan’s report, “as to the 
sickness of Croydon,” and also explain away the results of 
the system he condemns, as shown in the eleven other towns 
mentioned in my address. 

With regard to sewage irrigation, if is not my intention to 
go into its merits, having already written so much on this 
subject; but to those who seek further information, I would 
refer them to your journal of April 13, 1866, and will now 
only add that it is a system I do not claim as my own. It 
had an existence before I had, and I have adopted it after 
trying many other plans; it is the only plan I have found to 
succeed. I shall be equally ready to adopt any other system 
in its legitimate place, when it has been shown to be ac- 
companied with the marked success that has attended the 
application of sewage in its liquid form to land. 

I remain, Sir, your constant Reader, 
BaLtpwin Latuam, 
Engineer, Public Works, Croydon, &c. 
6, Westminster-chambers, Westminster, 8.W., 
February 19, 1868. 
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THE BESSEMER PROCESS. 
To tue Eprror or ENGINEERING. 

Srr,—If it is true, as suggested in your issue of December 
13th, “ that some of the sulphides and phosphides of iron re- 
main liquid at a lower temperature than the great bulk of 
the iron itself, and that they are therefore likely to be col- 
lected near the centre of pigs or castings of considerable 
thickness,” would it not be an easy and effectual method of 
ridding the iron of these impurities by breaking the casting 
in two, while the centre is still in a liquid state, and allow it 
to run out. The shell could be left of any desired thickness 
by varying the time allowed for its cooling. 

Possibly the quality of the iron in the shell could be im- 
proved by making the casting in the form of a cylinder, 
casting it on end, and rotate it while cooling, thus throwing 
into the shell the heavier portions of the liquid mass. 

Truly yours, 
5. W. Batpwin. 

Yonkers, New York, U.S.A., Jan. 5, 1868. 





dale, an agriculturist of large experience, has submitted 
to the Highland Agricultural Society the following proposal 
for testing the merits of horse-labour v. steam-ploughing, 
and it is supposed that his lordship’s challenge will be 
accepted: “ I have a field of clay land which has been drained 
at 15 ft. apart, and has never been ploughed above 8 in., 
most probably 7 in., which I have taken into my own hands. 
This field will be ready for cross ploughing about the middle 
of March, when a trial could take place. I will produce 
seventeen pairs of horses to work against the steam-plough, 
so that it cannot be said the horses have been picked, as 
that is the number of pairs I have at work. As steam- 
cultivation is stated to be the new means of breaking up the 
soil, I say that 12in. is the depth that I will fix for the trial. 
I beg you will lay my proposition before the monthly court 
of directors.” 

Tur CLEVELAND Tron 7: re is not much change 
to notice in this trade, although imakers and brokers report, 
upon the whole, a better inquiry. Shipments, foreign and 
coastwise, have been moderately active, both by steamers 
and sailing vessels, and inland deliveries have also been 
pretty regular. The stocks in makers’ hands, as well as in 
warrant stores, slightly increased last month. Some of the 
ironfounders still complain of a scarcity of orders. The 
demand for manufactured iron is improving, and there has 
been more doing in shipbuilders’ iron. More activity is re- 
ported in rails; some large shipments have been made from 
the Tees, and most of the mills and forges in the district are 








better off for orders for rails and plates. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

State of the Pig-Iron Market.—There is not much change to 
record with reference to the Glasgow market transactions in pig 
iron during the past week. On two or three days the market 
has been firm, with prices going up to 52s. 6d. cash, and 52s. 74d. 
a month, which were the prevailing prices on Friday last, since 
which day there has been a slight decline both in demand and 
in prices. There has been very little demand for pig iron for 
the export trade of late (as may be seen in the following figures), 
and this conpled with the very moderate demand for the home 
trade does not induce any great confidence in the minds of the 
ironmasters to blow in the furnaces which have been so long 
out of blast. The quotations yesterday for No. 1 Gartsherrie 
and No. 1 Coltness were the same as I mentioned last week, 
namely, 57s. 6d. and 58s, respectively. 

The Forth Railway Bridge at Ailoa.—lIt is said, on reliable 
authority, that the local subscriptions for the stock in this un- 
dertaking have reached the very handsome amount of over 
84,0002, and additional shares are yet likely to be taken up. 
The people in Alloa, and connected with the county and neigh- 
bensheod, have done and are doing their share of the work most 
creditably, and it is expected that the balance of the capital re- 
maining to be supplied will, without difficulty or hesitation, be 
provided by the North British Railway Company, or the share- 
holders of that company, so that _ and the people of the dis- 
trict may see successfully accomplished a work so auspiciously 
begun, and from which in the future so much good may be 
looked for. Mr. Bouch, the engineer, estimates that the sum 
of 55,0002. will complete the whole undertaking. 

The Caledonian Railway “ Muddle.”—If it be true that 
things can never become better until they have been at their 
lowest ebb, then one might with good reason entertain the belief 
that the affairs of the Caledonian Railway Company are on, or 
are about to enter, the path of improvement. It is scarcely 
possible to conceive of a more disreputable state of things than 
prevailed at the extraordinary meeting of shareholders held in 
this city last week. Of the fourteen directors, there were six 
who had practically seceded from the meget of eight, includ- 
ing Colonel Salkeld, the chairman, if they had not even given in 
their resignations. One of the ostentatious seceders had even 
gone the length of saying that no honourable man could sit in 
the board with the chairman. The remainder, however, strong 
in the possession of a majority, and the consequent command of 
proxies, stood manfully to their guns, resisted the motion for the 
approval of the reports presented by Mr. Hozier’s committee, 
and, being defeated by a show of hands as regards the amend- 
ment of an independent shareholder which they supported, 
demanding a scrutiny of votes. We are famous in Scotland for 
having grand rows amoug men of education, such as constitute 
the church courts of the country ; indeed, the Presbytery meet- 
ings are the most exciting in Scotland. ‘Ihe Caledonian share- 
holders, however, on Thursday last, ‘‘ out-Heroded Herod” 
with a vengeance. Such a tempestuous meeting has rarely 
had to be recorded; such rowdyism is fortunately rare, even 
among the most rabid democrats and trades’ unionists. It is 
not only time that the railway affairs per se should be improved, 
but it is also desirable that the shareholders themselves should 
be shamed into something approached to common decency. The 
result of the scrutiny of Thureday's voting, personal and by 
proxy, has gone largely in favour of the chairman and his 
friends; the seceding directors—all save one—have returned to 
their places at the board, so that (it is said) the chairman and 
his party may be controlled somewhat; while the chairman of 
the shareholders’ defunct committee and his friends have ac- 
knowledged themselves outwitted, and have in public meeting 
resolved that the chairman of the company does not possess the 
confidence of the shareholders, and appointed a large committee 
to take such steps as may be necessary for forming an associa- 
tion of shareholders to keep watch over the interests which they 
have at stuke in the property of the company. Amongst the 
committee there are jronmasters, merchants, manufacturers, 
insurance brokers, lawyers, &c. 1 now leave this almost loath- 
ful subject, in the a that I shail not have to record any more 
such phases of “ Caledonian” history. Shares are going up, 
but this is said to be due to “bearing.” ‘To-day they have been 
up at 832, 1ds., the highest point for many weeks. 


Discovery of Hamatite lronstone in Haddingtonshire.—It has 
long been known or — that ironstone was to be met 
with in the volcanic rocks that form the greater part of the 


Garleton Hills, in East Lothian; but it is only within the last 
few days that its existence in rich abundance has been con- 
clusively demonstrated. ‘The discovery promises to be of the 
most important character, and may ultunately do something 
to stimulate a spirit of commercial enterprise in the district. 
For a long time past, fragments of hematite have been found 
scattered upon the surface of a detached bill immediately south 
of the rocky eminence on which the Hopetoun Monument is 
laced. ‘The bill is of a gently swelling outline, and the under- 
the rocks being covered with a layer of soil of varying thick- 
ness, the ploughshare has been in operation on it for genera- 
tions. Mr. Aitchison, the new tenant of West Garleton, 
within the boundary of which farm the hill in question 
is situated, while getting the soil turned over, was 
struck with the frequency with which the plough brought 
fragments of iroy tone to the surface, as if broken off 
from larger masses beneath. Knowing something of the value 
of the ore, be recommended the proprietor of the land, Sir ym 
B. Hepburn, Bart., of Smeaton, to make a systematic examina- 
tion of the hill to test the character of tie underlying rocks. 
Mr. Robb, a local geologist, on being consulted, strongly urged 
that the ground should be at once examined. This was done, 
and after breaking ground without success at several points, 
the search was at length rewarded by the workmen coming on a 
vein or veins of hematite of the richest and most valuable 
character. The vein, where at present struck, crosses the hill 
in a slanting direction from the south-east to the north-west, 
and has been traced nearly along the whole breadth of the bill, a 
distance of some four or five bundred yards. In some places 
the ore is met with in small boulders, interspersed with the 
ordinary “P| rock of the bill, and in others it is met with ina 
solid mass of as yet unknown depth. This occurs on the crest 


of the slope, the ore being within Sin. or 6 in, of the surface, 





and penetrating downwards in a solid bed. At present the 
workmen have uncovered this section of the vein to a depth of 
7 ft., without any appearance of its termination; and as veins 
of a similar character are in all probability to be met with in 
immediate proximity, there cannot fail, at the most moderate 
calculation, to be many thousand tons of the ore. ; 

Another Discovery of Ironstone.—“ It never rains but it 
pours ” is being illustrated just now in Scotland by fresh dis- 
coveries of ironstone. Here is another. Considerable interest 
is being created in Langholm and the parish of Canonbie by the 
discovery of iron ore, and the consequent sinking of an iron ore 
mine at Byre Burn, situated some few yards from Gilnockie 
Station, on the Langholm branch of the North British Railway. 
Some time ago the attention of the Duke of Buccleuch -was 
called to the numerous traces of this valuable mineral ; and per- 
ceiving the reasonable promises of a discovery, his Grace, on 
ascertaining the views of his manager at the coal pits, Mr. 
Alexander Bowie, who is equally sanguine of a “ find,” suggested 
the sinking of a mine, which is now being vigorously proceeded 
with. No reliable “leaders” of ore are expected until a depth 
of etween twenty and thirty fathoms has been attained. 

h e Sewage (Question.—Messrs. J. F. Bateman and Bazal- 
gette have been sitting at the George Hotel, Glasgow, for the 
last three days, for the purpose of meeting such persons as 
might be interested in the sewage question and the purification 
of the Clyde, preparatory to making a final survey themselves, 
and completing their report on the subject under a remit from 
the Joint Committee of the Town Council, the Clyde Trustees, 
and the Police Board. ‘They have had many visitors, and have 
received a variety of suggestions. Yesterday they were waited 
on by Mr. Charles Randolph, who laid before them his very 
valuable and elaborate plan. I understand that to-day Mr. 
Gale, resident engineer to the Water Commission, and president 
of the Institution of Engineers, was to have an interview with 
the two eminent referees named above. 

State of Shipbuilding Trade.—At Greenock the shipbuilding- 
yards are a scene. of great activity. A revival of trade gains 
strength as the length of the day increases, and a busy spring 
and summer are expected. Many workmen, who were com- 
pelled to go elsewhere to find employment, are now returning to 
their former shops and to their families. Owing tothe number 
of repairs that are being carried on just now among vessels in 
harbour and dock, carpenters are not to be had. A day or two 
ago the foreman of a small screw-steamer fitting out in the 
East India harbour was round the docks offering carpenters 6d. 
per day more to leave their work and take employment with 
him. A very rare thing among Clyde shipbuilders has occurred 
within the last few days, namely, the failure of Messrs. M‘Nab 
and Company, shipbuilders and engineers, Greenock. ‘The 
liabilities amount to 27,0002, it is said; and it is expected that 
the offer made by Messrs. McNab and Company—12s. per pound 
—will be accepted by the creditors, and that an arrangement 
will be come to which is so far satisfactory that the works will 
not be stopped. 

NOTES FROM INDIA. 

Bengal.—The new Sailors’ Home in Calcutta was opened on 
9th Jauuary last by his Excellency, Sir John Lawrence. ‘The 
building was designed by Mr. W. L. Granville, and erected by 
Mr. W. Barnfather, of the Bengal Public Works Department, 
at a cost of 1,73,000 rupees. With a foresight characteristic 
of these gentlemen, no provision was made for out-offices until 
the home was finished ; consequently, it has been standing un- 
inhabited in a completed state for more than a twelvemonth. 
The lower flat contains accommodation for 120 officers and men, 
and the upper for 160. The hall is 130 ft. long by 25 ft. wide, 
affording room for 600 persons to dine. 

A newly invented gas has been patented, and is to be seen in 
Caleutta, at Child’s, the gustitter, in Wellesley-street. ‘The 
patentee affirms that the cost is less hy half than that of coal 
gas, while the light is twice as brilliant, and the apparatus is 
adapted to ordivary rooms and places where gas-works would 
not meet with support. 

According to the Hindoo Patriot, the Railway Passengers’ 
Society has memorialised the Supreme Government to extend 
the daily cheap train rates of 2 pie per mile to third-class 
passengers by any train. 

The total proceeds from the sale of waste lands in 1865-66 
were 144,610 Of this sum, 61,8992 was derived from the 
sales, and 82,654/. from the redemption of land revenue. The 
amount is invested in Government securities, and extinguishes 
30 much debt. 

Mr. Woodhouse, a Calcutta broker, has obtained, in the High 
Court, damages to the amount of 10,000 rupees from the 
Mutlah Railway Company. Mr. Woodhouse, stepping from the 
train at Ballygunge station, fell between the train and plut- 
form and broke his leg, receiving other injuries. The station 
was not sufficient lighted; the platform was in an unsafe and 
unfinished state; and no intimation of backing the train had 
been given. 

There has been a cyclone in the Indian Ocean, about the lati- 
tude of Mauritius. The Bombay Gazette says her Majesty’s 
steamer Hydra fell in with one at midnight, on December 17th, 
end lost two boats and all ber sails. The ship Atiet Rahaman 
went down with acargo of sugar consigned to Bombay ; a num- 
ber of the crew were saved, but the captain, his wife, and some 
seamen were missing. 

Arrangements have been made for taking observations of the 
total eclipse of the sun in August next. The Royal Society 
have sent out to India a number of astronomical instruments, 
including spectroscopes, prisms, and actinometers. Mussoorie 
has been fixed upon as the place of observation. Mr. Henessy 
and Lieutenant Herschel, of the Survey, are to superintend the 
observations. 

Madras.—The Madras Government has deputed Mr. Robin- 
son, C.S.L, formerly head of the police, and now of the Board 
of Revenue, to report upon the Madras, Arcot, and Nellore dis- 
tricts, where famine is apprehended. 

The collector of Nellore reports that the dry crops, dependent 
entirely upon rain, are looking bad. Much of the irrigated land 
was waste for want of water to commence cultivation, and some 
of the crops put down already looked brown and withered. 
Prices had suddenly risen, and in one village the inhabitants 











complained that the komaties, or grain-dealers, refused to sell 
unless at the enhanced prices. In some of the talooks dry crops 
were being sown in places usually under irrigation. In order to 
relieve distress in this and other districts, Government have 
authorised the commencement of such public works as are most 
needed, and are prepared to increase the number of officials 
necessary to superintend their construction. Each of thestricken 
collectorates is connected with the town of Madras either by 
the rail, good roads, or canals, so that no difficulty need be 
experienced in throwing in supplies of grain at whatever point 
they may be most needed. 

Bombay.—The Bombay Builder calculates that, in the case 
of upwards of forty joint-stock companies now in liquidation in 
that city, the subscribed capital reached 10,290,000/., of which 
a sum considerably less than half was realised. In fifty-four 
banks and financial associations, the subscribed capital was 
56,000,0007., and the paid-up capital 23,000,0007. Thus the 
total amount paid up in the joint-stock companies now being 
liquidated was about 6600 lakhs, while the actually paid-up 
capital was 2700 lakhs. 

The Punjaub Railway, the Indus Steam Flotilla, and the 
Sindh Railway Company are offering every facility for the 
transit of tea from the Kangra district, with a view to divert 
the London trade by Kurrachee instead of Calcutta. Covered 
vans have been put ou the line expressly for teas, and the 
through rates have been reduced to Rs. 2 9 3 per maund 
from the Beas to Kurrachee. The Kurrachee route is cer- 
tainly the natural one, but, until the harbour is rendered more 
accessible, there is little hope of the trade assuming any 
magnitude. 

The Bombay and Baroda Railway Company have offered to 
undertake a line of railway from Wassud through Jeypore to 
Delhi, a distance of 560 miles, with a branch line to the East 
India Railway at Agra, by Bhurtpore. The Jeypore Rajah is 
said to insist that the line shall spare all temple lands—a simple 
impossibility in states where the priests possess as much land 
as the Church used to do in Italy. 

News from Bombay to the 29th January states that at that 
time the latest public date from Great Britain by the Indo- 
European Telegraph was January 23rd. Tne working of the 
line, it is said, is most irregular. 

In the Bombay Presidency 1,976,000 acres of land are this 
season employed in the cultivation of cotton. The returns 
show an increase of 27,000 acres under cultivation, as compared 
with the preceding year, but the yield is estimated at 2000 
bales less. 

The new lighthouse at Cochin was brought into use on the 
15th January. 


Eneuish Ene@ineers 1n Eeypr.—A number of English 
railway engineers left this country for Egypt about the 
middle of May, 1866, having been engaged by the Viceroy’s 
Government for three years, at the rate of 20/. per month for 
the first year, 227. for the second, and 241. for the third, with 
overtime in proportion, and a free house, or, in lieu, 4/. a 
month. The engineers had been only a short time in Egypt 
when they found a cause of complaint in their overtime not 
being paid in terms of their contract, and further in being 
left to provide lodgings at their own expense. They accord- 
ingly objected to this infringement of their engagement, and, 
no attention being given to their remonstrances, they took 
the step of formally intimating to those in authority that, 
unless their grievances were a de they should leave the 
employment of the Viceroy. They did so on the 20th of 
April, 1867. They then applied to the British consul at 
Cairo, and on his representations a commission was appointed 
to inquire into the whole affair, which sat for eleven weeks. 
and reported it favour of the men’s claims. Still no redress 
was given by the Egyptian Government. Our consul at 
Cairo, however, paid the men their overtime and lodging 
money, and shipped them free back to Britain. On arriving 
in this country a number of them, who had procured employ- 
ment in Edinburgh, immediate!y entrusted their business to 
Mr. D. F. Bridgetord, 8.S.C., who proceeded to London and 
laid the proceedin zs before the Foreign Office. On return- 
ing to Edinburgh Mr. Bridgeford sought and obtained for his 
clients an interview with the Lord Advocate, which seems to 
have been decisive of the matter ; for on the 10th inst. a com- 
munication was received by Mr. Bridgeford from the Foreign 
Office, the effect of which is that the Egyptian Government 
agree to pay the men the sum due for the period they remained 
in Egypt while the commission sat—about eleven weeks—and 
also a.further indemnity of three months’ salary, in all some- 
thing more than 100/.—Scotsman. , 

Tur Nortu Lonpon Rattway.—The North London 
Railway ay have made arrangements for laying down 
two additional lines between Camden and Dalston, and for 
the construction of a short line from Bow, to join the Lon- 
don, Tilbury, and Southend Railway at Bromley. The 
London and North-Western Company’s goods station at 
Broad-street is now rapidly approaching completion, and 
will, it is expected, be opened for traffic in the course of the 
current half year. 

Forr1en Coat.—The production of goal is greatly extend- 
ing in the Zollverein. In 1860, the extraction amounted to 
12,347,828 tons; in 1861, to 14,333,048 tons; in 1862, to 
15,576,278 tons; in 1863, to 16,906,708 tons; in 1864, to 
19,408,982 tons ; and in 1865, to 21,794,705 tons. The figures 
for 1866 and 1867 are not yet to hand, but it will be seen 
that in the six years ending 1865 an uninterrupted progress 
was effected. 

Raitways in Bavarta.—Seven important new lines of 
railway are under official consideration in Bavaria, and will 
probably be carried out, at any rate tu some extent. The 
total estimated cost is something in excess of 6,000,0007. 

Beteium.—The Cockerill Company is understood to have 
obtained an order for locomotives for an Italian railway. 
We may also note that a Charleroi establishment is making 
iron sleepers for an Egyptian line. 

Nortu-Eastery Ratuway.—The Hull and Doncaster, 
and the York and Doncaster extensions of this railway are 
proceeding satisfactorily. The Micklefield and Church Fenton 
works are also rapidly advancing towards completion. 
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STEAM BRIDGE FOR THE FERRY OVER THE CLYDE, AT GOVAN, 


CONSTRUCTED BY MESSRS. W. SIMONS AND CO., RENFREW, FROM THE DESIGNS OF MR. A. DUNCAN, ENGINEER TO THE CLYDE TRUSTEES. 
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SOCTETY ? ENGINEERS summit level found was the Col de Ahogayegua, 459 ft.,* at | the impossibility of making a canal communication in that 
SOCIETY OF EN GIN EERS. which height a sufficient supply of water pa not be obtained. | direction. ; 
3rd February, 1868. It was only by means of open trenches 1.65 ft. deep and 624| The Chepo route follows the boundary line between the 
BaLpwins LatruamM, £sq., President, in the Chair. miles in length that he could convey water to a level of 135 ft. | Isthmus of Panama and ‘the Isthmus of Darien, which corre- 
On the Surveys of Proposed Lines for a Ship Canal between He therefore proposed to establish his summit level at 135 ft. | sponds nearly to the meridian of 79° W. 
the Atlantic and Pacific Oceans. By Dr. CULLEN. above high water of the Pacific, for a distance of 25,361 ft., of The Atrato Lines. 


— . - which 17,750 ft., or 3} miles, would be required to be tunnelled. 
(¢ ontinued from page 137.) To this level he would rise by eighteen and descend to the | one branch continuing northwards close to the Pacific, the 
The Chiriqui Route, , Pacific by seventeen locks. The latter would be much crowded, other, after diverging a little to the eastward, re-assuming a 

Tris would lead from Chiriqui Lagoon, on the Atlantic, to| as Ahogayeguat is only eight miles from the Pacific. The northerly direction, under the name of the Cordillera of Chocd 
Golfo Dolce, on the Pacific. The survey of the former by | tunnel was to have been of height sufficient to allow a vessel of | o of Antioquia till it terminates on the eastern side of the 
Captain (now Rear-Admiral) Barnett, R.N., proves that the | 1200 tons to traverse it with her lower masts standing. The | Gulf of Urabd, or Darien. The two branches thus enclose m 
former is an excellent harbour. Of Golfo Dolce, Commander | canal would require thirty-six locks and six aqueducts. He large oval space reaching from about 4° to8° N, latitude. This 
Jeffers, U.S.N., the hydrographer of the Chiriqui Commission | estimated that the work could be done for 12 franes per cubic | ig divided into two unequal parts by spurs thrown out from 
of 1860, says: “It is unsurpassed in natural facilities; three | metre, or 9s. per yard, and that the whole cost would be | either branch in 5° N., which separate the smaller and southern 
“ streams, the Golfito, Coisal, and the Canaza, enter the bar-| 105,455,442 francs 75 centimes. In this sum he included the | valley of the San Juan from the larger and northern valley of 
“ bour, and afford an ample supply of fresh water.” This line | tunnel, 5350 metres in length, which would cost 6700 francs |the ‘Atrato. The Atrato valley is a great alluvial plain, sepa- 
was examined, in 1848, by M. Hellert, a German traveller, who | per metre, or 35,845,000 francs, equal to 1,433,8002. The con- | rated from the Pacific by the Cordillera of the coast, and from 
found that the supposed passage through the lofty range of | struction of a pier or mole, 1100 yards long, in Navy Bay, and | the valley of the Cauca und the province of Antioquia by the 
mountains between the above ports presented the most for-| the formation of an entrance basin in the bay of Vacat del | Cordillera of Chocd. It lies between the parallels of 5° 26’ and 
midable difficulties, and could in no way be considered prac-/ Monte, would raise the expense to 125 millions of francs, or|g°5’N. It has a width of from 100 to 150 miles, a length of 
ticable. In 1860, Lieutenant Morton, of the Chiriqui Commis- | about five millions sterling. Garella made another estimate | 159 miles, and an area of 21,000 miles. Immediately under 
sion, landed at Frenchman's Creek, in the lagoon, explored a | for a canal of smaller size, with locks 170 ft. long, 38 ft. wide, | the surface of the plain is a stratum of firm clay and vegetable 
swamp of great extent, and discovered a hitherto unknown | and 20 ft. of water, capable of admitting vessels of 600 tons, | mould. overlying, ata depth varying from a few inches to several 
pass through the Cordillera. His examination resulted in the | which amounted to about 3,600,000. feet, the gold-bearing clay and gravel. ‘This auriferous stratum 
conviction that ‘‘it is entirely practicable to connect the har-| The necessity of excavating a tunnel 3} miles in length, and | called cascalho, varies in thickness from 2 to 20 and even 50 ft. 
bours by a line of railroad.” However, considering that imme- | the great number of locks required, were considered objection- | Branches and roots of trees abound in it, as also beds of 
diately inland of the lagoon the Cordillera presents the sum- | able by the promoters; but the principal reasons which decided | Jeayves carbonised and resembling compact peat ; and coal is said 
mits of Cerro Robalo 7012 ft. high, the voleano of Chiriqui 7001 | them to abandon the project were the insecurity of the anchor- | to exist in the Antioquian range. Through the valley flows the 
and another 7452 ft. high, it is not probable that any pass exists | age on either coast, and the insurmountable obstacle presented | Atrato almost due north. It is formed by the confluence of 
sufficiently low for a canal. ” | by the sand-bank which extends from the shores of Panama Bay | the Quito and the Atrato, and in its course receives the Bebar& 
This isthmus of Chiriqui is traversed from north to south by | three miles out, and is high and dry at low water, except in the | Murri, Pato Andagueda, Napipi, Murindo, Sucio, Pavarando, 
coal seams, varying in quality from lignites to semi-bituminous | tortuous and impracticable channel of the RioGrande. Vessels | ‘Tryando, Sal qui Gacesioa Tomaraior, and many other 
and semi-anthracite coals, which were first examined by M. | of even less than 300 tons have to lie two miles to seaward of | tributaries; and, after a course of 300 miles (following its sinu- 
Salomons, Mr. Wheelwright, and Sir Edward Parry. Mr. W. | Panama, and are obliged to discharge their cargoes into flat- | osities) empties itself by 13 bocas or mouths into the Bay of 
W. Ridley, civil engineer, of New York, who visited the district | bottomed boats. If it were even possible to cut through this | Candelaria in the Gulf of Darien. The great quantity of water 
afterwards, says: “ Concerning the quantity of coal that can be | sand-bank, a single high tide might fill up the channel with | in this river is owing to the fact that the clouds seldom pass over 
* obtained here, no doubt can be entertained that it is sufficient | sand again. Though the anchorage is generally safe, it has | the Cordillera to the Pacific, but discharge themselves into the 
“ to supply the steamers on the Pacific for ages.” Messrs. | happened that all the ships lying there have been stranded; | valley, thus maintaining an ample supply through all seasons of 
Shuman and Whiting, in their report, dated April 1, 1851, on | and all the vessels in Panama Bay were wrecked in a gale that | the year. Its banks are nowhere high, being principally levées 
the coal formation of the island of Muerto, near David, on the | blew with almost the force of a hurricane for twelve hours on | or embankments formed from the sedimentary deposits brought 
Pacific, say: “* We have found the Muerto coal to burn equally as | the 17th of October, 1833. The houses at Chagres and Nica- | down by the current and precipitated. In some places the sur- 
“ free as the very best English coal, emitting a bright beautiful | ragua were blown down by this gale. H.M.S. Comus quitted | face of the water is above the land on either side. From its 
‘* flame, with as much bitumen.” Dr. Lagarde, the surgeon of | her anchorage at Chagres, when the barometer was observed to | mouth to its source no rock has been discovered in the river, nor 
the French frigate Obligado, which was sent to survey the | be falling rapidly, and so escaped. stone of any kind, except small detached pebvles, in any part of 
Pacifi¢ coast of Veraguas,* brought specimens of the Muerto/ Navy Bay is still more objectionable as an anchorage, being | the valley. In the lower part of its course there is a level 
coal to Professor Rogers, of Pennsylvania, who, on analysis, | open to winds from N.E. to N.W., round by N., whilst hard expanse ihickly covered with mangroves (Avicennia nitida and 
found it to contain bitumen, 36.27 ; solid carbon, 58.48; ashes, | northers are of frequent occurrence there. Great damage was | Rhizophora mangle), and inundated at high water. It may, 
5.25. 2 . ae .. ,| caused by one on the 3lst of December, 1854; and another | indeed, be said that there is no shore for sixty miles above its, 
Qn the Atlantic side Dr. Evans, the geologist of the Chiriqui | which blew early in the morning of the 22nd of November, 1862, | mouth. Further inland are some gentle, rounded elevations 
Commission, found a coal-field, extending from Secretary and | destroyed the wharves, drove the R.M.S. Avon ashore, and | and beyond them is the Cordillera on each side. At Quibdd,* 
Saddle hills, at Cape Valiente, for 50 miles in a N.W. direction, | wrecked every vessel at anchor, except the American steamer | the capital of the province of Chocd, at the elevation of 75 ft. 
throngh Popa Island to the Changuinola river in Chiriqui| North Star and the R.M.S. Derwent, which left just in time. | above the level of the sea, from which it is 220 miles distant, its 
ae. > oe m0 — Z gy yo yw Prego the notion of cutting a canal by this line has long width is from 800 to 900 ft., and its average depth 9ft.; but 
 s ‘ : a : oe ome |" given up, Garella’s admirable work,t in which a| during floods it rises to 15 and even 25 ft. The rate of fall 
specimens in the Smithsonian Institution at Philadelphia. This | number of interesting hydraulic problems are solved, and | from thence to the sea is only 3in. in a mile. Below Quibdd it 
goal-field is now worked by English and American compacies | minute calculations given, is a most valuable addition to our | increases in width and depth, and is an immense river down to 


At about 4° N. the Cordillera of New Granada bifurcates, 











for the supply of the Pacitie steamers. Some years ago a dis- | knowledge. the point where it divides into the canos, or channels. About 
covery was made at the village of Tarraba, in Costa Rica, of a The Chepo Line. | fifteen miles above its mouth it winds round the base of the 
bed of coal upwards of 6 miles in length and 150 ft. in breadth./ The line from the mouth of the Chepo or Bayano river, | Lomitas, or hills of Cacarica, which are spurs of the Sierra de 


Dr. Evans also found in Chiriqui “ gold, and ores of iron, copper, | twenty-four miles east of Panama, to Mandinga or San Blas Maly, of Darien, that approach its left bank; and thereabouts 
and platinum. . a P : Bay, is the shortest between the two oceans: Mr. Wheelwright | are the river and lagoon of Caearica, from which there may be 
. Although the entire of this line, with the exception of the attempted to cross there in 1837, but was stopped by the | an Indian trail across the Cordillera into Darien. Immediately 
Pacific terminus, 1s included within the territory of New Gra- Indians. In 1847, the late Mr. Evan Hopkins, M.E., who was | below the Cacarica mouth, but on the opposite or east bank, 
nada, the Government of ¢ osta Rica granted a privilege for employed by General Mosquera, then president of New Granada, | there is a hill, named Loma de Pulgas,f which is formed by 
making « road along it to Mr. Silk Buckinghain. This gave | to survey the route, endeavoured to cross in company with Don | an accumulation of mud. Lower down, on the east bank also, 
rise to a controversy between A. Montoya, Vice-C onsul of New | José Marcellino Hurtado, of Panama, but they were driven | there is another, 140 ft. high, called Loma de Tumarador, at 
Granada, and E. Wallerstein, Consul-General of Costa Rica, | back by the Indians, the chief of whom flogged a man who had | the mouth of the Tumarador river, just above the Delta. 
and the privilege became null and void.t | accepted from them a present of a scarlet military coat. In About eight miles in a direct line from Candelaria Bay the 
The Panama Line. 1849, the author visited the Chepo, but an examination of its | Atrato divides into two channels; these dividing and subdivid- 
The Liberator, Simon Bolivar, President of the Republic of | entrance satistied him that # canal there would be impracticable. | ing, its waters find their way to the gulf through a submerged 
Colombia, gave a commission, dated Bogota, the 29th of Novem- | More recently, Laurence Oliphant, Esq., ascended the river, | delta, densely covered with a tangled jungle of mangroves, 
ber, 1827, to Captains Jobn Augustus Lloyd and Maurice | and his observations were communicated in a paper read before | between banks having no consistency and no soil visible. The 
Falmark, officers of engineers in the Colombian service, to | the Royal Geographical Society, ou the 24th of April, 1865. | eanos, thirteen in number, are named from N.W. to S.E., 
survey this route. Captain (afterwards Colonel) Lioyd’s obser- | In 1864, a survey was made by Messrs. McDougal, Sweet, For- | Tarena, Candelaria, Pavas, Barbacoas, Coquito, and Coco 
vations were published in the “ Philosophical Transactions,” and | man, and Rude, at the expense of F. M. Kelley, Esq., of New | Grande (formed by the bifurcation of the Matuntuvo), Pantano, 
n yol. i. of the “Journal of the Royal Geographical Society.” | York. The line taken was up the Chepo to the Mamoni, then | Pedrito, Pedio, Uraba, Urabacito, Pichindi, and Pichindicito. 
In 1840, Mr. Wheelwright was commissioned, by the directors | along the valley of the latter to the Cordillera, and from its | In front of them all a formidable sand-bank extends outwards, 
of the Pacific Steam Navigation Company, to report upon the | Pacific foot to the mouth of Mandinga river. The Chepo is | and the mouth of each is obstructed by a bar formed by the 
best means of opening a communication between the river | large river, navigable as far as Terable, a ruined fort, one mile deposition of alluvial matter. Within the bar the depth aver- 
Chagres and the Pacific ; but his suggestions were not carried | above which the tide reaches. The total length of the line | ages 50 to G0 ft. The Tarena is the widest and deepest, and 
out. | would be 30.030 miles. The lowest summit level is 1500 ft. | follows the general course of the main stream, running N., and 
In consequence of the representations made by M. Salomons, | The length of tunnel required would be seven miles. The | js thence called the Rio Madre, or mother river. It averages 
of Paris and Martinique, who obtained a privilege and conces- | harbour on the Atlantic is safe, Capacious, and deep, and the | 40 ft. in depth and 500 yards in width, but the bar at its 
sion, in 1836, and again in 1889, for constructing a canal by | Survey shows that the channel leading from the Chepo to! mouth is at times almost dry, and the gulf waves break heavily 
this route, and who was the promoter of the Franco-Grenadian Panama Bay has not less than 18ft. of water at mean low tide, | over it. At its separation from the Barbacoas it is 1550 ft. in 
Company, Louis Philippe and M. Guizot gave orders in Sep- | Whilst the ordinary rise of tide’ is 16 ft.; but this result does | width, The latter is 80 yards wide. The Cano Coquito is the 
tember, 1843, to M. Napoléon Garella, to make a detailed | not accord with the Admiralty chart. | most practicable of the channels, but has only from 6 to 12 ft. 
survey of it. Garella, assisted by M. de Courtines and other| The latitude of Chepillo Island, off the mouth of the Chepo, | of water for the distance of 4546 yards above its mouth, and 


engineers, made a survey of the country under the most favour- | Was found to be 8° 59’ 40%, and its longitude 79° 7’ 40". High | the latter has only from 2 to 4 ft. of water on the bar. Dr. 


able circumstances, having had the assistance of a French | tide in San Blas Bay was 2} ft. ‘ ‘ : | Halsted’s boat grounded there, though it drew only 3} ft. of 
vessel of war, and the support of Colonel Pineda, the Governor | _ !t is not likely that the Darien Indians would quietly give up | water. Its width, moreover, is very small, being only from 25 
of Panama. their sovereignty over the Atlantic portion of this territory, | to 35 ft. between the bushes at its sides, and in some spots 


On concluding it, he submitted a plan for a canal of dimen- | Since their largest villages and the residence of their oldest chief | only 15 ft. The mouth of this cano is called in the ‘* Derrotero 
sions sufficient for the transit of sailing vessels of 1200 tons only. | @¢ on the shores of Mandinga Bay, on the cays and islets in | de las Antillas (Madrid, 1817) the Faisan Chico, and is thus 
He proposed to make it 28 ft. deep, with locks 45 ft. 6 in. wide, | Which they strike turtle, which is their principal occupation. | noticed: “Of all the mouths, the Faisan Chico offers the 
and 218 ft. between the aprons. Its width was to be sufficient | In 1848, Colonel Hughes, of the United States’ Topographical | « preatest advantages. This arm of the river has 3 ft. of water 
to allow two vessels to pass freely, except at the summit, where | Engineers, visited the bay in an American ship-of-war, and | « op its bar, and. the tides rise only 2 ft. throughout the whole 
there would be a tunnel. | endeavoured to obtain ‘Sree to cross the isthmus, but re- | « of the Gulfof Darien.” In front of its mouth is a long, low 

He proposed to make a cut from Navy Bay to the Chagres, | ceived a decided refusal. island, called Islat de Muertos, or dead men’s island. The hull 
to partially follow the river to the juncticn of the Trinidad with | __ The route by which Lionel Wafer crossed the Isthmus of | of the Stella and the boiler of a small steamer that was wrecked 
it, and to complete the remaining distance by a canal along the | Darien, in 1681, was from the mouth of Congo river, in the | were visible when Lieutenant Craven surveyed this mouth. In 
valleys of the Dermardine and Caimito to the Pacific terminus | Gulf of San Miguel, to the mouth of the Concepcion, 30 miles | the Candelaria and Pavo channels, Trautwine and Halsted 
at the little bay ot Vacat del Monte, about 2} miles east of the | ¢ast of the Mandinga. His account of the stupendous moun- | found only 2 ft. of water at a quarter of a mile from the shore; 
river Chorrera, and 12} miles west of Panama. The direction | tains he crossed between the Chepo and the Atlantic shows | and in the Matuntuvo only 3ft. From the mouth of the Sucio, 
of the line was nearly south-east; and its length 475 miles,t of | * A much lower level was tound afterwards, that of the | a tributary which rises in the Antioquian chain, and falls into 
which nearly forty-two would require to be canalised. The lowest | Panama Railroad being only 287 ft.; and a few years ago a/| the Atrato about seventy miles up, the current is three miles an 
summit level of only about 150 ft. was found, thus substanti- | hour. Near the head-waters there are rapids, and the current 

* De Rosencoat, Captain, Reconnaissance Hydrographique, | ating the accuracy of the assertion made years before by | is seven miles an hour. 

Dupont, Paris, 1857. Alphonse Morel. The Atrato and San Juan Line. 

+ Montoya, A., New Granada and Costa Rica Boundary This Spanish word means “ drown (or choke) the mare.” | This is the most southern and the longest line between the 

Question, 1852. Garella, M. Napoléon, Projét d’un Canal & travers ’Isthme SS 
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+ Bief de Partage, 7730 métres; Versant Sud, 13,450; Ver-| de Panama. Cavilian-Goeury et Dalmont, 39, Quai des Augus- 
sant Nord, 55,360=76,540 modtres, tins, Paris, 1845. Prix 10 francs. . 


* Population in 1851, 8471, mostly negroes. It is a miser- 
able town of mud-buts built on swampy ground. f+ Fleas’ Hill. 
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Atrato and the Pacific. Humboldt was told that, in 1788, the 
curate of Novita, or Cithar’, set his flock to work to dig a canal 
from the San Juan, at the village of San Pablo, to the sources 
of the Raspadura, which flows into the Quito, an affluent of the 
Atrato. San Pablo is half-way between Novita and Tado, and 
about 40 miles N. of Noanama. By this cut, called the Canal 
de la Raspadura, it was said that, when the rains were abun- 
dant, and the rivers overflowed their banks, an actual water 
communication existed between the two oceans, and the isthmus 
was separated from the continent of South America, so that 
canoes used to pass from one river to the other. But Mr. 
Trautwine and Dr. Mina B. Halsted, a young physician of New 
York, who surveyed the pass in 1853, learned, by inquiry at 
the spot, that the canal never was Made, but that canoes had 
been dragged across. They examined the Santa Monica and 
the Raspadura, both of which rise in the same ridge, and unite 
to form the Quito. The head of canoe navigation on the Santa 
Monica, which is the more practicable, was found to be 103 ft. 
above the San Juan; and the lowest depression of the dividing 
ridge was ascertained to be 80ft. higher, or 183 ft. above 
the San Juan. The breadth of the isthmus of San Pablo, 
as the ridge is called, is 3} miles. The distance from the 
Cogquito month of the Atrato to Santa Monica is 281, thence to 
San Pablo 34, and from San Pablo to Chirambira, at the mouth 
of the San Juan, 123 miles. The total distance would then be 
4074 miles. ‘ The elevation of the ridge above the sea was not 
ascertained, but it must be very considerable. Mr. J. C. Traut- 
wine, C.E. “(in his book, entitled ‘“Interoceanic Canal Route,” 
Philadelphia, 1854), reported that a canal by that line would 
be totally impracticable. It was afterwards surveyed by Mr. 
Porter and Mr. Lane, who gave the same opinion, and was also 
examined by Mr. Vincent, of Southwark, with the same result. 
Mr. Trautwine’s book contains interesting views of the Cano 
Coquito, Quibdd,* San Pablo, Chirambira, and other places on 
The Atrato, Pato, and Baudo Line. 

At the distance of 237 miles above its mouth, the Atrato re- 
ceives the Pato, the head of which is 50 miles above the con- 
fluence. - From its head pass of 13 miles, with a summit level 
of 365 ft. above the ocean, leads to the Baudo, which, after a 
course of 80 miles, falls into the Pacific between Cape Corrientes 
and the mouth of the San Juan. Its length, 348s miles, is less 
than fhat of the San Juan route; but Mr. Lane, Mr. Porter, 
and Mr. Trautwine, each of whom surveyed it separately, found 
that it had no other superiority over that line. 

The Atrato, Napipi, and Cupica Line. 

About 150 miles above its mouth, the Atrato receives the 
Napipi, and 75 miles above the mouth of the latter is the 
Tambo (shed) de Antado, which was erected by the Government 
of New Granada for the convenience of travellers. From thence 
a path leads over the hill, called Pié de Andé, to the Quebrada 
(rivulet) del Mar, which is the head of the Cupica, that falls 
into the Pacific, south of Cape Marzo. ‘The distance from the 
Tambo to Cupica is 16 miles. The entire length of the line 
from sea to sea would therefore be about 241 miles. This route 
was first noticed in 1799, by Gogueneche, a Biscayan pilot, and 
was afterwards recommended by Humboldt. In January, 1820, 
Colonel Cancino, Captain (now General) Tomas Cipriano de 
Mosquera, Captain Joaquin Andrade, and Senor Deserein were 
conveyed from Bueventura to Cupica, in the Chilian frigate 
Andes, the commander of which, Captain Illingsworth, had a 
six-oared launch dragged across to the Napipi in ten hours, 
the crew cutting the bush as they advanced. The above officers 
and the doctor of the frigate then descended in her to the village 
of Murri, on the Atrato, whence, General Mosquera told the 
author; they drove away the Spaniards. This launch was in 
a shed at Quibdd when Captain Cochrane visited that place in 
1824. An account of the above excursion was given on the 
20th of May, 1834, in the ‘‘ Reverberacion Mercantil del Atrato,” 
a paper edited by Senor Cardenas, one of the victims: who 
— inthe Amazon, on the 4th of January, 1852. Dr. 

lorentino Gonzales and Cardenas had received a concession for 
a canal by this route, and Eliot Warburton was going out with 
the latter to the Atrato mouth, where he erroneously supposed 
that the Scotch colony of Darien had been located. 

In 1827, Lieutenant Charles Friend, R.N., crossed from the 
Napipi to Cupica and back, having ascended the Atrato in the 
little steamer Libertador. About the year 1843, Louis Philippe 
and Guizot sent J. F, Landreau, M.D., to examine and report 
upon this line; but, as Dr. Landreau went thence to the pro- 
vince of Esmeraldas, in Ecuador, where he discovered three 
mines of gold and one of platina, and settled, his report was, 

robably, unfavourable. fn 1848, Commander Wood, of the 

andora, walked in a few hours from the Cupica to the Napipi 
and back. However, from the examination made by Don Juan 
de Dios Ulloa, a Granadian engineer, and the surveys after- 
wards made by Mr. Trantwine and Dr. Halsted, and then by 
Messrs. Kennish, Nelson, Rude, and Dr. Jameson, it appears 
that the dividing ridge is of such an elevation (about 500 ft.) 
and breadth, that a tunnel about 63 miles in length would be 
necessary. Cupica Bay, moreover, is small, and only an open 
roadstead, and the obstacles presented by the bars and sand- 
banks at the mouths of the Atrato are most formidable. Mr. 
Trautwine estimated the cost of a canal by this line at 325,000,000 
of dollars. 

The Atrato and Truando Line. 

In 1853, R. G. Jameson, M.D., of New York, explored the 
tract of country between the Jurador and the Salaqui, but found 
the dividing ridge to be 1063 ft. high and 30 miles in width. 
Immediately afterwards he explored the country a little south 
of it, from the Atrato and Truando to the Paracuchichi. A 
1860 %U of the latter route was then made in 1854, 1855, and 
1856 by Messrs. Kennish, Nelson, Rude, and Jameson, at the 
expense of F. M. Kelley, Esq., of New York, by whom their 
survey was published. 

In 1857 the United States’ Government sent the schooner 
Varina with a commission, consisting of Lieutenant T. Augustus 
Craven, U.S.N., hydrographer, Lieutenant (now Brigadier- 


* Do ortdor, in the language of the Chocd Indians, like tee in 
that of the Darien Indians, signifies a river; thus, Quibdd means 
pre ‘ ; : 
rs gravel a mud; Munguidd, of musquitoes. 
; of kaon F. M., on the Junction of the Atlantic and Pacific, 











general) Nathaniel Michler, U.S. Topographical Engineers ; John 
de la Camp, Esq., geodetic surveyor, W. H. W. Campbell, Esq., 
astronomer and meteorologist, Arthur Schott, Esq., botanist and 
geologist, Theodore Gill, Esq., zoologist, and a number of assis- 
tants, by whom, in seven months, a detailed survey of the line 
was made. Lieutenant Craven published his report separately.* 
The reports of the other gentlemen are bound together in a 
volume, which is decidedly the best survey that ever appeared 
of any part of Central America or the Isthmus. It is aecompa- 
nsed by a large volume of plansf of extraordinary accuracy and 
minuteness. In future, no engineer should undertake the exam- 
ination of any part of the isthmus without having studied those 
two works. Betore this expedition went out, the author applied to 
Mr. Toucey, the Secretary of the Navy, requesting that the en- 
gineer might be commissioned to survey the Darien route after 
he should have completed his examination of the Atrato line, 
and offered to go out, at his own expense, to join-the expedition, 
for the purpose of acting as guide across Darien. But Mr. Toucey, 
in reply, stated that the survey would be limited to the Atrato 
line. He then forwarded a number of documents, containing in- 
formation that might be useful, through Mr. Dallas, the American 
minister, who, ina note to him, says: “These interesting and 
important documents will be forwarded by me to the United 
States by the steamer Asia, which leaves Liverpool to-morrow.” 
It may not be irrelevant to state that, before Messrs. Kennish, 
Nelson, and Rude, who were Manx men and United States’ 
citizens, went on their first expedition to the Atrato, the author, 
being then on his way to Darien for the third time, met them at 
Carthagena, and informed them that the valley of the Atrato, 
from the source to the mouth of the river, had been examined, 
in separate portions, by T. C. Vincent, Esq., of New Park- 
street, Southwark, and Don Juan de Dios Ulloa, a Granadian 
engineer and native of Quibdd, that he also had examined the 
mouths of the Atrato and the Cordillera, south of Point Gara- 
chind, and that the result of their observations had led them 
all to the same conclusion, namely, that there was no practi- 
cable line for a ship-canal between the Atrato and the Pacific. 
The same opinion had been expressed by Dr. Robert Key, a 
Scotchman, who had been a surgeon-major in San Martin’s 
Army of Liberation in Peru, and had afterwards settled in 
Quibdd, where he resided for thirty years, practising por el amor 
de Dios, and maintaining his family by barteering goods for gold- 
dust. Nevertheless, they sailed for the Atrato, and, on entering 
it, their vessel, the Stella, was wrecked in the Cano Coquito, 
where its hull was still visible in 1858. ‘They returned to 
Carthagena to get another boat, and the author had the pleasure 
of spending many evenings in their company before he started 
for Darien. 

The line surveyed was from the mouth of the Cano Coquito, 
up the Atrato due south, to the mouth of the Truando—75} 
miles—and up the latter, for a distance of 36 miles, to the con- 
fluence of the Nerqua, the course being S.W. The line then 
follows the valley of the Nerqua for 13 miles, to the foot of the 
falls of the Hingador. The latter descends from the dividing 
ridge by a series of cataracts, one of which is 130 ft. in height 
and 40 ft. in width. Here the scenery is superb and enchant- 
ing to the lover of the picturesque, but very depressing to the 
spirits of a canal projector, as, besides the great Salto, there are 
many smaller ones, of 20 ft. e¢ infra. The dividing ridge has 
an elevation of 947.44 ft. above the sea. This ridge and a little 
tableland being crossed, the sources of the Chuparador are 
reached, and, following down this river to the foot of the moun- 
tains, the line crosses the Chupipi, and then follows the Totumia 
to the Paracuchichi, which falls into the Pacific between Cape 
Marzo and Punta Ardita. 

From a point about three miles above the mouth of Cano 
Coquito the Atrato is navigable for the largest vessels up to 
the confluence of the Truando with it. At Boca de Sucio, a 
little below that point, the height of the Atrato was found to be 
25.78 ft. above that of Cano Coquito. At the confluence, the 
Atrato is 350 yards wide and 50 ft. deep. The Truando passes 
through an alluvial plain, and across two deep lagoons, before 
entering the Atrato. Its average depth is 14 ft.; but near the 
junction of the Nerqua with it there are several falls. This 
river would require to be deepened for its whole length, and the 
falls should be avoided by a tunnel of 1000 ft. From the 
tunnel a canal should be cut, on solid ground, along the valley 
of the Nerqua to the Hingador. From thence a tunnel, 12,250 ft., 
or about 2} miles, would be required. From the Pacific 
entrance of the tunnel an open cut eight miles in length, to the 
mouth of the Paracuchichi, would complete the communication 


The line would then consist of: Miles. Feet. 
Navigation of the Atrato ... woe 75 1320 
5 »  Truando oo 36 Poh 
Tunnel o6e soe ooo ess * ose 1000 
Canal po one ooo acta a 
Tunnel eee eso see ove 2 1690 
Canal oe ose eee oe 8 ace 
134 4010 


The following is the estimate of Lieutenant Michler and Mr. 
De la Camp, who give all the calculations upon which it is based 
very minutely: 




















. At per Cost in 

Cubic yards. cubic yard. dollars. 
Earth excavation .| 75,258,100 83 cents. 24,835,173 
Rock cutting ...| 43,183,300 | 1 dol. 50 c. 64,774,950 
Tunnel .., ee} 5,598,000 | 2 dols. 50c. | 13,995,000 
Total ... «»-| 104,049,400 103,605,123 





Some other works bring the totals to: 151,300,100 cubic 
yards of excavation and 134,450,154 dolls., or 28,010,448/. 15s, 
This estimate is very little higher than that given by Dr. 
Jameson, some years before, in a Jetter to the New York 
Herald. 

Cranen’s Report.—So far for the engineering work. But the 





* Craven, Lieutenant T. Augustus, U.S.N., Report to the 
Secretary of the Navy, Washington, 1858. 

+ Michler, Reports, Interoceanic Canal. Darien Senate. Ex 
Doc. 9. 2nd Session, 36th Congress, U.S., 1861. 

T Do. do. Plates, 1861. 


| hydrographic survey, by Lieutenant Craven, shows that the 
subaqueous excavation would be by far the most difficult and 
expensive part of the work. The bar at the mouth of the Para- 
cuchichi is dry at low water, and Kelley’s Inlet, inside of it, 
has only a few feet of water. Humboldt’s Bay, the Puerto 
Quemado of Pizarro, immediately south of the Paracuchichi, is 
an open roadstead. A harbour would therefore have to be 
made on the Pacific. But even more formidable difficulties 
occur at the mouth of the Atrato. The sand-bank off the mouth 
of the Cano Coquito should be removed. ‘The bar at its mouth, 
one mile in length, should be dredged from a depth of 3 or 4 ft. 
to that of 30 ft. Its channel should be deepened for'the length 
of 4546 yards, from the bar up, from an average depth of 9 to 
that of 30 ft. The difficulty of these operations would be greatly 
enhanced by their peculiar unhealthiness; for it is well known 
that the most deadly work in the tropics is the disturbance of 
mud in places where fresh and salt water meet. Even the 
negroes of Demerara, Essequibo, and Perbice, which are the 
lowest swamps in the world—the emboldered or trenched and 
dammed land of the plantations being several feet below the 
level of the sea—would not stand it. They dread, above all 
things, the job of removing the drift-mud that sometimes blocks 
up the Kokert doors, through which the surplus water of the 
canals is let off at low water—and with good reason—for they 
generally get the ague after it. 


The following letter gives the results of Lieutenant Craven's 
survey: “ Bound Brook, New Jersey, Aug. 3, 1858. 

“Dear Sir,—I received your communication of January, 
while on my return from the Atrato. I arrived in the United 
States early in May, have made a thorough examination of the 
route by the Atrato, Truando, Nerqua, aud Totumia rivers. 
The entire distance across is 134 miles, which I twice traversed 
with the parties under my command. My preliminary report 
was made tothe United States’ Senate on the 17thof May, 
and has appeared in our papers generally. 1 suppose, there- 
fore, you have seen it. I do not say that the construction of 
the canal is animpossibility ; but its cost will be immensely be- 

ond fhe views of this age. My detailed report is not made out, 
But I believe that my estimates will reach some $500,000,000, 
with fifty years of labour. In a matter of such consequence 
to the world, it is very important that a practicable’ route be 
Giscovered. If nothing better offer, we must cut through the 
Isthmus at Panama. “ Yours truly, 
“T, Augustus CRAVEN. 
“ Dr. Cullen, 302, Strand, London.” 


The author saw Craven afterwards on board the United States’ 
frigate Tuscarora, of which he was captain, and in which, it is 
deeply to be regretted, he was lost, and he said that the idea of 
opening a canal by way of the Atrato had been abandoned. 

Geology.—The table-land at the summit of the ridge is com- 
posed of trappean or metamorphosed schistose rock, covered by 
broken secondary and tertiary strata. The Divide is composed 
of alluvion underlaid with recent layers of loam, sand, semi- 
rock, and conglomerate. At the foot of the great fall@f the 
Hingador there are thermal springs; and in the valley of the 
Nerqua, there is one of the temperature of 107° F. 

Botany.—The principal palms are known by the native names 
of Milpesos (1000 dollars), Chontaduro, Pihiguai, Hipihapa (of 
which the Panama hats are made), Palmiche, Coroso, Puer- 
torico, Quitasol, Palma Amarga, and Murapo. They appear to 
belong to the genera Bactris, Martinezia, Areca, Aiphanes, and 
Carludovicea. There is a bread-frait tree, called Membrillo, 
which probably belongs to the order of Lecythidacex. 

The greater part ot the region of the lagoons is covered with 
a thick gramineous vegetation, interspersed with water plants, 
mostly Alismacese, Polygonacex, Pontederiacew, &c. &e. Gra- 
malote (Panicum glaucum) is abundant, and is the favourite 
food of the manati, or sea-cow. 

Lichens, Jungermanniacese, Lycopodiacex, and a whole host 
of parasitic suckers in the shape of Orchidacex, Bromeliaces, 
Filices, Aroidew, &c., overgpread the district. Amongst the 
trees are the water-loving Cecropia peltata, which bears the 
vernacular name of Guarumo; an Inga with eatable pods 
(Guamo) ; a mimomaceous tree with a graceful umbellate crown, 
and the Trementin, a grave forester with a conical base, whose 
trunk does not send off any branches until it reaches 80 or 
100 ft. in height. 

Zoology.—Mr. Gill mentions, among the Gnawers, the Cavy- 
bara, the Agouti, and several species of Sciuridsee:; amongst the 
birds, several species of Scansores, Rasores, Columbids, Coni- 
rostres, and Grallatoros. Of the fishes he has written at very 
great length. : 

Population.—This is very small indeed. The Truando is 
totally uninhabited. On the Nerqua, a mulatto, named Do- 
mingo, and two or three families were the only inhabitants. 
There they met an Indian family travelling, and there is from 
thence an Indian trail across the Cordillera. On the Chupipi 
there are a few families; and at Paracuchichi mouth there are 
twelve houses inhabited by samboes and negroes from Panama, 
and a few Jamaica men, who are described as ex-pirates, 
thieves, wreckers, and sharpers. They demanded most ex- 
orbitant prices for conveying the baggage of the expedition 
across the Cordillera. Some of those fo pa make trips in 
bongos to Panama, which is 165 miles N.W, They generally 
call in on the way at Garachiné village, 80 miles distant. This 
population had only been ten years settled there. With the ex- 
ception of a few families at the mouth of the Jurador, the 
above are the only inhabitants in the country which was 
formerly called Biruquete, and is the most southern part of 
Darien, extending from Garachiné Point to Cape Marzo, and 
from the Cordillera to the Pacific. About twenty years ago it 
constituted a district under a corregidor, and was called the 
corregimiento of Jurador, but of late it has been entirely 
neglected. It used to be the resort of Cimarrones, or run- 
away slaves and fugitive criminals from Panama. It was this 
coast that Pizarro visited when searching for Peru, and it was 
from the wrong application of the name of the Biru (called by 
Pizarro Rio de Hambre, or river of famine, and now Rio 
Jurador) that the name Peru was derived. On the Biru was 
the village, the inhabitants of which he called Pueblo Quemado, 
or burnt people. The Biru had been visited some time before 
by Vasco Nunez, and then by Andagoya, and Almagro called 





there in pursuit of Pizarro, 
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GRINDING AND POLISHING 


MACHINE. 


DESIGNED BY MR. WILLIAM GREGORY, ENGINEER, ARDWICK. 
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Astronomical Bases.—The following are the principal points 
of which Mr. Campbell fixed the positions: 


| Lat. N. Long. W. 





Turbo, on the E. side of the Gulf) | 
of Darien, nearly due E. of >|8° 
CangCoquito _ ase eee 

@ Sucio, a little below) 7 % 166 77 5 


4’ 56.2” 76°41’ 50.7” 


Boca 
the Truando mouth... e 
Paracuchichi mouth ... w/t 2 59.6 |77 40 
ature.—The thermometer, during December, 
from 79° to 83° from sunrise to sunset. 
(To be continued.) 


GRINDING AND POLISHING MACHINE. 


Ws give, above, engravings of a grinding and polishing 


40.5 
25.35 

Tem 1857; 
range 





Ardwick, Fig. 1 being a side elevation of the apparatus, and 
Fig. 2 an end view. In these figures, A is the grinding-stone 
trough; B B* are the bearings in which the shaft, C, re- 
volves; on this shaft is fastened the pulley, H, and its cor- 
responding loose pulley, H:. The grinding-stone, D, is 
fastened in the usual manner by means of the plates or 
washers, F, and the nut, G. 
of small rollers for carrying the work to be ground horizontal 
or nearly so, according to the will of the grinder, is carried 
upon the screw pillars, aa' a* a’, by means of the bevil 


wheels, 6 3! 5? 63, screwed internally to fit them. This fram- | 


ing is constructed with a shelf, L' L?, on each side, running 
nearly its entire length; the form of this shelf is best seen 


in Fig. 2, and upon it slides the cross bar or bars, ¢, by | 


which the work, d‘, is pushed forward, against the stone, as 
will be described. At one end of the framing is placed the 
shaft, e, carrying the chain pulleys, e' e? ; this shaft may be 
made adjustable, so as to keep the chain of a uniform ten- 
sion. At the other end of the framing is placed in suitable 


bearings the shaft, d,on which are fastened the driving- | 
The chains, ff', are placed on the | 
pulleys above described, one on each side of the framing, L, | 


chain pulleys, d' @. 


as shown in Fig. 2; they are furnished at suitable distances 
with projecting links or dogs, against which the bars, C, by 
which the work is pushed forward, bear, and from which they 
receive their motion forward. On the end of one of the 
shafts, d, is fastened the wheel, d°, gearing with the pinion, 
a, on the stud, d@’, and having fastened to it the wheel, d*, 
gearing with the pinion, d*, on the worm wheel, d', on the 
stud, d‘*. The worm wheel, @'*, gears with the worm, d**, 
on the shaft, d"’, in the socket, d* On the other end of the 
shaft, @%, is fastened the wheel, d'*. which gears with the 
pinion, @'*, on the stud, d'’, fastened ia an arm, v*, concentric 
with the socket, d**. 


On the boss of the pinion, d@'*, is fastened the friction | 
pulley, v, adjusted to press suitably on, and receive motion | 
from, the grinding-stone, D, by the —— arm, v', above | 


mentioned, and best seen in Fig. 1. By this friction pulley 


and the series of wheels and pinions above described, motion | 
is conveyed to the chains, ff', from the grinding-stone. In | 


the framing, L, are two upright slots, L’, seen in Fig. 1, in 
which are placed two movable bearings fastened to the cross 


cross-head, i*. 


but they may be worked together when plane work is required 
to be done. 


| 


Fic. |. 


scribed, the shaft of the pressure roller, k, rotates and recipro- 
cates ; it rotates by the action of the work upon it on which 
it presses, and it reciprocates by means of a cam, k*, fastened 


| on it, whose zigzag edge takes into the notch, k*, cast or 


bolted on the bar, i, and as it is rotated is caused thereby to 
have a reciprocating motion, which it transmits to the work 
upon the stone. The ultimate thickness of the work being 


a is determined by the position of this pressure roller, 


mut it is built in several sections, both longitudinally and 
radially, to allow a slight — to take place as inequalities 
in the work pass under it. On the shaft of the roller is placed 
a tube having a series of elastic rings drawn tightly upon it, 
and placed close together so as to form an elastic bed. On 
the outside of these elastic rings are placed the outer metallic 
rings which form the surface of the roller; this roller is seen 


| part in section and part complete in Fig. 2. 


The framing, L, having a series | 


In the bearings on the cross-bar, i, above de- | 


When the work reduces the stone’s diameter, and thereby 
alters the conditions of pressure, the framing, L, requires to 


: Ing be lowered accordingly. The bevil wheels, 5 and 4°, are 
machine, designed and patented by Mr. William Gregory, of | 


geared with the bevils, 5‘ 6°, fastened on the shaft, 5°, whilst 
the similar bevils, 5? 53, are geared with the bevils, 7 5%, 
fastened on the shaft, b®°. Underneath the frame the shaft, 
b*°, is supported on suitable bearings, having on it two worms, 
6": b**, gearing with two worm-wheels, 5** 5+*, fastened on 
the shafts, 5° and b», respectively ; there 1s also fastened on 
the shaft, 5*°, the hand pulley, 5*5, turning which in the 
proper direction by means of the train of wheels above described 
the entire frame is lowered upon the pillars, carrying with itthe 


| pressure roller and the friction pulley, and thus maintaining 


the conditions of pressure, and of the progress of the work to 
the varying diameter of the stone. It is to be observed that 
the screws, i* i*, are used only for the purpose of determin- 
ing the thickness of the work, the velocity of the stone and 
the progress of the work being properly conditioned to each 
other; but when the stone is reduced in diameter and the 
conditions of the velocity of the stone and the progress of 
the work to each other are thereby altered, the screwed bevils 
and pillars are used for re-adjusting them to each other. 


THE SEWAGE QUESTION. 
‘To rae Eprror or ENGINEERING. 

Srr,—l am perfectly at a loss to understand upon what 
grounds your correspondent, Mr. Liernur, dubs “ O. O.” great, 
and I am sorry such a full-plumed bird as your corre- 
spondent has taken flight. Generally when one gains a battle 
he sticks to his vantage-ground, and tries to reap some benefit 


| from his labours; but I suppose, like a wise general, he has 


beat a retreat to reconsider the improvements required in his 
system of artillery (i.¢e., the pnematic dispatch), and when 
he has again reconsidered the imperfection so fully laid bare 
by the “little ‘O.O.” I will again be most happy to 
assume my “ greatness” and give him all due credit, that is 
to say, if the improvements are of such a kind, that we can 
collect this sewage in a cheap and wholesome manner, and 
that the farmers will not require to be at so great expense, 
as in theoriginal scheme. For undoubtedly to manure a square 
acre, with furrows four inches apart (with one spout), the dis- 
tance travelled over would be very great, and I have only to 
ask farmers to multiply that distance by the number of square 


| acres they have in cultivation, and state how many days are 
h D | occupied in running the sewage out of the barrels over that 
bar, i, these being adjusted by the hand-screws, i i, in the 
These hand-screws are shown distinct as the | 
work may sometimes require to be bevilled towards one edge, | 


of the hand-method of distribution that must be resorted to 
in scattering the manure that is utilised from the stable and 
byre. Of course all farmers who have tried the scheme are 
fully aware that the barrels cost money, the railway carriage 
cost more ; the wear and tear, more or less, and ladies’ dresses 
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would sum up to an “ enormous bill,” sweeping the filth from 
the thoroughfares. England is ever ready with money to 
meet deserving schemes, but she has been so often bit that 
she fights shy ; but “ nil desperandum!”’ Mr. L., your friend at 
Capen, has not got much to boast of as yet, as in a few 
years building operations will spread around; in fact, such a 
scheme so near an inland town is not at all to be commended, 
and, consider, the sooner steps are taken, so as to prevent too 
near an encroach on such’a mass of putrid filth, the better. 
I perfectly agree with your correspondent, that the traps are 
a sham ; fe arcels of charcoal would soon get ty up; 
and that the only really practical method of ventilation is by 
drawing it out of the sewers, and passing it through the 
purifying furnace. At least, such means could be fitted; but, 
consider, when the fan sucked out the foul air, and the 
sewers were fully ventilated with fresh air always pouring 
into the sewer, that the furnace could be dispensed with (as 
the gates would be no worse than in Mr. Liernur’s system). 
Now, much water is wasted that could be otherwise utilised 
in your own neighbourhood, at Charing Cross (I mean, from 
the fountains) ; surely it would propel a good-sized turbine 
and suction fan, so as to keep clear that surrounding neigh- 
bourhood, if means are taken to do so, as pointed out in 
former letters. I must now fire my last shaft, and hope that 
the method of collecting it far out at sea is open for Mr. 
Liernur on some future occasion. 

London. 0. 0. 








Tue River Trvz.—The River Tyne Improvement Com- 
missioners have published an interesting series of documents 
relating to the vast operations going on upon that river. The 
total receipts from all sources of revenue in 1867 were 
125,857. 8s., being an increase of 41587. 15s. 4d. The ex- 
penditure upon the Tyne Improvement Fund on new 
works and improvements was 112,394/. 8s.; upon the piers 
fund, 65,0307. 4s.; and the Northumberland Dock fund, 
24,2647. 19s. 9d. But the surplus revenue on the latter was 
6385/. 2s.2d. The quantity of material raised by the dredgers 
in 1867 was 4,121,658 tons, at an average cost of 4.328d. per 
ton. The number of vessels using the port has decreased, 
but there is an increase of 50,314 tons in the tonnage. The 
number of vessels of 500 tons and upwards was 1753, against 
1699 the previous year, and on the very largest class, viz., 
those of 1000 tons and upwards, there was an increase of 
from 58 in 1866 to 108 in 1867. It is proposed to spend 
115,500/. on dredging and new river works in 1868, on the 
docks 50,000/., and on the north and south piers 50,0007. ; or 
a total expenditure of 215,500/. Towards this it is anticipated 
there will be a surplus revenue applicable amounting to 
34,000/., and the committee recommend that the com- 
missioners apply to the Public Works Loan Commissioners 
for the advance of the 50,0007. applicable to the piers works, 
the amount to be borrowed in the market being 131,500/.— 
a less sum than has been borrowed in each of the last five 
years. The actual amount of damage done to the piers by 
the fearful gales of December last was 22,8007. 

Tue PatiisER Guys.—One of the old 32-pounder cast- 
iron ordnance guns, of which a vast number have encum- 
bered the gun park for many years, and some of which have 
been handed over to Major Palliser for conversion to 64 
—- bored out and strengthened on his —_ has 

n in course of trialat the Woolwich butt —— e past 
three weeks. The gun has fired 100 experimental charges 
per day, has completed its test of the 2000 rounds 
ordered by the War De ent, and has undergone the 
usual searching and examination, without the appearance of 


any blemish or signs of weakness. 
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VACUUM-PAN FOR THE SUGAR MANUFACTURE. 


CONSTRUCTED BY MESSRS. BLAIR, CAMPBELL, AND McLEAN, SCOTLAND-STREET COPPER-WORKS, GLASGOW. 
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THE vacuum-pan occupies in the history of sugar manufacture 
the same position as the Bessemer process holds in the history 
of iron metallurgy. It has created a new era; it has converted 
the formerly primitive modes of concentration into a scientific 
process, which under all circumstances remains under the perfect 
control of the manufacturer, and enables him to command a 
better, more economical, and more certain result. The purpose 
and principle of the vacuum-pan refer to the speedy con- 
centration of the saccharine solutions from which the sugar is 


to be crystallised or extracted. The sugar as gained from the | 
plant being dissolved in water, it requires in practice the action | 


of heat to evaporate the water, and to leave the sugar in a more 
concentrated solution from which it can be crystallised. The 
rapid evaporation of water requires the elevation of the tem- 
perature up to the boiling point as long as the water is kept 
under atmospheric pressure; but in a partial vacuum water 
commences to boil at temperatures far below the boiling point 
of the thermometer, and it is possible, therefore, by the action 
of a powerful air-pump to bring the saccharine solution, con- 
tained in a closed pan, to the state of boiling practically at any 
desired temperature. 
question of expedience and economy. With the direct action of 
fire upon a sugar-boiling pan, the partial decomposition of some 
of the sugar, and the consequent loss and deterioration of the 
quality of the product, is practically unavoidable; it is, 
therefore, for the sake of the quality of the product, and in- 
dependent of any question of economy of fuel, necessary to bring 
the temperature in the vacuum-pan down below 212°, so as to 
heat the liquid by steam of moderate pressure passing through 
a series of coil pipes in the interior of the pan. Although, ac- 
cording to abstract theory, it ought to be possible to boil the 
liquor in the vacuum-pan at the temperature of the atmosphere 
by giving sufficient power to the air-pump, yet the heat of the 
steam has a second function which makes it indispensable. The 
quantity of heat required to convert the water of the saccharine 
liquor into steam must be drawn from an external source, 
otherwise the result would be an immediate cooling of the mass 
down even to the freezing point. The steam in the coil pipes 
is therefore wanted for giving out its latent heat in condensing, 
and this heat is transmitted to the saccharine solution, which 
again brings it into the latent state in forming steam. It is 
essential to get rid of that steam as quickly as possible, otherwise 
it would form an atmosphere of a sufficient pressure within the 
yacuum-pan to counteract or lessen the effect of the air-pump. 
This is done by condensation in a separate vessel, which has a 
drain-pipe for taking off the condensed water and preventing it 
from running back into the vacuum-pan itself. The manner in 


The choice of that temperature is a | 








which these different details and parts are constructed varies 
with different inventors, engineers, and makers, but their 
principle is always the same in every respect. In the en- 
gravings which we give above, is shown an example of what 
is usually called “the Greenock pan.” We have prepared our 
engravings from a working drawing kindly lent to us by Messrs. 
Blair, Campbell, and McLean, who have made considerable 
numbers of such pans for the principal sugar-refineries in 
Greenock and Glasgow, amongst which we may name Messrs. 
Archibald Pattens and Co., Greenock, and Messrs. Murdoch 
and Dodderal, of Port Dundas, Glasgow. The drawing being 
to scale, and showing a part of the interior of the pan with its 
coil pipes, &c., requires no further explanation. 





INDIAN RAILWAY STATISTICS. 

A RESOLUTION of the Government of India on the receipts 
and payments in 1866-67 on account of guaranteed railways 
has recently been published, and exhibits the following very 
satisfactory results: 

The original estimate for nett expenditure from guaranteed 
capital for the year amounted to 5,59,75,000 rupees; but, on 
the change in the termination of the official year, this was re- 
duced to 5,03,77,500 rupees. The nett expenditure in the year 
has been only 3,61,77,293 rupees, which is less than the esti- 
mate by 1,42,00,207 rupees. The actual withdrawals from 
Government treasuries have been 5,72,65,507 rupees, against an 
estimate of 5,16,22,200 rupees, the excess outlay being there- 
fore 56,43,307 rupees. But the payments into the several 
treasuries have reached 2,10,88,214 rupees, the estimated 
receipts having been only 12,44,700 rupees; so that on this 
item there has been a saving of 1,98,43,514 rupees, and a nett 
saving on both receipts and payments of 1,42,00,207 rupees as 
above. The nett expenditure was set down in the regular esti- 
mate at 4,81,50,000 rupees; the actual nett disbursements fell 
short of this amount by 1,19,27,707 rupees. The actual ex- 
penditure on capital account was, during the year, 3,63,74,221 
rupees. The total actual expenditure in India on the capital 
account of the guaranteed railways and on the Indus steam 
flotilla from the commencement up to the 31st March last has 
been 46,04,85,245 rupees; the disbursements in England, up 
to the same date, have been 27,94,75,876 rupees; thus the 
total expenditure up to the close of the last official year has 
amounted to 73,99,61,121 rupees. 

The estimate of traffic earnings and working expenses were 
not reduced in consequence of the ~y - in the official year. 
It must, therefore, be borne in mind that, in comparing the 








actual results of 1866-67 with the budget estimate, the transac- 
tions of eleven months have had to be contrasted with an 
estimate framed for twelve. 

The traffic earnings have amounted to 5,33,26,144 rupees, 
against an estimate of 5,59,20,000 rupees, leaving a deficit of 
25,93,856 rupees—a little more than four percent. The work- 
ing expenses have aggregated 3,12,86,518 rupees, while the 
estimated amount was 3,15,25,000 rupees, so that there has 
been a saving in this item of 2,38,482 rupees, or about § = 
cent. ; and the nett revenue of the year, 2,20,39,626 rupees, has 
fallen short of the estimate, 2,43,95,000 rupees, by 24,55,874 
rupees, or about 10 per cent. The total nett revenue, from the 
commencement up to the close of last official year, was 
9,69,84,143 rupees. 

Compariag the results shown in this statement with the 
regular estimate for 1866-7, which was framed for eleven 
months, it appears that the actual figures show an increase of 
60,53,144 rupees in the gross earnings, and of 70,79,518 
rupees in the working expenses, and consequently a deficit of 
10,26,374 rupees in the nett revenue. Judging from the actual 
transactions with Government on revenue account in 1866-67, 
the Punjab Railway, the Sind Railway, and the Indus steam 
flotilla were worked at a loss: the first of 2,79,210 rupees in the 
eleven months, the second of 4,43,006 rupees, and the third of 
3,46,756 rupees. The Calcutta and South-Eastern Railway, 
which used formerly to be always increasing the deficit in its 
revenue account, shows a nett revenue during 1866-67 of 68,839 
rupees, or 53,839 rupees more than the estimated amount of 
15,000 rupees. The extraordinary progress of the East Indian 
Railway, main line, is very qutlivieg Its earnings realised 
and paid over to Government in eleven months have exceeded 
the estimate of two crores for twelve months by 47,48,671 
rupees, while its working expenses are less than the estimate 
by 6,79,499 rupees. Its nett revenue eto pg during 
1866-67 exceeded the estimate by more than half a crore of 
rupees, and@vould give a dividend of 5§ per cent. on the capital 
expended, which amounted to 244 millions sterling. 

The payments of guaranteed interest in India during the year 
were 3,84,507, and from the commencement up to the end of 
March last 40,29,490 rupees. The Governor-General in Council 
observes that the nett revenue from all these undertakings, 
which amounts to 2,20,39,626 rupees for the eleven months in 
the last official year, is nearly sufficient to pay a dividend of 3 
per cent. on the total expenditure in England and India up to 
the 31st March, 1867 (73,99,61,121 rupees), a result which, 
considering the length of rail way still under construction, can- 
not but be looked upon as highly satisfactory. 
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THE TALLEST CHIMNEY. 
Tue chimney at the Port Dundas Works, Glasgow, 
belonging to Mr. 'T. Townsend, is the tallest chimney 
atid one of the highest masonry structures in existence. 
In Europe there are only two church steeples, those of 
the Strasburg Cathedral and of St. Stephen’s Church, 
in Vienna, which, by a few feet, exceed the height of 
this chimney, and the great Pyramid of Tizeh was— 
but is not at present—the only-other human erection 
exceeding this great chimney in‘height.. The dimen- 
sions of Mr. Townsend’s chimney are: total height 
from foundation, 468 ft. ; height above ground, 454 ft. ; 
outside diameter at the level of ground, 32 ft.; out- 
side diameter at the top, 12 ft. Sinz; thickness at 
ground level, 7 bricks; thiekness atthe top, 14 bricks. 
From this it will be seen that the portion below 
ground, whiel@ontains not only the foundation proper, 
but also the’ flues, with their aFches and covetings, 
oceupies a depithiot 14 ft. The flues are four in pum- 
ber, placed at right angles to. each other, so as to 
form an equila\ Senate in the plan; they are of ree- 
tangular sectiong about 7 ft. wide and 9 ft. high each, 
and arched both H} the top and bottom. ‘The founda- 
tion below these flués,is built up from hard bricks, all 
placed on edge throughout several superposed layers 
up to the sides of the flues, which are'arched and lined 
with firebricks. ‘The masonry above the flues is byilt 
with the bricks laid flat in the usual way. The internal 
diameter at the base is—-20 ft., aud it-<« radualty con- 


bin. diameter. Up 


bracts towards the top lo 10 fi 
to aherpht of 50 ft. there an internal lining of fire- 
brick placed within the chimney proper, with an air- 
gpace between it, and the outer wall. This was con- 
structed with the intention.of preventing the main wall 
of the chiumey from being overheated and unduly ex- 
anded by difference of Lemperature, the iur-space 
vetween thé. firebrick cylinder and, the outer wall pre- 
venting the latter from being heated under any ciream- 
$tances by the furnace gases. Experience has shown, 
however, that this precaution was almost unnecessary, 
as the heat in the flues and at the base of the chimney 
is much less than had been anticipated. The outline 
of the whole structure is of extreme simplicity, viz., 
the form of a truneatéd’ cone, without any devia- 
tion, ornamentation, or addition. The “ batter” is 
straight, from the bottom to the top, and there is no 
“cap” or other protruding orhament at, the top?* The 
section is circular throughoutg’ Before ¢onstructing 
this extraordinary picce of masontyy the plans and 
details of it were submitted to’ Professor Rankine, for 
his advice and opinion respecting” the safety and sta- 
bility of the proposed structure, Professor Rankine 
was ut that time, as he is now, cggisidered the first autho- 
rity upon the stability of chimaeys, and it is understood 
that few chimneys of more than ordinary size are built in 
this country without his being consulted on the sub- 
ject, The calculation of the strains upon the different 
bed-joints or horizontal sections of a chimney @°a 
subject of greater intricacy than may appear at. first 


wht. I he trains to be conside r¢ d are the pressure 
exerted by the gravity of the masonry and the lateral 
pressure of the wind. We are not now desirous of.de- 


ducting ordemonstratingthe precise mode of calculating 
hese strains, but we desire only to show the general 
conclusions which may be derived from them with 
regard to the form of chimneys. If we consider the 
action of gravity alone, the best form of a chimney 
would be that which gives an equal pressure per square 
inch of area in every horizontal joint or section through 
the masonry. Taking, for the sake of simplicity, a 
tylindrical hole, or no hole at all, in the centre of our 
column, we find the weight increasing as we descend 
towards the bottom, and we must therefore provitle 
for 4 greater sectional area in the lower strata, Doing 
tliis;’we increase the rapidity of growth of the weight 
bf Superincumbent mass, and are, in consequence, still 
further forced to allow for that by enlarging the area. 
It is not possible to deduct the law of that increase 
Without the aid of the difierential calewlus ; but by'the 
assistance of this mathematical instrument—if, that 
term be permitted—the outline of such a column is given 
ad a logarithmic line, which is a curve of considerable 
concavity at the base, and approaching a straight line 
towards the top. This is the theoretical curve of the so- 


called “hollow batter,” a fine specimen of which exists 
in closest vicinity to Mr. Townsend’s,chimney, yiz., 
at the St. Roliax Chemical Works. The hollow batter 
may therefore be considered to take account princi- 
lly of the crushing action of the masonry, and to 
lect the action of winds. In localities not exposed 

to i action of heavy winds, the proper shape for a 
chimwey will therefore be a hollow line. This, too, 


wil be the case if the internal hole is made conical, 
with a straight batter or sides inside, only the outer 











}$pot the chimney 
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curve will converge more quickly towards the top 
without changing its character in any other respect. 
The action of the side pressure exerted by the wind 


curves of a very different character, and the 
general appearance of these curves is of a convex 
The straight batter adopted for Mr. Town- 
send’s chimney, for the sake of facility of erection, is 
far from perfection in this respect. Professor Rankine, 
in his report upon the stability of that chimney, eal- 
culated the maximum pressure of wind which this 


ktructure is capable to resist at different horizontal 


require ; 


shape. 


joints, and the figures given by him are as follows : 


Height ofjoint above ground. Greatest safe pressure of wind. 
360 ft. 90 Ib. per sq. tt. 
280 ft. 64 1b. 
900 ft. 63 Th. 
120 ft. e G66Ib. 
10 741b 


From this it appears that with the straight outline the 
line of weakness, or the point of least stability, is some 
where about 200 ft. from the ground, and that at this 
hould be thicker, in order to have 
an equal stability throughout. This indicates the 
uperiority of a convex batter for a chimney built 
of the Port Dundas chimney, 


under the circumstances 
compared with the straight outline. 

The Port Dundas chimney has, during its erection, 
undergone one of the most interesting and curious 
operations known in masonry practice, viz., the straight- 
ening by sawing the mortar joints. This opera- 
tion has since then been frequently resorted to in 
similar eases, and has always proved very successful. 


It is understood that Mr. Duncan Macfarlane, of 


Glasgow, who had obtained some experience in this 
kind of work in Laneashire, although with chimneys 
of qoderate sizes only, suggested this operation to 
Mr. Townsend, after his chimney had been bent by a 
violent storm, which took place during the erection ol 
the highest portion of this chimney. The mortar iu 
the newly built portion of the work being still soft and 
plastic, the pressure of the wind caused a lateral de- 
flection of the column, amounting to 7 ft. 9in. from 
the bee oer at the top. The whole structure was 
thereby! endangered, and, in order to restore its 
stability, it was necessary to bring it back to the vertical 
line. The operation of sawing, which was then resorted 
to, consists in attacking the mertar joints at the wind- 
ward side, and to reduce their thickness, so-as to 
compensate for the compression of the mortar joints 
at the ‘opposite side, effected by the pressure of 
wind. ‘The sawing was done by first removing a 
portion of*the brickwork inside the chimney, forming 
a groove about 14 in. wide lialf'rannd the interior sur- 
face of the chimney. Narrow holes were then cut out 
by means of chisels, the workmen standing upon the 
internal scaffolding, and working exclusively from the 
inside. A saw with a single handle—in reality an old 
carpenter’s saw—was the instrument employed. It 
was passed through one of the holes cut out so as to 
work tlirough a: horizontal mortar joint, and it was 
then worked by hand, removing the mortar, as it pro- 
ceeded through the joimt, through part of the half 
circle on the windward side. Generally two. saws 
were simultaneously, employed, working in. opposite 
directions towards each other»,-The mortar joint 
operated upon was kept wet by 4'jet of water during 
the whole process, and the removed brickwork in the 
interior was replaced by fresh bricks as the sawing 
proceeded. As soon as the greater portion of any one 
mortar joint is sawn through, the effect produced upon 
the superincumbent mas4‘causes the latter to settle, 
and a considerable ppes is is. thereby exerted upon 
the saw, making-ab?difiealt to withdraw. If the 
precaution is taken to commence sawing at the lowest 
joints, and proceed in succession to the higher cuts, 
this difficulty is considerably lessened. In the case 
of the Port Dundas chimney, sawing was commenced 
at the top, 128 ft. below the chimney cope, and twelve 
cuts were made in unequal distances, varying from 
12 ft. to 49 ft. Mr. Townsend, who conducted this 
operation personally, judging by the effects produced 
by each incision, selected the spot for the next cut, 
proceeding gradually downwards until the last cut, 
41 ft. from the ground, restored the whole chimney to 
a perfectly perpendicular position. The chimney after 
sawing stood more correctly perpendicular than it had 
been before.the action of the storm, and it is now 
more correct in that respect than the majority of well- 
built chimneys of much smaller sizes. The operation 
of sawing occupied nine days, from the 21st Septem- 
ber till lst October, 1859, :and the chimney has from 
that date remained in its perfect condition, requiring 
no further strengthenings or repairs. It is, inde- 
pendent of its size, one of the best specimens of sub- 
stantial and well-made brickwork in existence. 








KURRACHEE HARBOUR. 

WE have been recently favoured with copies of two 
volumes, published by the Government of Bombay, 
containing selections from the records of Governmert 
relating to the Kurrachee harbour works. ‘The 
practice of the several Governments in India of pubs 
lishing, from time to time, selections from their official 
records, relating to different matters of public import. 
ance or interest cannot be too highly appreciated by 
all those who really take an interest in the affairs of 
that) yast.empire of ours. The most valuable, as they 
aré-also the most numerous, are those which relate to 
the publi¢’works of India. That many of them contain 
information of the greatest interest to our profession 
we can readily vouch for, and it is much to be regretted 
that tliey are not more readily obtainable in this 
country, ‘There can be little doubt that, if one hun- 
dred copies of all such publications which relate to im- 
portant public works were sent to this country for 
sale, there would be found plenty of purchasers only 
too eager to procure them. ‘Taking together all the 
civil engineers in this country who are now more or 
less deeply interested in India by their connexion with 
the Government service, the railways, irrigation or 
other works condueted by private enterprise, they 
must by this time bear a not unappreciable proportion 
to the whole profession ; and on their behalf, as well 
as in the interests of the country itself, we would urge 
the publication and sale of such works in tls country. 

Of the books now before us, the first volume con- 
tains a history of the Kurrachee harbour works from 
November, 1565, to June, 1866. The volume com- 
menges with a “ memorandum,” accompanied by maps 
and ¢harts, “on the different proceedings and opinions 
“which have from time to time been recorded with 
‘reference to the Kurrachee harbour works,” dated 
19th January, 1866, which gives a short and concise 
history of the works up to that date. ‘Then, follows 
some. of the early correspondence relating to, thei, 
which commences with a letter from Colonel Turner, 
under date 17th November,-1856, ia which he states 
it, would be better to give every assistance to Mr. 
Walker, instead of trying to design the works re- 
quired for the harbour. This is followed by Mr. 
Walker’s first and second reports, the principal points 
of which we have already noticed on formergocea- 
sions. : 

The second volume contains correspondence for 
1866-67, concluding with the annual report of the 
superintendent for that year, dated Ist April, 1867. 

It is needless to remind our readers that we have 
already published particulars relating to the harbour 
works, the effects of the last monsoon scour on the 
bar, and other details of a much more recent date than 
the above ; so that a more complete review of these 
volumes would but be a recapitulation, in a great 
measure, of what has already appeared in the columns of 
ENGINEERING, with this exception, viz., that it would 
not convey particulars of so late a date as what have 
already appeared. 

Besides reports and other papers relating exclusive ly 
to Kurrachee ‘harbour, the second volume contains 
many interesting papers on the subject of coast 
currents, having reference, however, principally to the 
supposed ‘iifluence of the river Indus on the liarbour. 
We shall not now more particularly notice these sub- 
jects here, but,may return to them on some future 
occasion. 4% 

It may be her® stated that, according to the latest 
received information from Kurrachee, the bar at the 
mouth of the harbour has again narrowed, and Mr. 
Price had already set his dredgers tp work to elr 
deavour to deepen a passable channel fhrough it. 
This measure, it is hoped, may. so far assist the 
iatural action of the eurrent from the harbour, as to 
effectually secure a permanent and safe channel of 
entrance to the harbour, and by which, for + ogee 
purposes, the difficulties of the ‘bar would be over- 
come. 


East Loxpon Ratuway.—The directors of the East 
London Railway, in their report state that the covered way 
is completed to within 200 yards of the Thames Tunnel, and 
the works to connect theeavered way with the Tunnel are 
active progress. The @¢mbankment is nearly completed to 
the junction with the Brighton Railway, and from this point 
to the north bank of the Thames the line may be ready for 
traffic before the end of the summer. Until the issue of the 
share capital is completed and borrowing powers are obtained, 
the important works in the London Docks cannot be omill 
menced. The directors have been obliged to prepare & — 
for this session of Parliament, to procure an extension : 
time for the exercise of compulsory powers in taking ——~ 
and, if necessary, to modify existing arrangements with t ch 
Great Eastern, as well as to improve the comnexions Ww! 
the Brighton line at New Cross. 
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THE COLTNESS IRONWORKS. 


Tue name of “ Coltness iron” is so well known to 
everybody connected with iron manufacture and 
foundry practice that it is hardly necessary, in de- 
scribing the ironworks which bear the name Colt- 
ness, to refer to the exceptional position which they 
occupy amongst their neighbouring works, and to the 
celebrity which the brand of these works has 
gradually acquired in every market of the civilised 
world by virtue of the high quality, and more parti- 
cularly of the uniformity of character, of all the pig 
iron bearing that mark. The Coltness Ironworks 
consist of twelve blast-furnaces, placed in two rows 
at different levels, with a wide platform, covered by 
numerous lines of railway, between the two rows. 
The difference of level between the two rows of 
furnaces is 42 ft., this having been the original height 
of the first six furnaces which form the lower row. 
The bank upon which the raw materials are now de- 
posited was at that time level with the bridges of the 
furnaces, and no hoisting of materials was required. 
The height of 42 ft. was, however, found too small in 
subsequent practice ; and Mr. James Hunter, at that 
time the manager, now the managing partner, of these 
works, consequently decided upon raising the old 
furnaces 10 ft. in height, and hoisting the materials up 
to the bridges from the platform. ‘The second row of 
six furnaces, built at a considerably later period, is 

laced parallel with the first, and stands upon the 
evel of the charging platform. The materials are 
hoisted up by steam hoists to the full height of 52 ft. 
The pig beds are placed; at the opposite sides of the 
central platform, so that all raw materials are brought 
in by rail between the two rows of furnaces, and the 
finished pigs are carried off by two lines of rails out- 
side the whole. The slag trucks have their own rail- 
way lines leading away to some distance, where these 
large masses are deposited upon a low-lying ground, 
and form enormous accumulations of waste materials, 
covering a long strip of land, and giving to the whole 
landscape insthe vicinity a peculiar aspect. The blast- 
furnaces arésall equal in dimensions—52 ft. high ‘and 
about 14 ff. at the boshes. They are at present all 
open-topped, and have no provisions for the utilisation 
of gas. This is all the more remarkable, as Mr. 
Hunter was one of the most assiduous experimenters 
and inventors in the line of blast-furnace economy and 
utilisation of waste gases. In 1851, Mr. Houlds- 
worth patented an arrangement of calcining kilns 
worked by the waste gases of the furnace, and gases 
were also used for firing boilers. The furnaces were 
not entirely closed for this purpose, but a series of 
square openings or draught-holes were made all round 
the sides of the furnace a few feet below the bridge, 
and @ considerable portion of the gases was thereby 
taken off and conveyed along through a series of flues 
or pipes to the bottom of the caleining kilns. These 
kilus were cylindrical dome-covered masonry struc- 
tures, each capable of holding 140 tons of ironstone. 
They were, yery low in proportion to their diameter, 
and the necessary draught was obtained by means of a 
chimney communicating with the several kilus through 
flues. The kilus were charged at the top, and re- 
mained closed for a whole week, after which the 
calcined ore was removed through a large door in the 
side of the kiln. Although every part and detail of 
this arrangement was executed in excellent style, and 
the whole managed and attended to by Mr. Huntér 
With the,-utmost care, the system afforded no ad- 
vantages, and was ultimately abandoned. This con- 
trasts very unfavourably with thesmarked success 
which calcination by waste gases has had on the Con- 
tinent, and in connexion with charcoal furnaces, the 
gases of which are by no means as rich in combustible 
matter as those evolved by the Coltness furnaces. In 
Sweden, calcining kilns are very frequently worked by 
the furnace gases. The kilns have a similar shape to 
that of the furnace itself, only they are less in height. 
They draw off the furnace gases by the natural draught 
existing in their own stack, which is open at the top, 
aud they work‘continuously, being gradually discharged 
at the bottom, and refitted at the top. This allows of 
the ore being charged into the furnace in the heated 
state, which is an additional advantage. In Styria, at 
the Government works, Eisenerz, the waste gases are 
led into calcining kilns, having a long inclined bed, 
over which the ore slides gradually down, while the 
gaseous current passes up in the opposite direction, 
and goes through the mass of ore, which arrives at 
the furnace-mouth in a perfectly calcined state, 
# the kiln being placed at a higher level, so as to form 
)a kind of charging-hopper for the furnace. Here, too, 
Continuous action and the charging of the calcined ore 





in the heated state are the principal advantages. The 
plan adopted at Coltness did not afford the possibility 
of continuous action, and may from this cause alone 
have caused more inconvenience than any saving of fuel 
would have been worth. The fueland ironstone of the 
Coltness works are of the highest quality known in 
Scotland. The coal is principally “splint” coal from 
the Coltness Company’s own mines, some of which 
have their pits in the immediate proximity of the 
works. The splint coal has, above all other kinds of 
Scotch coals, the quality of being non-caking, a very 
important point in the working of a blast-furnace 
where it is required to keep the burden open for 
the penetration of the blast. The ironstone is the 
so-called “slaty-band,” a kind of blackband ore oceur- 
ring in the Lanarkshire coal-bed in two layers of about 
16 in. thickness. The seam in the mines which belong 
to the Coltness Iron Company, and to which most 
particularly the high quality of the Coltness iron is 
due, lies about 900 ft. below the surface of the ground, 
and the pits working this mine are situated at a short 
distance and connected with the works by railways. 
The slaty-band, like all Scotch blackbands, contains a 
suflicieney of carbonaceous matter to calcine itself when 
ignited in open heaps. In the calcined state it con- 
tains from 60 to 65 per cent. of iron, and it is charged 
with an addition of about 12ewt. of unburnt: lime- 
stone and 48 ewt. of coal to the ton of No. 1 iron 
made. ‘The slags are of a whitish-grey colour, appa- 
rently of a somewhat more basic character than those 
of the majority of Scotch works, which agrees with 
the fact that the addition of limestone to the charge is 
above the average used in Scotland. The make per 
furnace varies from 12 tons to 15 tons at a cast, the 
furnaces being tapped once in every twelve hours. 
There are from eight to twelve tuyeres in each furnace, 
arranged in groups of three in each arch formed by 
the square foundation. The tuyeres are generally 
1} in. diameter at the nozzle, and the temperature of 
the blast is between 600° and 700°. The outer 
masonry of the furnaces is made wholly of grey sand- 
stone, set. in large blocks, and hooped outside with 
wrought-iron rings. The workmanship and appear- 
ance of these furnaces give the impression of great 
strength and solidity. Hach row of six fyrnaces has 
its own enginé-house and blowing-engines. The six 
new furnaces are worked by a pair of independent 
condensing beam-engines, working with 32 lb. steam 
pressure and a vacuum of 26in. ‘The steam-cylinders 
are 48 in. diameter, the blowing-cylinders 100 in., the 
blast-pressure is 34 Ib. in the blast main. These engines, 
which are of very superior workmanship, have been 
made by Messrs. J. Aitken and Co., of Glasgow, as have 
all the other blowing-engines at the Coltness works, 
to which we shall refer presently. A peculiarity of 
the Coltness blowing-engines is the presence of a 
large ball governor running in gear with the fly-wheel 
shaft in apparent idleness. This has been added by 
Mr. Hunter as a precaution against any possibility of 
the engine commencing to race, in case of any of the 
working part of the blowing-cylinder being fractured 
by an accident, The blast is carried from the engine- 
house along the whole row of furnaces in a 6 ft. 
wrought-iron main, which branches out into a vertical 
pipe in front of each hot-air stove. The stoves are of 
the ordinary pistol-pipe form, There are two steam 
hoists, each supplying three furnaces. One of these 
hoists is worked by a pair of horizontal winding-engines 
with a flat wire rope; the second hoist is a direct- 
acting steam hoist, made by Mr. A. Barclay, engineer, 
Kilmarnock, according to Mr. Hunter’s designs. The 
steam piston has a stroke of 26 ft., being one-half of 
the whole lift required, and the chain runs round a 
shackle in a manner somewhat similar to the arrange- 
ment of Sir W. G. Armstrong’s hydraulic cranes. The 
cage of this hoist requires an arrangement for coun- 
terbalancing the varying length of chain, which in- 
creases on the side of the cage as it descends, and 
decreases during the ascent. This Mr. Hunter has 
effected by attaching to the bottom of the cage a loose 
heavy chain, which rests upon the ground when the 
cage is down, but gradually uncoils and is lifted up 
during the ascent of the cage, and by these means the 
weight of this chain is added to that of the cage in 
nearly the same ratio in which the chain passes over 
the pulley at the top. 

The hoists for the lower row of furnaces, which are 
only 10ft. high, are direct-acting stée&im hoists. The 
cage is attached to a chain running over a pulley, and 
attached at the other end to a piston-rod, which ‘works 
in a vertical cylinder of 10 ft. stroke. Each stroke of 
the “anaen corresponds to the full lift of the hoist. 
The blowing-engines on this side of the works com- 
prise the largest single blowing-cylinder in Scotland, 





viz., 120$in. diameter and 9 ft. stroke, and besides 
this an additional pair of blowing-engines similar in 
every respect to those already described. This gives 
to the Coltness works a et of engine power even 
over the extreme demands of their busiest seagons. 
The limestone, which is of a hard dense kind, and 
much resembling the Irish limestone in appearance, is 
broken by one of Blake’s stone-crushing machines. 
This machine was started only a few weeks ago, but 
it has already given ample proofs of its usefulness 
and economical rate of working. 

The Coltness pig iron is almost exclusively used for 
foundry purposes, and the gross bulk of the production 
is No. 1 dark grey iron. Coltness is the favourite 
mark in all foundries in the north-west of Europe, and 
it is used in large quantities all over Rhinish Prussia, 
Westphalia, and Saxony. The quality for the sake of 
which it is specially in demand is its high percentage 
of uncombined carbon, which makes it particularly 
suitable for mixing with the light grey qualities of 
charcoal iron produced on the Continent, and with old 
foundry scrap, which latter always is comparatively 
poor in graphite carbon, on account of the loss of this 
element in remelting. It was stated at the time of the 

aris Exhibition that Coltness iron mixed with German 
charcoal pigs formed the raw material for the excellent 
castings exhibited there by Mr. Grison, of Buckan, near 
Magdeburg. ‘There was a set of cast-iron test-bars, 1 in. 
square, amongst these articles, which, when placed on 
supports 3 ft. apart, carried a load of 1100 Ib, with- 
out fracture and did not deflect more than an inch in 
the centre. These bars broke with a load of 1200 lb. 
They were common grey cast iron, not only in appear- 
ance, but in reality, only prepared and east with great 
skill and care; their great strength is, therefore, all the 
more remarkable, considering that the Scotch foundries 
call 800 1b. breaking load an excellent test, and do not 
even construct their testing-machines to. go beyond 
900 Ib. 


eae 


Tur Paris Frre Brigave.—the first fiye-engines came 
into use in Paris in 1699, and a M. Dumourier-Duperrier 
was appointed director-general of these engines, the number 
of which was fixed at 13. In 1716, after a violent fire, 
which broke out in a wax chandler’s shop at the corner of 
the Rues St. Martin and Neuve St. Mery, and which 
threatened to destroy the whole quarter, the number of fire- 
engines was increased to 30, which were distributed among 
the different quarters of Paris. M. Dumourier, who, in 
virtue of his contract, had instructed 32 firemen in the 
management of the engines, was now obliged to raise the 
number of these gardiens and sous-gardiens to 120, and to 
provide them with uniforms. He received 40,000 livres for 
his first outlay, and 20,000 franes per annum for the pay of 
his men, the keeping his engines in repair, &. The city 
soon after organised a fire brigade of its own, under the 
direction of the Prevét des Marchands. Fire-engines were 
known long before 1699 in other countries in Europe; it was 
the Dutch model which Dumourier introduced at Paris. 
The organisation of fire brigades was frequently improved 
and more particularly in 1811. In future, when the plan of 
the city for raising water to the tops of the houses shall have 
been carried out, fire-engines will become almost useless. 
Every house will be provided with a main-pipe, to which a 
hose may be screwed at a minute’s notice, and the firemen 
will merely have to turn a cock in order to get an indefinite 
supply of water, and direct it to the proper spot without an 
pumping. The last statistical return of the city of Paris 
contains a table of the number and nature of fires which 
have occurred in the capital from 1840 to 1860 inclusive. 
There were in all during these twenty years 5472 conflagra- 
tions, exclusive of 23,056 chimney flues catching fire. The 
total damage done amounted to 16,457,344 francs, being an 
average of 820,000 francs per annum in round numbers. 
This sum, large as it is, cannot be compared to the losses 
experienced in former days before the precautions against 
such disasters had reached the point of perfection at which 
they now are, and when scarcely any other remedy was 
attempted but that of pulling down the adjacent houses, and 
parading the Holy Sacrament in procession along the streets. 

Tur Lonpon Water Suppiy.—In the recent Annual 
Summary of the Registrar-General, it is stated that — 
the year 1867 the total solid impurity in the waters supplie 
by the different companies exhibited an increase over 1866, 
except in the case of the East London Company, in which a 
markeddecrease hadoceurred. ‘This water is now only inferior 
to that distributed by the New River Company. Looking at 
the great previous sewage contamination in the river waters 
supplied to London, it is much to be regretted an effective 
system of filtration before distribution was not adopted. The 
New River stands alone in the perfection of itg filtering 
apparatus. On no occasion during the year had this com- 
pany’s water exhibited the slightest turbidity, thus proving 
that perfect filtration was compatible with a large supply. 
The other companies occasionally or habitually sent out 
water that was turbid, and subjected the inhabitants of more 
than 300, house to the unnecessary expense of private 
filtration. . : 

Sugar in Brer.—The quantity of sugar used in breweries 
in England increased from 9,9 3,340 lb. in the year ending 
at Michaelmas, 1866, to no less than 39,317,264 1b. in the 
year ending at Michaelmas, 1867. The increase in Scotland 
was from 209,113 1b. in 1866, to 361,456 lb, in 1867; and in 
Ireland from 148,434 Ib. to 1,465,296 lb. 





170 ENGINEERING. , ? 
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PUDDLING FURNACES. 

WE give, on the opposite page, engravings aa. several 
modifications of an arrangement of puddling furnace, designed 
and patented by Mr. J. A. Jones, Mr. Howson, and Mr. ohn 
Gjers, and which has, during the past few months, been tried 
with excellent results at the works of Messrs. Fox, Head, and 
Co., at Middlesboro’. This furnace has been planned with a view 


of accomplishing three principal objects: 1st, the utilisation of 


at least a portion of the waste heat which ordinarily escapes 
from the chimney of such a furnace ; 2nd, the better burning 
of the small pieces of coke or carbon which fall out through 
the grate; and, 3rd, the combustion of the inflammable gases 
which are at present, to a great extent, allowed to get away 
through the chimney unc msumed. The means employed to 
effect these ends we can best explain by reference to the 
engravings. ’ f 

In our illustrations, Fig. 1 is a longitudinal section of one 
of Messrs. Jones, Howson, and Gijers’s puddling furnaces ; 
and Fig. 2 is a corresponding sectional plan, the section being 
taken on the line, A B, Fig. 1. From these figures it will be 
seen that the uptake of the chimney, D, is fitted with a 
damper, C, and that immediately below this damper is an 
opening communicating with the chamber, A. By regulating 
the opening of the damper, a greater or less proportion of the 
escaping gases can be made to pass through the chamber, A : 
and in this chamber are placed the cast-iron pipes, B, which 
are fixed at their lower ends to the box, E. This box is 
divided into two parts by a partition which extends its whole 
length, and each of the pipes, B, is also divided by a parti- 
tion, as shown in dotted lines, this partition, however, not 
extending quite to the upper end of the pipe. A passage is 
thus left at the upper end of the pipe for the transfer of air 
from one side of the partition to the other. 

The air for the supply of the furnace is foreed into one 
part of the box, E, by means of the steam jet and nozzle, F, 
a sectional view of which is given to an enlarged scale. From 
the one side of the box, E, the air and steam pass up the 
corresponding side of the pipes, B, over the partition and 
down the other side into the other compartment of the box, 
having during their passage become heated by the action of the 
heated gases by which the pipes, B, are surrounded. From 
the second compartment of the box, E, the heated air and 
steam are led by the pipe, G, to the box, H, which extends 
across the top of the furnace above the fire. This box is 
fitted with tuyeres, which deliver a certain quantity of the 
mixed air and steam to the fire just in front of the bridge ; and 
it communicates, by means of the pipe, M, with the ashpit, 
K, so that a sufficient supply of air may be admitted below 
the grate, J. The ashpit is closed by the door, L, so that 
the only air which is admitted to it is that which has passed 
through the heating apparatus. We may notice here that 
the effect of the arrangement we have described is to cause 
a slight pressure within the furnace, and this exerts a bene- 
ficial effect in keeping out any cold air which might otherwise 
leak in. The mixture of air and steam is heated to about 
500° Fahrenheit, and the furnace is quite smokeless,"except 
for a few moments when the man is firing heavily. 

The remaining figures in our engravings refer to modifica- 
tions of the arrangements for heating the supply of air. In 
Figs. 3 and 4 the chimney is led through the heating 
chamber, the part within the chamber being formed of cast 
iron or fire-clay pipes. In this case the heating chamber is 
made circular, and there is thus an annular space, N, left 
between the chimney and the wall of the chamber, where the 
air and steam become mixed and heated before being con- 
veyed to the fire. Figs. 5 and 6 refer to another modification, 
the heating chamber being in this case fitted with four pipes 
containing four other pipes of smaller diameter. The 
mixture of air and steam is forced down the smaller pipes, 
and made to return through the annular space between these 
pipes and those enclosing them. 

The puddling furnaces, arranged on Messrs. Jones, How- 
son, and Gjers’s patent, which have given the results appended 
to this notice, are built for working grey iron (No. 4 forge). 
The grates are 3 ft. 3 in. square by 14 in. deep. The throat 
of the furnace is 14 in. by 10 in. The ordinary furnaces, the 
results of which are placed against the patent one, are of the 
same dimensions in every respect. With a smaller grate 
than is mentioned above, a further saving of fuel is effected ; 
but the furnace would work slower, and it would not be ad- 
vantageous in yield of iron. On the other hand, if made 
larger, there is a waste of fuel. A size has been adopted, 
which allows the puddler to work his six heats regularly, re- 
gard being paid to the quality of the coal used. Witha first- 
class coal, a smaller grate may be used than with an inferior 
coal. The furnaces are single ones, the charge being 44 ewt. 
long weight for all grey, and 4} ewt. for ?ths white, and 
aths grey. In double furnaces, such as are used in south 

‘orkshire, where the charge is 10 ewt., there is a considerable 
saving over an ordinary furnace. Of course, a still further 
saving would be effected by the application of this system to 
a double furnace. The same remark applies to a furnace 
which is used for puddling refined metal. Eight or nine 
heats of 5 ewt. charges per shift are in this case worked, and, 
therefore, the consumption of coal per ton of bars is less 
than for grey iron, refined metal not requiring the same 
temperature nor so long a time to puddle it as grey iron. 

_ When an ordinary coal, of the analysis given further on, 
is used, no less than from 25 to 35 per cent. of the weight 
of fuel employed falls out in the grate in the form of ashes, 
&c. With an ordinary common coal there is not, theoreti- 
cally more than 6 per cent of ash; therefore, it is clear there 
is a large margin for the economisation of what is wasted in 
the grate. This new puddling furnace appears to deal with 
this advantageously. (See account of ashes.) The waste gases 
which go up the chimney, and which are but partially con- 


sumed, are also dealt with, and effectively, a great portion of 


what is under ordinary circumstances waste heat being, as it 
pop: —— back and utilised in the furnace. The results 
of a prolonged practical trial, which we append, speak highly 
prac » Wi » Speak highly 
for the value of this new puddling furnace. 





Table showing the consumption of coal to the ton of puddled 
bars, made by Messrs. Jones, Howson, and Gjers’s patent 
furnace, as compared with the ordinary furnaces at work at 
Messrs. Fox, Head, and Co.’s works, Middlesboro’. 


Week ending August 10th, 1867. 


Nos. 7, 12,14, 27. Ordinary Furnaces. 





eo including Race wide: Coals to a ton 

ighting up. of Bars. 

tons. ewt. gr. lb. | tons. ewt. qr. Ib, ewt. qr. Ib. 
62 8 3 0O 565 11 O 25 22 1 26 





Dimensions of grate of above furnaces, 3 ft. square, and 
15 in. deep from bottom of firehole to top of grate bar. The 
coal used was unscreened, 5s. 10d. per ton delivered on the 
works, and not a good coul. (See analysis at end.) For the 
class of coals used, the size of the above grates were too small. 
The heats were longer in the furnaces, and the puddlers com- 
plained. 

The grates were afterwards made 3ft. 3in. square. Neck, 
14 in. x 10 in. 

Week ending August 31st, 1867. 
No. 28. Patent Furnace. 


Coals used, including ~ Coals to a ton 


Bars made. 














lighting up. of Bars. 
tons. ewt. qr. Ib. | tons. cwt. qr. Ib. ewt. qr. Ib. i 
lle 16 1:17 ' | 44:10 2 2 16 #1 4 
Ashes made (that is, what came through the ton. ewt. qr. 
grate bars) ... ; - 2 


Coals, the same as above. Heats per shift, 6. Pig iron, all 
grey; charge, 4 cwt. 2 qr. 6lb., short weight. Grate, 3 ft. 3 in. 











square. Neck, 14 in. by 10 in. 
Week ending September 21st, 1867. 
No. 28, Patent Furnace. 
Coals used, | " 
nme Bars made. poy + oll 
ighting up. 
: | tons. ewt. qr. |tons. ewt. qr. lb.) cwt. qr. Ib. 
Unscreened ...... § 19 2 
TE icecnccnsens | 5 19 3 | 14 18 2 25] 16 0 26 
a |11 19 1 





Week ending December 21st, 1867, 
Nos, 1 and 2 Patent Furnaces. 


| Coals used, includ- 
ing lighting up. 





Coals to a 


Bars made. ton of Bars. 





tons. cwt. 





qr. Ib. tons. ewt. qr. Ib. iewt. qr. Ib. 
Unscreened}| 10 0 00 
Small ove! 11 18 2 0/26 18 018;16 1 4 
21 18 20 





Grey and white pig as above. 
Week ending January 4th, 1868. 
Two patent furnaces, Nos. 1 and 8, compared with four 
ordinary ones, Nos. 7, 8, 9, and 10, under the same conditions. 


Nos. 1 and 3 Patent. 
~ Coals used, includ- 





Coals to a ton 








| ing lighting up. Bars made. of Bars. 
tons. cwt. qr. Jb.|tons. ewt. qr. Ib.jewt. qr. Ib. 
Unsereened} 20 1 0 0| 28 2 2 19/14 0 8 





tons. cwt. qr. Ib, i 
Ashes from ditto ... aw + 2 8 

The two furnaces worked 130 heats, lost none. 

; | | ‘Pig Iron to a ton 

| of Bars. 


Pig Iron used. Bars made. 


ewt. gr. Ib. 
__ 22 0 24 


tons. cwt. qr. Ib. | tons. cwt. qr. Ib. | 
Sl 4 1 S| 23 3 2 19 | 


Nos. 7, 8, 9, and 10, Ordinary Furnaces. 





Coal to a ton 


Bars made. atin. 


Coals used. 


tons. cwt. qr. lb./tons. cwt. qr. lb./cwt. qr. Ib. 


Unscreened| 63 12 0 0| 56 6 22 2 10 
tons. ewt. qr. lb. 
Ashes from ditto... m6 F © 
Pigs used. Bars made. Pigs used to a ton 
of Bars. 


tons. ewt. qr. Ib. | tons. cwt. qr. Ib. ewt. gr. lb. 
62 8 8 20| 56 61 4 22 0 21 








ton. ewt. qr. Jb. 

Ashes for the week on 1 BB. 0 @ 
Note.—The price of the small coals is 4s. 8d. per ton de- 
livered at the works; unscreened, 5s. 10d.; pig iron, all grey, 
charge 4 cwts. 2 qr. 6 lb.; heats, six per shift. 


Fortnight ending October 5th, 1867. 
No. 28, Patent Furnace. 





Coals used, 
including Bars made. | 
lighting up. 


Coals per 
ton of Bars. 





| tons. ewt. qr. tons. ewt. qr. Ib.| ewt. qr. Ib. 


Unscreened ...... ;} 11 8 0 | 
| 9 0 0 25 6 2 18 16 0 14 
a /20 8 0 | 
tons. cwt. qr. 
Ashes for the fortnight ... a 


The size of grate and neck, and quality of coal, the same as 





before. Pigiron all grey. See above. 
Fortnight ending October 19th, 1867. 
No. 28, Patent Furnace. 
a | Coals used, ac Cc Be ce 
including Bars made. | , yj ml 
lighting up. Wind ic 
tons, cwt. qr. tons. cwt. qr. Ib.| ewt. qr. Ib. 
Unscreened....... — Zio if 2 Si ae SS 





Note.—Same conditions as above. 
Week ending December 7th, 1867. 
No. 28 Patent Furnace. 


| Coals per ton 


Coals used. sars made. 








of Bars. 
tons. ewt. qr. 1b. (tous. ewt. qr. Ib. | ewt. qr. |b. 
See. 1 7 Mh 4 
Unscreened| 2 18 2 0|13 7 210 16 2 20 
- | 
Total ...| 10 9 8 01}13 7 210 


Week ending December 14th, 1867. 
Nos. 28, 1, and 2, Patent Furnaces. 
~ Coals per ton 


| Coals used. Bars made. | 
| 





of Bars. 
|tons. cwt. qr. lb. tons. ewt. qr. Ib. | cwt. qr, Ib. 
Unsereened| 33 8 0 0 40 10 2 81 16 2 7 


Pig 3th grey, 7th white. Same conditions. 


tons, ewt. qr. lb 
Ashes for the week from the three furnaces ....5 5 1 0° 


Yield of Bars from Pig Iron for same Furnaces. 





Pigs used. _ Bars made. _ | Pig to a ton of Bars. 
tons. cwt. qr. Ib. | tons. ewt. qr. Ib. | ewt. qr. Ib. 
43 “14. 1.4/| 39 18 2 8 | a ee 











Week ending January 11th, 1868. 
Nos. 1, 3, 4, and 28, Patent Furnaces. 





| Coal to a ton 


Coals used. Bars made, | of Bare. 


tons. cwt. qr. Ib.|tons. ewt. qr. Ib. 








cwt. qr. lb. 











Unsereened| 43 8 1 0| 52 19 0 0116 1 20 
a : tons. cwt. qr. Ib. 
Ashes... ane ws © £8 
Note.—Ashes wet. 
Fortnight ending February 8th, 1868. 
Nos. 1, 2, 3, 4, and 28, Patent Furnaces. 
~~ Goalsused, | —~™S Pat. 
including’ Bars made. | — ad 





Lighting up. | 
| 


tons. cwt. qr. 1b.| cwt. qr. Ib. 


tns. ewt. qr. lb. 
1134 4 2 25] 15 318 


Unscreened incall 106 16 — 00 





All Grey Iron. 





Pig used. | Bars made. | Pig 4 ae of 





ewt. 
22 0 8 


For Week ending February 8th, 1868. 
Nos. 8, 9, 10, and 11, Ordinary Furnaces 


tons. cwt, qr. Ib. 
147 16 0 0 


tons. cwt. qr. Ib. 
184 4 2 2 





























| ; 4 
Pig used. | Bars made. | Pig y wig of 
| 
tons. cwt. qr. Ib. | tons. cwt. qr. Ib. | cwt. qr. Ib. 
ood o6it sm it 8 22 0 18 
Analyses of Unscreened Coals used. 
Fixed carbon  .....ce.000+ 64.92 ote 64.26 
Volatile hydro-carbons.. 27.14 ove 29.36 
0.56 ... 0.64 
6.34... 5.18 
1.04 eee 0.56 
100.00 100.00 


These are not good coals, and, in addition, being supplied un- 
screened, are fully one-half small. 





Axnyssinia.—A correspondent of the Times, writing from 
the camp at. Senafé, under the date, February 2, says: 
“The road from Zoulla to Senafé is now a fine broad track of 
some 16 ft. in breadth, and is in many places, especially in 
the Sooroo defile, and where it makes it its last rapid ascent 
to Senafé, a fine specimen of engineering. More convoys of 
carts are soon expected, and it is ho that in a few days 
wheeled transport will entirely supersede as far as Senafé the 
more expensive and wasteful pack transport. Two animals 
in draught can carry 750 lb. from Zoulla to Senafé. Two 
pack animals can only carry 360lb. In either case the same 
number of animals have to be fed throughout the route.” 








RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 1111, ls. 4d.) Alfred Andrew Langley, of 
Chapel-en-le-Frith, patents some formidable-looking 
railway-brakes. The object of Mr. Langley’s plans is 
to utilise the power which is lost during the stopping 
of trains by ordinary brakes, and for this purpose he 
proposes the following arrangements. According to 
one plan, the wheels of the brake-van are to be fur- 
nished with cranks, which cranks are to be connected 
by coupling-rods with other cranks on the ends of an 
intermediate shaft placed between the wheels. From 
the intermediate shaft is driven the axis of an immense 
coiled spring, which is placed within a drum contained 
in the brake-van, and which it is intended should be 
wound up when the train is to be retarded. An ar- 
rangement is provided for enabling the power thus 
accumulated to be employed in assisting the starting 
of the train. A spring which would be capable of 
storing up any considerable proportion of the work 
expended in stopping a train would, we think, be 
rather wawieldy. 
brake-van (if we may so cail it) i 
linders, valves, reversing gear, &c., its appearance 
being very much like that of a four-wheel coupled 
locomotive engine, except that it has no boiler. In 
ylace of a boiler, however, there is a large reservoir, 
into which the air is to be pumped by the cylinders 
aid piston during the time that a train is being 
stopped, the compressed air so stored up being after- 
wards employed to work the machinery and assist in 
starting the train. This apparatus would, no doubt, 
work; but would it pay? 

(No. 1121, 4d.) John Eliot Hodgkin, of Liver- 
pool, patents a method of preparing oakum from un- 
tarred or insufficiently tarred fibres, by impregating 
the materials with tar dissolved in benzole, or some 
other suitable solvent, and then driving off the solvent 
by evaporation, the vapour being condensed and col- 
lected for future use. 

(No. 1123, 1s.) George Simpson, of Glasgow, 
patents arrangements of boring machinery, which 
could not be described without reference to drawings. 

(No. 1124, 10d.) Daniel Rankin, of the firm of 
Rankin and Blackmore, of Greenock, patents improve- 
ments in oscillating engines. Amongst other things, 
Mr. Rankin in some cases provides each piston with 
two piston-rods, these being both coupled to one 
crosshead which carries the bearings for the crank-pin. 
This arrangement enables the crank to be 
work much closer to the top of the cylinder than it 
can be under the ordinary plan. A similar arrangement 
has in some instances been adopted for direct-acting 
engines, the crosshead in such cases, of course, carry- 
ing the bearings for the small end of the connecting- 
rod. Mr Rankin to fit oscillating 
engines with a simple gridiron cut-off valve, placed 
just outside the steam-trunnion, and he arranges the 
two ordinary slide-valves as near this trunnion as 
possible, in order to reduce the space between the 
slides and the expansion-valve. In some cases also, he 
fits the cylinder with a single slide-valve, placed just 
within the steam-trunnion, and worked from an 
eccentric on the crank-shaft by means of a rod which 
is coupled to the bottom of a trunk attached to the 
valve-buckle. 

(No. 1134, 10d.) Robert Boby, of Bury St. Ed- 
munds, patents a method of constructing and arrang- 
ing the screening surfaces of corn-screens and dressing- 
machines, &c., so that riddles or screens of different 
gauge may be substituted for each other in the same 
machine. The construction of the screens could not 
be completely described without reference to drawings. 


s fitted with cy- 


made to 


also proposes 


(No. 1137,10d.) William Cochrane, of Seghill House, | 


Northumberland, patents, as a communication from 
Theophile Guibal, of Mons, ap patatus for breaking down 
coal, stone, and other minerals. This apparatus, which 


is intended to be introduced into a hole bored in the | 


material to be “ broken down,” consists of three bars, 


two of which press against opposite sides of the hole, 


being caused to do so by the action of the bar between 


them. ‘This central bar has a number of inclines 
formed on each side of it, these inclines correspond- 
ing to similar inclines formed on the inner sides of 
the outer bars. Between the inclines on the central 
and outer bars are placed rollers to diminish the 
friction, and the central bar is capable of having a 
longitudinal movement imparted to it, by means of a 
nut fitting on a serew formed on the end of the bar. 
By moving the central bar longitudinally by this 


According to another plan, the | 
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| means, the two outer bars are wedged apart, and the 

splitting action of the apparatus obtained. 
| (No. 1140, 8d.) William Holding and James Hold- 
| ing, of Wheelton, patent the employment, in looms, of 
healds, made of metal or other rigid material, sus- 
pended from a shaft, and having their lower ends loose 
or unconfined, instead of being attached to top and 
bottom shafts, as usual. 

(No. 1150, Sd.) John Millward. of Birmingham, 
patents, as the agent of James Walker, of Cincinnati, 
U.S., a method of draining brewers’ mash-tuns. Ac- 
cording to this plan, there are arranged below the 
false or perforated bottom of the tun a series of radial 
open-ended pipes of various lengths, these all com- 
munieating with a central pipe through which the 
worts are drawn off. The object of the arrangement 
is stated to be to ensure that the worts shall be drawn 
equally from all parts of the mash-tun. 
| (No. 1157, ls. 10d.) Edward Howell and Thomas 
| Hardy, of Poole, patent improvements in horse-rakes, 
| these improvements, which could not be clearly de- 
|scribed without reference to drawings, including 
| arrangements for facilitating the lifting of the teeth of 
the rake, and the construction of the sockets for the 
teeth of the rake of double width, so that they overlap 
each other. 

(No. 1158, 1s.) Richard Hastings Frith, of 101,' 
Lower Gardiner-street, Dublin, patents apparatus for 
distributing and measuring water, gas, or steam, and 
which it would be impossible to describe clearly with- 
out reference to drawings. 

(No. 1160, 4d.) John Atkinson, of the steam- 
wheel and patent arm and axle manufactory, Victoria- 
road, Leeds, patents forming in the wooden rim or 
felloes of a wheel a groove or grooves, and employing 
a tyre having inside projections corresponding to these 
grooves. ‘The tyre is to be of such size that when hot 
it just slips over the wheel, and, as it contracts, the 
projections on its inner side engage with the grooves 
provided to receive them. We much doubt if this 
plan of putting on tyres is new. 

(No. 1170, 8d.) James Ball Mannix, of Limerick, 
patents, as the agent of Robert Mudge Marchant, 
James Richard Davies, and John Allman Marchant, 
all of Wellington, New Zealand, a system of construct- 
ing permanent way. In this system the rail consists 
of an iron or steel bar, of a depth equal to about half 
its width on the face, this bar resting in a groove 
formed in the top of the chairs, which are of cast iron, 
and are placed close together so as to form a continu- 
ous bearing. ‘The chairs rest upon longitudinal tim- 
bers, and the rails are secured by bolts, which are 
screwed into them from the under side, and which pass 
through both chairs and longitudinal timbers. We 
fancy a line thus constructed would soon ‘ chatter” 
under anything like heavy traffic. 
| (No.1172, 10d.) Arthur Rigg, of Chester, patents 
an arrangement for exhausting air from the centre of 
mill-stones, so as to cause a current of heated or arti- 
ficially dried air to pass from the periphery of the 
stones towards the centre. 

(No. 1177, 8d.) William Lake, of 8, 
Southampton-buildings, patents, the agent of 
Helem Merrill, of New York, a feeder for centrifugal 
sugar-drying machines, this feeder consisting of a 
hopper which is arranged so as to deliver the semi- 
fluid mass evenly against the sides of the revolving 
cylinder. The uniform thickness of the layer thus 
spread over the inner surface of the cylinder is en- 
sured by a blade which spreads the material to gauge 
to any desired thickness. 

(No. 1178, Sd.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of Helem 
Merrill, of New York, a discharger for centrifugal 
sugar-drying machines. This discharger is a receptacle 
which can be placed within the cylinder to be dis- 
charged, the sides of this receiver being made in 
sections which are hinged so that they can be opened 
and made to serve scrapers for removing the 
materials from the inner surface of the revolving 
cylinder, these materials being thus caused to enter 
the receiver, which can then be lifted out. 

(No. 1179, 8d.) William Robert Lake, of 8, South- 
jampton-buildings, patents, as the agent of Helem 
| Merrill, of New York, apparatus for applying water 
for the purification of granulated sugar in a centri- 
j}fugal machine. For this purpose it is proposed to 
employ a flexible tube communicating with an air- 
| pump or reservoir, and furnished with a stopcock and 
rom by which a stream of air can be directed to any 
part of the machine. Connected with this pipe is 
another pipe, which is arranged so as to deliver the 
water in small jets within the air-pipe nozzle, so that 





Robert 
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as 








the water may be taken up by the current of air and 
blown from the nozzle in the form of a fine mist against 


the interjor surface of the layer of sugar in the 
machine. 

(No. 1180, 8d. Samuel Joseph Mackie, of St. 
Peter’s-terrace, Kensington Park-road, patents arrange- 
ments for burning petroleum, which greatly resemble 
those employed by Mr. Richardson. Like Mr. Richard. 
son, Mr. Mackie uses a porous grate or wick, through 
which the oil rises ; and he states that this wick may 
be made by mixing fireclay with hair, tow, or other 
fibrous materials, and then burning it so as to destroy 
the organic matters, leaving the grate porous. In some 
cases it is proposed to supply some of the porous bars 
with water instead of oil, it being intended that this 
water should be evaporated, and that the steam should 
rise through the grate and mix with the burning petro- 
leum vapour. 

(No. 118], 10d.) Alfred Vincent Newton, of 66, 
Chancery-lane, patents, as the agent of Philander 
Higley Roots, of Cornersville, U.S., the arrangement 
of “blower,” which we illustrated and described on 
page 583 of our last volume. 

(No. 1198, 4d.) Clinton Edgeumbe Brooman, of 
166, Fleet-street, patents, as the agent of Constant 
Schaller, of Bischwiller, a method of separating the 
vegetable matters from woollen waste, &c., by subject- 
ing these materials for about twelve hours to the action 
of a bath con.posed of 3 per cent. of sulphuric acid, 
marking 66° Beaume, and 97 per cent. of water. It 
is stated also that other acids, such as hydrochloric 
and oxalic, may be substituted for sulphuric. The 
materials are dried, after being subjected to the bath; 
and if no effect is yet produced, they are exposed for 
from two to five hours to a heat of from 140° to 
160° Fahr., when the vegetable matters become friable 
and fall into powder. The use of sulphuric and other 
acids in this way, together with the employment of 
processes for protecting the wool from injury by the 
acids, formed the subject of a patent taken out a few 
weeks before that now under notice. (See No. 861, 
of the year 1867.) 

(No. 1213, 1s. 2d.) Alexander Clark, of Rathbone- 
place, patents, as a communication from Secondo 
Roos, of 29, Boulevart St. Martin, Paris, a tele- 
graphic manipulator, the action of which is based on 
the number of electrical communications which may 
be obtained by combining, two and two, a certain 
number of electrical contact points. It would re- 
quire the aid of drawings to fully describe the ap- 
paratus. 

(No. 1217, 1s. 2d.) George Pollard, of Hayfield, 
patents an apparatus for regulating the discharge of 
steam, so as to enable steam to be drawn at a given 
pressure from a boiler worked at a higher pressure. 
In this apparatus the flow of the steam is governed 
by an equilibrium valve, which is connected by a lever 
with a series of expanding and contracting discs, be- 
tween which the steam from the engine steam-pipe is 
admitted. ‘The arrangement is such that a rise in the 
pressure of the steam in the pipe will cause the discs 
to be forced further apart, and the equilibrium valve 
to be partially closed. If the pressure of the steam 
in the pipe falls, the reverse action, of course, takes 
place. 

(No. 1219, 4d:) Joseph Moseley and Charles 
Moseley, of the Chapel Field Works, Ardwick, patent 
making the top rollers of spinning and preparing 
machines in the following manner. ‘I'he body of the 
roller is of metal or wood, and the covering is made 
in the form ofa tube. The inner portion or foundation 
of the covering consists of elastic india-rubber or 
india-rubber and cloth; whilst the outer portion 1s 
formed of india-rubber mixed with any earthy or 
metallic substances, which will, in the process of vul- 
canising, cause it to harden sufliciently to make 1t 
susceptible of being polished. : 

(No. 1221, 1s.) John Cariss, of Kilburn West, 
patents arrangements of locking gear for railway 
points and signals. In this gear each lever is con- 
nected with a sliding-bar, the levers and bars being 
so arranged that those bars connected to the signals 
work at right angles to those connected to the points. 
The sliding-bars are notched or recessed in such a 
way that by the movement of any point-bar certain 
signal-bars are left free, and others locked as in other 
The mechanical details 


arrangements of locking gear. t 
ly explained 


of Mr. Cariss’s gear could not be clear 
without the aid of drawings. ; 

(No, 1225, 10d.) ‘Thomas Paton, of Liverpool, 
patents a form of steam-engine, of which the arrange- 
ment is as follows: The cylinder is fitted with two 
pistons, of which one carries a trunk, and is coupled 
by a connecting-rod direct to a central crank on the 
crank-shalt. The other piston is provided with a 
piston-rod, which passes through the cylinder cover 
furthest from the crank-shaft, and is fitted with a 
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crosshead from which a pair of connecting-rods ‘pass 
back along the sides of the cylinder to the crank-shaft. 
The two cranks, to which these last-mentioned rods 
are coupled, are placed opposite the crank first 
mentioned. In this engine the steam is first admitted 
to the space around the trunk of the first piston ; from 
this space it passes to the centre of the length of the 
eylinder, and is admitted between the rege: where 
it expands ; and, finally, it is conductec to a surface- 
condenser. The end of the cylinder furthest from the 
erank-shalt is in communication with the condenser, 
and the necessary valves are provided, so that the 
second piston forms the air-pump bucket. 

(No. 1226, 2s. 2d.) Walter Crooke and Thomas 
Wrightson, of the Teesdale Ironworks, Stockton-on- 
Tees, patent a form of hoist suitable for raising ma- 
terials to the mouths of blast-furnaces, &e. A model 
of this hoist was exhibited at the conversazione.of 
the Institution of Civil Engineers last year; and we 
then fully described the principle on which it is eon- 
structed (vide page 567, vol. iii., of ENGrveERiNe). 
The patent includes numerous applications of this 
hoist. 

(No, 1227, 10d.) John Swinburne, of 4, Wenlock- 
street, patents a method of applying a Juckes grate 
toa Cornish boiler. According to this plan the mner 
end of the movable frame carrying the fire-bars is 
supported by a roller running on a rail laid’ on the 
bottom of the flue, while the other end is carried by a 
pair of rollers running on rails laid at the ground level 
in front of the boiler. The fuel is prevented from 
being carried over the inner end of the grate bya 
water-tube ; and a fire-brick arch, carried by the move- 
able frame, is placed over the fire at the front end of 
the furnace. 

(No. 1234, 6d.) George Davies, of 1, Serie-street, 
patents, as the agent of Ivon Bruce Miller, of Phila- 
delphia, U.S., a form of packing for stuffing-boxes, 
made by laying strands of hemp, cotton, or other 
suitable fibrous material in a trough containing finely 
powdered steatite or graphite, and rolling them in the 
powder until they are thoroughly impregnated with it. 
The strands are then collected and formed into a 
loosely twisted rope, and this rope is passed through 
a bath of melted paraffine, stearine, spermaceti, wax, 
or similar material, which envelops it with a compara- 
tively hard coating; and, finally, the rope is covered 
with a fabric which keeps the core in its proper shape. 

(No. 1235, 10d.) Jacob Bird, of Bromborough 
Pool, patents a form of packing for air-pump buckets, 
contrived so that it becomes loosened during the 
downward and tightened during the upward, or suction, 
stroke. The arrangement—about the advantages of 
which we have some doubts—could not be clearly de- 
scribed without reference to drawings. 

(No. 1239, 1s.) Mare Antoine Frangois Mennons, 
of 8, Southampton-buildings, patents, as the agent of 
Charles Benjamin Norton, of 91, Champs Elysées, 
Paris, an elaborate alarum intended to be used on 
board ships to give warning in case of leakage. It is 
intended that this apparatus should be set in action 
by a float placed in the pump-well, the more or less 
rapid rise of this float consequent upon leakage taking 
place, causing a more or less energetic action of the 
alarum. We should think that when a vessel was 
tossing about in a heavy sea-way this apparatus would 
be kept in a state of delightful activity, most reassuring 
to nervous passengers. 

(No. 1245, 1s.) George Davies, of 1, Serle-street, 
patents, as the agent of Samuel Golay, of Paris, 
machinery for cutting and dressing millstones. ‘This 
apparatus, which is worthy of the notice of those 
interested in such matters, it would require the assist- 
ance of drawings to describe. 

(No. 1252, 10d.) George Hodgson, of Bradford, 
patents an elastic stop for preventing the cones or 
arms of the picking shafts of looms from leaving the 
lappets when working at a high speed. 

(No. 1271, 1s.) John Brown, of the firm of Sir 
John Brown and Co., of Sheffield, patents a system of 
constructing batteries. According to this plan, the 
faces of the batteries are formed of armour plates, 
fixed by being held in the grooves of rolled beams, 
these beams being set in and backed with concrete, or 
connected with the masonry of a fort or the timber 
backing of a floating battery in any suitable manner. 

(No. 1273, 10d.) James Lomax and John Lomax, 
of Farnworth, near Bolion, patent a system of con- 
structing colliery and railway wagons. According to 
this plan, each corner of the body ofa wagon is formed 
ol two pieces of angle iron placed one within the other, 
and connected by pieces welded to them at the top and 
bottom. The ends of the planks forming the ends and 
sides of the wagon are received in the spaces between 
the angle irons forming the corner-pieces, and these 
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latter being connected by bolts at the top, and an 
angle-iron frame at the bottom, the whole is held 
firmly together. 

(No. 1282, 104.) Charles Dutton, of West Bromich, 
patents revolving screens for screening coals, &c. 
These screens consist of two or more inclined 
cylindrical screens of different degrees of fineness, 
arranged so as to revolve concentrically one within 
the other. The outer screen is the finest, and the 
inner screen the coarsest, and the material screened is 
thus delivered from the spaces between the screens ai 
different degrees of fineness, the finest of all, of course, 
passing through all the screens. 

(No. 1284, 8d.) Thomas Wood, of Manchester, 
patents, as a communication from Murdoch Macpher- 
son, of the Baltic Ironworks, St. Petersburg, the 
following arrangement of safety valves. Two valvés 
are employed, each opening outwards; one of these 
valves being loaded by a weight applied within the 
boiler, whilst the other is kept down by a weighted 
lever in the ordinary way. Instead, however, of this 
lever of the last-mentioned valve being hinged to a 
fixed fulcrum, it is coupled toa fulcrum earried by the 
first valve, and thus if the lever be overloaded this 
latter valve will be opened. A lever and float placed 
within the boiler are also arranged so as to open the 
first-mentioned valve in the event of the water level 
becoming low. 

(No. 1292, 8d.) Alexander Melville Clarke, of 53, 
Chancery-lane, patents, as the agent of Charles Bou- 
ehacourt, of 29, Boulevard St. Martin, Paris, a method 
of securing nuts by forming one or more grooves in 
the bearing face of a nut, and in the face against which 
it rests, and placing a pin or key in the space presented 
by two superposed grooves. Various forms of keys, 
and methods of fixing them, are described in the 
specification. 

(No. 1295, 1s. 4d.) John Heaton, of Langley Mill, 
Derbyshire, patents the process of making wrought 
iron or steel from cast iron by introducing into the 
latter, whilst in the molten state, the nitrates or 
chlorates of potash or soda. The use of these 
substances (or of any other capable of evolving oxygen 
when heated) for this purpose was included in a 
patent taken out by Mr. Bessemer in the year 1856. 

(No. 1300, 1s.) John Ramsbottom, of Leeds, and 
Thomas Massey Pearce, of Bradford, patent methods 
of constructing turbines and other hydraulic engines, 
applicable either for obtaining motive power or for 
measuring the flow of water. The structural pecu- 
liarities of these machines could not be clearly de- 
scribed without reference to drawings. 

(No. 1368, 1s. 4d.) Charles Bosch Reitz, of 3, 
Leadenhall-street, patents as a communication from 
Heinrich .Wilhelm Schneider, of the Helder, North 
Holland, a form of water-meter in which, in place of 
pistons reciprocating in cylinders, two elastic dia- 
phragms are employed; each of these diaphragms 
being placed in a suitable chamber, and being bulged 
alternately in opposite directions by the admission of 
the water to the one or the other side of it. The 
movement of the one diaphragm is made to work the 
slide-valve by which the water is alternately admitted 
to the opposite sides of the other diaphragm, and vice 
versé. The patent also includes a form of pump in 
which a flexible diaphragm is used, in place of a 
piston. 

(No. 1306, 8d.) Justin Thévenet, of Mont-sur- 
Marchienne lez Charleroy, Belgium, patents several 
forms of equilibrium slide-valve. It is intended that 
these valves should work steam-tight between the 
cylinder-face and an adjustable back-plate, and several 
methods of adjusting this plate are described, some of 
them being old, and others impracticable. 

(No. 1307, 8d.) Léon Delperdange, of Schaerbeck, 
near Brussels, patents making aye in which under- 
cround telegraph wires are to be laid, with a slot or 
opening, extending throughout their length, this slot, 
which is afterwards closed by a suitahle covering 
strip, being intended to give access to the wires, 
and to enable them to be laid in one length without 
soldering. 

(No. 1309, 10d.) Evan Leigh, of Manchester, 
patents a system of constructing ianding stages, ferry- 
08 &e. These plans, which have principally 
reference to railway ferries, it would require the aid of 
drawings to describe. 

(No. 1310, 4d.) John Hemsley, of Melhourne, 
Derbyshire, patents a method of manufacturing double 
or tubular fabrics in double-needle bar-warp ma- 
chinery, by employing one full set of threads and 
guides only to each needle-bar, the tubular fabrics 
being produced by causing the guides to “ double lap ” 
the threads on to the needles. 


Newcastle-on-Tyne, and William Cochrane, of Leghill- 
house, Northumberland, patent a compact arrangement 


of coal-cutting machine. This machine is intended 
for cutting a groove in the coal by the planing action 
of a series of cutters all fixed to one bar, which has a 
reciprocating motion given to it by hydraulic power. 
One of the chief peculiarities of the machine is the 
method of fixing it, it being fixed by the action of a 
series of hydraulic rams, which bear against the sur- 
face of the groove formed, and are arranged so as to 
give the necessary advance after each cut. 

(No. 1316, Is.) Thomas Russell Crampton, of 
Great George-street, Westminster, patents arrange- 
ments of clay-preparing and brick and tile making 
machinery. In this machinery the material is prepared 
by forming the untempered clay roughly into a stream, 
and cutting it into slices by eutting-wires carried by 
a rapidly revolving drum. Particular arrangements 
for nioulding and cutting the clay are included in the 
patent, one plan for cutting the moving stream of 
moulded clay consisting in the use of a cutting-wire, 
actuated by a steam-cylinder, the valves of which 
are governed by the flow of the clay. 

(No. 1824, 9s, 4d.) Alexander Clark, of Rathbone- 
place, patents, as the agent of Jean Baptiste Beau, of 
29, Boulevart St. Marti, Paris, various improvements 
in looms. This specification is a very volumnious 
one, being illustrated by twenty-two sheets of draw- 
ings, and it would be quite impossible to give any 
abstracts of its contents here. 

(No. 1328, 8d.) George Wilson, of the Cyclops 
Steel Works, Sheffield, patents a method of construct- 
ing railway buffers, so as to prevent the plunger 
escaping from its case. For this purpose Mr. Wilson 
closes the inner end of the plunger by a flanged disc 
or washer-plate of somewhat larger diameter than the 
plunger, this plate, Which is secured by a central rivet 
passing through the head of the buffer, resting against 
a shoulder or projection in the case in which the 
plunger slides. 

(No. 1329, 10d.) Thomas Crow, of West Ham, 
atents a method of burning petroleum oils in steam- 
oiler and other furnaces. According to this plan, the 

hydrocarbon oil is conducted through a flat coil of 
pipes, in which it is vaporised, and from which it 
passes to a second coil of pipes, which are perforated, 
and arranged below the first mentioned coil. The 
vapour is ignited as it issues from the perforations of 
the lower coils of pipes, the heat evolved being made 
available for heating the vaporising pipes as well as 
the boiler. In starting the apparatus, an ordinary fire 
is placed beneath the coils to effect the necessary 
vaporisation of the oil. Is this new? 

(No. 1335, 8d.) Eugene Bourdon, of 36, Rue de 
Malte, Paris, patents some peculiar, yet simple, forms 
of valves for regulating the flow of liquids and gases. 
Each valve consists of a layer of membrane of suitable 
flexible material, such as india-rubber, placed upon a 
grid, against which it is held by the pressure of the gas or 
fluid. The membrane is fixed at one edge, whilst the 
opposite edge is attfiched to an arm so arranged that 
it can be used to roll back the membrane, and thus 
leave the openings of the grid uncovered to the extent 
required. 

(No. 1338, 10d.) Robert Marsden, of Horwich, and 
Urias Bromley, of Ardwick, patent a form of railway 
brake, in which the pressure is applied to the wheels 
by a lever worked by hydraulic power, the oil or 
other liquid being forced into the press-cylinder by a 
pump worked from an eccentric placed on one of the 
axles of the vehicle to which the brake is applied. 

(No. 1345, 4d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of Alfred Nobel, 
of Rue St. Sebastien, Paris, an explosive substance 
made by absorbing nitro-glycerine in porous inexplo- 
sive substances, such as paper, charcoal, silica, &c. 
The powdered substance dies produced is termed by 
the patentee “dynamite,” or Nobel’s safety powder ; 
and he describes in his patent special modes of iguit- 
ing if. 

(No. 1348, 10d.) Norman Willis Wheeler, of 
Brooklyn, U.S., patents a system of hydraulic valve- 
gear, which it would be impossible to describe without 
reference to drawings. We may, perhaps, give an 
account of this system of valve-gear at some future 
time. 

(No. 1350, 8d.) Norman Willis Wheeler, of Brook- 
lyn, U.S., also patents methods of constructing and 
packing slide-valves, which we shall probably illustrate 
and describe in an early number. 

(No. 1351, 8d.) Norman Willis Wheeler, of 
Brooklyn, U.S., also patents a somewhat complicated 
arrangement for controlling the action of surface-con- 
densers, which could not be described without the aid 





(No. 1311, 10d.) Theophilus Wood Bunning, of 








of drawings. 
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THE STRENGTH OF BEAMS.—No. IV. 


As practical engineers almost universally proportion 
the several portions of iron structures to a certain pre- 
determined strain per square inch on the metal, a taint 
of empiricism appears to attach to ordinary formule 
for solid beams in which the unit strain does not 
figure. Since we have now before us the several 
values of @ we are enabled to calculate a solid beam in 
precisely the same manner as we should were it an 
ordinary girder, as will be seen by the following 
example : : ; : 

Required the section of a girder 12 in. deep, and 
also ofa solid round shaft, to carry a load of 10 tons in 
ihe centre of a span of 16 ft., the strain being 2 tons 
per square inch, ee 

The weight being applied in the centre of the span, 

v7 Qu 
the moment of the weight will be m = 16" x_12"x 10 





=480; and for the girder section the area of flange 
would, consequently, be 
480 


a =20square in. 


~ 12” deep x Z tons per square inch 
Now for the round shaft we have the given strain 
f=2tons per square inch, and we have found the 
value of @ for a round section to be 1}/; hence ¢ = 
3tons, and F = f+, = 5 tons per square inch. 
‘That is with an actual strain of 2 tons per square inch 
on the extreme fibres of the shaft the apparent amount, 
deduced mathematically, would be 5 tons per square 
inch; we have, therefore, to substitute that amount 
for the original 2 tons per square inch in calculating 
the necessary diameter of the shaft. Since m = 480, 
and F = 5, in the equation m = MF, the moment of 


the cross section required will be M “F = = 96; 


and since in a circular cross section we have found 
3 
M= =, we have d? — 9610.2, hence d = 10 in. 


diameter nearly. 

‘The importance of these considerations in determin- 
ing the strength of any cast-iron structure cannot be 
over estimated. Thus, if we had to deal with a hollow 
shaft, theoretically, its resistance would be propotional 
to the moment of resistance of a solid shaft of the 
same diameter as the exterior of the tube multiplied 
by the maximum unit strain on the metal, less the 
moment of resistance of a solid shaft equal to the 
internal diameter of the hollow shaft, also multiplied 
by the maximum unit strain on the material. Now, 
we have shown the moments of resistance of circular 
cross-sections to be proportional to the cubes of their 
diameters, and the unit strains at different points of 
the section to be proportional to the distance from 
neutral axis, hence the maximum unit strain on the 
portion of metal removed in forming a hollow shaft 
would, if iz situ, be less than that on the extreme 
fibres in the same ratio as the respective diameters. 
It follows, then, that D being the exterior diameter 
of a hollow shaft, and d the interior diameter of the 
same, its theoretical strength in terms of a solid shaft 


of the diameter D would be D+—d* 





Upon this conclusion most formule for the strength 
of hollow shafts, as given in our ordinary text books, 
are based. From what we have already advanced, the 
fallacy of results so deduced may be predicated, and 
we will now illustrate the practical effect of the error 
involved by a simple example. 

Required the ultimate transverse strength of a hol- 


low shaft, the thickness of metal being 4th the external 
diameter D, that is, internal diameter : external 
diameter ::6:8. Then, in terms of the solid shaft of 


the diameter D, the strength will theoretically be 
8*—6* 2800 


Pcie 7 
3 = 3006? or about zths. 


3ut the strength of 
the solid shaft will be ry so, in order to solve our 


problem, it is only necessary to know the value of F ; 
and it is owing to the false assumption that F would 
have the same value for solid or hollow shafts that 
ordinary formule are at fault. 

Now, if we distribute the metal forming the hollow 
shaft in the same relative position with respect to the 
neutral axis, and therefore offering the same resistance 
to transverse strain, in the form of a solid cross section 
we obtain the form of beam shown shaded in Fig. 4. 
It will be evident at a glance that this cross sec- 
tion approximates more nearly to a girder than to a 
rectangular section, and still less to the more advan- 
tageous circular section. In fact, the value of ¢ in 
the equation F=/+9, which, for a rectangular cross 
section we have found to be 14/, in this cross section 


w ould be less in about the same ratio as the minimum 
thickness of the beam—at the neutral axis—holds to the 
maximum width near the extreme points of depth. In 


the present example that ratio is 3, and, consequently, 
the value of ¢ would be 8x14=33/. 
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It follows, then, that with a working strain equiva- 
lent to 2 tons per square inch, as previously assumed 
in the calculation of the strength of the solid shaft 
carrying a load of 10 tons in the centre of 16 ft. bear- 
ings, the mathematical value of the strain at the ex- 
treme fibres would be 14$X2, or about 3 tons per 
square inch ; whilst in the instance of the solid shaft 
it may be remembered it had the value of 5 tons per 
square inch, thus showing an error of 66 per cent. as 
resulting from the application of ordinary formule, in 
which the variable value of ¢ is not considered. In 
other wards, the strength of the hollow shaft with metal 
4th the major diameter in thickness, instead of being 
yoths that of the solid shaft as deduced on the ordi- 
nary hypothesis, would in reality be only yx %=y, 
about, of that amount. 

Having thus carefully, though briefly, analysed an 
adequate number of experiments on the transverse 
strength of cast iron, the investigation of the behaviour 
of wrought iron and steel under similar strains will be 
a comparatively simple process, since it will merely be 
necessary to deduce the values of f and @ from direct 
experiments, to enable us to ascertain by the process 
already exhibited the probable transverse strength of 
any given cross-section of beam, constructed of either 
of those materials. 

Experiments on the direct tensile resistance of 
wrought iron show the same want of uniformity in the 
quality of the metal as we have already found to obtain 
with cast iron. Thus, in 150 pieces of plate tested at 
Messrs. Napier’s works, at Glasgow, the strength 
ranged between the limits of 144 tons and 28 tons 
per square inch, the variation being about 93 per cent. 
Again, in 195 dars experimented upon at the same 
place, the ultimate resistance to tension varied from 
193 tons to 304 tons per squareinch. The most com- 
plete series of experiments are undoubtedly those 
made by Mr. Kirkaldy, who tested upwards of 600 
specimens of iron from all districts, with the following 
mean results : 


Ultimate Resist- 
ance to Tension. 


Reduction of Sec- 
tional Area at point 
of Fracture. 








tons per sq. in, per cent. 
Bars... 24 to 27 22.6 to 60.9 
Angle-irons 18} to 274 9.2 to 41.4 
| 


Plates (lengthways) te 
Plates (across grain)... 


to 24 
to 22 


ial 6.9 to 20.9 
18 3.7 to 12.8 

The experiments of Fairbairn and Clarke on Staf- 
fordshire and Yorkshire bridge iron gave results vary- 
ing from 18 to 22 tons per square inch. 

An important experiment on the effect of repeated 
applications of a breaking strain was carried out by 
Mr. Fairbairn. It was found, contrary to anticipa- 
tion, that instead of the metal being injured by four or 
five applications of a strain producing so many succes- 
sive ruptures, it was, in reality, improved in its powers 
of resistance, since, notwithstanding the reduced sec- 
tional area of the bar, the final fracture required 
greater force than either of its predecessors. This 
fact was corroborated in a very interesting manner by 
some experiments of Edwin Clarke on the transverse 
strength of bars previously subjected to a bending 
— to which we shall hereafter have occasion to 
allude. 








CENTRAL HALL OF ARTS AND SCIENCES. 


Tue idea of erecting a large central hall for the accommoda- 
tion of the learned societies and for persons interested in the 
promotion of science and art, took its rise after the closing of 
the Great Exhibition of 1851 from representations then made 
to the commissioners of the want of such a building; and the 
hall now in course of erection forms a leading feature in the 
plans suggested by the late Prince Consort for supplying that 
want. 
The design for the building is by Lieutenant-Colonel Scott, 
R.E., assisted by Mr. G. Townroe, artist, and it is based on 
ideas originated by the late Captain Fowkes, R.E. The plan of 
the building is elliptical in form; the main walls will be of 
brick, having their exterior faced with red brick and terra cotta 
enrichments, chiefly of a buff tint. The roof is to be of wrought 
iron covered with lead, and having a central skylight. The 
floors, stairs, and all partitions are to be fireproof. Access to 
and egress from different parts of the building will be provided 
for by numerous separate entrances and staircases. 
The site of the building is on land belonging to the estate of 
her Majesty’s commissioners for the Exhibition of 1851, be- 
tween the conservatory in the gardens of the Royal Horticultural 
Scciety and the Kensington high road. The contractors for 
the building are Messrs. Lucas Brothers, and its estimated cost 
is 200,0002. 
The hall is being erected under the direction of a provisional 
committee, of which his Royal Highness the Prince of Wales is 
chairman, and its management is vested in a governing body 
acting under the authority of a Royal Charter. It is proposed 
that it should be used for Congresses, both national and inter- 
national, for purposes of science and art; performances of music, 
both choral and instrumental, including performances on the 
organ similar to those now given in various large provincial towns, 
such as Liverpool and Birmingham; the distribution of prizes 
by public bodies and societies; conversaziones of societies es- 
tablished for the promotion of science and art; agricultural and 
horticultural exhibitions ; national and international exhibitions 
ot works of art and industry, including industrial exhibitions by 
the working classes, similar to those previously successfully held 
in various parts of London; exbibitions of pictures, sculptures, 
and other objects of artistic or scientific interest, or any other 
purposes connected with science and art. 
The site for the hall was granted by her Majesty’s Commis- 
sioners for the Exhibition of 1851, and the necessary funds for 
erecting it are being raised by the sale of seats. The seats 
which are not sold will be at the disposal of the governing body, 
and the revenue arising from letting them will be applied to the 
maintenance of the hall, and to detraying the expense of ae 
ing into effect the objects for which the hall is erected. Of the 
6000 sittings, which it will contain, it is proposed to sell 2000, 
and 1120 of these have already been disposed of. The portion 
of the hall set apart for the orchestra contains seats for 1000 
performers, not included in the above 6000, and these seats will 
be also available for the public when the orchestra is not re- 
uired. 
. In excavating for the foundations of the building, it-was dis- 
covered that about equal portions of the ground consisted of 

ravel and blue clay, the gravel covering the Kensington-road 
Ralf of the site, and clay the remainder. The building stands 
almost due north and south, and is situated exactly opposite to 
the Albert Memorial, in course of erection, in Hyde Park, so 
that a line drawn in continuation of its longer axis would 
exactly strike the centre of the memorial. At its extreme 
southern point, the line of outside wall passes over a well which 
is used to supply water to the Horticultural Gardens, and it 
was found desirable, in consequence, to give a great depth to the 
concrete foundation, which is here 30 ft. in thickness. The 
thickness of concrete varies at different points round the build- 
ing, being deeper over the clay than on the gravel, the least 
thickness been 3ft. A drain is carried round the building, at 
a distance of 15 ft. from the outer wall, to draw off the water 
from the land springs, which it is expected will furnish water 
for the supply of drinking fountains in the Horticultural Gar- 
dens, and of Mr. Buckland’s fish troughs. The discharge from 
this source has recently been ascertained to be about 7 gallons 
per minute. 

The shape of the building is elliptical, having an extreme 
length of 272 ft., and an extreme width of 238 ft. It is not, 
however, a true ellipse in form, having been, for the sake of con- 
venience, struck out from four centres. As will be seen from the 
section on the opposite page (which was kindly prepared by 
Colonel Scott expressly for this paper), taken across the building 
on its longer axis, and in a line running at right angles to the 
Kensington-road, the building consists of an outer and an inner 
wall, with a space 20 ft. wide between them. Both walls are 
3 ft. 2 in. thick at bottom. The bricks of the outer wall are 
set with a mixture composed of one part each of lime and Port- 
land cement, and six parts of sund; the wall rises in steps of 
reduced thickness to about 18 in. at its top. The inner wall is 
set with one part of Portland cement to three parts of sand, 
and it is maintained of the same thickness to the roof, which it 
supports. As will be seen by the accompanying section, 
the inner wall is carried up in rectangular columns spring- 
ing from inverts turned a little above the foundations; these 
columns are connected together by two sets of arches, one 
above the other, the upper arches being surmounted by a collar 
of brickwork 8 ft. 6 in. deep; above which rise brick piers, with 
iron columns on either side, which support another collar of 
brickwork, on the top of which is an iron wen running all 
round, to take the roof. In this inner wall there are altogether 
120 piers, sixty of which are the main piers for supporting the 
roof, and are carried up solid from the foundation, whilst the 
remaining piers, which are placed alternately with the main 
piers, are built hollow for the purpose of acting as air shafts for 
the ventilation of the building. ‘The roof consists of sixty 
arched iron girders, corresponding with the number of main 
brick piers in the inner wall; the upper rib of each girder has 
a radius of 113 ft. 10in., and the Sones rib of 144 ft. 7 in., 
which gives a rise of 32 ft. 9in. in the centre, at which point 
the girders are 17 ft. 6 in. deep, and are connected to an ellip- 
tical web forming an opening in the centre ot the roof 28 ft. by 
22 ft. These wrought-iron ribs will be covered with lead over 
a portion of their surface, but in the centre will be left an 











aperture 100 ft. by 138 ft., which will be glazed to form a sky- 
light for lighting the building. 

There will be three porticos, or grand entrances to the build- 
ing, on the north, east, and west sides respectively—one is 
shown in section in the engraving. At the south side there will 
be a communication between the hall and the great conserva- 
tory belonging to the Horticultural Society, which may thus be 
used as a promenade on grand occasions. The 20 ft. space between 
theinner and outer wails will form crush rooms, refreshment rooms 
and passages; the upper gallery, which is top lighted, is intended 
as 4 picture gallery. Immediately over the upper tier of boxes 
is another corridor, also 20 ft. wide, which can be used for 
similar purposes, or it can be seated for an audience. The boxes 
are each provided with a separate room, to which access is 
gained from corridors 9 ft. in width. Below the boxes is a 
spacious amphitheatre, and an area 103 ft. long, and 68 ft. 
wide, measured on the axis of the ellipse occupies the centre of 
the building. Small lecture and concert rooms, refreshment 
and retiring rooms, and offices for societies using the hall, are 
also contained between the outer wall and that of the hall 
itself. 

The terra cotta for the facing of the building is being made 
at Tamworth, and will cost from four to six shillings per cubic 





foot. In consequence of the rapid wear of the grindstones 
employed in its manufacture, the manufacturer bas recently 
ordered one of the Patent Concrete Stone Company's (Mr. F. 
Ransome’s) artificial grindstones, to see whether they will prove 
more durable. 

In order to avoid all chances of fire, there will be as little 
inflammable material as possible used in the erection of this 
building ; all the joists will be of iron, and, with the exception 
of the corridor over the upper boxes, they will be covered with 
Fox and Barry's flooring. At the top of the building, where 
wood must be used for the sake of its lightness, it will be 
covered with some uninflammable material, such as silicate of 
soda, in order to render the chances of fire as remote as possible. 

There is to be no fireplace throughout the entire building, 
which will be warmed by steam supplied from a series of boilers ; 
the steam from one boiler, after having passed through its series 
of pipes, will pass on to the next boiler to be re-heated, and thus 
a continued circulation of hot steam will be carried on through- 
out the building. Venjilation will probably not cause any diffi- 
culty in the cohl weather when these boilers will be at work; 
but in order to provide against the necessity which will probably 
arise in the hot weather, two large fans, driven by a ten-horse 
power engine, and capable of supplying 3,600,000 cubic feet of 
air per hour, or 5 cubic feet per minute for each person (sup- 
posing the building to be full), will be placed in connexion with 
the air shafts which run ali round the building. There will 
also be another engine expressly for blowing the great organ, 
and a donkey engive for pumping, &c. These engines, together 
with the fans, will be placed on the basement level, in a build- 
ing outside the wall of the hall, and filling up the space between 
it and the Horticultural Society's conservatory. 

Altogether, there has been upwards of 60,000 cubic yards of 
earth excavated from within the walls of the building. The 
first stone was laid by her Majesty in person, on Monday the 
20th May last, and considerable progress has now been made 
with the brickwork, The two main walls have been carried up 
to the level of the Kensington-road, which also is the level of 
the entrances, and a tolerable opinion may now be formed of 
the size of the crush rooms and other chambers that will be 
contained in the space between the two walls. It has, however, 
been necessary to stop further work on these walls owing to the 
non-arrival of the iron joists, which aré being made in Belgium. 
Work is being pushed on in the erection of the low inner walls, 
which will support the rows of seats surrounding the arena, and 
which, we suppose, may be called the pit. Until within the 
last few days the average number of bricks laid daily was 
60,000, but owing to the non-arrival of the joists, it has been 
necessary to reduce the rate of progress, and several bricklayers 
had consequently to be discharged. The floor of the arena will | 
rest on the ground, over which will be placed, first, a layer of | 
concrete 7 in, in thickness, and over that a flooring of asphalte. 

Notwithstanding all other provisions against fire, there will | 
be placed fire-cocks, with the necessary hose and apparatus, at 
numerous points about the building, 

The irou-work for the roof is, we are informed, about to be | 
constructed, if it has not already been commenced, by Messrs. 
Fairbairn, of Manchester. 





Curmyty-Pots.—Mr. J. J. Mechi, of Tiptree Hall, writes 
to the Times as follows: “Are not chimney-pots a great 
mistake? Accident is sometimes a good schoolmaster. A | 
heavy wind blew off the chimney-pot of my dining-room | 
without my knowing it. We were much surprised at the 
greatly increased draught and consequent brightness of the 
fire. On looking round after the storm I missed the chimney- 

at, and subsequently removed other chimney-pots, with a 
ike advantage. On reflection and calculation, I soon 
satisfied my mind that it is a great mistake, having a large 
chimney for the escape of the smoke and heated air, to con- 
tract its opening, and thus neutralise the larger space. It 
is like cutting a wide canal, or placing large drain-pipes for 
the passage of water, and then obstructing its exit by a | 
narrow and diminished opening, The narrowest portion of | 
a chimney should be near che fire, where the rarification of 
the air is most intense and its upward passage most rapid, 
and the chimney should rather increase than diminish in size 
upwards. As the heated air rises it loses some of its light- 
ness. We should then not hear so much of smoky chimneys 
and dull fires. Makers of railway engines have found this 
out, for they now make the engine chimneys funnel-shaped 
or bell-mouthed.” 

From tur Norta.—Messrs. Pearse and Lockwood, of 
Stockton, have launched a paddle steamer for Messrs. Dixon, 
and intended to trade on the Tees. Messrs, Pearse and 
Lockwood are building a gunboat for the English Govern- 
ment, a scrow steamer of 1200 tons, &c. Messrs. Richardson 


| 


and Duck, of South Stockton, have received an order for a 
Hull firm for a screw steamer of 1600 tons. 
building three other large steamers. 


They are also | 


| ganese is required, 





TuEne is something highly bewildering in the sight 
of a large chemical works, and an impression very 
different from that which mechanical works make upon 
the mind of a visitor forces itself upon every one who 
tries to trace the general arrangement and system in 
which the different processes of a large manufactory of 
chethical products follow each other, and are mutually 
ates a | or—to use a mechanical phrase—“ are 
geared into each other.” Jn mechanical mariufactures 
we can trace the course of the raw materials through 
all their stages to the state of completion, and the 
result will be a straight line of uninterrupted pro- 
gress. Wecan follow a piece of iron from the blast 
furnace to the forge and rolling mill, we can trace the 
course of the bar to the rivel-making machine or to 
the lathe, and we shall ultimately find the rivet in its 
place in the boiler, and the bar in the form of a piston- 
rod upon a finished locomotive engine or ina steam-boat, 


| The circumstances are very different when we follow 


the course of chemical manufactures. ‘The lines, 
instead of being straight, are circles more or less 
complete, according to the state of science and practi- 
cal knowledge in each branch, and in their combina- 
tions these ever-returning lines form the most be- 
wildering and complicated sets of vortices and eddies 
that can be traced upon such a mnemotechnical map 
of a works as is afforded by the insight in all its 
branches and their mutual dependence and connexion. 
An alkali works, for instance, is laid out with the 
original intention of making soda. It requires salt and 
sulphuric acid. ‘This latter must be made on the spot, 
md the second branch arises by that necessity. Sul- 
phuric acid is made from sulphur, or minerals contain- 
ing sulphur, by burning these raw materials in 
calcining furnaces, and forming sulphurous acid gas. 
This gas is converted into the desired higher oxidation 
of sulphur by the action of nitric acid. The nitric 
acid gives a part of its oxygen to the sulphurous 
acid, and the latter is thereby transformed into sul- 
phurie acid, but the nitric acid being robbed of 
oxygen, becomes in its turn converted into a set 
of lower oxidations of nitrogen, which are gaseous. 
The last named gaseous products have the property of re- 
oxidising themselves when exposed to the atmospheric 
air, and of forming nitric acid again. Here the first 
circle closes. ‘The nitric acid used in the manufacture 
of sulphuric acid circulates within the works, doing its 
work over and over again upon unlimited quantities of 
sulphur burnt in the calcining furnaces, and it con- 
tinually restores its oxidising powers by taking up 
fresh supplies of oxygen from the air. In treating salt 
with sulphuric acid, the product is sulphate of soda, 
but there is a second product formed by this process, 
viz., hydrochloric acid. It is difficult to recount all 
the pains and troubles which the unavoidable pro- 
duction of this acid caused to the alkali makers of 
former periods, until at last the means were pro- 
vided of utilising it, by starting another branch of 


| chemical manufactures in connexion with soda making. 


The hydrochloric acid is used for making bleaching 
powder. It is converted into chlorine gas, and this 
latter is absorbed by burnt lime. For making the 
chlorine from the hydrochloric acid, an oxide of man- 
A second product again is formed, 
viz., chloride of manganese, and this can be converted 
into an oxide suitable for being used over again for 
chlorine making. Here a second circle closes. The 
sulphate of soda must be converted into carbonate, 
which latter is the product originally and finally re- 
quired. ‘The sulphate goes through a series of pro 
cesses, in which the sulphur is removed from it, and 
combined with lime, forms what has been a waste, 
until within tle last five years a method has been dis- 
covered to convert this sulphur again into sulphurous 
acid, and thereby another circle has been closed. For 
this recovery of sulphur, hydrochloric acid may be 
used, or the waste product from the chlorine still, in 
vase of the application of the acid to that purpose, 
may be utilised, each of these processes again closing 
a cirele for the movement of those respective products 
mi these works. 

In its theoretical perfection a soda works should 
work up no other raw materials than salt, carbon, 
and limestone, since the other substances used in 
this manufacture, viz., sulphur, manganese, and nitric 
acid, move in circles within the works; the final 
products of this manipulation would be only soda and 
bleaching powder, the waste product nothing but lime. 
In commercial practice, however, very numerous 
secondary products, and many products of the inter- 


mittent stages of this manufacture form saleable 


| articles, and the question of their being removed from 
| the works before they have completed their circle arises | 
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more or less frequently according to the 








fluctuations 
of the market prices of the different raw materials and 
products. 

We have considered it necessary, before describing 
some of the arrangements in one of the largest 
alkali works in the world, viz., the St. Rollox Chemica] 
Works of Messrs. Charles Tennant and Co., of Glasgow, 
to trace this general and abstract outline of the 
different processes which form the operations of a 
modern soda works, and thereby to form a thread for 
the labyrinth which this enormous concern forms to a 
stranger. The St. Rollox Works are placed on the 
banks of a navigation canal, connecting them with 
the seaports both at the east and west coast of Scot. 
land. ‘hey draw their supply of coal from the Glasgow 
coalfield, and their limestone principally from Ireland, 
The sulphur is imported from Sicily, and in another 
form from Spain. This latter raw product is a kind 
of pyrites, containing iron, copper, and sulphur; it 
occurs in an enormous layer at Tharsis, in Spain, not 
far from the sea-coast, and the whole mine is the 
property of an English company, of which Mr. Charles 
Tennant is the chairman .'This company, “The Tharsis 
Sulphur and Copper Company (Limited),” is now con- 
structing a special line of railway for connecting their 
mine with the port of Huelva. The engineer of this 
line is Mr. W. Moore, of Glasgow. The permanent 
way consists of Griffin’s patent chair sleepers, made 
by Messrs. Thomas Edington and Sons, and the makers 
of the wrought-iron lattice girder bridges are Messrs, 
Blair and Grey, of Glasgow. An iron pier supported 
on screw piles is to form the seaport terminus. The 
Tharsis mine supplies the pyrites for the St. Rollox 
Chemical Works and for several soda works on the 
Tyne, but it is large enough to supply the whole pre- 
sent demand of all soda works in Great Britain, say 
from 300,000 to 400,000 tons per annum.* 

In all these instances the ores, after being calcined 
and freed from the greater proportion of their sulphur 
in the manufacture of sulphuric acid, are treated by a 
process patented by Mr. William Henderson, of Glas. 
gow (the well-known inventor of the ferro-manganese) 
for extraction of the copper. For this purpose a 
special works was established some years ago in 
Glasgow in close proximity to the St. Rollox works, 
and other much larger works exist on the Tyne, at 
Oldbury and Widness-lane, all being licensees of Mr. 
Henderson, and utilising the copper from these and 
other very poor copper ores by his process. Mr. 
Henderson regulates the first calcination of the pyrites, 
so as to leave a fixed percentage of sulphur in the 
burnt ore, viz., from 1 to 14 times as much as the 
metal to be extracted. The pyrites contain about 2 
to 4 per cent. of copper, and the amount of sulphur 
left in them in the first instance is therefore 3 to 6 per 
cent. With this prepared ore a quantity of about 10 
to 20 per cent. of salt is ainel and calcined, Mr. 
Henderson using, by preference, closed calcining fur- 
naces or mufiles, and this calcination converts the 
whole copper into soluble and volatile chlorides, The 
former are washed out of the ore, and the latter are 
caught in a condenser filled with coke. The process 
is so perfect that the yield of copper throughout a 
whole year’s working comes to the full amount of the 
most minute chemical analysis, and very far exceeds 
the percentage given by the dry assay. Indeed, un- 
less the chemists, are very careful in analysing their 
test samples they are beaten by the yield of commer- 
cial practice, which then gives a higher yield than has 
been supposed to be theoretically possible. The 
main feature in this process, and the one which 
has established its practical success, is the regula- 
tion of the proportion of sulphur to that of the 
copper in the ore as 13 to 1 as a maximum. In 
this proportion the mutual decomposition of the salt 
aud sulphuret of copper takes place so rapidly and 
so completely that the calcination is effected in six 
hours, and can be conducted at a dull red heat. 
All attempts which had been made before Mr. 
Henderson’s discovery of these proportions to calcine 
copper pyrites with salt have commercially failed, on 
account of the very long time and high power 
required for the process when an excess of sulphur 1s 
present, and on account of the loss of volatile chlorides 
of copper, the condensation of which forms one of the 
claims of Mr. Headerson’s patent. By attending to 
the proportions discovered by Mr. Henderson, the 
temperature can, with some attention, be kept so low 
that the gross bulk of the chlorides remains in the 
furnace in a soluble state, and the condenser then 
becomes of minor importance. Mr. Henderson s 
patents have been frequently attacked in the law 

* The estimated quantity of ore in this mine is 20 million 
tons. 
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courts of this country, and we understand that there 
is a law-suit pending even now between the patentee 
and some parties who consider themselves clear of the 
atent by having pulled out a few bricks from the 
originally closed muflles of their furnaces, and thereby 
having “« converted the closed furnace into an open 
furnace.” It is a curious illustration of the state and 
management of our patent laws to find plaintiff and 
defendant in this casé: quatrelling about the number of 
bricks which must be removed, from a “close” furnace 
to convert it into an “open” furnace, when there is 
such a broad, vital, and importsnt principle as the 
relative proportions of the sulphur and copper in the 
ore laid down and distinctly stated in the provisiong 
and final specification of Mr. Henderson’s patent, If 
it can be proved that the advantages afforded by Mr. 
Henderson’s fixed and very low proportion of sulphur 
were unknown before, that an excess of sulphur was 
always used and considered indispensable, and tliat. all 
previous attempts at copper ext raction by ealeination 
with salt have commercially failed in consequence of 
the inattention to this important po.nt, then it is obvi- 
ous that the fact of Mr. Henderson’s preferring a 
closed furnace to an open furnace is an unsuitable 
point of attack or defence for his patent, and it is 
quite astonishing that the inventor, the infringers, or 
the lawyers of both, should ever havé thought ‘to 
make this the fighting ground for their battles. The 
closed furnace may be an advantage, but the propor- 
tions of metal and sulphur are indispensable for the 
success of the process. It is this proportion, and 
not the furnace, or any similar details, which Mr. 
Henderson ought to defend, and which those who 
want to overthrow his patents must attack in order 
to arrive at a final decision. We have dwelt at greater 
length upon this subject because it is a regretuble fact 
that the patent laws of this country—imperfect as they 
may be—are not better understood by manufacturers 
in general, who very often waste large sums in expen- 
sive lawsuits in consequeuce of a mere misunderstand- 
ing of the principles involved in the case of certain 
patents. ‘To return to Messrs. Tennant’s works, we 
now follow the sulphurous acid formed in the burners 
to the chambers in which it is converted into sulphuric 
acid, or the “ vitriol chambers.” These,square vessels 
are all formed of lead, one of the few metals whieh are 
not attacked by sulphuric acid. In ‘the subsequent 
process of concentration of this acid, the lead has been 
replaced by platinum, and there is a very large platinum 
still at the St. Rollox Works. Some very remarkable 
structures are tle towers or condensers for catching 
the muriatic acid evolved from the salt. They are 
square high stacks filled with coke, through which a 
constant stream of water is percolating. The ascend- 
ing current of the gases, which are passed into this 
stack through flues, is absorbed by the water, and in 
this manner all or nearly all hydrochloric acid is re- 
covered in the liquid state. Formerly, the alkali 
makers thought it sufficient to lead the vapour of 
muriatie acid into a chimney of unusual height, and 
thus to convey those noxious vapours far enough into 
the atmosphere to prevent them from coming down in 
their inmediate vicinity. Messrs. Tennant and Co. 
have for this purpose erected a chimney 425 ft. high, 
and 30 ft. diameter at the base, yet all these precau- 
tions were found insufficient, and in 1863 the “ Alkali 
Act” was passed, compelling every manufacturer of 
alkali to condense all the volatile chlorides produced 
by his operations. Dr. Angus Smith was appointed 
inspector under this act, and from one of his reports 
it appears that there is at present no more than about 
1 per cent., on an average, of all the acid formed in 
British alkali works escaping into the air. Yet even this 
amounts to about 40 tons of dry acid per week. Before 
the introduction of the Alkali Bill, it is supposed that at 
least 1000 tons of such acid weré'spread throughout the 
atmosphere by the British soda works weekly. ‘This 
means conceutrated acid, and taking the quality of 
25 per cent. acid which this represented per annum, 
the enormous figure of 208,000 tons of muriatie acid 
Is arrived at. ‘There can be no doubt, therefore, that 
the Alkali Act was a beneficial measure in more than 
one respect. A novelty at the St. Rollox works is the 
process of Dr. Ludwig Mond, of Widness, in Lanca- 
shire, receutly introduced there for the recovery of 
sulphur from alkali waste. This process consists in 
blowing hot air through this waste which is in the 
state of a fine powder. The sulphur is oxidised and 
forms soluble salts, which are then decomposed by 
hydrochloric acid, and this operation produces sul- 
Pp urous acid gas, which is led off to the vitriol cham- 

ers, and sulphur in the state of “ flowers,” or fine 
powder, which can be sold or burnt for making fresh 
sulphuric acid. Dr. Mond emp'oys a large fan placed 
close to the vats in which this alkali waste is produced, 





and he blows the air through heated pipes before 
passing it into the vats.. The sulphur is collected 
in Jarge reservoirs placed upon one of those enormous 
heaps of that waste which hitherto has formed one of 
tle greatest encumbrances of alkali works, but which 
may now be looked upon as large stores for sulphur 
available at a moment’s notice. 








NOTES FROM THE NORTH 
“GLascow, Wednesday. 

Glasgow Pig-Iron Market,—Since this day week there has 
been a slight upward tendency manifested in the prices of pig 
iron, unless in the case of the very best, brands, Coltness and 
Gartsherrie. While 52s. 3d. and 52s, 2d. cash were taken a 
week ago, and 52s. 3id. a month, the quotations yesterday, when 
gobdd deal.of business was done, were as high as 52s. ddegash, 
and'62s: 7d:.a month, buyers remaining at these prices; and 
to-day the market has been firm with business doing at 52s, 6d. 
For the'list two or three days No. 1 Coltness has been down 
6d. per’ton in price, and both it and No. 1 Gartsherrie were 
quoted yesterday at 57s. 6d. ‘There is marked tendency yet to 
an increitké\in the orders for ex portation. 

The Discovery of lron Ore in the Garleton Hills.—The 
discovery mentioned last week inmy “Notes” as having been 
made: in Kast Lothian has attracted a considerable amount. of 
attention; and since the matter was first publicly mooted in 
Scotland, various parties representing iron companies in the 
west of Scotland have visited the locality with the view of satis- 
fying themselves as to the prospects of the yield of the valuable 
‘mineral. It seems that the opinion of the practical men who have 
gone over the ground is decidedly in favour of the existence of 
the’ore in rich abundance, not only on the lands of Sir T. B. 
Hepburn, but over thé whole extent of the hills that comprise 
the Garleton range. So much so is this the case that one of the 
west country iron compunies, it is said, has entered into an 
arrangement with the Earl of Hopetoun to make an immediate 
search for the mineral on that large portion of the hill which is 
comprised within the boundaries of his estate. It will be com- 
menced without delay, so that at no distant date we may expect 
to have definite information as to the richness of the Garleton 
Hills in iron ore. Present appearances are very promising, and 
it is anticipated that an era of manufacturing prosperity is about 
to dawn on East Lothian. When this discovery was first an- 
nounced it stated that it was the only hematite known in Scot- 
land. The writer who made the statement, evidently knew no 
better. That ore of iron is found in a number of places in Scotland, 
but not in anything like the extent to which it is found in Lan- 
eashire and Cumberland. In the south of Scotland a lode of hema- 
tite is being worked by the Auchencairn Hematite Iron Ore Com- 
pany, which is 84 ft. thick between wall and wall; aud it is ex- 
pected that the output from it will soon be 500 tons per day. 

Proposed New Line of Railway between Glasgow and Coat- 
bridge.—A meeting, convened by the chairman of the North 
British Railway Company, was held on Monday in this city for 
the purpose of considering the propriety of forming a new line 
of railway to Coatbridge, the same to commence at the College- 
station, and to pass turough the parishes of Barony, Shettle- 
ston, and Old Monkland. It is proposed to subscribe a capital 
sum of 250,000, which is expected to do more than complete 
the line, and that the line be worked by the North British Com- 
pany. The proposal to form this new jine was entered into 
with considerable spirit. Mr. Whitelaw, representing the firm 
of Messrs. William Baird and Company, of Gartsherrie, headed 
the subscription-list by subscribing 50,0007. Another subserip- 
tion of 50002. was entered on the list, and in a few minutes the 
total subscription amounted in the room to 62,0002 Messrs. 
Whitelaw, Beardmore (of the Parkhead Forge), Hendrie, and 
A. Finlay were appointed a committee, with power to add to 
their number other four subscribers, and to see that the terms 
of agreement be properly adjusted. 

Messrs. Macnab and Company's Bankruptey.—A meeting of 
the creditors of Messrs. Macnab and Company, engineers and 
shipbuilders, Greenock, was held yesterday, when’ a, statement 
of the company’s affairs was read. The liabilities are now said 
to be 35,0002. Of the secured creditors there are the Clydes- 
dale Bank (13,500/.), Messrs. Stewart and Company, iron mer- 
chants, Glasgow (11,0007. by bonds upon the: building yard), 
and the Royal Bank (by a bond over the foundry). ‘The un- 
secured creditors represent about 7000/7. The firm expect to be 
able to pay a composition of 6s. 8d. in the pound in three instal- 
ments at the lapse of six, nine, and twelve months. If satisfactory 
security can be obtained, the majority of the creditors have 
agreed to take this composition, 

Henry's New Breech-loader approved by the Select Committee 
Sor the British Army.—The competition with breech-loading 
rifles, which has been going on at Woolwich for some time, 
under the superintendence of a Select Committee appointed by 
Government, bas now been brougiit to a close, and the decision 
has been given in favour of the rifle invented by Mr. Henry, of 
Edinburgh. I think I previously mentioned that Mr. Henry 
had been successful in the first stage, when, out of 112 com- 
petitors, he was successful in getting into a short list of nine for 
the second stage. He then received. 3002. as a prize; he now 
receives 10007. us the prize for the best breech-loading rifle. 
The Edinburgh papers are naturally somewhat jubilant over 
this great success of an Edinburgh private manufacturer. Mr. 
Henry does not now stand in the front rank for the first time. 
In 1864 his rifie won the prize of 502 offered by the Marquis of 
Tweeddale tor the best military breech-loader, and in 1865 it 
again stood first, and gained tie prize ot 100/. offered by the 
National Rifle Association, besides numberless prizes at rifle 
meetings, chief of which was the Duke of Cambridge’s prize of 
501. at the Wimbledon meeting of Jast year, in the hands of Mr. 
Macrae, of Newcastle, who had only used the rifle once before, 
at the Morpeth meeting in 1866, where it-also took the-first 
prize of 25/., and again in 1867. The wonderful shooting of 
the rifle at the Edinburgh meeting last year, as well as at Wim- 
bledon, must be fresh in the memory. Mr. Farquharson, of 
small-bore fame, fired no Jess than twenty shots with it ina 
minute ; and Mr. Oswald, of the Perth Volunteers, fired thirty- 
eight shots in three minutes, at 200 yards, making a score of 
106 marks. 





Gruffe Waterworks, Greenock.—The local disputation and 
misunuerstandings regarding the new waterworks ure —— at 
anend. Mr. Leslie, C.E., Edinburgh, was recently engaged upon 
an inspection of the new works, and works in progress, and 
within the last few days Mr. J. F. Bateman, the engineer-in- 
chief of the famous Loch Katrine Works, has also been over 
the Gryffe works. He expresses an opinion of the most satis- 
factory character regarding their construction and efficiency. 
It is reported that Mr. Leslie has in the most impressive terms 
cautioned the Water Trustees of Greenock regarding the emi- 
nently hazardous work on: which they have entered in inter- 
fering with the specifications and contracts, and the responsi- 
bilities of engineers and contractors. 








THE ISLINGTON RAILWAY. 


Mr. Haywoon, the engineer and surveyor téthe Commis- 
sioners of Sewers, in a recent report. déscribesthieiproposed 
Islington railway, which igs a novel project in its: 4 It 
contemplates the formation of a railroad between oor- 
fields and Islington, at a point near the Agricul all, on 
one continuous viaduct, and with a narrow gaugess,Phe line 
is to start from Little Moorfields, between Tne reste and 
‘T'enter-street, and crossing Lenter-street, “Whi weet, and 
Reynolds’s-court, at which point it leaves the ity!" It will 
cross Chiswell-street and many streets on the westside of 
Bunhill-row, Bath-street and Shepherdess-walk, passing over 
the City Canal near to Wenloc -basin, and over James- 
street, William-street, and Essex-street, through property on 
the northern side of St. Peter’s-street, and terminating in 
Essex-road, near Islington-green. The line is to be on a 
viaduct, starting at a level of 30 ft. above the pavement in 
Little Moorfields. Tenter-street will be crossed by a bridge 
22ft. high; White-street by anothér 21 ft. high) ‘and 
Reynolds’s-court by another 19 ft Gin, high ape viaduct, of 
wrought and cast iron, will be made and fitted together at 
the faetory before it is brought to the ground, and wall, it is 
said, be constructed much more speedily than any other class 
of viaduct. Owing to the height at which it will bé carried, 
the narrowness of the gauge, which is to be only 8ft., and 
the mode of construction generally, the promoters believe 
the cost will be small when compared with that of pther via- 
duct lines, and, therefore, that unusually small fatés may be 
charged to passengers, with considerable profit to the share- 
holders. The line appears to Mr. Haywood to have been 
constructed to secure the traffic which it is anticipated would 
go trom Islington to the City by the projected new line of 
thoroughfare trom Upper-street, Islington, to Fore-street. 












Tuer LATE Mr. Cuarues KE. Stewart.—We regret to an- 
nounce the death of Mr, Stewart, the chairman of the Anglo- 
American Telegraph Company. He was une ill while at- 
tending to business in the City on We ay week last, and 
expired before he could be removed to his residence. Mr. 
Stewart held for many years thé,responsible position of secre- 
tary to the London and North-Western Railway, He was 
also secretary to Sir Henry Pottinger during the second 
Chinese war, and took an active part in the negotiations con- 
nected with the treaty of peace by which that war was termi- 
nated. In consequence of the ability which he then displayed 
he was selected by the Government to administer relief among 
his countrymen in the Western Highlands during the desti- 
tution caused by great potato failure, and his services on 
that occasion were highly appreciated. He was. descended 
from the oldest branch of the Stewarts of Appin, who 
held their lands by gift from the Scottish Crown for the 
gallantry displayed by them on the disastrous field of 
Flodden. 

Testinc ARMOUR-PLATES.—The first selected .armour- 
plate of 64in. in thickness, manufactured for the, Captain 
turret-ship by Messrs. Charles Cammell and Co, (Limited), 
Cyclops Steel and Iron Works, Sheffield, was tested on 
Tuesday last on board the Thunderer, target-ship, at Ports- 
mouth, under the superintendence of Captain A. Hood, C.B., 
commanding the gunnery-ship Excellent. The plate mea- 
sured 16ft. in length, by 38in. in breadth, and weighed 6 
tons 12cwt. It was bolted on to the 40-inch timber backing 
of the proof-room target bulkhead of the Thunderer, and six 
8-inch spherical shots were fired at it from a distance of. 26 ft. 
All six of the shots struck within a space of 19 square inches, 
and the results apparently placed the plate above the average 
of what are now considered, “ good” plates, but its classifi- 
cation will not be given. until it has been taken down from 
its present position, and its reverse side examined. No 
cracks’ were opened ‘injany part of the plate, or even in the 
indentations made by the shot, but the last two shots fired, 
striking centrally where the four previously: made inden- 
tations overlapped, squeezed up a fringe of metal which was 
just sufficiently torn by the tremendous tension to which it 
had been subjected to exhibit its tough, fibrous nature. The 
greatest indentation made, as the combined results of the 
six shot-blows, was 2in., and the least indentation, as the 
result of one shot-blow, was 1.7in. Mr. George Wilson was 
present as the representative of Messrs. Charles Gammell and 
Co. There appears in this arrangement..of thtough-bolts 
and massive timber bulkheads ‘om board th iThunderer an 
almost unnecessary expenditure of fameé,Jabqur, and material. 
There are 12 holes to be drilled gh each plate, and 12 
bolts with nuts provided. The backing of the proof-room 
bulkhead has to be next replanked ‘an-miade sound, and 
then follows the labour of boring the backing and bolting on 
the plate, and, after the firing, taking it down again and re- 
moving it to the dockyard for inspection. The plan pursued 
at Shoeburyness is much more simple, and-less expensive and 
tedious. Two holes only are bored through the plate, and 
by these it is suspended to a stout cireular iron bar, and fired 
at in that position without any backing. . ‘By'this means the 
effect of every shot ean be seen on the back as well as on the 
front of the plate, and consequently,a.fae more reliable 
estimate may be formed of the plate’s'quality than can be 
obtained by the present system. itt 
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THE WIDENING OF THE METROPOLITAN RAILWAY. 
MR. JOHN FOWLER, ENGINEER. 
(For Description, see the opposite Page.) 
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SEWERS AT CROYDON. 


MR. BALDWIN LATHAM, ENGINEER. 
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Mr. Batpwin LartuaM, in his letter on the sewage ques- | 
tion, which we published last week, referred to the system of 
house sewers which he had adopted at Croydon. This | 
arrangement we now illustrate, and we subjoin the following | 
references to our engravings, which will fully explain the 
system adopted : 

8. Main sewer, which may be either in the rear or front of 
the premises. 

W. The water main. 

D. The house drain. The interior water-closets generally 
being the highest point of the house drain, the soil pipe is 
continued up through the roof, having a free opening, as at 
V, or it may be continued up the slope of the roof and ter- 
minate a few inches above the ridge of the house, as shown 
by the dotted lines. The latter plan is generally adopted if 
any windows are near the point of escape, as shown at V. 
In case the water-closet is not the highest point of the drain, 
then a special ventilating pipe is carried up from the head of | 
the drain. 

B. Branch drain connected with a double-trapped gully, G. 

E. Pipe leading from the scullery sink, and terminating in | 
the gully, G. It is the connexion between the sink and the 
sewer that is generally a source of great trouble in house 

2. branches are usually simply trapped with | 
& bell trap fixed in the sink, but it is found that servants will | 
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continually remove this description of trap in order to pass 
some substance into the sewers, leaving the drain untrapped 
and in connexion with the house. The arrangement shown 
dispenses with the interior trap, and any sewer gases that 


| might escape, if the trap of the gully failed, will escape 


through the open grating of the gully, G, into the atmo- 
sphere. 
T T are traps to the water-closets, which entirely prevent 


| any escape of gas into the house, with the arrangement of 


open soil pipe, as shown. 

T ais a trap on the house drain near the sewer, which 
severs the connexion between the sewer and the house drain, 
therefore the arrangements of ventilation are entirely con- 
fined in this operation to the ventilation of the house daien. 

Formerly in Croydon the stack pipes for the houses venti- 
lated not only the house drains, but the public sewer; hence, 
when they were most required for use, as during the period of 
heavy rainfalls, they were then doing duty in their legitimate 
character, and the consequence was, that the gases had a 
foree given to them at such times that compelled them to 
pass through the trap into the houses. The public sewers 
are now ventilated on a general plan, and are broken up into 
short lengths, each length being specially ventilated. The 
escaping gases are passed over screens containing charcoal. 

Arrangements as to Water Supply.—The supply of water 


being constant through the day, and laid on each house at 
high pressure, it is not requisite to have the larger store 
cistern, X ; but many persons prefer always to have a large 
store in the house, in which case it is recommended that the 
supply for culinary and domestic purposes should be taken on 
its way from the water main to the cistern. 

P is the pipe that furnishes the supply to the store cistern, 
on which there is a tap at the sink by which water is drawn 
on its way to the cistern. 

Z Z are small water-waste-preventing cisterns attached to 
each water closet. This arrangement is now insisted on in 
Croydon, in order to prevent a waste of water. These cisterns 
are supplied either direct from the water main, W, or from the 
cistern, X. Each cistern is divided into two chambers—an 
upper and a lower. The lower chamber contains the charge 
for the water-closet. The two chambers are connected by a 
simple valve arrangement, so that all communication with 
the — chamber is closed before the lower chamber is 
opened to the water-closet. The result is that, in raising the 
lever of the water-closet, it is impossible to get more water 
than the contents of the lower chamber, and until the lever 
is again lowered no more water can be had. 

O O O are overflow pipes from the cisterns, which are not 
permitted to communicate direct with the sewers. By the 
arrangement shown, any escape of water, arising from defec- 
tive works, is at once discovered by the inspector without his 
having to enter the houses for that purpose. 


THE METROPOLITAN RAILWAY. 
(Concluded from page 87.) 

Iv order to make room for the twolines running from the Mid- 
land Railway, with which one of the Great Northern branches 
to the Metropolitan makes a junction at the north-west end 
of the King’s-cross Station, the platform originally con- 
structed on the northern side has been removed, and another 
platform, 300 ft. long and 16 ft. wide, has been laid down, 
commencing at the north-east end of the station, room hav- 
ing been made for it by setting back the retaining walls. At 
the end of this platform the mixed gauge system commences, 
communicating with the Metropolitan Railway proper by 
a mixed gauge crossing. 

The two bridges carrying Field-street and Charlotte-street 
over the railway have been reconstructed ; the former, a draw- 
ing of which we illustrate in our two-page engraving this week, 
was originally a brick arch 28 ft. 6in. span, and has been re- 
placed by a wrought-iron girder 81 ft. span. At the end 
of the new platform the covered way of the widening com- 
mences, and runs to a point a little eastward of Frederick- 
street, where the Fleet Sewer is carried over the line in an 
iron tube of a somewhat similar design to the one we illus- 
trated a fortnight since. A portion of this length was made 
in 1862 at the same time with the Metropolitan proper, the 
widening of the line being then under consideration. A short 
length of open cutting between the retaining walls is suc- 
ceeded by covered way to a signal station placed nearly mid- 
way between King’s-cross Station and Farringdon-street. 
From the eastern side of this signal station to about 60 ft. 
west of Ray-street, the railway runs through a driven tunnel 
28 ft. 6in. wide, semicircular in section, and 6 rings thick, 
the centre line gradually Smears | that of the Metro- 
politan, and the gradient falling until at the point where 
the two tunnels meet there is a difference of 16.25 ft. in 
the respective rail length. Fig. 1 shows the plan of the 
two railways, the arrangement and positions of the 
counterforts, and the new brickwork with which the 
existing retaining walls and the abutments of Ray-street 
and Vine-street bridges have been underpinned. From 
the tunnel mouths, for a length of 200 ft., the Metro- 
politan rails run over the widening on wrought-iron girders, 
six of which also support columns carrying an overhanging 
angle of Cowcross-street. Figs. 2 to 10, on the opposite page, 
show sections at different parts of the work, the lines on 
which they are taken being all marked on plan, Fig. 1. On 
one side of the centre pier of Vine-street Bridge is situated 
a pumping station, the centre 18 in. drain of the widenin 
being turned into a sumph, and raised to the higher leve 
drain of the Metropolitan proper. From this point the rails 
of the widening rise with a gradient of 1 in 100, till they 
gain the pec, Soar as those of the Metropolitan, and run 
into the new station at Charles-street, which has replaced 
the one at Farringdon-street. 














Urinistine Waste Coat.—A series of carefully conducted 
experiments have been made by a board of engineers, ap- 
pointed by the Navy Department of the United States, to 
examine into the various methods of employing anthracite 
and bituminous coals as fuel, at the works of Messrs. Whelp- 
ley and Storer, East Boston, Mass. A furnace for burnin 
ulverised coal was there erected, which the owners have u 

‘or several years in their ingenious process for the reduction 
of metallic ores. No official report of the combustion trials 
made with this furnace has yet appeared, but the results may 
be briefly stated. A series of experiments, each lasting 
forty-cight hours, showed the relative heating power of 
bituminous coal, in lumps of 4in. cube, burned on a grate 
with a forced blast under an ordinary tubular boiler, and 
the same kind of coal, one-third in lumps, burned on a grate, 
and two-thirds slack pulverised, and driven in above the fire 
with a forced blast. Bder conditions as nearly alike as prac- 
ticable it was found that on an average 1]b. of lump coal 
evaporated 8} lb. of water from a temperature of 140° Fahren- 
heit, while one-third of a pound of lump coal and two-thirds 
of a pounds of pulverised coal evaporated 9} lb. of water from 
the same temperature. The combustion was so perfect that 
in neither case were the residual ashes more than 8 per cent. 
of the coal used. In the latter part of the experiment the 
increased useful effect of pulverised coal over lump coal rose 
from 12 to 30 per cent., owing to the acquired skill of the 
firemen in increasing and regulating the heat. 

Tur American Navy.—The United States Senate has 
just sanctioned a bill with reference to the sale of fifty-two 
armour-plated ships of the American navy. It is also pro- 








posed to “alienate” nineteen first-class monitors. 
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TECHNICAL INSTRUCTION. 


Tue Lords of the Committee of Council on Education have 
approved of the publication of the following explanatory memo- 
randum to accompany their minute of 21st December, 1867. 
This memorandum slows fully the aid which the State affurds 
in promotion of technical instruction at the present time. 

1. It will be seen that this minute creates threp descriptions 
of scholarships or exhibitions for the encouragement of science 
instruction and for the support of students of the industrial 
classes while continuing their education. These are intended to 
supplement and enlarge existing action on the part of the 
Science and Art Departiment, and to promote secondary instruc- 
tion in elementary schools, thus forming a connecting link be- 
tween them and the science and art schools and classes. 

2. The existing action through the Science and Art Depart- 
ment is to aid instruction in Science in the following subjects: 
1, practical plane and solid geometry ; 2, machine construction 
and drawing; 3, building construction or naval architecture 
and drawing; 4, elementary mathematics; 5, higher mathe- 
matics; 6, theoretical mathematics; 7, applied mechanics; 8, 
acoustics, light, and heat; 9, magnetism and electricity; 10, 
inorganic chemistry; 11, organic chemistry; 12, geology; 13, 
mineralogy; 14, animal physiology; 15, zoology ; 16, vegetable 
a weg and economic botany; 17, systematic botany; 18, 
mining; 19, metallurgy; 20, navigation; 21, nautical astro- 
nomy; 22, steam; 23, piiysical geography. And in Art in 
elementary drawing as an education of the power of observation 
and in drawing, painting, modelling, and designing for manu- 
facture and decoration. 

3. In order to — a school or class in connexion with the 
Science and Art Department, it is necessary that a committee, 
consisting of at least five persons, should be formed, who will 
undertake certain duties of superintendence in connexion with it. 

4. As respects science, the aid consists of, 1, payments to the 
teachers on the results of instruction as tested by examination ; 
2, medals wnd prizes to the successful students; 3, grants to 
the school in aid of the purchase of apparatus to the extent of 
50 per cent. of the cost; and 4, Royal Exhibitions and free 
admissions to the Royal School of Mines in London and the 
Royal College of Science in Dublin. 

5. The payments to the teachers vary from 1/. to 51, accord- 
ing to the class in which the student is placed. There are five 
classes, the fifth being the lowest. The payments are only 
made for the instruction of students of the artisan or weekly 
wages class, and those whose incomes are less than 100/. per 
annum. ‘The teacher to be qualified to earn payments on results 
must have taken a Ist or 2nd class, unless he has obtained some 
University degree. 

6. The examinations are held in May. The examination in 
each subject is held over the whole kingdom on the same night. 
It is not necessary to enable a class to be examined and obtain 
prizes, &e., that the teacher should be certificated. If a satis- 
factory committee be formed, any class or single student can be 
examined, however taught. 

7. Prizes, which, with some few restrictions, are open to all 
students, are given to those who obtain a 1st, 2nd, or 3rd class. 
To the best in each subject are given a gold, a silver, and two 
bronze medals. 

8. Six royal exhibitions of the value of 502. per annum, tenable 
for three years, are given in competition at the May examinations. 
Three of these are to the Royal School of Mines in London, and 
three to the Royal College of Science in Dublin. Free admis- 
sions are given to the courses at these institutions to all who 
take gold medals. 

9, The detailed rules will be found in the “ Science Directory,” 
published by the department, price sixpence, which will be 
furnished on application to the secretary, Science and Art De- 
partment. 


10. As respects Art.—Firstly.—Towards the teaching of | 


elementary drawing in schools for the poor. This aid consists 
of payments to the managers of 1s., 2s., or 3s. on account of 


children satisfactorily taught drawing, and who pass a very | 


elementary examination of the first grade; and of payments of 
5s. or 10s. on children or pupil teachers who pass the more 
advanced or second grade examination, and of prizes to suc- 
cessful children and pupil teachers. 

The first grade consists of drawing in outline from flat 
examples, drawing from regular solids or objects of simple 
form, and of ee in practical geometry. 

The second grade is an examination of a higher standard than 
that of the first grade, but in the same subjects, with the addi- 
tion of perspective and mechanical drawing. Examinations are 
held in May in any elementary school taught by a master hold- 
ing a certificate for drawing, or who has passed a second grade 
examination in any of the above three subjects of drawing 
taught in elementary schools. 

11. Secondly.— Towards art instruction in night classes for 
artisans held in elementary schools, in literary, mechanics’, or 
similar institutions. This aid consists of payments of 10s, or 
15s. on account of artisans or their children above twelve years 
of age satisfactorily taught drawing of the second or third 
grades; of prizes to successful students; and of payments 
towards the local expenses of examination. 

The third grade is represented by works embracing the whole 
course of instruction in night classes or schools of art, such as 


drawing from examples, from casts or models, from nature, the | 


antique, or the life; painting, flowers, landscape, or from life; 
designing or drawing tor decorut ve purposes. 

12. Thirdly—To schools of art held in rooms entirely de- 
voted toart instruction. ‘his aid consists of similar payments 
to those awarded to night classes, and of the following addi- 
tional payments: 

20s. on account of every artisan satisfactorily instructed 

in art. 

152. or 302. on account of art pupil-teacher. 

51. or 102 on account of students trained for art teachers or 

national scholars. 

3/. on account of free studentships to artisans submitting ad- 

vanced works. ° 

102. on account of expenses of annual report and examination. 

18, Prizes are given to successful students, and the ad- 
vanced studies of the schools of art are brought together in a 


national competition, when gold, silver, and bronze medals and | 


other prizes are awarded. All payments are contingent on the 
employment of certificated teachers. 
14. Elementary schools, night classes, and schools of art are 
aided to the extent of 75 per cent. in the purchase of examples. 
15. Fourthly —By the maintenance of the National Art 
Training School at South Kensington, in which highly qualified 
} students from local schools of art are admitted and trained as 
| masters for schools of art, or as designers, or art workmen. 
| Such students receive allowances for their support of from 15s. 
to 40s. weekly. ‘ : 

16. Fifthly.—Through the National Museum of Decorative 
Art and the National Art Library, which are made as far as 
| possible circulating collections for the benefit of local schools o 
art. 
| 17. The detailed regulations for the administration of art in- 
struction are given in the Art Directory. 

18. As respects Elementary Schools.—By the minute of the 
20th February, 1867, additionalgrants‘are made by the Edu- 
cation Establishment at Whitehall to elementary schools under 
| inspection for inustraction in subjects of secular instruction 
| beyond reading, writing, and arithmetic. The regulations 
| under which such grants are made are issued by the Education 
Establistinent, Whitehall. 

19. The managers of an elementary school under inspection 
can permit their premises*to be used for science teaching pro- 
vided that there be no interference with the primary purpose of 
the elementary school or its*three attendances, A science class 
may thus be formed ia covnexion with, and receiving payments 
from, the Science and Art Department. But no payments are 
made to teachers on account of science teaching in respect of 
any instruction in science that may be given during the three 
attendances of an elementary school receiving aid from the 
Education Establishment, Whitehall. 

20. In an elementary school not under the inspection of the 
Education Establishment, aud, therefore, not receiving State aid 
to elementary instruction, science classes may be formed in con- 
nexion with the Science and Art Department without any re- 
striction as to the time or manner in which the instruction in 
science may be given. 

21. From this brief explanation it will be understood how the 
minute of the 21st December will affect existing institutions. 
This minute provides for two forms of scholarship in connexion 
with elementary schools, whether receiving State aid as such or 
not. The first of these is the elementary schoo! scholarship. 
ol. are granted to the managers of any elementary school for tke 
support of a deserving pupil, if they undertake to support him 
for a year, and subscribe 5/. for th t purpose. One such scholar- 
ship is allowed per 100 students m theschool. The selection of 
the student for the scbolars..p is to be by competition ; the 
details of this, however, tue managers of the school may 
arrange as they please, subject to the approval of the Science 
and Art Department. The payment of 5/. by the Science and 
Art Department is made conditional on the student passing in a 
branch of science at the May examination. 

y The second, a more advanced scholarship, is “ the 
Science and Art Scholarship,” of which, again, there may be 
one per 100 students. This is granted without any corre- 
sponding contribution on the part of the locality. The Seience 
and Art Department makes a grant of 10/. towards the main- 
| tenance, for one year, of the most deserving student or students 

in an elementary school who have taken a first grade im ele- 

mentary geometry and freehand or model drawing,* and passed 

in some branch of science, on condition that, at the end of the 

year, the student obtains at least a third class in the subject of 

science in which he originally passed or passes in some other 
| subject. In both these cases the student must be from twelve 
| to sixteen years of age. 

23. Lastly, for advanced scientific instruction, the minute 
offers local exhibitions to enable students to complete their edu- 
cation at some college or schooi where scientific instruction of 
an advaneed character may be obtained. The Science and Art 
Department will make a grant of 25/. per annum, for one, two, 
or three years, for this purpose when the locality raises a like 
sum by voluntary subscriptions. Aud if the student attend « 
State school, such as the Royal School of Mines in London, 
ihe Royal College of Chemistry in London, or Royal College of 
Science in Lreland, the fees are remitted. It is a condition that 
the exhibition is awarded in competition, the branch or branches 
of science for which may be fixed by the locality, and that the 
student pursues his studies satisfactorily. 








Ana@.o-Iranian Jornt-Stock Compantzs.—The delara- 
tion exchanged between the British and Italian Govern- 
ments, relative to joint-stock companies, signed at Florence 
in November last, has just been printed. It notifies that 
joint-stock companies and other associations, commercial, 
industrial, and financial, constituted and authorised in con- 
formity with the laws in force in either of the two countries, 
may freely exercise in the dominions of the other all their 
rights, including that of appearing before tribunals, whether 
for the purpose of bringing an action or for defending the 
same, in conformity, however, with the laws and customs in 
force in the said countries. Also that these dispositions shall 
be applicable as well to companies constituted previously to 
the signature of the present declaration, as to those which 
may subsequently be constituted. 

Raitways iy Avustria.—The belief in the prosperity of 
the Austrian empire is greatly stimulated by the returns of 
the railway companies, the French-Austrian Company having 
now an average weekly income of 65,000/., or 28,00U/. in ex- 
cess of last year. According to reports from Hungary, there 
is yet freight enough in arrear to feed the railways at the 
same rate throughout the summer. The Brenner Bahn is 
especially suecesstul, and, it is said, will monopolise for the 
present the whole passenger and goods traffic to Italy. The 
company have just advertised that an office has been opened 
at Kafotin, the first station in Tyrol, on the Bavarian fron- 
tier, to furnish gratuitously every information with regard 
to the line, and to take charge of everything connected with 
the trade. 

* The examination in drawing can, where there is no art 
certificated teacher, be held by the Science Class Committee to 
whom the necessary papers will be sent. 


IRONCLAD FOR THE DUTCH 
GOVERNMENT. 

On Saturday, the 22nd instant, Messrs. R. Napier and Sons 
launched from their building-yard, at Glasgow, a twin-screw 
monitor named De Tijger, of about 1600 tons B.M., designed 
and built by them for the Dutch Government. The principal 
dimensions are: Length over all, 187 ft.; breadth, 44 ft.; 
depth moulded, 11 ft. Gin. This vessel is built in compart- 
ments, with water-tight doors, and has a double bottom, it 





being intended that the space between the outer and inner 
bottoms shall be filled with water when preparing for action, so 
as to sink the vessel to her fighting draught, which will be 
about 9 ft. Gin., thus leaving only about 2 ft. of the topsides 
exposed to the enemy. Under ordinary circumstances, how- 
ever, the draught will be about 1 ft. less than this, thereby add- 
ing to the comfort and seaworthiness of the ship. 

The armour plating on sides of the vessel is 5}in. thick, 
having a backing of teak 10 in. thick, and an iron inner skin 
‘Lin: thick, supported by strong iron frames. The turret, on 
Captain Coles’s plan, has 8 in. armour, 12 in. teak backing, and 
an inner iron skin 1 in. thick. 

The armament will consist*of two 300-pounders 12} ton 
Armstrong guns, having the most improved iron slides and 
carriages, and the turret will be fitted with steam gear, in 
addition to appliances for turning it by hand. The engines 
(also by Messrs, Napier) are of 140 nominal collective horse 
power; cylinders, 30in. diameter, 1 ft. 6 in. injection con- 
densers; various modern improvements being introduced with a 
view to increased speed and economy of fuel. Steam will be 
supplied by two boilrs, the working pressure of which is ia- 
tended to be 30 1b. on the square inch. 

Messrs. Napier have also on hand an armour-clad twin-screw 
ram for the Dutch Government of 1470 tons B.M. and 400 
H.P.,; which will be launched in a week or two, besides the 
Audacious and Invincible, armour-clad twin-screw frigates, of 
3775 tons and 800 H.P., each from Admiralty desigus for the 
British Government. 








THE METROPOLITAN GAS SUPPLY. 

Iw a recent report made by Mr. Haywood, the engineer and 
surveyor to the Commissioners of Sewers, he r-fers to the pro- 
ject promoted by the Corporation of London for supplying the 
citizens with gas of an increased illuminating power, greater 
purity, and at a lower price than is already supplied. In re- 
spect of illuminating power the gas is to produce from an Argand 
burnér, consuming five feet of gas per hour, a light equal to 
that of 18 sperm candles of six to the pound, each burning at 
the rate of 120 grains per hour, whereas the illuminating power 
of the gas now supplied to the citizens is, according to the 
Métfopolis Gas Act of 1860, only equal to 12 sperm candles. 
As to purity ndt'more than 20 grains of sulphur in any form 
are to be contained in 100 cubic feet of gas. With regard to 
price, not more than 3s. 6d. is to be charged by the Corporation 
for 1000 cubic feet of gas, whereas the price of gas of inferior 
illuminating power is now 4s. per 1000 cubic feet. The mea- 
sure défines more clearly the mode of ascertaining the illumina- 
ting-power and purity of the gas; points not well determined 
by“the:Metropohs Gas Act of 1860. The Corporation will take 
powers to supply meters under certain conditions to all con- 
sumers, Without charge. ‘The site of the proposed gasworks is 
on the northern banks of the Thames, at North Woolwich, to 
the east of Silvertown, whence the leading mains are to be 
brought by the principal roads to the City, which they may 
enter both at Aldgate, High-street, and the Minories. Powers 
are also sought to lay down gas mains and pipes throughout 
the City, and generally to carry on the usual operations of gas 
companies, and such as’ may be needful for the economical 
supply of gas to the citizens. 








Tue CuirrravotTry or Napier Brivee.—tThis bridge, 
on the Madras Railway, was opened in state by Lord Napier, 
on 8th January last, and together with the completion of the 
Madras and Bombay Railway to Tadpatri, it opens up the 
important district of Bellary. The bridge is 212 miles from 
Madras. It is 2800ft. long, or a little over half a mile. 
The girders are supported on masonry piers, and in the centre 
on wrought-iron screw piles. The foundations of the masonry 
piers were laid each with fourteen brick cylinders, or wells, 
of 4ft. interdal diameter, sunk through the sand till they 





rested on the compact blue clay, at an average depth of 13 ft. 
| below the bed of the river. The building is wholly of the 
fine blue limestone, procured from the Nurgee quarries, 
about 23 miles distant. Ground was broken, and the first 
well sunk in February, 1867, and the last girder placed in 
position the 17th December last. The contract price was 
only 98,000 rupees. 

EXHIBITION OF APPLIED ART IN Parts —The Minister of 
the French Imperial Household has announced to the Com- 
mittee of the Paris Union Centrale that, after the closing of the 
exhibition of the works of living artists, which opens on the Ist 
of May and closes on the 15th of June, the Palais de l’Industrie 
| will be placed at the disposition of the committee. The 
latter propose to organise a tripartite exhibition on a large 
scale, comprising: Ist. A collection of objects exhibiting the 
application of art to industrial purposes ; 2nd. The works of 
all the schools of design in France ; and, 3rd. A collection of 
Oriental productions, ancient and modern. The date is not 
| yet mentioned, but it can scarcely be earlier than August. 
| This exhibition will supply an excellent opportunity of 
judging of the general value of art-education and art-work- 
manship in France. 

Tux Essw Vatr Company.—The directors of the Ebbw 
Vale Company (Limited), have notified that, in consequence 
of the general desire expressed by the shareholders to have 
the nominal amount of the capital reduced, they have given 
their earnest attention to that subject, and are advised that 
the best mode will be by the dissolution of the present com- 
pany, and its reconstruction as a new one, with shares the 
nominal amount of which should be reduced from 50/. to a 
sum not exceeding 32/., an amount the directors think amply 
sufficient. 
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PUBLISHER’S ANNOUNCEMENT. 














The permanent circulation of ENGINEERING is 
now greater thar that, collectively, of all the weekly 
engineering journals published in London, at the same or 
a higher price. 





Advertisements cannot be received for insertion in the cur- 
vent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING ¢0 annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ ENGINEERING pour la France est 14, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING 
of whom also the NovvEAv PoRTEPEUILLE DE L’INGENIEUR 
pes CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Sor this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tur Institurion oF Crv1t EnGiInEERS.—Tuesday, March 
3, at 8 pM. “On the Manufacture and Wear of Rails.” 
By Mr. C. P. Sandberg, Assoc. Inst. CE. 

Society oF EnGInEERS.—Jonday, March 2, at 7} P.M. 
Discussion on papers to be read: “ On the surveys of pro- 
posed Lines for a Ship Canal between the Atlantic and 
Pacific,’ “On the Panama Railroad,” and “ On the Darien 
Ship Canal.” By Dr. Cullen. 


~ ENGINEERING. 


FRIDAY, FEBRUARY 28, 1868. 
MANUFACTURE OF CAST STEEL. 

Tue popular idea of the Bessemer process is simply 
the production of cast steel by blowing atmospheric 
air into fluid cast iron. ‘This definition is, however, 
far too limited, and by no means comprehends the 
whole scope and principle of that invention. In 
order, therefore, to ascertain its true extent, and to 
understand how widely it differs in other respects 
from all previously known processes, it will be neces- 
sary to carry our thoughts back to a period prior to 
Mr. Bessemer’s invention, and to keep in view one 
important fact, viz., that in all known modes of pro- 
ducing steel throughout the world prior to the inven- 
tion of Mr. Bessemer, there was a necessity for em- 
ploying a powerful furnace for the purpose of increas- 
ing and continuing the heat of the metal by the com- 
bustion of coal, coke, or charcoal, from the commence- 
ment to the termination of the process. If we go 
back to the Catalan forge, the low furnace of the 
Pyrenees, the flat hearth of the Siegan steel makers, 
or the small blast furnace of the Hindoo, we find in 
all cases that the metal under operation is treated in 
the same chamber with the incandescent fuel. All 
the more modern plans for producing steel follow 
closely in the same track. The maker of puddled steel 
differs only in allowing the flame of his powerful rever- 
beratory furnace to act direct upon the metal under 
operation on the hearth, which is in part separated 
from the fuel chamber by a low wall or fire bridge, the 
regulatiou of the fire in this process being the one 
great essential element of success. 

When we look back on the varied processes that 
have been from time to time employed, or proposed, 
for the production of cast steel, we find here, also, the 
same great principle running throughout all previously 
known modes of production, viz., the ps of 
the most powerful heat to the exterior of the crucible 
or vessel containing the metal under operation, 

Thus the production of cast steel by melting bar 











iron in crucibles containing the required weight of 
solid carbon, invented by the late David Mushet; the 
manufacture of cast steel direct from the ore in a 


certain conditions, these conditions being the passing 
upward of oxygen in the gaseous form, through the 
body of fluid metal, contained in vessels not heated by 


crucible, with the requisite quantity of carbon along} /ire. This, in a few words, is the very, soul of the 


with it; the fusion of puddied steel in crucibles, as 
practised by Krupp and others; the cementation of 
granulated cast iron in crucibles with charcoal, as 
patented by Ucatius; the manufacture of woots steel 
by the natives of India; and finally the fusion of blis- 
tered steel in crucibles to produce cast steel, which 
for so many years formed the staple manufacture of 
Sheffield, are only so many accumulated examples of 
the ove great fact, viz., that, prior to the date of Mr. 
Bessemer’s invention, no process had been known, or 
proposed, for making cast steel, except by the con- 
tinued combustiou of fuel for producing the exces- 
sively high temperature required to melt and to retain 
cast steel in a state of fusion. 

Such then was the state of the cast-steel manufac- 
ture throughout the whole world up to the time when 
Mr. Bessemer first announced his discovery in a paper 
read by him at the meeting of the British Association 
at Cheltenham, in 1856, viz., “On the Manufacture of 
* Malleable Iron and Steel without Fuel.”* 

The title given to this paper, of itself clearly indi- 
cates how thoroughly Mr. Bessemer saw and appre- 
ciated the broad line of demarcation which separates 
his invention from all former processes employed in 
the manufacture of cast steel. It will be remembered 
with what incredulity this announcement (of a mode of 
making stecl without fuel) was reccived by nearly all 
practical men throughout the country, who could not 
at, once ignore the facts and convictions of a lifetime. 
The more they knew of the excessively high temperature 
required to retain: cast stcel in a state of fusion, the 
more difficult was it for them to realise a fact so novel, 
and so completely at variance with the practice of the 
trade, and with all their preconceived notions on the 
subject, and it was, consequently, at first utterly dis- 
believed by thousands of persons well informed on all 
matters relating to the manufacture of iron and steel. 

The following short abstract from the paper read at 
Cheltenham will also show how completely Mr. Bes- 
semer was aware of the true principles involved in his 
process, even at that early period of the invention. 
Speaking of the results of the various furnaces he ha 
used for his early experiments, he says : ‘These results 
* all tended to confirm an entirely new view of the 
“ subject, which at that time forced itself on his atten- 
“ tion, viz., that he could produce a much more in- 
* tense heat without any furnace or fuel, than could be 
‘ obtained by either of the modifications he had used ; 
* and, consequently, that he should not ouly avoid the 
‘ injurious action of mineral fuel on the iron under 
* operation, but that he would at the same time avoid 
: po the expense of the fuel. 

Qn this new field of inquiry, he set out with 
the assumption that crude iron contains about 5 per 
“ cent. of carbon; that carbon cannot exist at a white] 
heat in the presence of oxygen, without uniting 
therewith and producing combustion; that such 
‘ combustion would proceed with a rapidity dependent 
on the amount of surface exposed; and lastly that 
‘the temperature which the metal would acquire, 
would also be dependent on the rapidity with which 
the oxygen and carbon were made to combine ; and, 
‘ consequently, that i was only necessary to bring the 
oxygen and carbon together in such a manner that a 
‘vast surface should be exposed to their mutual 
‘ action, in order to produce a temperature hitherto 
unattainable in our emia furnaces.” 

In thus stating to the world the theory on which 
his invention is based, Mr. Bessemer clearly showed 
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that the conditions essential to suecess were simply to 
bring oxygen in contact with the carbon contained in | 
the fluid iron, in such a manner that a large amount | 
of surface should be exposed to their mutual action in | 
order to produce a temperature hitherto unattainable | 
in our largest furnaces. Mr. Bessemer, in thus 

defining the principles on which his invention is based, | 
shows it to be simply on the action of foxygen and | 
carbon when eonalt in contact with each other under | 


* The exact programme laid before the Association has, in | 
several cases, been strictly carriedout. Many thousand tons 
of steel have been made in the upright fixed cylinder de- 
scribed in the paper, from metal run direct from the blast 
furnace into it, and the process stopped when the desired | 
amount of decarbonisation had been arrived at, and there- | 
fore made into cast steel without fuel. At the present 
moment, an order for 20,000 tons of Bessemer steel rails is 
being executed in France by using the fluid iron run direct 
from the blast furnace into the converting vessel. | 

+ At the time this paper was read fluid malleable iron was | 
unknown, except as a curiosity in the laboratory of the| 
chemist. At the present time hundreds of tons of it are made 


Bessemer process. 

Mr. Bessemer does not confine himself in his patents 
to the use of atmospheric air, but shows that “oxygen 
** gas may be used in lieu thereof,” or a “ mixture of 
“oxygen with other gaseous fluids ;” or he employs 
“ any gaseous fluid or matter, containing, or capable of 
“evolving oxygen,” for the purposes of his invention ; 
but he prefers atmospheric air on account of its cheap- 
ness and efficiency. Nor need we wonder at this 
preference, when we consider that more than one-fifth 
of the whole atmosphere is pure oxygen gas, which 
abounds everywhere on the earth’s surface, and is the 
common property of all mankind, in quantities un- 
limited and free of all taxation. Our warehouses are 
all filled with it, and like the widow’s cruise, they are no 
sooner empty than they fill again spontaneously. We 
need not wonder, then, that Mr. Bessemer prefers this 
cheap and exhaustless source of oxygen to the expense 
and inconvenience of separating oxygen from nitrates 
or other costly materials, which must first be purchased, 
carted, and stored, at a much higher cost than the 
mere forcing of atmospheric air. And although Mr. 
Bessemer dwells with much force on the employment 
of atmospheric air, he clearly and unmistakably in- 
dicates that orygex is the one element in that natural 
compound, air, which is necessary and all sufficient for 
his process; and at the same time he clearly tells us 
that oxygen gas, or matter containing, or capable of 
evolving, oxygen, may be used in lieu thereof. 

From what has already been said, it will be seen 
that the process of Mr. Bessemer is not simply an 
improvement or alteration in the details of a previously 
known and established mode of making cast stecl. On 
the contrary, the Bessemer process stands alone, on a 
basis of its own, conspicuous alike for its extremé 
simplicity, its rapidity of action, for the immense 
quantities it is capable of dealing with at a single 
charge, as well as for the entire absence of manipu- 
lation, and use of fuel. 

It must. also be borne in mind that nitrates of soda, 
and nitrates of potash, or chlorates of soda and chlorates 
of potash, while they remain as such, have no power 
whatever to convert fluid cast iron into steel; mouths 
or years of contact would not effect such a change 
while these substances exist as nitrates or chlorates ; 
we might as well expect that a tank-full of cold water 
would drive a locomotive—a result that no time either 
can accomplish while the water remains a liquid ; but 
simply apply heat to the water, and we then generate 
a power that forces the huge machine along its iron 
track like a thing of life; so, in like manner, if we 
apply the heat of melted cast iron to these quiet in- 
operative nitrates, or chlorates, they are rapidly decom- 
posed, and cease to be nitrates, or chlorates, throw- 
ing off abundance of oxygen gas, the very element 
which Mr. Bessemer has shown from the first to be 
the all-sufficient decarbonising and _heat-producing 
agent necessary to convert fluid cast iron into steel. 
Oxygen gas so generated below the surface of the 
metal is forced upwards against the ferrostatic pres- 
sure of the fluid mass above it, springing upwards in 
streams from different parts of the decomposing 
mass of nitrates, or chilorates, precisely in the same 
way as if the oxygen gas had been admitted to the 
bottom of the vessel from a “ reservoir of oxygen 
gas,” as described in Mr, Bessemer’s patent. It must 
not be forgotten that it is this passing of the oxygen 
gas upwards through the fluid iron that alone makes it 
successful, Nitrates and chlorates, if thrown on the 
upper surface of the fluid iron, are wholly incapable of 
converting it into steel, us the oxygen ees fly off 
aud not operate upon the metal; neither will jets. of 
atmospheric air directed on to the surface of fluid iron 
convert it into steel. But Mr. Bessemer was the first 
to discover that atmospheric air, or oxygen gas, if 
passed upwards from the bottom of the vessel through 
a fluid mass, would “produce a vivid combustion 
“among the particles of fluid metal, and increase the 
** temperature to such a degree that the metal would 
“remain fluid, during its transition from the state of 
crude iron to that of cast steel, without the employ- 
ment of any fuel to heat the vessel or the metal con- 
** tained therein.’” 

It may, in conclusion, be remarked that, prior to the 
several inventions of Mr, Bessemer, now generally 
known as the Bessemer process ; 

Cast steel was never made direct from fluid cast 
iron by any process whatever ; 

Cast steel was never made in an iron vessel, stand- 
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daily, from fluid cast iron without any furnace-heat, or ing alone, and supported above the floor of the build- 





further consumption of fuel. 
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Cast steel was never kept in fusion by the heat ob- 
tained from the combustion of the carbon contained in 
cast iron ; } 

Nor was cast steel ever made by passing oxygen 
gas upward through fluid cast iron. 





ABYSSINIA. 

Tue great drawback to the advance of the army 

into Abyssinia proper, next to the difficulties of the 
asses, which are now being rapidly overcome, has 
een the want of the means of transport to convey 
supplies from the coast to the station at Senafé, on 
the highlands. Some assistance in this matter is now 
being received from the Shohos, who convey stores to 
Senafé by the Huddas route, receiving a dollar and a 
half for every bullock load they carry safely. This 
they never fail to do, for, though no guard is placed 
over them, they deliver up the goods in as good order 
as might be expected of them. ‘The water difficulty 
has now in a great measure disappeared, and, though 
the water is none of the best, there is at Zoulla enough 
for man and beast, and a little to spare; 170 tonsa 
day are now landed from the harbour. Telegraphic 
communication between Zoulla and Koomayloo was 
established at eleven o’clock on the morning of 7th 
January. The difficulties of the telegraph staff are 
much augmented by the thieving propensities of the 
Shohos, who have already discovered the value of the 
copper wire used for the line. 

At the date of last advices there were at work in 
the pass five companies of sappers, the whole of the 
Beloochees, aud the well-boring party of Royal En- 
gineers, from England. A new depot has been formed 
at Maiyen, or Undel Wells, in the Guinea Fow! plain, 
where the clearing and sinking of wells has been the 
means of providing what promises to be an abundant 
supply of water. ‘The formation of this depot breaks 
the long march of 284 miles between Upper Sooroo 
and Raraguddy into two of 124 and 16 miles respec- 
tively. 

The Commander-in-Chief, Sir R. Napier, landed at 
Zoulla on January 7, and ina despatch to the Governor 
of Bombay, of that date, he remarks as follows: “ An 
* excellent pier of stone, broad enough for a double 
“line of rail, has been all but completed, and is in 
“hourly use day and night. A second pier is progress- 
“ing, but will not be finished under a fortnight. The 
‘skeletons of several commissariat sheds are erected 
“and roofed; but the sides having been omitted in 
“sending them, they do not give the full protection 
“necessary. The stones are carried away from the 
**pier by a very serviceable tramway. The railway is 
wr faid for about two miles. Colonel Wilkins says he 
“is delayed for want of plant. Working parties 
“are engaged in improving the road to Senafé, which 
“requires to be made easier, but I may say that a 
* substantial progress has been made when our carts 
“work to Koomayloo, 14 miles, and the telegraph is 
“at work between that place and Zoulla.” 


MULTA GEMENS* 

RatHeR more than twenty years ago, a small com- 
munity of the readers of cheap romance were enter- 
tained (for six weeks only) with a select assortment of 
blood-and-thunder and love-aud-murder literature, in 
a publication bearing the supicious title of Zhe Mys- 
terious Register, a publication owned and conducted 
by one Mr. Edward Charles Healey. ‘This fledgeling 
was overtaken by early death, and it was a long time 
before all its accounts were liquidated. It was illus- 
trated in the approved London Journal style at an 
expense of twenty-five shillings weekly, and the en- 
graver’s account, now before us, shows that it was 
two years before the final instalment of the total sum 
of 7/. 10s. was paid. ‘The fortunes of the enterprising 
proprietor subsequently brightened, and during the 
Chartist excitement of twenty years ago he was the 
conductor of a paper published in Liverpool, but 
printed, for some reason or other, in the Isle of Man. 
Of the contents of this paper we know nothing, but 
we do know that a special Act of Parliament was 
passed, after a very brief notice o* motion, and a still 
shorter discussion, which effectual.y put a stop to its 
further publication within the United Kingdom. After 
this little interruption Mr. Healey, like Micawber, 
turned his attention to other matters ; not, perhaps, 
to coals, but, we believe, to auctioneering and to book- 
binding, and, finally, he became a partner of the late Mr, 
Dewraace (an able and estimable mechanical engineer), 
in the sale of white metal and Bourdon’s gauges. Ina 
moment of happy inspiration he conceived the idea of a 


'® For the information of Pagurus we translate this phrase 
It means “ groaning deeply.” 


from the Latin. 








newspaper to be called Zhe Engineer, and this paper he 
accordingly started in January, 1856. A few able 
engineering writers—among them Mr. W. Bridges 
Adams and Mr. D. Kinnear Clark—kindly aided him, 
and the paper was at last got fairly upon its legs. But 
it would not pay. In October, 1858, before it had 
been going three years, it was publicly offered for sale 
by an advertisement in its own columns, an advertise- 
ment of which we have a copy by us. Asit was, how- 
ever, but a funnel of expenditure, Zhe Engineer found 
no purchaser. Its dod fde circulation had never 
reached 3000, and it was conducted ina manner which 
precluded every idea of its exercising the slightest in- 
fluence in the profession. In short, it was neither 
fish, flesh, nor fowl; and when Mr. Adams and Mr. 
Clark did not write, it was the laughing-stock of Great 
George-street. 

At about this time an American engineer was fre- 
quently in London on professional business, and he 
was sought out and entreated to take editorial charge 
of The Engineer. He assented, and, devoting his 
whole time and energies to it, the hopeless speculation 
finally “turned the corner,” and begun to pay. Its 
circulation steadily rose, and advertisements found 
their way in. He exercised absolute editorial control 
of the paper, allowing no interference by the pro- 
prietor, nor did he employ any assistants. In 1860 he 
decided to return to America, and was absent nearly 
eight months. During this time no one had been 
found to take his place, and on his return, he was re- 
instated in his former post within ten minutes after he 
had made his arrival known to the redoubtable Mr. 
Healey. From that time until. September, 1864, he 
continued the sole editorial management of the paper, 
which thus became, fora time, both a profitable pro- 
perty and an authority in the profession. In the 
meantime Mr. Healey disposed of a share of his specu- 
lation to his brother, Elkanah Healey, a coach-builder 
in Liverpool. 

In 1862 a Mr. Vaughan Pendred came to London, 
for the first time, and made the acquaintance of the 
then editor of The Engineer. Mr. Pendred came from 
the classic groves of Ballycarron, Jenkinstown, Kil- 
kenny, and possessed many and unmistakable national 
characteristics, one of which was a tremendous power 
of expression of gratitude. Never, in our life, have 
we been so heavily thanked as by Mr. Pendred. His 
letters, conveying his sense of personal obligation 
must have heavily taxed the resources of the post 
oflice at the time, and we have never had the courage 
to burn or otherwise destroy them. Mr. Pendred had 
held the post of under secretary, or junior draughts- 
man, to his father, an eminent cobbler of portable en- 
gines and thrashing-machines at Ballycarron, and 
therefore possessed every qualification of an engineer, 
and, no matter how, of an engineering journalist. Mr. 
Pendred at once wished to instruct the profession, 
and his new friend, thinking him quite good enough 
for the little Mechanics’ Magazine, obtained for him 
the appointment of editor of that luminary of science. 
In 1864, when the then editor of Zhe Engineer re- 
signed his post, he recommended his eminent Irish 
friend as his successor, and Mr. Pendred did succeed 
him, and is still at it, electrifying the world weekly. 
We had (for it was “ we” who edited The Engineer) to 
provide a fitting substitute for the little Mechanics’ 
Magazine, and we did so, and he, too, is still at it—a 
gentleman at heart, but working with a very sorry 
heart, for now that Zhe Engineer has taken to abusing 
us in the style of which a very few of our readers had 
a specimen last week, we must state that the Metho- 
dist brethren, the Healeys, have bought and now 
“carry on” the little Mechanics’ Magazine, along with 
The Engineer. The Mag., as it is playfully termed in 
“the trade,” was established by a man who did know 
something of his work—the late Mr. Robertson. His 
partner, the late Mr. Brooman, had a large practice as 
a patent agent, and for a time the Mag. was most ably 
conducted by Mr. E. J. Reed, now the eminent Chief 
Constructor of the Navy. But when Mr. Reed with- 
drew, the Mag. fell into obscurity. Mr. Brooman 
farmed it out toa Mr. Passmore Edwards, a terrific 
radical, and who earned immortality in Punch, who, 
in noticing an impertinent letter from him, described 
him as “‘A Mechanical Donkey,” sent him a spelling 
book, and wrote of him thus: 


In. this. wide. world. there. is. one. ass. more. 
Than. Punch, had. known. and. that. is. Pass. more. 


Mr. Edwards’s lease having run out, the former pro- 
prietor of the Mysterious Register and present pro- 
a of The Engineer, bought the little Mag., which 
had a bond fide circulation of a few hundred copies 
weekly, besides more than two dozen advertisers. 
Any abuse the Mag. may now contain is written for (not 








by) the eminent Methodist brother, E. C. Healey ; and 
we happen to know that the acting editor, Mr. Nursey, 
whose appointment we obtained for him, was forced to 
choose, last week, between dismissal and allowing the 
vulgar abuse, directed at us, to appear in his paper. 

The two articles to which we have referred were 
both written by one Mr. Frederick Arthur Paget, 
known to our readers by the sowbriquet of Pagurus, 
Paget was once, we believe, an errand boy at the 
Mechanics’ Magazine office. He afterwards became a 
“fitter on full pay” at some engine works or other, 
and was next a “consulting engineer.” At least, 
these were the qualifications, and the order of their 
statement, with which he applied for membership to 
the Society of Engineers, his application having been 
either withdrawn or rejected—we are not sure which. 
Mr. Paget once instructed the profession through 
the pages of the Civil Engineer and Architects’ Journal, 
a decayed publication of which some of our readers 
have heard. A stone bridge had fallen in Spain, and 
a number of railway passengers were drowned. Paget 
knew that Messrs. De Bergue had erected iron bridges 
in Spain, and he neatly and rapidly inferred that the 
stone bridge was an iron one, and erected by them. 
He gave them full measure of denunciation accord- 
ingly. A representative of Messrs. De Bergue called 
at the office of the Civil Engineer and Architects’ Jour- 
nal for an explanation, when Paget politely offered to 
kick him down stairs. So De Bergue could only take 
action for libel, and laid a suit for heavy damages 
against poor Silvester, the proprietor of the publica- 
tion. Friends interceded for him, and he got olf with 
ho worse consequences than publishing no end of abject 
apologies, and paying a heavy bill of solicitors’ costs. 
Paget’s only suffering was the loss of his post, and 
the terrors of the possibility that 4e might be held 
civilly responsible im the matter. In asking our 
opinion on this point, he assured us that, if a suit 
were brought home to him, he should, as he elegantly 
expressed it, “skedaddle from England.” It were 
a mercy had he done so, and never returned. Mr. 
Paget kindly offered, the other day, to employ his pen 
in our columns; but his contribution was not favourably 
reported upon by the Argus to whom we refer such 
matters. 

We believe we are correct also in stating that Mr. 
Nicholas Procter Burgh occupies an important position 
as contributor or socialenl adviser to The Engineer. 
The ability with which he deals with the more recon- 
dite branches of marine engineering is sufficiently 
known to some of our readers to save us the trouble 
of dilating upon it here. He is, to the journal of his 
choice, what the other ‘ Nicholas” was to Fux, save 
only in the wit of the latter. 

It is right that the profession should know its 
instructors, and we only regret the insufficiency of 
our sketches of them. But as far as these go, they 
have, at least, the merit of truth ; and if the portraits 
are not flattering, it is no fault of the artist. The 
penalty of retaining such a galaxy of talent has been 
paid in a heavy loss of circulation. The largest news- 
agents— Messrs. Smith and Son, Mr. George Vickers, 
and others—can easily supply information upon this 
point. We may mention one instance alone, that of 
the sale of the journal in Glasgow. Mr. Love, the 
largest newsagent there; once sold 180 copies weekly 
of Zhe Engineer ; now he sells but 120, and the num- 
ber is decreasing weekly. He sells 250 of this journal, 
and the number is increasing weekly. To our readers 
these facts have no interest, except as explaining the 
personal abuse to which we were treated last week 
—abuse which we will contrast with Zhe Engineer’s 
opinion of us in September, 1858, nearly ten years 
ago, and before we had taken any part in the manage- 
ment of that journal. We quote from its sixth volume, 
page 201: 

“Some seven railway companies’ managers out of 
“the whole Union resolved to club their dollars and 
“* send a deputation to Europe, and especially to Eng- 
“Jand, of competent men to institute a practical in- 
“ quiry and comparison between the several methods 
“of construction used in the different countries of 
“Europe and America. And more than this, they 
“knew how, did these seven wise men, to choose 
“ their inquirers; one of them, bearing the name of 
“ Zerah Colburn, a name well known in England in 
“the annals of calculation in days long gone by, and 
“ whose owner, had he stayed in England instead of 
“returning to the United States, would, doubtless, 
“ have risen to an eminence similar to that of our own 
“ George Parker Bidder. In the Union, however, 
“where rule of brain commonly succumbs to rule of 
“thumb, or rule of tongue on a tree stump, Zerah 
“Colburn, the man of thought, went out into the 
wilderness, and, we believe, died there, leaving the 
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« men of action to find out a few things that would do, 
“ by the process of proving an infinity of things that 
«would not do. Of this same blood is the present 
« Zerah Colburn ; but with the indomitable force of 
« action, superadded to that of analytic thought—a 
“ man in his own right of persevering industry, energy, 
“ end engineering skill—with a faculty of absorbing 
“ en by self-culture. Alexander L. Holley, 
« his fellow engineer in the same mission, and of the 
« good old blood of New England, the veritable ‘ gist’ 
« of Old England, was of similar stamp. Of a verity, 
“ the seven wise men knew how to choose their cap- 
“tains of industry in the adventure of railroad dis- 
“ covery in the Old World. Hither they came with 
“something of belief in the superiority of their natal 
«© whop-all-creation land ; but, withal, with open eyes, 
«and ears, and minds to receive all that might be new, 
“and to profit by it. We saw them, talked with 
“them, ate and drank with them, meeting on common 
“ professional ground, and there was no attempt at 
“speaking other than the exact truth. ... These 
“ gentlemen stayed some time in England, and worked 
“hard and conscientiously at their task. They left 
“nothing undone that it was possible to accomplish.” 

There are Colonel Divers engaged on the newspaper 
press of all countries, assisted, too, by their congenial 
Jefferson Bricks. They are, if their professions may 
be believed, the great popular instructors, and the 
“popular instructed,” according to the instructors’ 
account, “buy ’em by hundreds of thousands,” 
although there has been a drop, of some hundreds or 
thousands, in the sale of the journal which has, for 
that cause, taken to abusing us. 

This abuse would matter little were it directed only 
at ourselves. It is directed, however, at every one 
who is even suspected of having assisted in any way 
in establishing this journal on its present successful 
footing as a property. ENGINEERING has, at various 
times, been gratuitously fathered upon’as various a list 
of proprietors, and, not long since, upon even poor 
John Scott Russell! Zhe Engineer cannot understand 
that this journal is self-supporting, and it now fathers 
it upon Mr. Bessemer—a gentleman of whose inven- 
tion we have had occasion to speak favourably, but of 
whom, personally, we know very little. Our contem- 
porary is industriously puffing the greatest mechanical 
absurdity of the age, ¢o wit, Brown and Wilson’s 
“donkey injector,” and believing, no doubt, from its 
own experience, that all expressions of favourable 
opinion are matters of purchase and sale, it insists 
that Mr. Bessemer has “ subsidised,” or is, somehow, 
“supporting” this journal, A fortnight ago it had 
said, in so many words, that Mr. Bessemer had 
“ bought, set up, and started” this paper; but this 
is now all retracted. We are asked, however, to deny 
the “ subsidy” if we dare, and, if we do so, our friend 
informs us that his “ course is then clear.’ He has 
our denial at once, and his course is perfectly 
clear. It is to apologise most sincerely to the 
gentleman whose name he has so ungraciously and 
unwarrantably dragged into his own petty squabblin, 
with a journal more successful than his own, an 
which he has attacked solely because of its success. 
It is news to the profession that, hecause a aoe 
honestly devoted to its interests, occasionally finds 
opportunity for approval, those interested in the thing 
approved should, under the characteristic Colonel 
Diver’s view, be charged with editorial corruption. 
We are invited, too, to ask Mr. Bessemer what he 
knows of The Engineer’s ‘honesty !” Indeed! honesty 
must be going a-begging when it thus publicly solicits 
a certificate! We shall not trouble Mr. Bessemer, 
but we can easily answer as to what he knows of The 
Engineer’s “ honesty,’’ or, let us say, honour. He was 
once charged, and he paid, upon demand, a sum of 
money (50/., we believe), for the insertion of a letter 
explaining some point or other concerning his process, 
then under discussion. In 1862, the editor of the 
paper thought fit to illustrate the Bessemer converter 
and the parts connected with it, by wood engravings, 
and this with no knowledge on the part of that gentle- 
man that they were to appear. He was. nevertheless 
served with an account for 5/., which he paid merely 
because it was presented. Captain Blakely was 
served with, and he paid, a like account under nearly 
identical circumstances. So impressed was Mr. Besse- 
mer with the superior “honesty” of the proprietors of 
The Engineer,that when they sought, years afterwards, 
to deny these facts, he took no notice of their letter, 
as he also takes no notice of their paper. So much 
for the challenge as to “ honesty.” 

We confess our ignorance of many details of manage- 
ment of the Irish press, and we believe that the law 
officers of the crown have obtained verdicts against 
some of its conductors, and that the latter are now in 





gaol. We may venture to answer, in behalf of true 
English feeling, that we wish as little Irish journalism 
as possible set up in our midst, especially by the un- 
successful proprietors of Mysterious Registers and 
Chartist newspapers. Nor do we wish the American 
style of newspaper controversy to gain support here, 
not but that ade are newspaper quacks and charlatans 
who richly deserve even stronger and more vigorous 
chastisement than was at one time the boast, as it was 
also the reproach, of the American press. 








THE PURIFICATION OF IRON. 


We, in our last week’s number, gave publica- 
tion to a suggestion, or rather to an inquiry, sent to 
us across the Atlantic, which refers to the important 
subject of the purification of iron from sulphur and 
phosphorus by making use of the different physical 
properties of the iron, and of the sulphides and phos- 
phides of iron contained in them. Although the pro- 
gramme of this paper is to record facts, and not to 
enter into speculations which cannot be supported by 
the results of practical experience, we still believe that 
the importance of the subject, and the pertinence with 
which our correspondent has put his questions, will 
justify us in taking up and following out his line of 
thought, still distinctly warning our readers, and par- 
ticularly those living in very distant countries, not to 
consider our remarks as the results of practical ex- 
perience in that direction, but simply as speculations 
unsupported by any other evidence than the greater 
or less degree of plnaibiiity which they may contain 
in themselves. 

We start with the supposition that all sulphides and 
all phosphides which exist in liquid iron are more fluid 
than iron free from sulphur and phosphorus, or at 
least more fluid than steel of less than 1$ per cent. 
carbon. There exists a certain amount of evidence, 
drawn from practice and from experiments, to support 
this view, and we have before this recorded several 
facts which relate to this subject, yet it would be 
premature to accept our above-named supposition as 
an established fact. 

The mechanical properties which would afford a 
possibility to separate the phosphides and sulphides 
from the iron itself are of two kinds, viz., differ- 
ence of specific gravity and difference of fusing 
points. We now add the supposition that all 
sulphides and phosphides have a less specific 
gravity than iron or steel, and we find ourselves in 
the possession of two principles, capable of acting 
singly or in combination, for the separation of liquid 
iron from its impurities. The difference of fusing 
— becomes efiective only at a temperature which 
ies between the melting pomt of the phosphides and 
that of iron. At such a temperature the iron will 
solidify while the impurities remain liquid, and by a 
suitable mechanical process we can separate the solid 
from the liquid substance. This is what actually takes 
place in the puddling furnace ; but the suggestion to 
make use of it in the Bessemer process falls to the 
ground the moment we consider that in this process 
the liquid metal is never kept at a temperature between 
the melting points of iron and of those impurities, but 
it arrives in the mould at a temperature far above the 
melting point of iron, and is instantly chilled by the 
action of the mould down to a temperature which is 
equally far below the point of fusion of any of the 
phosphides that may be mixed with the mass. The 
only practical way to avoid this is to cast the steel 
into heated moulds, only the temperature must be a 
bright red heat, and must be maintained for a con- 
siderable length of time after the steel has been turned. 
This process, we believe, is in practical operation in 
some of the steel works which make steel castings 
their specialty ; but all these works keep their pro- 
cesses as secrets. The heated mould would probably 
act in such a manner as to allow the process of crystal- 
lisation to work as slowly and freely as to collect the 
particles of steel all round the surface, and only leave 
the more liquid masses in the centre of the casting. 
It would scarcely be convenient to watch the oppor- 
tunity for removing the liquid from the centre of the 
casting, and practice seems to have arrived at a better 
process by making use of the difference of specific 
gravities for the final removal of this central portion. 
Castings of that kind are always teemed with a dis- 
proportionately large runner or head, which sometimes 
is equal in weight to the weight of the casting 
itself, and even in large castings comes up to about 
one-third of the weight. This runner is carefully 
heated from the outside, and in some cases is gradually 
refilled or “fed” with liquid steel of a high percent- 
age of carbon which keeps liquid at a lower tempera- 
ture. Upon the surface of the metal, in the runner, 





charcoal is thrown by handfuls, which, by its com- 
bustion, keeps the surface hot, adds some further 
supply of carbon to the upper strata, and maintains 
them more liquid than they would otherwise be, and 
prevents the oxygen of the atmosphere from nego | 
the steel. From this runner the casting “ feeds” itself, 
i.e., 80 soon as the metal begins to set all round the 
surface, which fixes the outline of the casting, the 
shrinkage makes itself felt, and more material is 
drawn down from the runner to fill up the central 
portion, which otherwise would remain hollow, and 
which actually is hollow in all castings made without a 
runner, or in all cases when the metal in the runner 
solidifies before the complete solidification of the 
metal in the mould itself. Supposing, therefore, the 
sulphides and phosphides of less specific gravity to be 
collected in the centre of the casting, and connected 
with the liquid steel in this manner by an open vertical 
channel, it is obvious that the heavier metal from the 
runner will descend, and the lighter sulphides will rise 
into the runner, or head, which latter is always known 
to have its “ rotten” place at the juncture between the 
runner and the casting. In the Bessemer steel mould 


no action of this kind can be effected, but the differ- - 


ence of specific gravity may be utilised even thete. 
This difference is not large enough to cause the phos- 
we to rise to the top of the mould when standing ; 

ut the suggestion of rotating the ingot moulds points 
to a method to make that difference sufficiently effec- 
tive. The action of centrifugal force may be in- 
tensified to any desirable extent by merely increasing 
the speed of rotation, and there can be no doubt that 
the denser materials of any mechanical mixture of 
liquids contained in a rotating vessel would, at a 
certain speed, be driven to the outside, while the 
lighter liquids would remain in the centre. Rotating 
ingot moulds are not new. At Imphy, in France, 
Messrs. Jackson, the licensees of Mr. Bessemer in 
France, rotate their ingot moulds in regular practice, 
and the ingots are said to be much sounder in con- 
sequence, but the speed of rotation at Imph 
is only twenty-five revolutions per minute, whic 
is obviously very far from anything like the 
speed at which the separations we speak of could 
take place. A mould of, say, 10 in. diameter, would 
require to spin at the rate of 2000 or 3000 revolutions 
per minute, and the ingot produced by it would of 
necessity be a hollow cylinder or tube for effecting 
such a result. By making such moulds conical or 
spherical at the bottom, the impurities could be all the 
more readily collected there; but no solid ingot could 
at any time come out of such a mould. For makin 
tubular articles, such as tyre hoops, hollow axles, al 
shafts, this method of casting seems very promising. 
Pipes were cast of iron in rotating moulds now nearly 
twenty years ago, by Mr. Andrew Shanks, in London, 
and by this processshave been made the thinnest and 
most accurate castings of the kind ever seen. It has not 
come into commercial use because the machine mould- 
ing of pipes, which was invented simultaneously with 
this process, offered greater advantages. The rotating 
of steel ingot moulds has, therefore, some plausibility, 
and is, perhaps, worthy of a trial. 

If we go still further, and combine the action of 
centrifugal force with that of the temperature main- 
tained between the two melting points, we arrive at a 
new system of mechanical puddling. Make a puddling 
furnace with a circular bed, somewhat similar to 
Morgan’s furnace, support this bed upon a vertical 
shaft, arranged for giving rapid rotation to this dish- 
formed furnace-bed, and the rotating ingot mould is 
virtually formed inside the furnace. Let the liquid 
pig iron run into this furnace, and apply the atmo- 


spheric blast in a manner similar to that employed by. 


Mr. Richardson, or through fixed pipes, and as soon 
as the “ boil” has commenced, or shortly after, shut 
off the blast and set the “ingot mould” into rapid 
rotation. ‘The centrifugal force will drive the solid 
particles of iron rane the periphery of the dish, 
which must be properly shaped to fold it, and after a 
short time the slag may be drawn off at the bottom, 
while an annular bloom would be formed by the puri- 
fied iron all round the circumference of the dish. We 
are not aware of any operation of this kind having 
been tried before this, and we have no desire to press 
it upon our readers as a suggestion of more than ordi- 
nary plausibility ; yet we believe that in these days of 
extreme anxiety for the future of the iron trade, and 
in the presence of all the difficulties which the employ- 
ment of manual labour in puddling has caused, it would 
not be out of place for an intelligent ironmaster to try 
— experiments in the direction now pointed out 
y us, 

To return, in conclusion, from the field of specula- 

tion to the teaching of actual practice in the present 
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state of iron metallurgy, we can only point in one 
direction for the purification of iron or steel, viz., to 
the treatment of the iron ore before it is charged into 
the blast furnace. We have, in our recent description 
of the Kladno Ironworks, stated how Mr. Jacobi has 
succeeded in washing the sulphur out of his calcined 
ore by cold water, and we may, probably at no distant 
time, be permitted to publish some other modes of 
purification of iron ores which are now in the course 
of experiment in the North; but it will be quite sufli- 
cient to prove the possibility of desulphurising ores 
before their being smelted, by our pointing to the fact 
that the purest iron ore which exists in the British 
market, and which is used principally for fettling 
puddling furnaces, at present is the residue of the 
copper ore from the Tharsis mines, remaining after the 
extraction of the sulphur and copper by Mr. Hender- 
son’s process. ‘This purest of all iron ores is virtually 
made fron nothing but iron pyrites, or from the very 
substance which in its admixture to the ore in a small 
percentage is the cause of all the contamination of the 
iron with sulphur. Ifit is possible, then, to remove 
the sulphur from the pyrites to such a perfection, it 
ought not to be impossible to remove it from ores which 
centain these sulphurets admixed ina small proportion 
only. 


THE ALLEN ENGINE.—No. IV. 
Hien Sreev.—Continued. 

In our last article we gave a demonstration of the 
action of the reciprocating parts of the engine, in 
modifying the distribution of the pressure on the 
erank. When the piston speed is slow and the weight 
of these parts inconsiderable, this action is very slight, 
and has in ordinary practice been so small, that engi- 
nters have been justified in disregarding it altogether, 
and considering the indicator diagram to represent the 
pressure exerted at every point of the stroke upon the 
crank, as well as that upon the piston, as if the parts 
through which the force of the steam is transmitted 
to the crank were without weight. But in consider- 
ing the subject of high speed, it is necessary at once 
to disabuse our minds of this erroneous idea, and re- 
cognise the important purpose which these parts may 
be made to serve. The following diagrams are given 
in illustration of their action. ‘This is indeed so 
simple, that it would seem to require only to be stated 
in order to be clearly apprehended ; its practical con- 
sequence, and the fact that it has hitherto received 
scarcely any attention, must be our apology for dwell- 
ing briefly upon it. 

Let the rectangle, ABCD, Fig. 2, represent an in- 
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dicator diagram, showing a pressure of 641b. of steam, 
admitted during the entire length of the stroke; let 
us suppose that the engine is making 25 revolutions 
per minute, and that at this speed the force required at 
the commencement of the stroke to give motion to 
the reciprocating a is equel to a pressure of |] Ib. 
on the square inch of piston; then the pressure on 
the crank during the stroke will be represented by the 
dotted line, which differs very little from the steam line, 
AB. Let now the speed be increased to 200 revolutions 


square inch of piston at the other. Figs. 1 and 3 re- 
present the same supposed case as the last, except that 
the steam is cut off, in Fig. 1 at one-halfand in Fig. 3 
at one-eighth of the stroke. The full line in each 
figure represents the pressure on the piston, and the 
dotted line the corresponding pressure on the crauk, 
If the speed of the engine is reduced to 175 revolutions 
per minute, and the steam is cut off at one-sixth of 
the stroke, we have the diagrams of pressures on the 
piston and on the crank represented in Fig. 4. 

It will be observed how completely the designer has 





this action of the reciprocating parts under control. 
He can proportion their speed and weight to the 
pressure of steam, in such a manner as to relieve the 
crank from the blow on the centre to whatever extent he 
may wish. The accumulation of pressure upon the crank 
during the latter half of the stroke is not, in a pro- 
perly designed engine, in the least degree chbjection- 
able, because there is nothing sudden in the mode of 
its application, but it comes on the crank in a most 
gradual manner. It will, however, be found that this 
action of the reciprocating parts cannot be exerted in 
the degree necessary to produce a really good effect, 
unless either the piston speed is much greater than 
we care to employ, or these parts are of very consider- 
able weight. 

The notion that the reciprocating parts of high speed 
engines should be very light is therefore entirely wrong. 
| ‘They should be as heavy as they can be made, the 
| heavier the better. If, for example, in an engine 
making 120 revolutions per minute, the reciprocating 
| 





parts weigh 10 ewt., and relieve the crank of the force 
of the steam when on the centres, to the extent of 
|25 lb. per square inch of piston; then by increasing 
|their weight to one ton, they will relieve it of 50 Ib., 
| and the running of the engine will be materially im- 
proved in the respects of smoothness and uniformity. 
rhe Allen engine possesses an advantage in this 
respect, in having the weight of the air-pump ram 
added to that of the usual reciprocating parts. These 
remarks do not, of course, apply to locomotive engines, 
in which the weight of the reciprocating parts is 
limited by other considerations, and in which the 
shock of sudden admission at high speed is avoided, 
and the driving pressure through the stroke is equal- 
ised by excessive compression. 

We pass now to the secondary advantages of high 
speed. The most obvious of these is the increased 
|power obtained by means of it, One engine, for 
}example, making 100 revolutions per minute, exerts 
| the same power which would be given by a pair of 
}similar engines making 50 revolutions per minute. 
We may be informed that coupled engines are em- 
|ployed to give steadiness of motion—an object for 
| which they are in fact still less needed than they are 
|to furnish the power. All that we want is economical 
| 





and, above all, uniform and reliable power; and ever 
| since the first steam engine was made the tendency 
|has steadily been, by employing higher pressure and 
}more rapid piston speed, and. more recently by the 
|introduction of direct acting forms, to obtain this 
power from smaller engines. 

More important advantages result from the more 
rapid rotation of the shaft. Foremost among 
must be placed the inercased efficiency of the fly- 
| wheel, the power of which, to equalise the motion, in- 
}creases as the square of the number of revolutions. 
| Tf, then, in place of the coupled engines already sup- 
posed, we substitute a single engine of the same 
di nensions, but making double the number of revolu- 
tions, we obtain not only the same power, but also 
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greater uniformity of motion; for the variations of 


force are not much greater, while the controlling 
power of the ily-wheel is increased fourfold. 

The advantages of more rapid rotation are largely 
felt in the transmission of power. Engineers under- 
stand very well that, theoretically, the prime mover 
should overrun the resistance, the pinion should drive 
the larger wheel, motion should be not multiplied but 
reduced in transmission, This can seldom be attained 
in practice, but high speed gives the great advantage 
of an approximation to this theoretical excellence. 
On the other hand, slow-speed engines work against 
every disadvantage. ‘To begin w ith, coupled engin 
and enormous fly-wheels have to be employed to give 


h 


per minute, and let the admission and discharge of /a tolerably uniform motion; often great irregularities 


the steam be conceived to be such, that the engine 
will continue to give the,same diagram as before; the 
force required now at the commencement of the stroke 
to put the reciprocating parts in motion, and at its 
termination to bring them to rest, is equal to a 
pressure of 641b. on the square inch of piston, and the 
effective driving pressure on the crank at every point 
of the stroke is represented by the triangle, DEC, 
being nothing at one end, and equal to 128 1b. on the 


are endured, or the abominable expedient is resorted 
to of placing the fly-wheel on the second motion shaft. 
Then comes the task of getting up the speed, with 
| the ponderous gearing through which motion is com- 
municated in the wrong direction, the enormous strains, 
and the jagged motion resulting from torsion and back 
lash, the villanous nature of all which habit prevents 
us from realising, but cannot make us wholly Pind to. 
Slow motion prevents, also, the use of the belt, im- 





measurably the preferable means of transmitting power 
from a prime mover. 

| But how about the wear and tear? The question 
| comes from friends and foes alike. ‘The only dilference 
| is in the expression of countenance, sympathetic or 
triumphant. The thought of high speed brings before 
every eye visions of hot and torn bearings, cylinders 
and pistons cut up, thumps and break-downs, and 
engines shaking themselves to pieces. It is really 
difficult to understand how so much ignorance and 
prejudice on this subject can exist in this day of 
general intelligence. ‘he fact is, high speed is the 
creat searcher and revealer of everything that is bad 
in design and construction. The injurious effect of all 
unbalanced action, of all overhanging strains, of all 
weakness of parts, of all untruth in form or construe- 
tion, of all insufficiency of surface, increases as the 
square of the speed. Put an engine to speed, and its 
faults bristle all over. The shaking drum cries, 
** Balance me, balance me!” the writhing shaft and 
quivering frame ery, “See how weak we are!” the 
blazing bearing screams “ Make me round,” and the 
maker says, “Ah, sir, you see high specd will never 
do.” 

Now, nothing is more certain than that we can 
make engines, and that with all ease, in which there 
shall be xo unbalanced action, zo overhanging strains, 
no weakness of parts, zo untruth of form or construc- 
tion, zo insufficiency of surface ; in which, in short, 
there shall be zo defect to increase as the square of 
the speed, and then we may employ whatever speed 
we like. “ But that,” interposes a friend, “ requires 
| perfection, which, you know, is unattainable.” No, 
we reply, nothing unattainable, nothing even dificult, 
is required, but only freedom from palpable defects, 
which, if we will only confess their existence, and are 
disposed to get rid of, may easily be avoided. It is 
necessary to throw all conceit about our own work to 
the dogs, to lay down the axiom that whatever goes 
wrong, it is not high speed, but ourselves who are to 
blame, and go to high speed as to our schoolmasters. 

Among the many objections to high speed, we are 
often told that the beam-engine will not bear it, and 
the beam-engine, Sir, was designed by Watt. In 
reverence for that great name, we yield to no one. 
The beam-engine, in its adaptation to the conditions 
under which it was designed to work—namely, a 
piston speed of 22 ft. per minute, and a pressure of 
one or two atmospheres—was as nearly perfect as 
any work of human skill ever was or will be; but we 
wonder why the outraged ghost does not haunt the 
men who cling to the material form they have in- 
herited, when the conditions which it was designed to 
mect have been all outgrown, who have used up his 
factor of safety, and now stand among their trembling 
and breaking structures, deprecating everything which 
these will not endure. What high speed our faithful 
friend teaches us, we will consider next week. 








Proposep Iron TrapE ConFERENCE.—During the last 
twelve months the attention of the iron trade has been in- 
vited to many features connected with the relations of this 
industry to foreign competitors, to the development of the 
iron manufacture in other countries; to proposed methods 
| for improving the quality and economical production of iron 
|} and steel, and to many subjects of considerable importance 
| to the interests of the British iron trade. It is therefore 
thought that a conference of British iron manufacturers 
might advantageously be held during the next general meet- 
ing of the associated chambers of commerce in London, say 
on or about the 6th of March next, when such subjects as 
the following might be discussed: Statistics of Home and 
Foreign Iron Trade: Measures to be adopted for obtaining 
reliable statistics of the coal, pig iron, malleable iron, and 
steel trades of Great Britain, and other countries where these 
industries are located. Desirability of requesting the Board 
of Trade to undertake the inquiry, by means of the consular 
service, or by special commission. Foreign competition : 
Natural advantages possessed by our foreign competitors ; 
advantages resulting from better methods of manufacture, 
economical processes, utilisation of waste products, or cheaper 
labour. Manufacture: Means suggested for increasing the 
effective work of men employed in the different branche: of 
iron manufacture; for encouraging greater efficiency and 
economy in the puddling process; for extending the appli- 
eation of machinery to the iron manufacture ; for securing 
| skilled managers in the several departments of the manu- 
| facture. Legislation: Enactments in operation or proposed 
| which press upon the iron trade; measures considered de- 
| sirable to get introduced by the Legislature. Labour: In- 
formation bearing upon experiments which have been made 
with a view to promote better understanding between em- 
ployers and employed. An interchange of opinions upon 
the above subjects, between the leading members of the 
| British iron trade, will no doubt tend to elicit much valuable 
information.—Society of Arts Journal. ’ 
SmaLt Coat.—The movement made by the French railway 
interest, with a view to the utilisation of coal dust by con- 
verting it into briquettes for burning, appears to be extend- 
ing. The Southern of France Company, as well as the 
Orleans, is now making a trial on a large scale of this 
| description of combustible. 
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STEEL AND IRON RAILS. 
To Tue Eprtor oF ENGINEERING. 

Srr,—Your correspondent, “J. W.,” appears to labour 
under the mistaken impression that I (in common with a 
contemporary journalist not named) am altogether opposed 
to the adoption of steel rails. I may, therefore, once more 
repeat that I am a decided advocate for their use in all cases 
where a heavy traflic causes the rapid destruction of iron 
rails. At a future day, I may contribute to your pages s»me 
facts from my own small experience, showing the compara- 
tive duration of steel and iron rails under heavy traffic. 

Passing over “ J. W.’s” illustration of the top, on which he 
has spun a somewhat touching yarn, I come to the pith and 
marrow of his letter, wherein he asks, “ Why should not steel 
“ be superior to iron on lines subject to light traffic?” This 
inquiry he, however, proceeds to answer by saying that it is 
“ a question of first cost.” This is true, but not the whole 
truth. It is a question of first cost, and a serious one ; it is, 
consequently, a question of permanent additional interest 
on that cost, and it is also a question of increased outlay in 
renewals when such become requisite. In many cases it 
may be difficult, not to say impracticable, to find the addi- 
tional capital required for laying steel rails. Take, for 
instance, the supposed case of a single line of moderate 
traffic, of 100 miles in length, where the adoption of steel 
rails would involve an outlay of 84,0007. additional capital—a 
very serious sum to add permanently to capital for the 
benefit of “posterity,” as “J. W.” puts it. The directors 
and shareholders might not unreasonably ask, with a certain 
illustrious individual, ‘‘ Posterity, indeed! I should like to 
know what posterity hasdone for us?” Your correspondent 
argues that “ we ought to save posterity from a burden they 
have not helped to create.” I maintain that we ought not 
unduly to burden ourselves in order to relieve posterity from 
their just burdens. 

“J. W.” further states that “F. F.” has placed steel rails 
in every way at a disadvantage, and iron in the most advan- 
tageous position for comparison. To this charge of unfair- 
ness in argument, I decidedly demur. I have taken the 
periods of sixteen years for iron, and forty-eight years for 
steel (or three times the relative duration), because I found 
the proportion quoted in your previous article, and for the 
purpose of showing that there is a comparative durability 
which does not justify the extra outlay for steel. This is the 
only argument I have tried to sustain inall my letters. But, 
let me ask ‘J. W.” how he can so confidently state that 
steel rails will last far more than forty-eight years, when it 
is notorious that no steel rail of one-fourth that age is in 
existence. How, also, can he state broadly that sixteen 
years is too much for iron rails, when I can myself show him 
iron rails which have been in constant use for more than 
twenty-five years, and over which countless millions of tons of 
traflic have passed without wearing them entirely out. It is 
true that these rails were of a better iron than we now 
obtain; but I am not aware of any insurmountable obstacle 
to our getting as good or nearly as good a rail if we choose 
to pay a higher price, and insist on mine iron alone being 
used. 

Your correspondent proceeds to allege that “the principle 
“involved in “F. F.’s” reasoning is the bane of railway 
“economy.” This is one of those high sounding but totally 
untenable assertions which are too often substituted in the 
place of argument. The principle involved in my reasoning 
is this, that the capital account of a railway should not be 
burdened at the time of its original construction with a 
largely increased charge on which interest must be paid in 
perpetuity, unless the line is likely to be one of heavy traffic. 
My principle is also (and I have most clearly stated it) that 
each and every year should witness its fair share of all need- 
ful renewals, and that the outlay for such renewals should be 
charged against revenue in the current year; not, as pro- 
posed by “J. W.,” from a redemption fund, since it is ob- 
vious that there would be no financial gain by its creation. 
Such a fund is not self-existent and self-supporting ; but it 
must be maintained by perpetual yearly contributions ; and 
since, after a given period, the renewals of a railway become 
an average quantity, the sum spent in them exactly corre- 
sponds with the amount which would have to be contributed 
to aredemption fund. The object of the creation of a re- 
demption or reserve fund is merely to render practically uni- 
form, demands on the funds of a company of an uncertain 
and fluctuating character. 

I really cannot follow “J. W.” into the probabilities or 
responsibilities of the next 200 years. For aught we know, 
long before the expiration of that time, something far better 
than Bessemer steel may be discovered. I do not clearly 
understand what the “germs of immortality” may mean 
when applied to the so-called permanent way of railways; 
but if “J. W.” can devise any plan for rendering the way 
really permanent for even a little less than 200 years, he will 
go a long way towards rendering his own name immortal. 
if he mean that we ought to adopt the most durable mate- 
rials in our structures that we can suitably afford, I entirely 
concur with him in opinion. 

The analogy between the railway system and the postal 
service is not very apparent. The former involves a large 
outlay of capital at starting, the latter chiefly current expen- 
diture. On all well conducted railways, current expenses are 
paid out of current receipts, as in the case of the Post-oflice 
system. The success of the latter is due, therefore, not to 
any superiority of management, but to the fact of there 
being no burden of interest to bear, as in the case of railways, 
and in a very great degree, also, to the extraordinary advan- 
tages and facilities afforded by its use of the railways for the 
conduct of its traffic. . 

To come once more to dry figures. “J. W.” has obviously 
fallen into a serious error in his calculation, through mixing 
up together, as he does, the total amounts of both capital and 
interest expended, and dividing them by the assumed yearly 
periods. The only sums to be taken into account in institut- 
ing a comparison of the kind are those of interest and 
renewal expenses. In endeavouring to ascertain the yearly 
cost of, say, the London and North-Western Railway, we 





' should not think of addirg to the capital outlay the cost of 
upholding since its original construction, and dividing the 
figures thus arrived at by the number of years it has been in 
existence. All that we require to provide for is, first, to 
pay permanent interest on the cost of construction, whether 
of way works or stations; and secondly, to maintain way 
works and stations in a sound condition, at the cost of 
revenue. Taking a period of 96 years for our calculations 
(and this is as far into futurity as I dare venture), the com- 
parison appears the more correctly stated by the following 
figures : e 
Iron. Outlay 96,0001. Steel. Outlay, 180,0001. 
£ £ 


Interest for first 16 
years we «. 76,800 
Renewals... «- 64,000 
Interest for second 16 
years ose 
Renewals... one 
Interest for third 16 


Interest for first 48 
76,800 years .. .» 432,000 
54,000 Renewals ... an 


years eee «. 76,800 
Renewals... +» 64,000 
Interest for fourth 16 

years eee 76,800 
Renewals... «. 64,000 
Interest for fifth 16 Interest for second 

years eee +. 76,800 48 years... - 432,000 
Renewals .. -. 64,000 Renewals ... +» 96,000 
Interest for sixth 16 

years peo 76,800 


Renewals ... “a 54,000 








£784,800 £1,056,000 
Or 81757. per annum. Or 11,0007. per annum. 

It will be observed that this mode of calculation assumes 
that the renewals will be paid out of revenue at the end 
of the respective periods. fh practice, however, this opera- 
tion is taking place every year and every day, and the annual 
outlay thus becomes an average sum, and is exactly equal 
to that resulting from the second mode of calculation sug- 

ested in my last letter, viz., 81757. per annum for iron, and 
1,000/. per annum for steel. 

I now leave this question of cost, so far as I am concerned, 
to the careful consideration of those who are practically 
interested therein. Engineers will do well before incurring 
the additional cost of steel rails, to satisfy then:selves by a 
little calculation, and by carefully considering the special 
circumstances of each case, that they will be exercising a 
wise economy in making the additional outlay, if they decide 
on using steel. Careful records should, of course, be kept of 
the wear of all steel rails, whether of the excellent quality 
manufactured by the Atlas Company, and some others, or 
the cheaper steel rails, now being freely introduced. If, 
after a more extended trial, steel proves itself to be so much 
more durable than iron as to warrant its greater cost, there 
few engineers who would not be delighted to use a material 
that would unquestionably save them much care and anxiety. 

Yours faithfully, 

February 26, 1868. ¥. 


F. 





To tne Epitor or ENGINEERING. 

Srr,—In looking over my letter on “Steel versus Iron 
Rails,” which appeared last week, I wish to have the follow- 
ing corrections made: Third paragraph should read, “ Rail- 
“ways should, after completion, be entirely maintained in 
“ a state of efficiency; form a redemption fund, and pay a 
“ fair rate of interest, from the revenue, &c.” In last para- 
graph, “loco. management” should be “railway manage- 
ment.” 

Yours obediently, 

Manchester, February 26, 1868. J. W. 





To THE Eprtor oF ENGINEERING. 

Sir,—I have always been of opinion that the spinning of 
tops in the public streets ought to be put a stop to, and the 
letter from “J. W.,” in your paper of the 21st. inst., has con- 
firmed that opinion, as, perhaps, if that small boy he alludes 
to had gone to school, without loitering on the way, we 
might have had two columns of interesting information in- 
stead of what, at the risk of being deemed impertinent, I 
must term “ figures gone mad” and equally erratic arguments 
to support them. That this is the case is not very difficult to 
prove. Taking “J. W.’s” figures to start with, we have for 
100 miles of railway—first outlay, iron, 96,0001.: steel, 
180,000/.; additional outlay for steel, 84,0007. In sixteen 
years it will be necessary to expend 54,000/. in renewing the 
iron rails, but by this time the interest on the extra outlay 
for steel, at 5 per cent. simple interest, will amount to 
69,2001., or 15,2U0/. more than the cost of renewing the iron ; 
but your correspondent, by calculating interest on the 54,000/., 
and none on the 69,200/., makes it appear that iron will 
eventually cost more than steel. If compound interest be 
taken into account, the extra cost of steel will amount, in 
192 years (the period of “J. W.’s” calculation) to millions. 
The arguments by which “J. W.” supports his figures are 
equally eccentric. If the rail lasts sixteen years, what does 
it matter whether it is worn out by the wheels of the loco- 
motive rolling or jumping upon it? And, with regard to first 
cost, of which “J. W.” makes so light, did it not occur to him 
that if you double the first cost you must also double the 
receipts, in order to pay the same dividend, and that an ex- 
planation of the unsatisfactory state of railway property is 
more likely to be found in excessive first cost than where he 
looks for it ? 

Your obedient Servant, 


February 26, 1868. P. W. D. 








Soutn YorkKsnire.—There is not much change to notice 
in the iron trade of South Yorkshire. New furnaces erected 
by Messrs. Firth and Co. are nearly ready. The coal trade 
of the district is not very active. In coke a moderate busi- 





CLEVELAND STEEL MANUFACTURE. 
To THE Eprror OF ENGINEERING, 

Str,—The Zadkiels of the steel world are prophesying 
great coming wonders, eqommqnaied by the downfall of the 
Bessemer process, which is to be superseded, ere long, by the 

rocess of Mr. Jones, the Jones of the age, who has made an 
ingot of 3 gwt. of steel melted without the use of crucibles or 
pots. The bulletin, announcing the production of this won- 
derful pig or ingot, runs this: “ Ingot obtained frem steel 
“furnace, 7th February. One end has been cut off hot to 
“try the hardness. No crueibles or pots used in the pro- 
“cess.” Whether the end of this wonderful pig or ingot, 
say its tail, or the end of the steel furnace was cut off, does 
not seem quite clear, but no doubt the steel furnace was 


itself well nigh cut off by the time the pig was ready to run.’ 


But more marvelsare in store. A spike, roughly forged from 
a runner belonging to the wonderful pig, was exhibited, and 
caused some attraction, in consequence, I presume, of its 
having been previously magnetised. 

Besides this, says the legend, a specimen of Jones’, a cast- 
steel plate, rolled out of cast steel, also created great interest. 
No wonder, for when before has the world ever seen such 
a specimen of Jones as this? The specimen was doubled up 


in its cold state, alas for poor Jones. The wonderful pig of 


steel i.e., the Jones pig was infinitely superior to the first 
ingots of Bessemer steel, so at least said a gentleman who can 
see further into a millstone than his fellow mortals, and who 
had closely examined the pig—heard it squeak, in fact. Now I 
do not doubt the production of this steel pig; butI fear that, 
like other pigs, there is a certain amount of gammon con- 
nected with it. 

Let us examine seriously. In 1856, parties were as anxious 
to supersede the Bessemer process as they appear to be now, 
and in the autumn of that year I was consulted as to my 
opinion of nitrate of soda (then well known to exist in abun- 
dance in South America) as a means for 8 ge pig iron, 
and so converting it directly into steel. ‘My opinion was this, 
viz., that nitrate of soda would purify cast iron from phos- 
phorus and sulphur, and thus improve its quality for puddling 
into steel or iron, but that its use could not im any way 
supersede the Bessemer process, for the simple reason that 
nitrate of soda could generate no heat to liquify decarbonised 
cast iron. 

By means of gas and other furnaces, it is now sought to 
liquify steel made from pig iron purified by nitrate of soda, 
and thus to supersede the Bessemer ‘p . It, however, 
happens that the heat requisite to hq cast steel soft 
enough for rails, shafts, &c., is so intense, unless it can 
be applied under the metal, the com: itive coldness of the 
hearth must prevent the proper liquifaction of the steel. All 
this is well known to those who melt steel in pots, for if the 
lower part of the - is comparatively ¢ool as compared with 
the upper part, the steel can never be thoroughly liquified. 
Now, the Bessemer process does happen. to apply the heat 
just where it is most wanted, viz., under the metal, and 
amongst its particles, not on its surfaée, as must be the case 
in all melting furnaces, as distinguished from the Bessemer 
converter, and to this does the Bessemer process owe its per- 
fect success, in liquifying the iron, even when wholly decar- 
bonised. Now it is quite easy to liquify crude steel in a gas 
or other furnace, so as to obtain a malleable os or pig, at 
a certain expenditure of fuel, brickwork, and money. I 
have seen this done in a common fefinery, and the runner 
made so malleable that nails, not spikes, were forged out of 
it, and a horse’s shoe put on with these nails. But practi- 
cally, such processes are not of any value. 

N o doubt when parties see small quantities of steel made 
in this way, they are very sanguine of ultimate success; but 
they pursue a mere phantom, for the cold hearth under their 
steel material for ever debars them from superseding the 








ness is being done. 





Bessemer process. 

I will venture to predict that, as regards cast steel, Mr. 
Samuelson will be a wiser and a sadder man three years hence 
than he now is, though for iron and puddled steel nitrate of 
soda will do much for Cleveland iron, that is, if ironmasters 
prefer to use it rather than a better and cheaper material 
nearer home. 


Lemnos, February 26, 1868. VULCAN. 








Tue MaNvracture or SuLpuuRIC ActD.—A new process 
for the production of sulphuric acid has been patented in 
France by MM. Tardani and De Susini. Its great recom- 
mendation is that it dispenses with the large leaden 
chambers. The sulphur or Sy is burned in compressed 
air, and the sulphurous acid is first washed to free it from 
arsenic, &c., and is then brought into contact with the nitric 
vapors in a small leaden chamber of peculiar construction. 

npdo-EvrorgEaAN TELEGRAPH.—From a return submitted 
to Government by Mr. H. I. Walton, director of the Mekran 
Coast and Submarine Telegraph, it appears that the total 
number of messages transmitted by the Indo-European 
Telegraph, during December, was 2350, of which 120 were 
Government telegrams. The messages received from Great 
Britain vid Turkey were 733, the maximum time occupied 
being 15 days 7 hours 40 minutes, the minimum 22 hours 
14 minutes, and the average 9 days 23 hours 43 minutes, 
being the highest for many months. Vid Russia, 67 mes- 
sages were received from Great Britain, the maximum time 
occupied being 11 days 4 hours 45 minutes, the minimum 
4 days 2 hours 53 minutes, and the average 8 days 22 hours 
58 minutes. 

Tue tate Mr. Witt1am Cory.—The death has been 
announced of Mr. William Cory, well known in the coal 
trade of London for his experience and connexions as a coal 
and shipowner. It was », through the exertions of Mr. 
Cory, by the establishment of the large floating derricks on 
the river, and the erection of extensive hydraulic machinery 
at the Victoria docks for quick despatch in the delivery of 
coal at a low cost, that the trade in coal by sea has of late 
years been at all enabled to compete with that by railway. 
It is said that of the whole quantity yearly arriving in Lon- 
don by sea, viz., 3,000,000 tons, at least 1,000,000 tons passed 
through the hands of his firm. 
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THE COUPLING OF BORING-RODS. 
To Tue Eprror or ENGINeerine. 


Srr,—Concurrent with the daily appearance of “new 
things,” is the curiously constant accumulation of proof that 
there is nothing new under the sun. As an example amon 
a thousand, there is the “safety pin,” whose occult, though 
most valuable, service is particularly well known to every 
attentive*paterfamilias. A lucrative Bowen is said to have 
accrued from the patent of this pin. We need only to go 
down to Cirencester, however, to learn in the Museum of 
Roman Remains that the pattern of this exceedingly precious 
little article is quite 2000 years old. 

The reference in your 
issue of the 8th instant to 
Mr. Parsons’s patent bolt 
reminds me that I was 
driven some years ago to 
adopt a similar expedient 
to cure the failure of the 
couplings of boring-rods. 
The common practice of 
manufacturers is to’make 
the coupling-screw of the 
same diameter (taken 
through the outside of 
the thread) as the square 
rod. Consequently, the 
coupling, which ought to 
be, if anything, the 
strongest, is precisely the 
weakest part of the rod. 
In borings at a depth of 
about 100ft., an open bore 
(in South America tubes 
not being procurable), I 
came to a bed of densel 
compacted quartzose ond. 
The torsion strain |was so 
great (with four and some- 
times six men at the tiller) 
that the coupling-screws 
repeatedly twisted off close 
to the boss. As the stratum 
was believed to be thin, 
and it was important to 
settle the point, I had no 
choice but to persevere, 
and consequently lost con- 
siderabletime;by breakages 
and attempts, frequent 
futile, to recover rods left 
at 40 and 50ft. from the 
surface. Altogether the 
failures were so annoying 
that I determined to have 
rods for future work made 
with the couplings, as 
shown in the accompany- 
ing sketch. On examining 
this, it will be found that 
the sectional area of the 
screw, taken through the 
inside of the thread, is a 
fraction greater than that 
of the rod itself. The 
reasons for making the 
section of the screw a little 
more than the rod were, 
Ist, because it was assumed 
that the spirally grooved 
or “ nicked” surtace of the 

screw renders it weaker against torsion, area for area, than 
the rod with its parallel and unnicked sides; 2nd, for 
practical convenience, not to split the yin. é 

The ostensible purpose and the method (which in this case 
would be manifestly inapplicable) of Mr. Parsons’s bolt may 
differ; but the principle is precisely the same, if, indeed, any 
“ principle” worth speaking of be involved at all, in making 
every portion of a thing which has to do one work of uni- 
form capacity for that work. . 

Permit me to indicate another improvement on ordinary 
practice, shown also in the sketch, and which I learned from 
the form of coupling used by French artesian engineers. If 
the thread of the screw be turned right down to the boss, it 
es happens that the boss itself is more or less cut into. 

he practical effect of this is to make the root of the screw 
ong ay the weakest point of the screw; whereas it should 
the strongest, as being the point where both torsion and 
tension work their maximum mischief. To correct this, the 
root of the screw is widened out in a bevilled shoulder, the 
surface of which deflects upon the socket a part of the strain. 
There is, however, a practical disadvantage, which can — 
be avoided in adopting the arrangement here described, which 
is the increased diameter necessarily given to the socket and 
boss. This is a difficulty, however, which is trifling com- 
pared with the misfortune of breakages. 

In the hope that these memoranda may tull under the eye 
of makers of boring tools, and be the means of saving much 
vexation to those who have to use them, I need only add that 
the curve of the socket is made flatter than usual to allow a 
ring at the end of a chain to slip over easily, and catch 
under the “ front” curve of the boss, for recovering a length 
of rods in case of failure at any joint. I have, however, 
known no case of failure in couplings made on this plan. 

I have the honour to be, &c., 
W. J. Cocksury Murr. 

19, Great George-street, 

Westminster, February 10, 1868, 








To CorrgsPonpENTs.—We are compelled, from want of 
— to leave over until next week a number of letters 
pady in type. 





EXPERIMENTS ON COAL. 
To tHE Epiror or ENGINEERING. 
Str,—Some time since I made a series of careful experi- 

ments for the purpose of practically determining the relative 
steam producing qualities of three different types of coal, 
viz., Welsh, Newcastle, and Derbyshire. The experiments 
were made with an ordinary portable engine under identical 
circumstances, so that, for the purpose of comparison, no 
doubt could arise. The engine was fitted with adynamometer 
loaded to 6 horse power, had a counter to register the 
number of revolutiorfs obtained by a given weight of coal, 
and the weight and quantity of the feedwater, so regulated 
as to be invariable. The coals were broken up to the size of 
ordinary marbles, their thickness on the firebars did not 
exceed 3 in. The number of revolutions of the engine during 
experiments of some two and a half hours’ duration, seldom 
varied more than 30 to 40 in a total of 12,000 to 15,000; the 
mean of revolution was as follows: 

Welsh (Powell’s Duffrym), mean, 15.615 revolutions. 

Newcastle (West Hartley), ,, 14421 

Derbyshire (Elsecar) » 12.182 i 
Showing that Welsh was superior to Newcastle to the extent 
of 8} per cent. ; Newcastle to Derbyshire about 18 per cent. ; 
and that the grand total of differences between Welsh and 
Elsecar is something like 26 per cent. 

I am, Sir, your obedient Servant, 
JouN PINCHBECK. 





nication to the Chemical Society of London, it was stated 
that the noxious qualities of ordinary drinking water did not 
result usually from any mineral substances that might be 
dissolved in it. Ammonia should not be in appreciable 
quantity; but lime salts, while causing hardness, do not 
appear to affect the health. Nitrates too, alone, seem harm- 
less, but when several of these substances occur together, the 
mixture seems to favour the rapid development of low forms 
of vegetable life, which are positively injurious. Experiments 
have been made in supplying pigeons with water containing 
these vegetable organisms, and it was found that they were 
purged almost to death ; recovering, however, quickly, when 
the water was changed. The purification of such water, 
either by efficient filtration or by the precipitation of the 
organic particles, becomes clearly a necessity, if health is to 
be preserved. 

A Lone TrLeGrapuic Crrcuit.—On the 1st of the pre- 
sent month the wires of the Western Union Telegraph Com- 
pany from San Francisco to Plaister Cove, Cape Breton, and 
the wires of the New York, Newfoundland, and London 
Telegraph Company from Plaister Cove to Heart’s Content, 
were connected, and a brisk conversation commenced between 
these two continental extremes. Compliments were then 
passed between San Francisco and Valentia, Ireland, when 
the latter announced that a message was just then being 
received from London direct. This was said at 7.20 a.m., 
Valentia time, February 1. At 7.21 a.m., Valentia time, the 
London message was started from Valentia for San Francisco ; 
passed through New York at 2.35 a.m., New York time; was 
received in San Francisco at 11.21 p.m., San Francisco time, 
January 31, and was at once acknowledged—the whole pro- 
cess occupying two minutes actual time, and the distance 
traversed being about 14,000 miles! Immediately after the 
transmission of the message referred to, the operator at San 
Francisco sent an eighty-word message to Heart’s Content 
in three minutes, which the operator at Heart’s Content re- 
peated back in two minutes and fifty seconds. Distance 
about 5000 miles.— NV. ¥. Journal of the Telegraph. 

AMERICAN Rartroap Carriaces.—The New York and 
New Haven Railroad Company have introduced compart- 
ment cars upon their line, charging $1 extra for travelling 
in one of these carriages between New York and Boston. 
The partitions are so constructed as to leave a space of about 
two feet between them and the top of the car, so that as- 
sistance could be obtained in case of anemergency. The car- 
riages are warmed by heating tubes. Each compartment is 
adorned with two magnificent mirrors. 

Tue tate Mr. Joun Heraratu.—The death of Mr. John 
Herapath has been announced. It occurred a few days after 
the decease of Mr. William Herapath, of Bristol, the cele- 
brated analytical chemist, first cousin to Mr. John Herapath. 
The latter gentleman was well known as the proprietor of 
Herapath’s Railway Journal and as author of Mathematical 
Physics. 

SINCLAIR v. REDESDALE.—Most of our readers will re- 
member the “ Redesdale - Brassey - Sinclair - Bidder ” corre- 
spondence, which occupied such a prominent position in the 
columns of the Times a few months ago. In consequence of 
statements then made by Lord Redesdale, an action for libel 


was brought against him by Mr. Sinclair, and this action was | 


decided, on Wednesday last, in Mr. Sinclair’s favour. In 
consideration of Lord Redesdale fully retracting his state- 
ments, and apologising to Mr. Sinclair, a verdict was entered 
for damages to the amount of 40s. only. 

Rattways tn Mexico.—According to late advices, a pro- 


ject for uniting Mexico with the United States by a system 


of railroads has been placed in the hands of a’ commission, 
who are to examine the plan and report to the Mexican 
Government on its feasibility. Companies are forming to 
develop the gold mines which have recently been discovered 
in Oajaca, and which are reported to be very rich. 

West Inpran Mart Packer Srations.—The earthquake 
at St. Thomas has raised the expectations of several other 
islands as being more suitable stations for the mail packets. 
Among others, Grenada and Port Spain have proffered their 
claims. 

A Reat Rattway Towy.—The new town of Coyote, below 
Hays City, Colorado, consists of a train of Shoemaker’s cars 
on a side track, used for boarding and sleeping purposes. 
One car is fitted up as a telegraph office. o men and a 
woman have set up a shop in a tent, with a ten gallon keg of 
whiskey. One “vast illimitable” expanse of snow is all that 

ts the vision on every side, without a tree or twig to 
reak the monotony. 











NOTES FROM INDIA. 

Bengal.—In our last ‘‘ Notes from India,” reference was 
made to a new invention which has recently been made in Cal- 
cutta, for the manufacture of a cheap gas. This, from infor- 
mation since received, we may now state, is generated from 
vegetable refuse, but we are still without detailed particulars of 
its manufacture. 

A recent publication by the Financial Department gives some 
interesting statistical returns of the trade of British India for 
the two months ending the 30th of June, 1866 and 1867 re- 
spectively. In round numbers the value of the imports and 
exports for the latter period exceeded those of the former by 3 
crores and 86 lakhs of rupees, being as 17 crores and 47 lakhs 
to 13 crores and 61 lakhs. ‘Taking the latter month only, the 
excess of last year’s transactions therein is shown to be 2 
crores and 26 lakhs—a still more satisfactory feature as indi- 
cating a greater ratio of progressive improvement. Of the 
total increase for the two months, imports furnish 1 crore and 
23 lakhs, and exports 2 crore and 63 Jakhs. Foremost amongst 
the latter stands cotton wool, representing nearly 2 crores, or 
within 69 lakhs of the whole amount. Silk, another great 
Indian staple, contributes 28 lakhs to the advance; rice—the 
Orissa famine abated, and the embargo on its export removed— 
just half that sum; linseed and coffee, each 10 lakhs; pearls 
and precious stones, 5 lakhs; and tea a like amount. 

North-Western Provinces—About midnight on the 17th 
January last an accident occurred on the East Indian Railway 
line at Bholpore, 100 miles from Calcutta, occasioned by two 
engines attached to an up-goods train having run off the rails 
at the points close to the station. Happily, nothing more seri- 
ous resulted than the entire detention of the mail train of that 
night from Calcutta, and the delay of the next passenger train 
for two or three hours. 

Madras.—The inauguration of the new Cochin Lighthouse 
on January 15th last was observed at that nage as a general 
holiday. At sunset, the flags with which the structure was 
decorated were pulled down, and a feeble glimmer showed that 
the young lady who had been requested to perform the opening 
ceremony, had begun her task. It takes some minutes to get 
one of these lamps fairly lighted, and consequently some little 
time elapsed before the brilliant gleam thrown far out to sea 
evoked the cheers of the upward gazing throng. 

Bombay.—The merchants in the Gulf of Persia contemplate 
the establishment of a line of opium steamers to run to the 
eastward of Singapore, without touching at any British ports. 
This fact is indicative of a large increase in the opium trade, 
meee upon the increased cultivation of that drug in 

ersia. 

The Pioneer gives the following description of the postal 
arrangements at Suez. ‘Scrambled for letters from England, 
India, &c., supposed to be consigned to the care of the P. and 
O. Agent at the Hotel. Most disgraceful mismanagement, or 
rather no management at all. The letters are all heaped into 
an old tea chest without a lid. People go and help themselves 
—tirst come, first served. No one to superintend or even assist. 
Letters, newspapers, old and new, all in a muddle. Some 
of the letters are years old; others by the last mail. Many 
torn to fragments—empty envelopes, scraps of letters, &c.—a 
chaos into which you must dive your hands and take what you 
can get blindly. Intense excitement of everybody, and utter 
astonishment of the lucky few who manage somehow to find 
their letters. Despair, envy, rage of unlucky travellers!” 

With regard to the proposed extension of the Scinde Railway, a 
local paper remarks that if any additional proof were required, 
if the necessity of unbroken railway communication with the 
Punjab, the detention to which the invalids and time-expired 
men who came down the Indus in the De Grey a few days ago 
would supply it amply. This vessel stuck on sandbanks above 
Sukkur so repeatedly that at last her commissariat stores be- 
came exhausted. Fortunately one of the steamers of the Pun- 
jab Flotilla happened to be sailing down just then, and hastened 
to Sukkur for supplies, which she had tame to take to the De 
Grey before that steamer could get off. 








Tue Pactric Rartway.—This great work is now stated 
to have been carried 520 miles beyond Omaha. More than 
4000 men are employed on the earthworks and the construc- 
tion of rolling stock. The establishment of the bridges, 
viaducts, and other works of art is also being pursued with 
activity, notwithstanding incursions of Indians, which have 
necessitated the presence of some military detachments. 

Eneuisn StEaM PLovuGHs IN AMERICA.—At the State 
Fair recently held at New Orleans, the following awards 
were made in the class devoted to machinery :—“ Best trac- 
tion or locomotive steam engine for farm or plantation use, 
adapted to all oe premium, diploma, and 250 dollars 
to Fowler and Co. Leeds, England.” “ Best practical working 
arrangement of gang ploughs for breaking up and preparing 
ground for planting, to be drawn by steam power ; premium, 
diploma, and 60 dollars to Fowler and Co., Leeds, England.” 

AMERICAN ENTERPRISE.—A company has been farmed 
at New York for working a concession of an interoceanic line 
passing vid the Isthmus of Tehuantepec (Mexico). This 
undertaking, which bears the name of the North American 
and Tehuantepec Improvement and Navigation Company, 
has been founded with a proposed capital of 1,000,000 dollars, 
iv. 60,000 shares. The company is «understood to possess 
valuable lands in the neighbourhood of Tehuantepec. 

French Ocean Steamine.—The French Transatlantic 
Steam Navigation Company’s steamer, the Ville de Paris, 
has just made an excellent run across the Atlantic. The dis- 
tance between New York and Brest was run in eight days 
sixteen hours, allowing for time lost in getting through some 
ice off Cape Race, showing an average speed of 144 knots per 
hour. 


Raitway Worxine Expenses.—While the Manchester, 
Sheffield, Lincolnshire }Railway Company expended 7.2d. 
per mile run for locomotive repairs and maintenance of neg 
the corresponding expenditure of the Lancashire and York- 
shire was 7.91d. per mile run; of the London and North- 
Western, 8d. per mile run; of the Midland, 7.974. per 
mile run; and of the Great Northern, 8.69d. per mile run. 
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LINE AND COUNTER-SHAFT FIXTURES. 
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LINE AND COUNTERSHAFT FIXTURES. 
To tHe Epitor of ENGINEERING. 
Srr,—In your valuable journal of the 10th January, you 
ave an illustration of the above, as designed by the well- 
con firm of Sellers and Co., of Philadelphia, and intro- 
duced by them some seven or eight years since. 

I enclose you a sketch of a plan brought out some twenty 
years since by Mr. A. Shanks, C.E., of which some two or 
three thousand are at work, which seems to me far simpler 
and cheaper than that of the Messrs. Sellers, and quite as 
efficient. Fig. 1 shows the hanger, a; 4 is the portion carry- 
ing the bearing for the shaft; c, the bearing; d d, the set 
screws by which the line of the shaft can be readily adjusted ; 
e, end of the shaft; and f, the set screw by which the hori- 
zontal position of the shaft and bearings are adjusted. Fig. 
2 shows the other view of the hanger, &c. 

By this means vertical, horizontal, and all other motions 
are attained, and the shaft thereby easily set and maintained 
in its proper position with very little trouble. I think the 
plan is deserving of very general adoption. 

I am, Sir, your obedient Servant, 
Cuas. F. T. Youne, C.E., 

7, Duke-street, Adelphi, W.C., Mem. Soc. Eng. 

January 21, 1868. 





Trapes’ Untonists In AMERICA.—The sanguine pare 
of plenty of work and high wages in America held out to 
members of the Scottish Ironmoulders’ Society a few months 
ago have not been realised. Three members of the union, 
who went to the United States last November in the hope of 
finding plenty of work, have sent home a melancholy warn- 
ing to their comrades, in which they state that they have 
been ten.weeks in Pennsylvania onl “have not yet found 
an hour’s work.” They complain in very severe terms of the 
officers of both Scottish and English societies “for with- 
holding information relating to trade in America.” ‘The 
members at home,” they say, “have been continually kept 
in the dark. All kinds of work are equally scarce; we see 
nothing but starvation before us, and hundreds of our fellow- 
moulders who have come here, as we did, are in a like, or 
even worse, condition.” The president of an Ironmoulders’ 
Union in Philadelphia corroborates the statement of the un- 
fortunate Scottish emigrants. “ Fully three-fourths of the 
entire labouring population of the States are now out of 
work,” he says, “and there seems to be no prospect of 
better.” He denounces the “emigration scheme” promoted 
by the officers of the English and Scotch trades’ unions as 
“a direct outrageous fraud” practised upon their own mem- 
bers, and a gross imposition upon the American people. If 
the leaders of trade societies can make no reply to this they 
ought to be severely punished in some way or other.—London 
Seotsman. 

Tue Metric System.—In the House of Commons on 
Monday night last, Mr. Ewart moved for leave to bring in a 
Bill to introduce into this country the metric system of 
weights and measures. The honourable member said he pro- 
posed to leave the time blank, but he thought that five years 
might be a sufficient interval before the Bill came into opera- 
tion. Mr. Cave said that he should not offer any opposition on 
the part of the Government to the introduction of the Bill, 
but he wished to remind the honourable gentleman that one 
of the points contained in the measure will be brought 
under the consideration of the Royal Commission now sit- 
ting. The Bill was brought in and afterwards read a first time. 

METROPOLITAN Gas Bir1s.—In the House of Commons, 
on Monday evening last, it was moved, by Mr. Ayrton, 
“that all Bills relating to gas companies in the metropolis 
should be referred to a Select Committee of ten mem 8, 
five to be nominated by the Committee of Selection.” The 
sos was not carried, however, but the order was made, 
“‘ That all Bills relating to gas companies in the metropolis be 
“ referred to a Select Committee of five members,” 
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VALUE OF OLD STEEL RAILS. 
To tHE Epitor oF ENGINEERING. 

Srr,—A writer in The Engineer tells us that old Bessemer 
rails are not worth more than 3/. 10s. per ton, and he 
adduces as a proof of this the statement that steel rail crop 
ends can be had in Liverpool at 5/. per ton, and in Sheffield 
at 4/., and at times much lower than this from the Crewe 
Works. 

When, however, we come to bond fide commercial transac- 
tions we find 6/7. and 7/. per ton actually paid for these crop 
ends, which are eagerly bought up. But these crop ends are 
not, for manifest reasons, so good as the rails from which 
they have been cut, therefore I infer that the old rails, when 
there are any such for sale, may be fairly reckoned to be 
worth 7/7. per ton. Now, though the crop ends mainly find 
their way to the melting-pot, no one in their senses would 
cut up old Bessemer rails for such a purpose. They can be 
cut into lengths, and rolled for colliery and mine rails of every 
description ; also for ship bolts and angle plates, and like- 
wise for tinplate manufacture, so that fencing wire is not the 
only outlet for the old rails. 

ut when will these old steel rails be in the market? The 
writer in The Engineer alone can, I suppose, answer this 
question, and when the time arrives I can promise him a 
ood commission on all that he can offer at 7/. per ton. 
Socheaine by compound interest is an excellent resource for 
deluding the public into a belief that iron rails are cheaper 
than steel; but I would ask the advocates of this singular 
method when they expect British railways to make suitable 
returns, reckoning the money sunk in them at compound 
interests. 

It is asserted that the quantity of ironstone capable of 
being converted into Bessemer pig is very limited. This, I 
suppose, means that as yet it has only been found expedient 
to employ such pig irons as are free from sulphur and 
phosphorus. But any pig iron can be freed from these sub- 
stances by means of nitrate of soda or otherwise, so as to make 
it fit for the Bessemer process, and to this process engineers 
have to look for a supply of cheap cast steel of reliable 

uality. 

As ior the Cleveland wonders, they will find their level ere 
long ; they are not going to supersede or affect the Bessemer 
process during the present century at all events. 

Rost. MusHert. 

Cheltenham, February 24, 1868. 








Tur Lonpon, CHATHAM, AND Dover Rartway.— The 
London, Chatham, and Dover litigation, from the monstrous 
proportions it threatens to assume, is becoming a paramount 
topic. It has been attempted to account for the evil by the 
fact that the Board is constituted exclusively of persons ac- 
customed to regard contention as the chief business of life, 
but it may be doubted if the true explanation is not rather 
to be found in the heterogeneous character of the direction, 
made up as it is of representatives of different sectional 
interests, instead of being composed of men accustomed to 
work together, and recognising only a common aim. 
Although the statement is now reiterated to the effect that 
the continuance of hostilities is not unconnected with family 
influences, enough is known of the standing of each member 
of the Board to exonerate them from the likelihood of yield- 
ing in a serious degree to any such consideration. The pro- 
bability is, that individually they would each rejoice at a 
—— and equitable settlement, but that they have not the 
united force to cut themselves free from legal guidance, and, 
instead of treading only as they are “advised” by counsel, 
to assume the responsibility of giving, simply as men of 
honour, advice of their own to their constituents. 

Tue MonmovutusHike {Rattway.—Mr. H. Appleby has 
been appointed by the directors to succeed Mr. Laybourne as 
locomotive superintendent of the Monmouthshire Railway. 





OUR IRONCLADS. 
(From the Army and Navy Gazette.) 


The Engineer, of last week, has taken upon itself the task of 
contradicting—we cannot honestly say, correcting—some of the 
statements made in our recent articles upon our ironclad ships, 
and we need hardly say The Engineer is wrong in nearly every 
counter-statement which it puts forth. It says, speaking of 
the Achilles, ‘‘ The only modification of the least moment which 
she underwent consisted in continuing her armour all round to 
the height of the main deck; and even this change was owing 
to a suggestion made by the late Mr. Oliver Lang, and her 
armament was reduced as a consequence of its adoption. Her 
lines were not altered in any way from Mr. Watts’s design.” 
All this is completely wrong. With a contemporary that really 
knew the subject we om discuss each of these points at 
length, but with The Engineer, which has been long the mere 
organ of a clique, we shal] not condescend to do so. We shall 
merely say that the lines of the ship were altered; that the belt 
was not suggested by Mr. Lang; that the disposition of the 
ship’s interior and weights was modified; that weights were 
added to the ship even above her upper deck to check rolling, 
and that all these improvements were made in the ship, as we 
stated, by Admiral Robinson and Mr. Reed. There is one 
glimmering of a fact in The Engineer's statement, but it falls 
very far short of a fact itself. Atter the belt of armour had 
been ordered for this ship, an increase in its depth was proposed 
by Mr. Lang, but betore the suggestion had senobad the 
Admiralty the thing had already been arranged by the 
Comptroller and Chief-Constructor of the Navy, first in the 
Favourite and then in the Achilles. Again, The Engineer 
says, “In a gale the Achilles could literally blow -the 
Bellerophon out of the water at her leisure, because the latter 
ship, from excessive rolling, could not fire a gun.” This is 
grossly and shamefully untrue. ‘The Bellerophon does not roll 
excessively ; on the contrary, she is like the Achilles herself, a 
perfect marvel of steadiness, and only differs from her in this 
respect in being a much smaller ship. There is positively no 
evidence of the Bellerophon rolling excessively. She is often 
said to do so, we know, simply because she was first sent out 
with pig ballast instead of guns, and her failure to fire guns 
was attributed to a wrong cause. But we have it distinctly in 
the printed parliamentary returns that she is an easy-rolling 
ship, «nd we also know, from the distinct testimony of many of 
her officers, that she is far steadier at sea than the average of 
wooden frigates and line-of-battle ships. Where, then, is the 
sense or justice of imputing to her the opposite quality? We 
shall say but little now as regards the speed of the Bellerophon. 
We said that, as the Bellerophon has not steam power enough, 
the remedy in future ships would be to give them more. The 
Engineer's reasons against this assertion are singularly curious 
in a journal which, throughout this article, plumes itself upon 
its scientific knowledge. ‘They are, first, there is not space in 
such ships for more engine power; second, no combination of 
brass and iron would stand the excessive strain of the increased 
power; and, lastly, she could stow coals for a few hours 
on r Now for three complete and perfect answers to these very 
foolish objections: First, the Lord Clyde and Lord Warden are 
shorter ships, with much heavier hulls, and yet do actually 
possess all the steam power which the Bellerophon requires to 
make her quite equal tothe Achilles. Second, brass and iron 
do actually stand this power; for the Lord Warden in the sea 
trial steamed away for hours, developing this excessive power ; 
and, altlough a shorter, broader, aud bluffer ship by far than 
the Bellerophon, beat everything in the squadron except the 
Achilles, and maintained a remarkably good chase even with 
her. Thirdly, the coal supply of the Bellerophon is nearly or 
quite equal to that of the Minotaur—a far larger ship, ana, as 
she has great expansion, surface condensers, and superheaters, 
while the Minotaur has not, she ought to require less fuel for a 
given power than the Minotaur. We cannot conclude this 
article without saying that The Engineer is not only flagrantly 
wrong in all its facts on this subject, but, by abusing the ship, 
commits the gross injustice of seeking to divert attention from 
the essential defect of the Bellerophon, her deticient steam power, 
which is an engine defect. It would be tar more to the credit 
of a profesional journal if it took some pains to show wherein 
lie the defects and merits of the new-type engines, which have 
been in many ships inferior in their performances, as other 
shipbuilders and shipowners beside the Admiralty know too 
well, instead of heaping discredit and misrepresentation upon 
the shipbuilders; and it The Engineer finds itself unequal, 
as it no doubt is, to this legitimate task, it might at least 
have the decency not to publish the coarsest misrepresenta- 
tions of facts to the undeserved detriment of her Tisjesty's 


Navy. 

We will add but one word about the articles of the Times of 
last Tuesday. It is clear that our article of Jast week has pro- 
duced a wholesome effect. We are told that, ““ We do not mean 
to intimate that a certain height of freeboard is not necessary 
for a ship which is to trust to her sails.” ‘There goes the low 
ship, which was advocated last week as the perfect type of a 
sea-going British man-of-war. In the next few sentences the 
very small ships disappear also. If the Times goes on in 
this way, there will speedily be a perfect agreement between the 
Admiralty and it, for it is well known that the Comptroller and 
Chief-Coustructor of tie Navy are strongly in favour of neavily- 
plated, low-lying, turret ships, with a very large coal supply, 
tor use in Europe, leaving the use of sails to ships that have to 

roceed to more distant seas. We believe that our remarks of 

t week have had a beneficial effect, and we are glad to find 
that, even in these excited times, the moderation and justice 
which we have recommended, and which we know are congenial 
to all the prudent and well-informed officers of the Navy, are 
not without influence on the more influential of our contempo- 
raries. 








THe Fire at Cuarine-cross Station.—It is stated by 
the directors of the South-Eastern Railway Company, that 
the cost of repairing the damage done by the recent fire at 
Charing-cross station will not exceed 4000/., as estimated by 
the engineers. 
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On the Surveys of Proposed Lines for a Ship Canal between 
the Atlantic and Pacific Oceans. By Dr. CULLEN. 
(Continued from page 166.) 

The Panama Railroad.—The Contract. 

As the Panama Railroad Company's contract or charter was 
based upon some previons privileges or concessions that had 
lapsed from non-fulfilment of their conditions, a. notice of them 
will serve to introduce it. 

1836, May 29. A privilege for a canal across the Isthmus of 
Panama was granted to Matthew Klein, as representative of the 
Franco-Granadian Company, of which M. Salomons, of Marti- 
nique and Paris, was the promoter. On the 6th of June, some 
modifications of the same were passed by the Congress of New 
Granada.* 

1839, May 30. A renewal of the above was granted to M. 
Alphonse Morel, the representative of the Franco-Grenadian 
Company. 

Although these privileges became null and void, the conces- 
sionaires induced Louis Philippe and Guizot to send out M. 
Napoleon Garella and M. de Courtines, by whom a detailed and 
admirable survey was made in 1843 and 1844, M. Morel, whom 
the author had the pleasure of meeting at Panama, had pre- 
viously made a minute examination of the ground, and found a 
very low summit level. His assertion was, however, always 
doubted until very lately, when it was found that there is, not 
far from the summit of the railroad line, a summit level of only 
a few feet greater elevation than that which he had assigned 
to it. Count de Secqueville, who had been one of the directors 
of the company, assured the author, in Paris, that Guizot 
entered into the project of a canal with enthusiasm. 

1847. A contract for a railroad was concluded at Bogota 
between Juan de Francisco Martin and Matthew Klein. The 
former was specially authorised by the executive power; the 
latter was agent of the Panama Company of Paris. ‘The follow- 
ing were the directors of the company: M. Jean Louis Marie 
Eugene Durien, chief of a section in the Department of the In- 
terior; Viscount Francois Ernest Chabrol de Chameane; Jean 
Edouard Caillard, Administrator of the Messageries Générales ; 
Lieutenant-Colonel Alexandre de Bellegarde, Jacques Cour- 
tines, civil engineer; Francois Thierry Chevalier; Ch. Veyret ; 
Eloi Dumont; Silvaine Jacques Joseph Joly Blazon de Sabla; 
Augustin Jean Salomons; Baron Jean Henri Joseph de Lagos ; 
William Henry Bainbridge, banker; and Sir J. Campbell, vice- 
president of the Oriental Steam Company. 

June 6. The above contract was approved by a decree of 
Congress. 

June 8 It was signed by T. Cipriano de Mosquera, then 
President, and M. M. Mallarino, the Secretary for Foreign 
Relations and Internal Improvements. 

The Panama Company, of Paris, having failed to make the 
pecuniary deposit required as a guarantee for the completion of 
the works, the above grant, by its terms, became forfeited, and 
was transferred to the Panama Railroad Company. Klein’s con- 
cession was for ninety-nine years. 

1848, December 28. A contract was celebrated, in Washing- 
ton, between General Pedro Alcantara Herran, Minister of the 
Republic of New Granada, and William Henry Aspinwall, 
John Lloyd Stephens, and Henry Chauncey, of New York, 
conceding to the latter parties a privilege for constructing a 
railroad (camino de hierre) across the Isthmus of Panama, and 
a grant of all necessary lands, with 250,000 acres in additiont 

1849, June 12. The executive power was authorised by a 
legislative decree of the Congress of New Granada to amplify 
and modify the above. 

1850. By virtue of the above authority, a new contract was 
concluded between Victoriano de D. Paredes, the Secretary for 
Foreign Affairs, and J. Lloyd Stephens,f vice-president of the 
Panama Railroad Company, on the 16th of April, approved by 
Congress on the 26th of May, and signed by José Hilario Lopez, 
the President, and Paredes, at Bogota, on the 4th of June.§ 

** Among the concessivns by the terms of this contract was one 
guaranteeing that all public lands lying on the line of road were 
to be used gratuitously by the company ; also a gift of 250,000 
acres of land to be selected by the grantees from any public land 
on the isthmus. ‘Two ports—one on the Atlantic and the other 
on the Pacific—were to be free ports; and the privilege was 
granted of establishing such tolls as the company might think 
proper. The contract was to ‘continue in force for forty-nine 
years, subject to the right of New Granada to take possession of 
the road, at the expiration of twenty years after its completion, 
on payment of five millions of dollars; at the expiration of thirty 
years on payment of four ‘illions; and at the expiration of 
forty years on payment of two millions. Three per cent. was 
to be paid to the New Granada Government upon ail dividends 





* “ Recopilacion Granadina,” Bogota, Imprerta del Gobierno, 
1845. 

+ King’s Railroad across the Isthmus of Panama. 
26, 2nd session, 30th Congress, U.S., January 16, 1849. 
t Having arrived in Panama trom Darien in February, 1550, 
just before Mr. Stephens sailed in the Pacific steamer for Buen- 
aventura, en route for Bogota, to apply for this contract, the 
author had the pleasure of taking leave of him on his departure. 
Being unable to proceed to Bogota himself at that time, he for- 
warded, through General Daniel Florence O'Leary, then British 
Chargé d’Affaires at Bogota, petitions to Congress for a privi- 
lege for a canal from Caledonia Bay to the river Savana, and 
for authority to introduce foreign |abourers and miners into the 
republic. 

§ Panama Railroad Contract, Lambert and Lane, 69, Wall- 
street, New York. 

This charter was, however, renewed for 500 years, from 
1875, by the president, on the 5th of July, 1867; and, it is said, 
the renewal was approved of by Congress on the 16th of August, 
1867, by a majority of one. In consideration of this extension 
of their lease, the company paid 200,000/. in gold, and engaged 
to pay the Government of Columbia 50,000/ per annum, and to 
ran the pier at Panama so far out into the bay that ships of the 
greatest draught of water may lie alongside it. 


Report 


declared. The entire work was to be completed within eight 
years, and a sum of 120,000 dollars was to be deposited at its 
commencement as security for the fulfilment of the contract, but 
to be refunded, with interest, on the completion of the road 
within the given time.”* 

A charter was then granted by the Legislature of the State of 
New York for the formation of a stock company, under which 
one million dollars of stock were taken—the original grantees 
having previously transferred their contract into the hands of 
this company. 

The Survey. 

Early in 1849, Colonel Hughes, ot the United States’ Topo- 
graphical Engineers, was sent to survey the line, and another 
summit gap was discovered by Mr: Baldwin 37 ft. lower than 
that previously established by him. 

Early in the same year, 1849, a contract was entered into 
with G. M. Totten and J. C. Trautwine, who had a short time 
before been engaged upon the Dique Canal connecting the 
Magdalena river with the Caribbean Sea at Carthagena. Soon 
after, at their own request, they were released from their 
obligations as contractors, and retained as engineers, the com- 
pany having determined to take charge of the construction 
themselves. 

The character of the country through which the line for the 
road had been carried was such as might well have made the 
hardiest projectors shrink from attempting its construction. 
The first thirteen miles, beginning at Navy Bay, led through 
the Mindi Swamp—a deep morass, covered with the densest 
jungle, reeking with malaria, and abounding with almost every 
species of wild beasts, noxious reptiles, and venomous insects 
known in the tropics. 

For the first 8} of these thirteen miles the swamp was so 
deep that it had to be piled and then filled in with earth. 
Farther on, though some of the land was so fair and beautiful 
that the natives called it Paraiso, the greater part of the line 
was through a rugged, broken country, along steep hill-sides, 
over wild chasms and deep ravines, spanning turbulent rivers 
and furious mountain torrents, unti! the summit ridge was sur- 
mounted, when it descended abruptly to the shores of the 
Pacific. 

The Work. 

In May, 1850, they commenced clearing part of the island of 
Manzanillo,t which is 7000 ft. in extreme length and 5800 ft. 

Manzanillo was then a virgin swamp, covered with an impe- 
netrable thicket of mangroves, and interlaced with immense 
vines and thorny shrubs. In the black slimy mud of its surface 
alligators and other reptiles abounded, while the air was laden 
with pestilential vapours and swarming with sand-flies and mos- 
quitoes. Residence on the island was impossible, so that the 
party took up their quarters in an old brig until part of it was 
cleared. In July, Mr. Trautwine arrived with several assistant 
engineers and a surgeon, Dr. Totten, brother of the colonel. 
Soon afterwards about fifty Irishmen arrived from New Orleans, 
to reinforce the handful of men that had commenced the work. 
On the Ist of October, 1861, a train of cars, drawn by a loco- 
motive, passed over the road as far as Gatun. In the following 
month two large steam-ships, the Georgia and Philadelphia, with 
passengers from the United States, en route for California, put 
into Navy Bay, from whehce the passengers were conveyed on 
the railroad to Gatun. 

On the 2nd of February, 1852, the settlement at Navy Bay 
was formally inaugurated as a city by Don Victoriano Paredes, 
and named Aspinwall by the Americans, and Colén (Colum- 
bus) by the Granadians. By March the road was completed to 
a station on the Chagres, called Bohio Soldado, 8 miles beyond 
Gatun, and passenger trains ran in connexion with every 
steamer. By the 6th of July it was pushed on to Barbacoas,t 
where its course was intersected by the Chagres river, making 
a total distance from Aspinwall of 25 miles. At this time an 
agreement was entered into with Mr. Story to complete the 
work. The death of the lamented president of the company, 
Mr. J. L. Stephens, also took place at this time. 

At Barbacoas the Chagres is about 300 ft. in width, flowing 
through a deep and rocky channel, and subject to sudden 
freshets, often rising 40 ft. in a single night: so that, when the 
bridge was nearly completed, one span of it was swept away, 
causing much delay and expense. 

By January, 1854, the summit ridge was reached, distant 
from the Atlantic terminus 37% miles, and 10} miles from 
Panama. 

Simultaneously with the operations towards the Pacific the 
road was pushed, under the superintendence of Mr. Young, 
from Panaina over the plains of Panama, through the swamps 
of Corrisal and Correndeu, and up the valley of the Rio Grande, 
to meet the advancing work from the Atlantic side; and on the 
27th of January, 1855, at midnight, in darkness and rain, the 
last rail was laid, and on the following day a locomotive passed 
from ocean to ocean. 

The entire length of the road was 47 miles 3020 ft., with a 
maximum grade of 60 ft. to the mile. The summit grade was 
258%) ft. above the assumed grade at the Atlantic, and 
242.". ft. above the assumed grade at the Pacific terminus, being 
263°, ft. above the mean tide of the Atlantic, and the summit 
ridge 287 ft. above the same level. 


* Otis, F. N., Esq., M.D. “ Panama Railroad Illustrated.” 
Sampson Low, 1862, ‘This very interesting book contains a 
great number of views, and a large fund of accurate information. 

+ Manzanillo Island was ceded in perpetuity to the Panama 
Railroad Company by the Congress of New Granada, in 1852, 
in extreme width, and has an area of 650 acres, or little more 
than one square mile. It derives its name from the great 
number of manchineel trees (Hippomane mancinella, Euphor- 
biacese) which grow on it. In clearing a way for the railroad, 
some of the labourers suffered severely from conjunctivitis, and 
were nearly blind for a day, in consequence of the juice of one 
of those trees getting into their eyes, The island is separated 
from the mainland by a frith 700 ft. in width, and 10 ft. in its 
greatest depth. This frith was afterwards crossed by a cause- 
way, built of piles and cribwork, which were soon replaced by 
stone and earth. 





A pier, 450 ft. long, was constructed in the Bay of Panama, 
to the end of which freight cars were run to receive cargoes 
from lighters, or vessels lying alongside, and deliver the same 
on board vessels at Aspinwall. ‘he lighters, which used to 
load and discharge vessels whose draught of water prevented 
them coming to the picr, were soon superseded by the com- 
pany’s iron launches of 160 tons each. These launches are 
towed by a powerful steam-tug. The charge for lighterage 
is 1} dollar per ton. RE ie be 

On the completion of the road, ‘Taboga and three other 
islands in the bay; affording good anchorage, and well supplied 
with springs of water, were purchased by the company. 

The line is single; but there is a double line of rails at Gatun, 
near Barbacoas, at Matachin, and the Summit. 

Wood is used for fuel. 

The Line. 

Commencing at Aspinwall, in lat. 9° 21/23” N. and long. 
79° 53’ 52” W., the road skirts the island of Manzanillo for 3 
of a mile, crosses to the mainland, then follows the shores of 
Navy Bay, till it reaches the river Mindee, from whence it con- 
tinues to the Chagres, along the east bank of which it runs as 
far as Barbacoas. ‘There it crosses the river by a wrought-iron 
bridge, 625 ft. in lehgth, 18 broad, and 45 above the surface of 
the water. Irom the bridge it follows the left, or west, bank 
of the Chagres to the mouth of the Obispo,* and then follows the 
valley of this stream to its head in the summit ridge, 373 miles 
from the Atlantic and 102 miles from the Pacific terminus. 
Passing the summit ridge, by a cut } of a mile in length and 
24 ft. in depth, it strikes the head-waters of the Rio Grande. 
Following the left bank of this stream, and descending by a 
grade of 60 ft. to the mile for four miles, the line crosses the 
rivers Pedro, Miguel, Caimitillo, and Cardenas, near their en- 
trance into the Rio Grande. Thence it stretches across the 
savanas of the Corrisal and the swamps of Correndeu, and 
cutting through a spur of Mount Ancon, reaches the Pacific at 
Playa Prieta, the northern suburb of Panama. The terminus 
there is in lat. 8° 57’ 20” N., long. 79° 31’40°’ W. It is, 
therefore, only 33 nautical, or 58} English miles, S. 42° E., or 
S.E. 38. of Aspinwall, although, as stated above, the length of 
the railroad is 47 miles 3020 ft. 

Distances and Levels. 
Feet above 


Miles. _mid-tide of the 
Atlantic. 

Aspinwall por iat ise pr pow 3.75 
Monkey Hill ... 0 ose ane 1.1200 ft. 13:44 
Mindi Plains... ove oe 2.2—7 6.23 
Gatun Station ... eee see 6.590 18.11 
Tiger Hill (a quarry here)... 9.910 22.69 
Lion Hill Station eee ove 10.3400 21.10 
Ahorca Lagartot (River Juan 

Gallegos)... eve one 12.4400 26,27 
Bohio Soldado Station~ (Rio 

Agua Salud) eee oes 15.2000 40.05 
Frijols (Rio Frijol Grande)... 18.3200 36.24 
Barbacoas§ Station... oe 23.300 62.05 
Baila Monos ... ose ove 25.800 58 
Mamey Station ove ose 26.3100 62.68 
Gorgona eon eee oe 28.3200 76 
Matachin eve eae es 39 71.05 
Obispo Station ... eos ese 3 75 
Empire Station 35,4500 218 


Summit (Cerro Culebra, between 
R. Grande and R. Obispo) ... 37 262.4 


Paraiso Station one pon 38.4500 137 
Pedro Miguel Settlement oes 40 88 
Bridge over R. Caimitillo, a 

branch of R. Grande siek 41 34 
Rio Grande Station... ose 13 17 
Panama (Railroad Terminus at 

Playa Prieta) ose one 47.3020 18.7 


Geology of the Line. 

The geology of the line is given in detail by Dr. Wagner,|| 
who was sent, in 1857, on a geological and botanical tour by the 
King of Bavaria. The results of his investigations are as 
follows: 


Formation. 
Aspinwall eve ove eee eve ee _Coralline. 
Mindi ... a Tertiary Tufa"{ and Conglomerate.** 
‘Tiger Hill pm aie pom a Trachitic Tufu.tt 
Frijole ... eve axe «  Trachitic Breccia.tft 





* The Obispo falls into the Chagres, near Matachin. It 
rises in a ravineamong some small hills, called Los Hormigueros, 
or the Ant-Hillocks, about eight miles from the Bay of Chornera, 
ten miles S.W. of Panama, 

+ This place derives its name from having been pitched upon 
as an encampment by a body uf troops, who suspended from a 
tree their banner, on which was a lizard, the insignia of the 
Order of St. Jago. 

t The soldier’s hut. Bohio was the Caribisce name for a hut. 

§ Cerro Gigante, from the summit of which both oceans are 
visible, is 5¢ miles S.W. of Barbacoas Station. 

Wagner, Moritz, M.D., Beitrage, in Petermann’s “ Mit- 
theilungen.” Gotha, 1561. 

“| Tufa is a name applied to several different substances, the 
product of volcanic eruptions; generally, it is an aggregate of 
sand, volcanic ashes, and fragments of scoria and lava, united 
by an argillaceous or muddy cement. It presents various 
shades of grey, brown, red, or yellow, and is sometimes spotted. 
Its hardness is moderate, and its fracture dull and earthy. 

** Conglomerate, a mass of fragments united by some cement. 

tt Trachyte is a kind of voleanic porphyry, usually containing 
crystals of glassy felspar, and exceedingly rough to the touch; 
hence its name, from trachus, rough. It sometimes eS & 
columnar structure. It is generally of a coarse grain, and with 
a degree of porosity. From this latter circumstance it easily 
breaks down, and forms frequently a conglomerate with other 
substances. 

tt Breccia is the name applied to any rock composed of 





t Barbacoas signifies a sort of suspension-bridge made of 














bejucos, or bush-ropes. 





angular fragments cemented together. 
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Ses Dolerite.* Porphyry.t 
Obispo ‘en bos wes oes .._ _Dolomite.t 
Em pire Statior oe mad Dolerite Tufu. 

t Tiger Hill there is a stone quarry; a mile beyond Bohio 
oii ‘ a quarry of free-stone alongside the track; and at 

San Pablo there is one of recent voleanic rock. 


Gorgona oe ove 


Scenery. 

Beyond the summit the scenery becomes bold and picturesque 
in the highest degree. Lofty conical mountains, with deep 
ravines between them, and rocky spurs, rise on either side. 
About a mile on the Pacific side of the summit, the railroad 
passes along the side of a huge basaltic cliff, whose great crystals, 
nearly 1 ft. in diameter and from 8 to 12 ft. in length, lie at an 
angle of about 40°. ‘ aD 

The beholder cannot but be struck with admiring wonder, on 
contemplating this curious formation, at the regularity and 
beauty of its crystallisation, and with awe, when he reflects upon 
the gigantic internal forces that have resulted in its upheaval. 
It is one of the few known examples in the world where the 
natural perpendicular, which basaltic formations assume (so 
beautifully seen in Fingal’s Cave at Staffa, and along the “ Pali- 
sades” of the Hudsen), has been so rent and displaced; but this 
whole region give unmistakable evidence that great and compara- 
tively recent volcanic forces have been instrumental in its 
formation. There is no continuity of the mountain ranges; 
conical peaks rise up on every side, perfect marine shells and 
coral are found on their very summits, and the strata of the 
rocks, exposed by the cuttings on the railroad line, are all vol- 
canic.§ On the left of the terminus rises Cerro de los Buca- 
nieros, where Morgan encamped the night before he attacked 
Panama, 

Mortality among Labourers Exaggerated. 

The mortality during the progress of the work has been 
greatly exaggerated. It was mainly due to the fact that the 
men were always in the wet while working in the swamps near 
the Atlantic coast: amongst those employed upon the high 
ground there was very little loss of life. : . 

Mr. David Hoadley, President of the Panama Railroad Com- 
pany, says:|| : 7 

“The first blow was struck in January, 1850. Since then a 
strict record has been kept of the deaths which have occurred 
among the white men employed by the company; and, up to 
the time of opening the road, on the 28th of January, 1855, 
the number was 293, of which many are known to have been 
caused by diseases not incidental to the climate. How many 
white men were connected with the work during the period 
cannot be accurately detailed; but the number was at least 
6000. No record was kept of the mortality among other 
classes of labourers; but the proportion was greater among 
coolies, and less among Jamaica men and natives.’ 

Thus the mortality amongst the white men was only one per 
cent. for each of the five years. Owing to the terraqueous 
nature of the Atlantic portion of the line, the labourers were 
constantly in the wet, day and night, standing and lying. The 
prolonged suppression of perspiration caused by this unwhole- 
some condition of existence, aided by the malarious or mephitic 
miasmata evolved by the decomposing vegetable and animal 
matters in the swamp, gave rise to remittent fevers, which 
would not have been very fatal had there been any dry place 
for the patients; since, in the eight or nine cases that the 
author attended in Aspinwall, the fever yielded readily t 
treatment. ‘ 

The greatest mortality was amongst the Chinese, numbers of 
whom committed suicide, probably from nostalgia, or home 
sickness. Sometimes six or seven were found in a morning 
hung from trees along the line. 


Aspinwall, or Colon. 

This town was first settled in 1850 by the employés of the 
company. On the completion of the line as far as Gatum, and 
the consequent abandonment of Chagres, it suddenly rose into 
importance as a receiving and transhipping depét. It was for- 
mally inaugurated as a city on the 2nd of February, 1852, by 
Don Victoriano Paredes, the Foreign Secretary of New Granada. 
It derives its names from Aspinwall, of the firm of Howland 
and Aspinwall, the contractors, and from Columbus, who is 
called Coldn by the Spaniards. It is situated on Manzanillo 
Island, on the east side of Navy Bay, in lat. 9° 21 25” N., 
long. 79° 53’ 52” W., and hasa population of 2000. Its situa- 
tion is low and swampy, and it has the most rainy climate of 
any part of the isthmus. This might be improved by clearing 
away the bush onthe island. Some wide and deep basins have 
been dug close to the town for the purpose of draining it. 

A magnificent wharf extends out upon a coral reef, nearly 
1000 ft., to where a depth of water exists sufficient to float 
the largest ships. It is 40 ft. wide, and covered by a lofty 
metallic roof; the piles upon which it stands are coppered to 
protect them from the ¢eredo navalis. This wharf is a great 
convenience, as passengers, on landing, can at once take their 
seats in the cars for Panama or, vice versd, can step out of the 
train and embark directly on board a steamer. Close to it 
there is a fire-proof warehouse, 300 ft. long and 85 ft. wide. 
The houses, about 200 in number, are of wood, and built in a 
style midway between the New England house and the verandah 
structures usual in the tropics. ‘The mess-room of the com- 
pany’s officers, Colonel Totten’s house, Johnson’s ice-house, 


* Dolerite is a variety of trap rock, composed of augite and 
Labrador félspar. Anugite is a mineral of a dark green, brown, 
or black colour, found in voleanic rocks. Its fracture is con- 
choidal and uneven. It generally crystallises in six or eight 
sided prisms terminated by dihedral summits. It is attracted 
by the magnet, and scarcely fusible by the blowpipe. With 
borax it melts into a yellowish glass, which, while hot, appears 
red. Augite consists of silica, 52; lime, 13; protoxide of iron 
and manganese, 16; magnesia, 10; and alumina, 9. 

+ Porphyry, any form of rock in which one or more minerals 
are scattered through an earthy or compact base. 

t Dolomite, or magnesian limestone, is composed of magnesia 
48, and lime 52. 

§ Otis, Dr., op. cit. 
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the American Hotel, and Aspinwall House are the principal 
buildings. Except those belonging to the company, all the 
houses are built on land leased from it by private individuals. 
Manz anillo Island, being a low coral foundation, has no spring ; 
water is therefore collected in large iron tanks, of which there 
are several. In the market green turtle is abundant at five 
cents per pound. Aspinwall, though belonging to New Granada, 
has a separate civil government, the control of which is possessed 
chiefly by residents irom the United States, most of whom are 
connected with thecompany. A riot occurred here on the 15th 
of April, 1856, between the Granadians and the Americans, and 
much property was destroyed, in consequence of which the 
latter presented claims at Bagota for indemnitication for losses 
to the amount of 1,200,000 dollars. These were settled by the 
Herran-Cass Treaty, signed at Washington on the 10th of 
September, 1857. 

The greatest rise of tide in Navy Bay is 1.60 ft.; at Panama 
it is 21.30 ft. 

Cost. 

The construction account, closed in 1858, amounted to 
$8,000,000, equivalent, at 4s. 6d. for the American dollar, to 
1,800,000. The cost of the line was, therefore, 37,894/. per 
mile. 

Traffic. 

Regular trains are despatched daily from Aspinwall to 
Panama, and from Panama to Aspinwall, calling at Gatun, 
Bohio, Barbacoas, Matachin, and the Summit stations. The 
journey occupies four hours. Special trains are also employed 
whenever the service cannot be adequately performed by the 
regular trains. There are often as many as five or six daily, 
for weeks together. On the arrival of steamers at Aspinwall 
trains are despatched at any hour, so soon as the passengers 
are landed. On the arrival of a steamer at Panama, the trains 
start immediately on the landing of the passengers for Aspin- 
wall, where they step from the cars into the steamers without 
any delay. The fare is $25, or 51. 4s. 2d. The special rates 
of freight vary from a quarter of a cent tp 10 cents per pound. 
First-class freight is 50 cents per cubic foot, coal $5, and coke 
$7 per ton of 22401b. The freight on silver in bars is %, 
silver ore 4, and gold } per cent. on value. The express freight 
by steamer trains is $1 80 cents per cubic foot. 

Besides merchandise from Europe for the Pacific, the princi- 
pal articles conveyed by this line are hides, india-rubber, cin- 
chona bark, tobacco, orchilla, dye-woods, pearl shells, Panama 
hats, cigars, sperm oil, vegetable ivory, ceroons of indigo and 
cochineal from San Salvador and Guatemala, coffee from Costa 
Rica, cocoa from Ecuador, sarsaparilla from Nicaragua, copper 
ore from Bolivia, silver bars from Chili, boxes of dollars trom 
Mexico, and gold ores from California. 

Colonel Totten, the superintendent of the railroad, has lately 
published a statement of the work of the line from its opening, 
in January, 1855, to December, 1866. During this period of 
nearly twelve years, the number of passengers carried was 
396,052. 

The treasure transported exceeded $500,000,000 in gold, 
147,000,000 in silver, 

5,000,000 in jewellery 
mt sa 19,000,000 in paper money 
The tonnage of general merchandise exceeded 600,000,000, or 
upwards of 155,500,0002. 


” ” ” 
” ” ” 


In 1856, the totalincome was... ... $1,360,741 
Pa yp EOE ain cee cue 530,249 
a » net proceeds ... ... 830,492 
In 1866, the total income was... «.. 2,424,977 


CEPONTED csc a0. cro 1,208,364 
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Pe »» et proceeds ee = 1,216,613 


Lines of Steamers. 

On the Atlantic side the lines of steamers communicating 
with the railroad are; 

1. The Royal Mail Steam Packet Company’s vessels, running 
every fortnight between Southampton, the West Indies, the east 
coast of South and Central America, and Aspinwall. The fleet 
consists of 23 large steamers, of which the Tyne, Tamar, Solent, 
and Eider run between St. Thomas and Aspinwall. A vessel 
leaves Southampton for Aspinwall on the 2nd and 17th of each 
month. 

2. The West India and Pacific Steamship Company’s vessels, 

which leave Liverpool for Aspinwall on the 10th and 25th of 
each month. ‘The fleet of this company consists of the Grana- 
dian, West Indian, Caribbean, American, Californian, Chilian, 
Mexican, St. Thomas, Colombian, Cuban, Bolivar, Darien, Hayti, 
Crusader, Askalou, Barbadian, Talisman, Plantagenet, Albion, 
and Venezuelan. 
3. The Atlantic and Pacific Steamship Company’s vessels, 
which leave New York (foot of Warren-street, North River) at 
noon on the 1st, 8th, 16th, and 24th of each month, for Aspin- 
wall. Fare, 40 dollars in the steerage, and 70 dollars in the 
state-room. By arrangement with the Panama Railroad Com- 
pany ana the Pacific Mail Steamship Company, through passage 
tickets from New York to San Francisco are furnished for 
200 dollars in the first cabin, 150 dollars in the second, and 
100 dollars in the steerage, these fares including board. ‘The 
passage from New York to Aspinwall is usually made in eight 
di 6 


ays. 

4. A French line that has recently commenced running from 
St. Nazaire to Aspinwall. Besides the steam lines, there are 
lines of sailing packets from Liverpool, New York, Bremen, 
Bordeaux, and St. Nazaire to Aspinwall. The two first belong 
to the Panama Railroad Company. 

The communications between Panama and the Pacific ports 
are maintained by the following lines of steamers: 

1. The Pacific Seam Navigation Company’s vessels, plying 
every fortnight between Panama, and Buenaventura, and 
Tumaco, in New Granada; Esmeraldas, Manta, and Guayaquil, 
in Ecuador; Tumbes, Payta, Lambayeque, Pacasmayo, Mala- 
brigo, Huanchaco, Santa, Samanco, Casma, Huarmey, Supe, 
Huacho, Callao, Cerro Azul, Tambo de Mora, the Chincha 
Islands, Pisco, Chala, Quilea, Islay, Ilo, Arica, Mexillones, 
Pisagua, and Iquique, in Peru; Tocopilla and Cobija, in Bolivia; 
and Taltal, Chauaral, Caldera, Carrizal-bajo and Huasco, 


Coquimbo, Tongoy, Valparaiso, Tome, Talcahuano, Lota, Corral 
(Valdivia), Ancud, Colbuco, and Port Montt, in Chili. The 
steamers of this company are the Talca, Ecuador, Bogota, 
Lima, Callao, Valparaiso, Guayaquil, San Carlos, Bolivia, Anne, 
Cloda, New Granada, Inca, Morro, and Payta.* A contract 
was concluded, in 1846, between the British Government and 
this company, for the conveyance of the mails on the west coast 
of South America. 

2. The Panama Railroad Company’s Central American line 
of steamers, running every fortnight between Panama, Punta 
Arenas, Realejo, La Union, La Libertad, Acajutla, and San 
José de Guatemala. 

3. The Pacific Mail Steamship Company’s vessels, which run 
every week from Panama to San Francisco, California, touch- 
ing at Manzanillo and Acapulco, in Mexico. The passage from 
Panama to San Francisco is generally made in from twelve to 
fifteen days. The vessels of this company are the Golden 
Age, Golden Gate, Sonora, St. Louis, Uncle Sam, Washington, 
Orizaba, Fremont, California, Constitution, and two others. 

4, The Imperial Mexican Company of packets in the Pacific, 
plying monthly between San Francisco, o Paz, Guaymas, and 
Mazatlan, and every fortuight between Mazatlan and Acapulco, 
touching at San Blas and Manzanillo. This and the Oregon 
line were established in 1861, by Holliday and Flint, of San 
Francisco, who purchased the steamers Panama, Cortez, Re- 
public, Columbia, and Sierra Nevada, from the Pacific Steam- 
ship Company, by whom those lines had been previously 
managed. On the 31st of January, 1865, Maximilian’s Govern- 
ment agreed to pay an annual subsidy, for seven years from that 
date, of $76,000 for the main and $25,000 for the branch line, 
the former to be under the United States flag, the latter under 
the Mexican. 

5. The Oregon and California Steamship Company’s five 
vessels, plying between California and Eureka (Humboldt Bay), 
Crescent City, Port Orford, Umpqua, and Gardiner City, in 
Oregon ; Esquimault, Victoria, in Vancouver's Island; and Port 
Townsend, Steilacoom, and Olympia, in Washington ‘Territory. 

6. The Panama, New Zealand, and Australian Royal Mail 
Company’s steamers, This company has a yearly subsidy of 
90,0002. for the main line, to be increased to 110,000/, if the 
New Zealand Government should require the rate of speed to 
be increased to ten knots an hour. That sum, with the sub- 
sidies for intercolonial services, would make an aggregate of up- 
wards of 150,000. per annum. 

The imports and exports of the Australian colonies for 1863 
were: 


£ 
Imports ox oe ove 34,264,597 
Exports o0e eee ove 28,378,355 





Total ... eee £62,642,952 

The exports included 12,677,192. of bullion and specie. 

7 The Pacific Mail Steamship Company’s monthly line, run- 
ning between California and China, consisting of four first-class 
steamers of from 3000 to 4000 tons, for which they receive a 
subsidy of 100,000 dollars per anaum, under contract with the 
United States Government for ten years, from November, 1865. 
The route vid Kanagawa is 6200 miles long. 

8. The California, Oregon, and Mexican Steamship Com- 
pany’s monthly line from San Francisco to the Sandwich 
Islands, under contract with the United States Government, 
dated September 5, 1866, 


A Pleasant Trip for Tourists. 

By the old way of transit, one had to flounder on through 
heavy swamps, across rapid streams, along the borders of deep 
raviues, and over precipitous hills, exposed alternately to the 
drenching rain and the broiling sun. But there is no longer 
either difficulty or discomfort to be feared in crossing the 
isthmus. Now the railroad, passing, as it does, through the 
heart of a primeval forest, and among the wildest and most 
picturesque hill scenery, along beautiful rivers, fertile plains, 
and luxuriant lowlands, where the vegetation at every season is 
varied and gorgeous beyond comparison, affords the traveller an 
opportunity of easy enjoyment of, and acquaintance with, in- 
tertrupical nature, unsurpassed in any part of the world. 








“ON THE ISTHMUS OF DARIEN AND THE 
SHIP-CANAL.” 
By Dr. CuLLEn. 
The United States of Colombia. 

Ur to the end of the first decade of the present century, 
Spain held undisputed sway over the northern part of South 
America, which then constituted the Captaincy-General of Ca- 
raceas (Venezuela) and the Viceroyalty of New Granada. In 
the latter was included the Central American Isthmus as far 
west as Costa Rica. In 1806, a futile attempt to revolutionise 
Venezuela was made by Ceneral Miranda. In 1810 commenced 
the general revolt of the Spanish colonies against the mother 
country, which was brought to a poems issue by Simon 
Bolivar, the Liberator, in Venezuela, New Granada, and Equa- 
dor, by San Martin and Sucre, in Peru, and by Iturbide and 
Santa Anna, in Mexico. ‘The following are the principal events 
of this prolonged war between the European Spaniards and the 
native Creoles, the horrors of which were increased by the ex- 
traordinary natural difficulties of those countries, and the total 
absence ot roads properly so called. 
1810, July 20, Antonio Amar Borbon, the last Viceroy, over- 
thrown at Santa Fé de Bogota. 
1811, March 28, General Baraya (Republican) gained the 
battle of Palacé, in Popayan. 
November 12, a congress held at Bogota, which, following the 
example of Venezuela, proclaimed the Republic. 
1814, December 12, Bolivar stormed Bogots, and overthrew 
the government of Cundinamarea. 

1815, April 13, General Pablo Morillo arrived at Porto Santo, 
* The Payta, 1800 tons, arrived at Valparaiso in November, 
1864, having made the voyage from Liverpool, deducting stop- 
pages, in 31 days, 14 hours, and 59 minutes, although she had 
to contend with a head wind, a heavy sea, aud an adverse cur- 
rent of 7 miles an hour.in passing through the Straits of 
Magellan. ‘Ihe Limena made the ran from Liverpool to Val- 








Panama Railroad Company. New York, August, 1855. 


paraiso in 38 days. 
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in Venezuela, with 15,000 men from Spain. December 5, 
Morillo took Carthagena by famine, after 116 days’ siege. 
1816, May 30, Morillo entered Bogota. June 13, Morillo shot 
the maiden Policarpa Salavarrieta and others. 1819, August 
7, Bolivar defeated and took Barreiro at Boyaca, in the province 
of Tunja. August 10, Bolivar took Bogota. December 17, a 
law was by the Congress of Angostura (now Ciudad 
Bolivar), on the Orinoco, in Venezuela, creating the Republic 
of Colombia by the union of Venezuela and New Granada; 
Bolivar elected President, and Francisco A. Zea, Francisco de 
Paula Santander, and Roscio Vice-Presidents. 1820, San 
Martin obtained possession of Lima. 1821, May 6, the instal- 
lation of Congress took place at San Rosario de Ciicuta, in the 
rovince of Pamplona. June 24, a decisive victory gained at 
arabobo, in Venezuela. October 11, Carthagena taken from 
the Spaniards by Montilla. November 17, Panama taken by 
Bolivar. 1822, May 24, a great victory gained by the Repub- 
licans at Pichincha, in Equador. 
Ma 


29, Equador, the former Viceroyalty of Quito, — the 
Republic of Colombia, August 3, Maracaybo in Venezuela 
capitulated. 1823, November 10, Porto Cabello, Venezuela, 
capitulated to José Antonio Paez. : ; 

1824, June 1, last Spanish battle in Colombia fought at 
Barbacoas, in the province of Pasto. December 9, last Spanish 
battle in South America gained by the Colombians and Peru- 
vians, under Sucre, over the Spaniards, commanded by the 
Viceroy Canterac, at Ayacucho, in Peru. 1825, September 15, 
the castle of San Juan de Ulloa, in Vera Cruz harbour, the last 
stronghold of Spain in Central America, surrendered to General 
Santa Anna, by General Don José Copinger, after a prolonged 
defence, during which most of the garrison died of fever or 
famine. 1826, January 24, the Spanish flag waved for the last 
time on American soil, the garrison of Callao, in Peru, under 
General Rodil, having surrendered by capitulation to General 
Sucre. 

1829, November 24, Venezuela seceded, under Paez, from 
Colombia. 1830, June 4, assassination of Marshal Antonio 
José de Sucre, at the pass of Berruecos in Pasto. December 17, 
Bolivar died at San Pedro, in the district of Marmato, near 
Santa Martha. 1831, Colombia dismembered by the separation 
of Equador, and the independent republics of Venezuela, New 
Granada, and Equador formed. 1857, during the Presidency 
of Citizen Mariano Ospina, the thirty-six provinces and two 
territories of New Granada united into eight Federal States, 
and the title of the Republic changed to that of the Granadian 
Confederation. . 

1861, July 18, after the taking of Bogota, during the Jast 
of the civil wars which have distracted New Granada, and which 
lasted from 1859 to 1863, the title of the Confederation was 
altered to that of the United States of Colombia, by a decree of 
General Thomas Cipriano de Mosquera, the provisional president 
and commander of the liberal forces. 

Mosquera had been president from 1845 to 1849, was again 
elected by the people in 1865, and entered into office in March, 
1866; but was taken prisoner, tried, and banished for four 
years, in 1867. 

The State of the Isthmus. 

It is to the United States of Colombia that the narrow neck 
of land, extending from the continent of South America to Costa 
Rica, belongs. The western third is the Isthmus of Veraguas,* 
or Chiriqui; the central, the Isthmus of Panama; and the 
eastern third, the Isthmus of Darien. Taken together, those 
isthmi form the State of the Isthmus (Estado del Istmo), which 
extends from lat. 6° 50’ to 9° 40’ N., and from long. 77° to 
83° 10’ W. Its length is 460, and its average breadth about 
50 miles. The narrowest part is 27, and the widest 105 miles. 

Its configuration is that of a bow, the coast of the Caribbean 
Sea forming the convex, and that on the Pacific the concave 
line. It is bounded on the N. by the Atlantic, on the S. by the 
Pacific, on the E. by the Gulf of Darien, the river Atrato, and 
the province of Chocd, and on the W. by the republic of Costa 
Rica. The boundary line between the state and the province 
of Chocd runs from the mouths of the Atrato, in the Gulf of 
Darien, up that river to the confluence of the Napipi with it, 
up the Napipi to its sources, and from thence across the Cor- 
dillera to the mouth of the river Cupica, in Cupica Bay, on the 
Pacific. The boundary between it and Costa Rica runs from 
Punta Burica, on the Pacific, to the mouth of the Changuené, 
or Dorachos, on the Atlantic. It is divided into the provinces 
of Panama, Azuero, Veraguas, and Chiriqui (formerly Bocas 
del Toro), and the territory of Burica. These are subdivided 
nto cantons, each having several parishes. The total civilised 
a of the state, according to the census of 1851, was 

88,108. To this may be added 5090 for the estimated number 
of the independent Indians of Veraguas and Chiriqui, and 3000 
for those of Darien, making the tota: 146,108. The state sends 
three senators and three representatives to the general Congress 
at Bogota. 

In the time of the Spaniards the whole isthmus constituted 
the province of Tierra Firme. In 1821, during the War of 
Independence, it was incorporated with Colombia. Upon the 
dismemberment of that republic, in 1831, it became a province 
of New Granada. In 1857, it became a state of the Granadian 
Confederation, and, in 1861, ot the United States of Colombia. 


The Isthmi of Panama and Darien. 

The Isthmus of Panama comprehends tive western part of the 
province of Panama. The Isthmus of Daren constitutes nearly 
one-half of the state. Having, however, only a ver scanty 
population, it is under the jurisdiction of the province of Panama, 
of which it forms a canton, which is twice as large as the rest 
of the province. 

The boundary between it and the Isthmus of Panama, as 
determined by a decree of Congress, dated Bogott, August 7, 
1847, is a line drawn from the mouth of the Chepo, or Bayano, 


* Veraguas gave the title of Duke to Columbus and his 
descendants. It was once abolished by the King of Spain, but 
restored after a lawsuit which the Colon (Columbus) family 
carried on against the crown for more than thirty years. The 
late Duke of Veraguas, Count of Jamaica, &c., Don Pedro 
Colon, was elected president of the Cortes of Spain, about the 
end of 1864, and died in 1866, 





in the Gulf of Panama, up the Chepo, across the Cordillera to 
the mouth of the Mandinga, in the Gulf of San Blas, and round 
its shore to Cape San Blas, corresponding nearly to the meridian 
of 79° W. 

Mountains. 

The surface of the isthmus is extremely irregular, being tra- 
versed by a chain of mountains, which is a continuation of the 
great Cordillera of the Andes, and intersected by the spurs and 
ramifications which it sends off in various directions. The Cor- 
dillera, which follows the direction of the Pacific coast, close to 
which it runs, passes from Equador into Columbia in about 
1° N., and after traversing the provinces of Pasto, Popayan, 
Buenaventura, and Chocd, enters Darien in about 6° 18’ N., 
inland of Cruces Point. From Equador, in which republic it 
rises above the lower limit of perpetual snow, its altitude “vy 
decreases to Buenaventura river, and thence to the San Juan. 
In about 7° 30’ N., near the height called Alto de Espavé, it 
bifurcates. The western branch continues to run close to the 
Pacific, and terminates in the beautiful mountain of Garachiné, 
behind the point of the same name, which is the S. entrance of 
the Gulf of San Miguel, and the S.E. entrance of the Gulf of 
Panama. The height of this mountain is about 3000 ft., and it 
is said to contain veins of gold in quartz rock. Between the 
San Juan and Garachiné there are three depressions. The first 
is between the Quebrada del Mar (as the head stream of the 
Cupica is called) and the Napipi, where the Pit de Ande is 
estimated at only 500 ft. elevation. Thesecond, further north, 
is between the Chuparador and the Hingador, the lowest 
summit level being 947.44 ft. The third, between the Jurador 
and the Salaqui, has an elevation of 1063 ft. The height of 
this chain inland of Arditi Point is about 3000 ft. The most 
conspicuous summits which it presents are Cerro del Zapo (the 
Mountain of the Toad), half-way between Garachind and Port 
ot Pines; the Peak of Espavé, S. of the latter; and Janand* and 
the Pyramid, inland of Cape Corrientes. At some points the 
mountains come downsquite close to the shore, but generally 
there is a narrow belt of low land along the coast; and, at the 
mouths of the San Juan and other large rivers, there are 
swampy deltas submerged in the rainy season. Nowhere, how- 
ever, do many miles intervene between the shore and the high 
land. 

The other branch of the Cordillera runs across to the N.E. 
towards the Atrato, separating the lower course of that river 
from the head of the Tuyra. From a point only a few miles 
distant from the Tarena mouth of the Atrato it follows the 
curved direction of the Atlantic coast, running parallel to it, at 
the distance of from two to five miles, as far as Cape San Blas, 
where it enters the Isthmus of Panama. The high range be- 
tween the sources of the Tuyra and the Atrato valley is the 
Sierra de Maly, which sends off some spurs called the Cacarica 
hills, that approach the west bank of the Atratu, coming down 
nearly as far @s the lagoon on the Cacarica river just atove its 
mouth. Betweer the head-waters of the Paya, a tributary of 
the Tuyra, and the Arquia, which falls into Cano Tarena, the 
west or main channel of the Atrato, near its mouth, is Chacar- 
goon, or Tagargona, mountain, in which there is said to be an 
abundance of very fine gold-dust, called by the Indians aasites. 
North of it is Chistata mountain, in which there is a great 
waterfall. Between the Atrato mouth and Cape Tiburon the 
Cordiliera takes the name of Sierra de Estola, and presents the 
peaks of Candelaria, Tarena, Gandi, and Pico de Cabo, or 
Tiburon. Inland of Carreto harbour is the Peak of Carreto, 
and N.W. of it is the break in the Cordillera, which will be 
noticed hereafter as affording great facilities for the construction 
of aship canal. Inland of Sassardi Point the Cordillera ap- 
pears suddenly to terminate, and a new chain to arise a little 
behind its extremity. From thence to Cape San Blas it presents 
some notable peaks, which may serve as marks for the various 
anchorages within the islets and cays forming the Arcaipelago 
of the Mulatas. They are named Navagandi, Putrigandi, 
Kweetee or Musquitos, Rio Monos, Playon Chico, Playon Grande 
(two peaks), Concepcion (four), Cerro Meseta, inland of Rio 
Azucar, La Orqueta and another, inland of Rio Diablo, Rio 
Mangles Peak, or Cerro Gordo, and Carti, all of which, except 
Meseta and La Orqueta, are inland of the mouths of rivers 
of thesame names. Close to San Blas Point it is 2300 ft. high. 

From Cape San Blas, where the Isthmus of Panama com- 
mences, to Portobello, a distance of 45 miles, the coast runs 
westward, the only inhabited places on it being the hamlets of 
Culebra, Palenque, and Nombre de Dios, founded by Don Diego 
de Nicuesa; these have an aggregate population of about 150 
negroes, who are descendants of Cimarrones, or Spanish ma- 
roons. The Cordillera in this part of the isthmus presents the 
peaks of Saxino, Nombre de Dios, and Capira. 

A little west of Portobello, it becomes broken into a series of 
oblong ridges and conical hills, having’their bases skirted by 
plains. Inland of Navy Bay and Chagres its continuity can 
no longer be traced, the bills thereabouts being isolated and de- 
tached, and only from 200 ft. to 400 ft. in height. The ravines 
which separate them are but little elevated above the general 
level of the country, and are intersected by streams; and im- 
mediately inland of Navy Bay is the great Mindi swamp, across 
which the Panama Railroad was constructed. 

A few miles west of Chagres the hills became connected, and 
the Cordillera, gradually becoming more elevated, rises to a 
great height in Veraguas and Chiriqui, where it forms an 
elevated plateau or tableland, called La Mesa, the highest 
summits of which are Mount Chiriqui, 11,266, and Mont Blanc, 
11,740 ft. high, From thence it declines towards Costa Rica. 

Rivers. 

The isthmus abounds in rivers, the number of which, exclu- 
sive of the small periodical streams, cannot fall short of 200. In 
the rainy season every mile of land is intersected by a flowing 
stream, which carries off the surplus water. In the time of the 
heaviest rains the rivers rush along with irresistible force, bear- 
ing along with them great rafts of bamboos, trunks of trees with 
the branches on them, and islands of floating grass. Those 
opening on the Atlantic coast of Darien, from the Tarena mouth 
of the Atrato to ‘" San Blas, are the Tarena (an independent 
river), Tutumati, Tripogandi, Gandi, Pinololo, Miel, Anachu- 





* An extinct volcano in Chocd. 





cuna, Malahazai, Carreto, Aglatumati, Aglaseniqua, a consider- 
able river of unknown name that falls into Caledonia harbour, 
the Sassardi, Navagandi, Putrigandi, Tres Bocas, Kweetee, or 
Mosquitos, Zambogandi, Cocos, Pitgandi, Monos, Playon Chico, 
Playon Grande, Concepcion, Azucar, Diablo, Mangles, Macollita, 
Carti or Cedar, Carti Chico, Mandinga, and Culata. 

Those falling into the Pacific from Cruces Point to Garachind 
— are—the Cupica, Corredor, Paracuchichi, Jurador, and 

inas. 

Between Punta Brava and the mouth of the Chepo, the Gulf 
of Panama receives the Buenaventura, Pernado, Orado, Trini- 
dad, Manjué, Chiman, Bocafuerte, Hondo, Manglar, Muestra, 
Oquendo, Pasigua, Lagartos, el Griego, Centinela, and Santa 
Cruz. Off Buenaventura mouth are the Farallones Ingleses 
rocks; and inland ot Hondo mouth are Column, Thumb, and 
Asses’ Ears Peaks. Off the Chepo is Chepillo Island, and off 
the Chiman are Mahaguey and Maguey Islands. 

Seasons. 

The seasons are the rainy and the dry. The rains commence 
with the new moon, in April, and continue seven or eight 
months until the end of November or December. In the dis- 
trict of Biruquete (the extreme south of Darien) and in Chocd, 
they are prolonged for ten or even eleven months. Slight at 
first, the rain gradually increases, and is fully established at 
the end of May, when it falls in torrents, accompanied with 
terrific bursts of thunder and flashes of lightning. In June, 
July, and August there is sometimes a heavy shower every 
day for several successive days. The air is loaded with mois- 
ture, and mists, with calms or variable winds, prevail. Although 
the temperature seldom rises above 87° Fabhr., still, perspiration 
being impeded, the atmosphere feels extremely hot and close. 

In the height of the rainy season, when the sun is at its 
greatest northern declination, the rains are suspended, and for 
nearly a week after the 20th of June the sun shines with the 
greatest splendour, and the sky becomes clear and serene. No 
instance is known of irregularity in the recurrence of this sin- 
gular and unexplained break in the ordinary course of the 
season. The same phenomenon occurs in Demerara, Venezuela, 
and probably in all the north of South America, within Hum- 
boldt’s ‘‘zone of constant precipitation.” This period of dry 
weather is called e/ veranito de San Juan, or the little simmer 
of St. John, because it commences on the 21st of June, St. 
John’s-day, which is kept as a festival of great social enjoyment 
throughout Spanish America. It may be observed, en passant, 
that « custom, evidently of Druidical origin, prevails amongst 
Celtic nations of lighting bonfires on the tops of the mountains 
on the night of the 20th of June. 

Towards the end of November or December the rains di- 
minish in frequency, the clouds begin todisperse, and, with the 
commencement of the new year, the N.W. wind sets in. An 
immediate change ensues, the air becomes more pure and re- 
freshing, the sun shines brilliantly, the sky becomes blue, not a 
cloud is to be seen, and the climate displays all its tropical 
beauties. The heat, although greater, ranging between 75° 
and 94°, is less felt, as the atmosphere is almost free from 
moisture. The almost vertical rays of the sun are then 
very powerful, the rise of the thermometer to 124°, when ex- 
posed at noon to their full influence, being no uncommon phe- 
nomenon. 

Some precise information regarding the amount of the rainfall 
on the isthmus has probably been communicated to the Smith- 
sonian Institute at Washington by Dr. Quakenbosch, of Aspin- 
wall, the physician to the Panama Railroad Company, who 
received a set of meterological instruments from that body in 
November, 1862. 

On the isthmus the days and nights are always of nearly 
equal length, the sun rising about 6 a.m., and setting about 
6 PM. 

Climate. 

The isthmus, being so near the equator, and having so vast 
an extent of forest and uncultivated land, and so great a rain- 
fall, has, naturally, a hot and moist climate. Nevertheless, 
with the exception of a few localities, it may be regarded as 
being healthy, and more favourable to the constitution of the 
Caucasian race than that of most intertropical countries. The 
mouths of rivers which have deltas, inundated or drowned lands 
in their vicinity—as those of the Atrato and the Chagres—are 
unhealthy. So are Portobello and Aspinwall, owing to the 
swampy nature of the soil in their neighbourhood. In such 
places remittent fevers, of a type much milder than the yellow 
tever, occasionally attack Europeans and North Americans, but 
seldom prove fatal. Where the ground is elevated a few feet 
above the level of the sea, and there are no swamps, no endemic 
exists, except the intermittent fever, which prevails all over 
South and North America, and even in Canada. It is much 
milder than in the West Indies, or even in the Western States, 
and is by no means obstinate. The cold stage is generally either 
entirely wanting, or passes off in a momentary chill, whilst in 
the Demerara ague there is frequently a rigour of four hours’ 
duration, The hot stage seldom lasts more than four hours, 
and the sweating stage more than two. ‘The usual form is the 
tertian, which recurs every second day, the patient being well 
on the day between every two attacks. The quotidian, in which 
there is an attack every day, and the quartan, in which the 
paroxysm comes on every third day, are rare. The attacks are 
few in number, and probably the average may be only five or 
six. The complaint yields readily to suiphate of quinine,* the 
efficacy of which is much increased by administering the 
tincture of sesquichloride of iron, or steel drops, in combination 
with it. 

It is quite possible, however, for a person to live on the isth- 
mus for months, or even years, without ever suffering from an 
attack of fever. Coionel Lloyd states that the family ot the 
British consul resided four years in Panama without an hour’s 
sickness; and Lloyd and Falmark were seventeen months on 
the isthmus, during the whole of the time exposed to the ut- 
most rigour of the sun and rain, yet they escaped with entire 
impunity. be 

* Bebeerine, the active principle extracted from the seeds 
and bark of Nectandra Rodici, the Greenheart, or Sipiri of 
Demerara, is also a powerful anti-periodic. The tree belongs to 
the class and order Dodecandria Monogynia, and the family 
Lauracee. 
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The comparative healthiness of the isthmus may be owing to 
the great quantity of rain that falls washing away the decom- 
posing vegetable matter, and absorbing the morbific gases 
evolved; whilst the rains rapidly carry off the surplus water, 
and prevent it from lodging and forming stagnant pools. The 
equability of the temperature, which is not subject to great 
vicissitudes or sudden changes, the range of the thermometer 
being within narrow limits, never falling below 75° (on the 
Jowlands), and rarely rising above 95°, also contributes to the 
healthiness of the climate. : ; 

Negroes sometimes suffer from slight cutaneous diseases, but 
elephantiasis Arabica, or ‘* Barbadoes leg,” is not so common as 
in other parts of New Granada. The true leprosy (lepra 
Grecorum), which is common enough in Carthagena and 
Demerara, in both of which there are lazarettos* for patients 
afflicted with ihat loathsome disease, does not seem to exist on 
the Isthmus. / coto, or goitre—the enlargement of the 
glands of the neck, so common on the high mountains of New 
Granada, is unknown on the isthmus. 


The Forest. 

The Isthmus of Darien is covered throughout witha dense 
and trackless forest, extending from the summits of the highest 
mountains to the very edge of the sea, and broken only by the 
courses of the rivers. This renders it impossible to see more 
than a few yards ahead, and constitutes the greatest difficulty 
the explorer has to contend with. The trees grow in a soil of 
great depth, and of such amazing fertility that it would serve 
for manure for other lands. They are of all sizes, from 30 to 
150 ft. in height, and have between them a multitude of shrubs 
and a close undergrowth of herbaceous plants. The trees sup- 
port numerous trailing vines and creepers, known by the names 
of vehucos, lianas, nibbees (in Demerara), and bushropes (in the 
West Indies). These ascend to their tops and fall in matted 
festoons, forming a perpendicular wall of foliage, which would 
delight the eye of an artist, but would totally impede the opera- 
tions of the surveyor. Orchidese and other parasitic plants, in 
great numbers and variety of form, cling to their trunks, en- 
circling them with flowers of every hue. 

Of palms, the most abundant are the troolies (Manicaria 
saccifera), itas or morichis (Mauritia flexuosa), and other fan 
palms, vernacularly known as guagaras, which occupy the 
greater part of the space between the tall trees. Another palm 
very common is tke corozo colorado, sillico, or hone palm (Eliis 
melanococea), which yields an oil identical with the palm oil of 
commerce, the produce of its African congener, Eliiis Guineen- 
sis. The principal timber trees are cedar (Icica altissimna); ma- 
hogany (Swietenia mahogani); lignum vitx, or guayacan 
(Guaiacum officinale); silk-cotton (Bombax ceiba); espavé 
(Anacardium rhinocarpus); bamboo (Bambusa arundinata) ; 
bullet tree (Mimusops sp.); crabwood (Carapa Guianensis); 
ebony (Diospyros sp.); hobo (Spondias lutea); iron wood 
(Ybera puterana) ; laurel (Cordia gerascanthus) ; locust, carob, 
or algarrobo (Hymenga courbaril); mora (Mora excelsa) ; 
quiebra hacha, or break-axe (Hymenza pentaphylla); quira 
(Platymiscium polystachyum) ; Tonquin-bean tree (Coumou- 
rouma odorata); and a very durable wood called yaya. The 
quipo tree is also very common: it grows to a height of 70 or 
80 ft., perfectly straight, and has no branches except at the 
top; the bark is very thin, and the wood quite white and ex- 
tremely hard; it is, perhaps, the caoba of Spanish and the 
bastard mahogany of English wood-cutters. 

Monkeys, perezas, or sloths, dantas, machos, del monte, or 
sapirs, a small deer like the wirribocerra of Mexico, the sayno, 
havali, cafuchi, warree, or white-lipped peccari (Dicotyles 
Jabiatus), and the tatabro, or collared peccari (Dicotyles tor- 
quatus), conejos, or rabbits, and squirrels are plentiful. 

_Amongst the birds are flamingos, or curri-curris, parrots, 
pigeons, humming-birds, and three kinds of wild turkey of large 
size, viz., the guam, guan, pava del monte, or crested wild 
turkey (Penelope cristata): the powhi, or crested curassow 
(Crax alector), and the powhi de piedra (Ourax pauxi). 


The Isthmus or Canton of Darien. 

This Isthmus, which was at one time a separate province, was 
afterwards reduced to the status of a canton of the province of 
Panama, which it continued to be until the 2nd of June, 1846, 
when, in consequence of the representations of Anselmo Pineda, 
the governor of Panama, it was constituted a territory, under 
a prefect with a salary of $1500 ayear. On the 7th of August, 
1547, its boundaries were fixed as already given. By another 
decree, dated Bogota, June 22nd, 1850, it was again reduced to 
the status of a canton, under a jefe politico, or chief of police, 
with a salary of $500 per annum. 

_ Its length is about 210 miles, its greatest breadth 90, and 
— part, from Chepo mouth to Mandinga Bay, 27 
mues. 

South Darien. 

The following was the population of the South of Darien for 
the years 1822, 1843, and 1851: 











1822 1843 | 1851 

Yavisa, the capital... 341 332 287 
Santa Maria ... ... 245 204 145 
Chapigana 162 296 268 
Pinogana.., 146 142 164 
Tucuti_ am 113 155 106 
Fichichit... 100 ‘| abandoned os 

Molineca ... } 35} 78 77 
Cana 30 | abandoned eee 

Garachine ... 1... ...| | oa 162 
NIE cai: ase: ss cee) 276 

| 
m | 4172 | 1907 1485 


Ra On Tierra Bomba, near the former, and at Accaweeny 
Creek, Pomeroon river, in the latter. 

t Fichichi, where there was a fort, was on the west bank of 
the Chuquanaqua, between its mouth and Yavisa. A negro, 
named Marcellino, who was alive in 1849, was the last survivor 
of its former inhabitants. 

t Chiman, at the mouth of the river Chiman, in the Gulf of 


Panama, although in Darien, is under the jurisdicti 
oe Tab " jurisdiction of the 


Biruquete. 
The coast of the extreme south of Darien, from Garachiné to 
Cupica Bay, and the Cordillera island of it, were formerly 
called Biruquete, and, about thirty years ago, constituted a 
district, under the jurisdiction of a corregidor, with the title of 
the Corregimiento of Jurador; but of late years this has been 
roe. gioy | neglected. The only settlements in it are a few 
huts at the Jurador mouth and on the Nerqua and Chupipi, 
twelve huts at Paracuchichi mouth, inhabited by negroes and 
samboes from Panama, and a few Jamaica men, anda little 
hamlet at Cupica. It was once the resort of deserters, ¢imar- 
rones, or runaway slaves, and fugitive criminals from Panama. 
It was to this coast that the Indians of the north of Darien 
directed Pizarro, telling him to go to Biruquete (probably mean- 
ing ‘the southern country”) to search for gold; and it was 
from the wrong application of the name of Biru that that of 
Peru was derived. On the Biru, which was then governed by 
the cacique Biru, was the village the inhabitants of which he 
named Pueblo Quemado or burnt people. He gave the river 
the name of Rio de Hambre, or hunger river, and it is now 
called the Jurador. Biruquete formerly included all the coun- 
try from the Atrato and the San Juan to the Pacific, and the 
town of the Noanama Indians on the San Juan; but all to the 
south of Cupica is now in the province of Chocd. Noanamia, 
the people of which still retain their own language, has a popu- 
lation of 3510. Biruquete was visit successively by Vasco 
Nunez, Andagoya, Pizarro, and Almagro. It includes the lines 
fora shipcanal from the Atrato and Truando to the Paracuchichi, 
and from the Atrato and Napipi to the Cupica, which were 
surveyed, but found to be impracticable. By some this narrow 
tract between the Atrato and the Pacific is called the Isthmus 
of Chocd. 
River Tuyra.* 

The Tuyra, Rio Grande, or Santa Maria, is the largest of the 
rivers of Darien, the Atrato being included in the province of 
Chocd. It traverses the greatest part of the space between the 
Atrato and the Gulf of San Miguel, running from E.S.E. to 
W.N.W. Its head-waters are separated from the valley of the 
Atrato by the Sierra de Maly, and the Cerro del Fspiritu Santo. 
Inside of Boca Chica and Boca Grande, the mouths by which 
it discharges itself into the Gulf of San Miguel, it forms a mag- 
nificent estuary extending eight miles up, with an average width 
of three miles, and great depth of water. Into this fall the 
Savana onthe N. and the Setegantit on the S. Inside Boca 
Chica and opposite the Savana mouth, there is a settlement, 
called La Palma, established in 1851 by Marcado and Damian 
Gonzales. The former was a native of Chocd, whose father had 
been canoe-man to Captain Cochrane on his journey in Chocd 
in 1824. Seven miles above Boca Chica is the mouth of the 
Seteganti, an uninhabited river: about a century ago there was 
an Indian village there. On the bank of this river a negro of 
Chapigana was murdered in 1849 by some person, who chopped 
him in the back of the head with a machete or bush cutlass, 
just as he was about to jump across it, he having previously 
flung his bundle over to the opposite bank. 


Chapigana Village. 

Two miles above Seteganiti mouth is the village of Chapigana, 
which Vasco Nunez de Balboa made his head-quarters after the 
discovery of the Pacific. The people are all negroes, and are 
governed by two corregidors. Mr. Andrew Hossack, commonly 
called Don Andres, an Inverness man, resided there for many 
years, and carried on wood-cutting and boat-building, having 
always kept a sufficient number of hands at work, by means of 
a system by which he held many of the men of the village in 
bondage. It consisted in giving large credit to all comers for 
aguardiente, anisado (a liquor impregnated with oil of aniseed, 
like the rachi of the Greeks), brandy, tobacco, &c., and then 
making a sudden demand for payment, and obtaining a decree 
obliging them to pay off the debt in labour, with the alternative 
of the stocks, if recusant. The same system was carried on in 
Molineca by Gregorio, and in Pinogana by Requero. It is pro- 
bably common in that part of South America, for when, in 
1832, the government of Equador sent a body of political 
offenders and convicts to Charles Island, one of the Galapagos 
under the governorship of Don José Vilamil, that gentleman 
opened a store in which, in lieu of money, he demanded for his 
goods mortgages on the crops grown by the settlers; but the 
plan ended badly, for three years afterwards, the people, ex- 
asperated at his rapacity, chopped him down with their machetes. 
During the author’s visit to Darien in 1849 and 1850 his move- 
ments were free, owing to the absence at that time of Don 
Andres; but in 1851 that gentleman caused his detention at 
Chapigana for three weeks, by secretly furbidding the people to 
hire him a canoe. 

For a few years he was in partnership with another Inverness 
man, named Robert Nelson,t but the latter left Darien several 
years ago. 

A Portuguese, named José Maria ‘I'roncoso, but commonly 
called Don Pepe el Niopo (the European), who had been a 
sailor in a slaver trading between St. Paul de Loando and 
Brazil, resides there, and carries most of the traflic between 
Chapigana and Panama in his bongo. The vilage is partly 
situated on a very small swamp, which is almost the only one in 
Darien ; close behind it is a well of good water, and behind that 
a hill with a running stream. At this place, on a hillock just 
behind Hossack’s house, is a ruined fort; there are also ruins of 
forts on the top of Boca Chica Island, and at Real de Santa 
Maria, and Yavisa. 

La Marea River—Six miles higher up, also on the south 
bank, is the mouth of La Marea, at the head of which the 
Spaniards once worked a gold mine. Dr. Lebreton, a physician 
of Panama, M. le Roi, and M. Hellert, who went up to its head, 
state that gold exists in large quantities in the pozos or wells in 
which it has its sources. 


* It is worthy of note that Tuyra is the name of the devil in 
the languages of both the Darien and Caribisce Indians, by 
which tribes he was formerly worshipped. 

+ This word is compounded of Sete, a species of willow that 
grows thereabouts, gan, a village, and ti, a river. 

t Not the Robert Nelson, who, with Mr. Kennish guided 
Commander Prevost. 








Rio Balsas opens two miles higher up. On_ separate 
branches of it are the village of Tucuti and the hamlet of 
Camoganti, near which there are placeres or gold washings. 
This river was so named by Vasco Nufiez because he constructed 
rafts on it. 

Chuquanaqua River.—Sixteen miles above Rio Balsas, or 
thirty-three miles above Boca Chica, the Chuquanaqua opens 
on the N. bank of the Tuyra, and is about 120 ft. wide at its 
mouth. This very tortuous river rises somewhere to the W. of 
Navagandi mountain, not far from the sources of the Chepo, 
which runs in the opposite direction. From its head it has a 
S. by E. course to Yavisa, where it bends to the N.W. for 
three miles to the Tuyra. The distance from its head to 
Yavisa, in a direct line, is forty-seven miles: by the windings 
of the river, the reaches of which approach every point of the 
compass, it must be considerably over 100 miles. The distance 
from Sucubti mouth to Yavisa, in a straight line, is thirty- 
eight miles. From its mouth to the first falls, eighteen miles 
above Yavisa, it has a pretty uniform depth of three fathoms, 
and an average width of 70ft. Higher up it is much ob- 
structed by ledges, bars, and rocks. The principal affluents on 
the W. are the Izquinti, Artuganti, La Paz, Meteti, and Che- 
viniena, which rise in the ridge between it and the Savana. 
The tributaries, which open on its E. bank, rise from the 
Pacific slope of the Cordillera that runs close to the Atlantic 
coast. From its source down they are named the Uslucapanti, 
Arquiati, Chieti, Moreti, Sucubti, the united streams of the 
Chueti and Tubuganti, Ucurganti, Tuquesa, Tichibucua, Tupisa, 
and Yavisa. From the head of the Chuquanaqua there is a 
trail to Cuiquinupti, an affluent of the Canasas, which falls 
into the upper part of the Chepo. 

The Uslucapanti was reached by Commander Prevost, of 

H.M.S. Virago, on his misguided and unsuccessful attempt to 
cross the Isthmus from December 20, 1853, to January 17, 
1854.* 
At the close of the last century there was a small settlement 
on the Arquiati, the cacique of which was named Juan de Dios 
Alcedo; but the Indians, according to their custom, abandoned 
it when it was found out by the Spaniards.t The Moreti and 
Sucubti will be referred to in the account of the canal line, 
which will follow the bed of the latter. 

From the Chueti, which falls into the Chuquanaqua, eleven 
miles S.S.E. of the Sucubti, there is a scarcely recognisable 
trail across the Cordillera toa point high up the Aglatumati, 
that falls into Caledonia Bay, onthe Atlantic. The author once 
crossed in that line, but found the Cordillera there to be higher 
than between the Sucubti and the Aglatumati. This is the so- 
called Pass of Tubuganti, which is thus noticed by William 
Patterson in his “ Second Proposals:;” “In our passage by land 
from Caledonia Harbour” (he means Port Escoces) ‘‘ we have 
six leagues of very good way to a place called Swetee” (Chueti) ; 
‘* from Swetee to Tubugantee we have between two and three 
leagues, not so passable, by reason of the windings of the river 
which must often be passed and repassed. At Tubugantee 
there are ten feet of high water, and so not less in the river till 
it falls into the Gulf of Ballona” (San Miguel). ‘ This we com- 
monly call the Pass of Tubugantee.” : 

Yaratuba, a place about twenty miles S.W. of Fort St. 
Andrew, where a skirmish took place on the 15th of February, 
1700, between the Scotch colonists under Captain Campbell, of 
Finab, and a body of negroes, mulattoes and iotiens sent from 
Panama and Santa Maria up the Chuquanaqua to reinforce 
General Don Juan Pimienta, the Governor of Carthagena, who 
was then besieging Fort St. Andrew, was probably on the Tubu- 
ganti. 

Indians pass from Tuquesa to Pito, and from Tupisa to Gandi 
or Acanti, in the Gulf of Darien, in four days. They do not 
travel to the south of Tupisa; nor do the Granadians venture to 
trespass north of the Yavisa. With the exception of the Grana- 
dian town of Yavisa, the entire course of the Chaquanaqua 
itself is supposed to be uninhabited, the few settlements of the 
Indians being on some of its branches. 

Yavisa,f the cabecera or capital of the canton, and residence 
of the Jefe Politico, Don Manuel Borbua, is situated on a penin- 
sula formed by a bend of the Chuquanaqua opposite the mouth 
of the Yavisa. The houses are of bamboo, thatched with palm 
leaves. It has a fort in good preservation. There are a few 
cattle in the small plain on which the town is built, and which 
is cleared to the foot of the mountain behind it. This plain is 
50 ft. or more above the river, the banks of which are there quite 
precipitous. Walking rapidly up and down one very dark night 
endeavouring to cool himself during the oppressive heat that 
precedes a thunder-storm in that climate, the author approached 
too near the edge of the bank and toppled over, striking his side, 
in falling, against a projecting point. The river being flooded, 
he barely touched the bottom, and swam out safely, the splash 
made by the fall having frightened the alligators way. He 
met there Mascareno and Pedro Louriano Garvez, two very old 
residents, who were born at Fuerte del Principe, on the Savana, 
and were brought away by their fathers, who were soldiers there, 
when it was abandoned in 1790. They said that there used to 
be sometimes 400 soldiers at Principe, and that on its abandon- 
ment its garrison, consisting of 150 men, was sent to Yavisa. 
There is not one soldier now in Yavisa. 

Dr. Nicolas Pereira Gamba, a lawyer, now of Bogota, was 
prefect of the territory from 1846 to 1848, when he was suc- 
ceeded by Don Antonio Baraya, of Bogota, who remained until 
1850, when Darien became a canton, upon which he was ap- 
pointed governor of the new province of Azuero. That gentle- 
man, with the view of assisting the author in his explorations 
towards the Atlantic coast, gave him a letter, of which the fol- 
lowing is a translation: but his kind intentions were of no avail, 
as the natives had such a dread of the Indians that he could not 
prevail on any of them to accompany him, and had to proceed 
alone as before: 





* Ross, Dr., H.M.S. Virago. Report of the Exploring Party 
sent to cross the Isthmus of Darien, in the Panama Ferald, 
January, 1854; and ina pamphlet entitled “Over Darien— 
Reports of the Mismanaged Darien Expedition.” 

This was, however, more probably the Arquiati, one of the 
southern tributaries of the Tuyra. 





Tt This Indian word sigaifies “a maiden.” 
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“ Yavisa, January 9, 1850. 

“ Dear Sir,—Dr. Edward Cullen proceeds to your town with 
the view of continuing his explorations. I beg you will be*kind 
enough to procure him the men that he requires for the con- 
tinuance of his journey, whom he will pay for their services. I 
hope you have no news. 

“IT remain your most attentive servant, 
“ ANTONIO BARAYA. 

“ The Corregidor of Molineca.” 

Real* de Santa Maria is situated on the Tuyra, just above 
the mouth of the Pirre, which has a very short course from a 
high mountain called Cerro Pirre, and falls into the Tuyra a 
little above the Chuquanaqua, but on the opposite or S. bank. 
The Governor of Panama sent to this village for confinement 
thirty of the men from Liverpool, who took Portobello, in 1819, 
under the patriot or Colomhian General, Gregor M'‘Gregor, 
and who were afterwards made prisoners upon the retaking of 
that place by Santa Cruz and Alessandro Lores, ‘Three of 
them were killed there, and Colonel Rafter and another at 
Yavisa. An old Indian woman of Pinogana, who was present 
when Rafter and his companion were shot by Corporal Rinco, 
besought him to spare them, crying out “ por el amor de Dios, 
no les mata” (for the love of God, don’t kill them)! Don 
Manuel Gonzales, a native of Spain, who was in Portobello 
when it was retaken, said that most of the prisoners were con- 
fined in the large house¢ opposite the puerta de tierra or land 
gate of Panama, which latter has been thrown down by the Rail- 
road Company; and that one night, a musket-rack having 
fallen down and alarmed the guard, they fired and killed several 
of them. 

Below the Pirre is the site of the old town, which was taken 
by the Buccaneers in 1680, on which occasion they found only 
3 ewt. of the gold of Cana, the rest having just been shipped to 


Panama. It was again sacked in 1685, 1702, and 1712, by 
the Buccaneers. In 1724 and 1750 the Indians massacred the 
inhabitants. 


Molineca, up to which the tide reaches, is about four miles 
above Santa Maria. From the other bank of the Tuyra there 
is a bush-path, about three miles long, to the bank of the 
Chuquanaqua opposite Yavisa. Along this path the Cedron 
(Simaba cedron, Pranch, Simarubacew), said to be the best 
antidote against snake-bites, grows plentifully ; and close to the 
same path the author saw, in one day, great numbers of snakes 
assembled together in three different places. 

Pinogana. Four (miles above Molineca is Pinogana, the last 
inhabited place on the Tuyra. 


The distance from Boca Chica to Pinogana is forty-one miles, 
and the journey can be accomplished in two tides. During the 
ebb tide it is usual to tie the boat or canoe to a tree on the 
bank. Going down with the ebb, the passage can be made in 
one tide. 

The Tuyra, above the confluence of the Chuquanaqua with 
it, receives on the same, or north bank, the Huanacati, Lg om 
Pucro (about fifteen miles above the Chuquanaqua), Paya, Ma- 
tumaganti, Punusa, Tapanaca, and Nique. Of these nothing 
is known except that there are a few Indians high up the 
Pucro and the Paya. ‘The author learned from the Indians 
that there are two ways of crossing the Cordillera from the Pucro, 
and two from the Paya. Pucro is a corruption of Pucurru, the 
Indian name of the balsas or raft-wood tree (Ochroma lagopus), 
which, like the silk-cotton tree (Bombax ceiba, and the huge 
baobab (Adansonia digitata), belongs to the Linnzan class and 
order — Polyandria, and to the suborder Bombacex 
of the natural family Sterculiacew. The following are the 
passes; 

1. One day’s journey up the Pucro is the mouth of the 
Tapaliza, and two hours up the latter is that of the Mazaquia: 
from thence a journey of an hour and a half by land leads to 
Parcaparea, a stream which falls into the Tiperri, a branch of 
the Paya. From Tipperri mouth to the head of the Paya is one 
day’s journey, and from the latter the Cordillera is ascended in 
four hours. At its foot on the other side is the head of the 
Arquia, in the course of which is the lagoon of Tigre, one day's 
journey from the Tarena channel of the Atrato, into which, six 
leagues above its mouth, the Arquia falls. 2. One day’s journey 
up the Tapaliza is the mouth of the Apeyac; in one day up the 
latter the Pordillera is reached, and can be crossed in one day 
to the head of the Tigre, which falls into the lagoon on the 
Arquia. 8. The Paya falls into the Tuyra, one day’s journey 
above the Pucra. It is two days from its mouth to its head, 
one day thence to Chacargoon or Tagargona Mountain, one day 
to its foot on the other side, one day thence to the Arquia, and 
one day down the latter to the Atrato. The head streams of 
the Paya are the Yracuna and Ucubquia. In Chacargoon there 
is a rivulet, called Tiyaco, which contains abundance of a very 
fine gold dust that the Indians call aasites. North of Chacar- 
goon is Chistata Mountain which has a great waterfall, 4. One 
day on foot up the bank of the Tuggule, a branch of the Paya, 
farther to the south or right; one day across the Cordillera to 
the head of the Yo; and three days down that river to the 
Atrato, one day’s journey above its mouth. 

Above Molineca, on the same, or south bank, the rivers Clara, 
Uruti, Aruza and Arquiati, Siluro, Cupe and Ipeliza, Papa and 
Piedras, Grande, Escucha Ruidos (hear the noises), Viejo (old), 
Limon, and Cana fall into the Tuyra. They are all totally un- 
inhabited, as well as all the country from the south bank of the 
Tuyra to the Pacific. 

In 1716 the settlements in the sou'h of Darien were: 1. Santa 
Cruz de Cana, where there was a large population of Spaniards, 
negroes, and Indians engaged in gold mining. 2. La Concep- 
cion de Sabalo. 3. San Miguel de Tayecua. 4. San Domingo 
de Balsas. 5. Santa Maria. 6. San Jeronimo de Yavisa, a 
doctrina or mission. 7. San Enrique de Capeti, or the sleepy. 
8. Santa Cruz de Pucro. 9. San Juan de Tacaracuna, and 
Matarnati, doctrinas named after hills in the vicinity. 10. Se- 
teganti, an Indian village, the inhabitants of which, although 

* Real means “ a camp;’’ and also a silver coin, worth \\,th 
of a dollar, or 5d. ; but the real of Spain is only half the size and 
value of that of South America, being only ath of a dollar: 


the adjective real signities “* royal.” 
and afterwards to his 
man. 


house oy to les, 
oultoten, bon Seam eraud, a French 


The population consists of 164 | 
civilised Indians and Samboes (half Indians and half negroes). | 


under subjection to the Spaniards, were not baptised. Some 
time after 1740 the Spaniards had rancherias, or collections of 
huts, at Nuestra Senora del Rosario, on the Congo, and on the 
rivers Zahalos, Balsas, Uron, Tapanaca, Pucro, Paparos (phea- 
sants), Tuquesa, Tupisa and Yavisa, and at Chapigana. About 
the end of the last century, the fort of Real de Santa Maria was 
garrisoned by thirty-seven soldiers, and had six pedreros, or 
small cannons. On the Pirre there were thirteen Indian fami- 
lies, instructed by a Dominican priest; and at Molineca twenty- 
three families and a priest. Ayuca, four leagues above Moli- 
neca, and Yapeti, three turns or reaches higher up the Tuyra, 
were uninhabited. At the sources of the Cupeti, the mouth of 
which is seven turns above that of the Yapeti, were the Paparos 
Indians, who held no communication with the others, and were 
supposed to be a mixed race of Indians and negroes, and to 
consist of eighty families. Seven turns above Cupeti, the river 
Ypeliza opens. On the Cupe, one of the two streams that form 
it, there was a Jesuit mission consisting of forty Indian families ; 
and at the junction of the two, the Spaniards once had a military 
post, but the Indians killed all the soldiers. From the embarca- 
dero or landing-place on the Ypeliza, three days’ journey above 
its mouth, it was half a day's journey by land to Cana: at the 
landing-place there were three Indian families. At Cana there 
was a fort with a sergeant and eight soldiers. The inhabitants, 
most of whom were upwards of fifty years of age, were engaged 

in mining. In 1780, the entire population of South Darien was 
| 1339. Before that time, the Indians, with the exception of a 
| few families that remained in Pinogana, had completely aban - 
doned it. 





North Darien. 

The Atlantic coast and the country for eight or ten miles 
| inland is very sparsely inhabited by the Darien, San Blas, or 
| Mandinga Indians, who call themselves Tooleh*—a word signi- 
| fying “ people.” This tribe was never subdued by the Spaniards, 

and its independence was recognised by the Government of New 

Granada about the year 1843.¢ The Darien Indians have 

always opposed every attempt to penetrate their country, or even 
} to land on the coast. They do not allow any official or citizen 
of New Granada to reside in their territory, nor do they permit 
any of the people of the Granadian villages in the south to cross 
over towards the Atlantic, to which side they strictly confine 
themselves, claiming no part of the isthmus south ef the upper 
courses of the Chepo and Chuquanaqua. So severe have they 
been on trespassers that, in 1850, they killed four negroes whom 
they found fishing too high up the Chiman; and two years 
later they killed five negroes whom they caught hunting within 
their territory. They always bore great animosity to the 
Spaniards, and used to make it a point to kill any of that nation 
| that happened to fall into their hands. They were very friendly 
of old to the Buccaneers, whose allies they were in many incur- 
sions ugainst the Spaniards. They are at present very friendly 
| tothe English and Americans, but nevertheless do not permit 
them to land on the coast. As soon as a vessel anchors it is 

boarded by the traders, who bring off their produce themselves, 
| and do not allow the captain or crew to land. They carry ona 
| considerable trade in cocoa-nuts, cocoa-nut oil, cocoa (Theo- 
broma cacao), cotton and grass hammocks, and canoes of calli- 
calli, a red wood like cedar, which withstands the attacks of all 
insects, and bears wear and tear better than mahogany. They 
| also dispose of large quantities of carey, careta, or tortoise-sheel, 
caoutchouc, and tagua, anti, or vegetable ivory, which is the 
hard albuminous kernel of Phytelephas macrocarpa, a dieecious 
stemless palm.{ 

Their small settlements are situated, at great distances from 
one another, at the mouths of the rivers Mandinga, Carti Chico, 
Carti, or cedar, Rio Diablo, Rio Azucar, Concepcion, Playon 
Grande, Playon Chico, Rio Monos, Pitgandi, Kweetee, or Mos- 
quitos, Putrigandi, Navagandi, Sassardi, Carreto, Gandi, Tripo- 
gandi, Tutumati, and Tarena, which fall into the Atlantic from 
N.W. toS.E., or from Cape San Blas to the Atrato. Their set- 
tlements inland are near the sources of the Chepo, Uslucapanti, 
Moreti, Asnati, Sucubti, Chueti, Tubuganti, Ucurganti, Tuquesa, 
Tupisa, Pucro, and Paya, which rise on the Pacitic slope of the 
Cordillera. ‘There are also the villages of Agla and Arquia, 
three or four miles from the Atlantic. During the season in 
which they strike the hawksbill turtle (Chelone imbricata),§ a 
few huts are occupied by them on some of the coral cays with 
which the coast is fringed. 

Allowing a population of 100 souls, on an average, for each 
of the nineteen coast villages, and also for Agla and Arquia, and 
60 souls for each of the twelve inland settlements, the total 
population would be 2800, which is probably above rather than 
under the actual number at present; but, in 1747, Don Joaquin 
Valcarcel de Miranda, Governor of Darien, estimated the popu- 
lation at 5000 families, 

From Cape San Blas to the Atrato not one single patch of 
cultivated or cleared land is to be seen, either on the coast or the 
mountains. 

At Mandinga, in 1852, the chief was John Bull. It must be 
observed that two or three of the traders in each settlement 
adopt English or Spanish names, as the Indians have so great a 
relnctance to tell their own names, that, when one of them is 
asked, “Iki peynooka?” (What’s your name?), he invariably 
replies “ Nooka chuli” (I have no name), meaning, perhaps, no 
adopted name, Cuarti Chico is a small place, three miles east of 
Mandinga. Carti, or cedar river, in Mandinga Bay, nine miles 
east of Mandinga river, was the residence of the oldest chief, 
Caldgwa, who was about 100 years of age. The traders were 
Vicuna, William, and Tom Dadd. Vicuna, John Bull, and 
Campbell, who lived at Yantopoo, an island opposite Carti, each 
of whom was nearly 100 years of age, were present at the 
signing of the treaty of peace with the Spaniards, in 1787, at 














* But those dwelling on the tributaries of the Chuquanaqua 
are called Cunas or Chucunas. 

+ The independence of the Goahiros, who live inland of Rio 
La Hacha, was recognised at the same time. 

JA full account of this interesting tribe, with a copious 
vocabulary of their language, will be found in the “ Transactions 
“— Ethnological Society of London.” New Series. Vol. vi., 

§ This is the ee most in request for its carapace, or 
= buckler, the horny plates of which are known as tortoise- 








Caledonia Harbour and Portobello. John Bull was baptised at 
Portobello, the chief of police there being his godfather. Camp- 
bell, notwithstanding his great age, was able to walk about, and 
was quite clear in his intellect. He asked the author to pre- 
scribe for his daughter, and wanted some vaccine lymph, which 
he sent him from Navy Bay. Carti is the largest of the settle- 
ments, and may have a population of 200. Rio Diablo, or devil 
river, the largest village next to Carti, has about forty huts, 
The chief was named Napa, and the traders were Story and 
Jack Bragg. At Azucar, or sugar river, the chief man was 
Crosby. Playon Grande had about thirty huts. The traders 
were William Shephard and Tom Taylor. The sea-beach is 
four miles long, and lined with cocoa-nut trees, which grow 
along the coast all the way from thence to Putrigandi. 

Putrigandi had about twenty-five huts. ‘The trader there 
was Julian or William, who was very friendly and desirous of 
learning a little English. He also wished to have names given 
to his sons, and seemed to take much interest in the account the 
author gave him of the Indians of Guiana and Venezuela. On 
the way from Sassardi to this place, the boat the author was in 
was followed by a large canoe with ten paddlers and some men 
armed with muskets, who fired several volleys. As they were 
pulling directly towards him, he thought they might be coming 
to kill him on account of the propositions he had made about a 
canal across the Isthmus; but, upon asking one of the Indians 
in the boat what they were firing for, he replied, ‘ quenchaqua 
Tule tumati poorkweesa” (one great Indian is dead), which ex- 
plained the matter. Soon afterwards the canoe steered into 
Navagandi. There area few huts ona sandy spot on the E. 
bank of the Navagandi or Mona, and six or seven miles up the 
river is a settlement. Manchineel trees are abundant in the 
vicinity. 

Sassardi, at the N.W. extremity of Caledonia harbour and the 
channel of Sassardi had eighteen huts and about fifty inhabi- 
tants. The principal trader was Denis, who had great influence, 
and caused Gisborne and Forde to be arrested and sent back to 
their vessel the day after they landed in June, 1852. A fort- 
night afterwards the author arrived in Caledonia harbour and 
sent a message to him, whereupon he came down with about 
forty men, and told him of the landing of Gisborne and Forde 
with two sailors. The author endeavoured to get his consent 
to the survey of the route and the cutting of a canal, but he 
would not entertain the proposition, and bid him tell the Queen 
of England not to send any of her people to the coast. He was 
very friendly, however, called him “ aya nugueti” (good friend) 
and came in his boat to Sassardi, where he gave names to his 
two sons, whom he promised to let him take to England on his 
next visit. He even offered to give him a passage in a canoe to 
Navy Bay, but afterwards said he could not get paddlers. The 
result of several discussions on the canal question was that he 
promised to offer no opposition if the old men of the other 
settlements consented to allow foreigners to come and cut a 
canal; and he advised the author to call a formal meeting of the 
old men to consider the matter. Jobn Bull, the oldest man in 
the village, was then sick and could not be consulted. At this 
time an American yacht, and a schooner from the Atrato, be- 
longing to Faustino, calied in. 

When the expedition of 1854 arrived in Caledonia Harbour, 
Denis acted as spokesman for the Indians, and gave permission 
to the engineers to survey the line, promising that they would 
not be molested, as he had promised Lieutenant Strain, U.S.N., 
who landed two days before Gisborne’s arrival. Although he 
offered no opposition, and did allthat was asked of him, Gisborne 
used to speak very harshly to him, and at last threatenened to 
have him hanged. ‘To this threat Denis made no reply, but 
Sassardi village was immediately abandoned, and Denis was no 
longer tobe seen. Soon afterwards, Gisborne and three others, 
accompanied by Robinson, the secretary of the old chief of San 
Blas, and another Indian, who was the guide, left Caledonia for 
the Savana. They went first to Sucubti, which had been 
burned and abandoned upon Strains approaching it, fifteen days 
before their arrival. Then they proceeded to Moreti, where 
they were detained, by order of Denis, in the house of the very 
men who had murdered four sailors of Commander Preyost’s 
party five weeks before. Learning, fortunately in time, that 

enis had arranged with the Chief of Moreti, that Gisborne and 
purty were to be murdered there, the author hastened to 
Sassardi, where he found all the houses completely empty and 
open, with the exception of the upper room in Denis’s house, the 
door of which was shut. Having shouted repeatedly, Denis at 
last came out, and in an angry voice asked what he wanted. 
Upon hearing the purport of his visit, Denis at once admitted 
that Gisborne and party were to be killed, and chuckled with 
satisfaction at the idea. After a long pow-wow, in which he 
displayed much cunning, the author succeeded in convincing 
him that his own safety depended upon countermanding his 
orders; whereupon he whistled, and, in a few minutes, two 
Indians pulled over from the river, and Denis had a conversation 
with them, after which they went back. Denis then said that 
they would start at once for Moreti, which was three hours’ 
journey, to order the chief to let Gisborne go unharmed. Denis 
died in 1861. 

Although the Sassardi people were friendly to Commander 
Parsons and his officers during their stay, they did not attempt 
to conceal their anxiety to get rid of them, and expressed much 
gratification when told they were about to depart. 

Carreto had about twenty huts, built of manicole palm stems, 
and thatched with troolie leaves. The native traders were 
Bolivar, Trueno (thunder), and Smith. Trueno had been in 
Baltimore, Philadelphia, and New Orleans, and spoke some 
words of English and Spanish. They said there was a small 
village a little inland. A young man of this village, name José 
Pio, had been brought up by a Granadian at Yavisa, but he was 
then absent. The Carreto people were more opposed than any 
others to the canal project, and were very sulky and surly. 
Smith scolded Pedro Ucros, a gentleman from Carthagena, who 
accompanied the author, and asked him why he did not travel 
in his own country. On the night of their arrival the Indians 
fired off pedreros at short intervals for two hours, the shots being 
maou from some place inland. This detonation seemed to 
be intended to frighten them away. During the expedition of 
1854, when Colonel Codazzi, who was sent by the New Granada 
Government, with 200 soldiers and convicts to assist in the 
survey of the Darien Canal Line, encamped them on the beach 
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of Caledonia Bay, at the mouth of the Aglatumati, the Carreto 
people sent almost daily messages to him, requesting him to take 
his men away. Codazzi, who was an Italian, was chief of the 
Chorographic Commission which was engaged in surveying the 
provinces of New Granada. As he was also part concessionaire 
of the privilege for a canal by the Atrato route, he did all he 
could to defeat the object of the Darien expedition, and strictly 
confined his men to their camp on the beach. He died at Bar- 
ranquilla, on the Magdalena, in 1859. It was from Carreto 
that Vasco Nunez sailed to Agla, in Caledonia Bay, whence he 
started for the Pacific. He had previously entered into a treaty 
of friendship with the cacique, whose daughter, Carreta,* he 
took for his wife. About fifty years ago it was the residence of 
Quebanna, who was esteemed the wisest of the Darien chiefs. 
The last chief was José Rosario. 

In Anachucuna Bay, there is a small village, where a man 
named Leon, whose father was a native of Curagoa, died in 
1851. 

Tarena Village, at the mouth of the Tarena, a river a little 
west of the T'arena mouth of the Atrato, is probably built on the 
very site of Santa Maria la Antigua del Darien, the first settle- 
ment founded in Ameriea. It was, and is still perhaps, the resi- 
dence of Zapata (Shephard) the half Indian son of old Captain 
John Shephard, of San Juan de Nicaragua. Tarena is, very 
likely, a corruption of Darien, which would seem to have been 
the ancient name of the Atrato, the main channel of which is 
now called Tarena. Perhaps in the Chocd language, the Atrato 
is still called Darien. 

The Indian population of the north being 2800, and the 
Granadians of the south 1485, it follows that 4285 people, most 
of whom are savages, occupy a country 210 miles long, with an 
average breadth of fifty miles, having a soil of amazing fertility, 
capable of yielding the most valuable products, and occupying 
a most commanding position for commerce, situated, as it is, 
between the Atlantic and the Pacific, with magnificent harbours 
on each, and at only eight days’ steaming from New York and 
sixteen from England. ‘This seems strange, particularly when 
we reflect that the narrowest part of the neck of land between 
the two oceans is there; and that there, also, the first settle- 
ment was made after the discovery of America—Santa Maria 
la Antigua del Darien having been the first town built on 
the continent of America. Nevertheless, there is yet neither 
path, track, trail, nor line of transit of any kind across the Isthmus 
of Darien. 

(To be continued.) 


INDICATED HORSE POWER. 
To THe Epiror oF ENGINEERING. 
Srr,—I have read your correspondent’s letters, signed 
* Younker” and “J. W.,” and your editorial remarks relative 
to the practical unit measurement of work called “horse 
power,” and certainly agree with all that is said condemn- 
ing its use. Nominal horse power, we must all admit, is 
utterly delusive. It would be far better for a buyer to stipu- 


late for an engine to perform a given number of units of 


energy. 

It is to be regretted that the scientific unit of work does 
not correspond with the practical unit foot-pound. Weights 
are standards of masses and forces; gravity is not indepen- 
dent of locality. An absolute British unit of force, however, 
may be defined as “the force which, acting on one pound of 
“ matter for one second, generates a velocity of one foot per 
‘second.” This is the kinetic unit force used in electricity, 
&c. The practical unit in mechanics is that required to over- 
come a force equal to the weight of 1 1b. through the space of 
one foot. In measuring energy, we cannot do better than 
recur to what Newton so long ago defined as the “ actio 
agentis,” which is equivalent to the product of the compo- 
nent of the force into the velocity of the point on which it 
acts, or, in engineering vernacular, the rate at which the 
agent works. ‘This is precisely the same as that for which 
Watt introduced the unit of “horse power,” or the rate of 
overcoming 550 foot-pounds per second. But how much 
better is it to use a unit of 1000 foot-pounds per minute, and 
call it a Newton or a Watt, as “ Younker” points out? 
assuming such a unit, we can at once apply the decimal 
system of reckoning, which may be a step towards its uni- 
versal application in other measures and weights. If now a 
term can be invented to accord well with words ending with 
vowels, there would be progress. The word to be employed 
then should begin with a consonant, should be short and 
euphonious. Kinetic is already in existence, but Watt or 
Newton would do, and instead of misleading nominal horse 
power, or awkward unit 33,000, we could reckon: 


1,000,000 foot-pounds ... _kilo- Watt 
100,000 a «. hecto- — 
10,000 se «. deca- — 

1,000 a ove Watt 
100 ea es  deci- — 
10 pa ews ~«=©centi- — 

1 mt «- =milli- — 


An engine 4000 indicated horse power = 132,000,000 foot- 
younds = 132 kilo-Watts:—1 horse power = 33,000 = 33 
Vatts, &e., &c. 

I am, Sir, yours faithfully, 
Ex Wise Heap. 

London, February 10th, 1868. 

, To tHe Epiror or ENGINEERING. 

Str,—I am glad to see that some one is at last exposing 
the ambiguous way in which “ horse power” is now a 
either to denote a commercial unit (for the nominal horse 
power is nothing more) or a dynamical unit of 33,000 foot- 
pounds per minute. The nominal horse power, has literally 
nothing to do with the actual horse power or the number of 
foot-pounds the engine is capable ot performing in a given 
time. Neither has the actual horse power anything in com- 








,__* Careta, the Spanish word for tortoise-shell, w haps 
introduced from the Indian. i an 


mon with the nominal, except perhaps that the diameter of 

the cylinder is brought into the calculation for each. 

Hence the term “horse power” should either be kept 
entirely apart from the commercial unit, and be understood 
to mean 33,000 foot-pounds of actual power, or be discarded 
altogether. 

In the latter case, what better dynamical. unit can we 
have for an engine than a yard-ton per minute? The figures 
become too large, if foot-pounds are used. The yard-ton 
would do away with an ambiguous term, and its use would 
show exactly what the engine could do. 

Let P be mean effective pressure in pounds per square inch 
on the piston, allowing for back pressure or vacuum, 
as the case may be. 

Let v be piston speed ix yards per minute. 

Let f be resistance due to friction in the machinery, which of 
course varies in different classes of engines. 

Then the effective strength of the engine in yard—tons per 

minute 

_ Por?x3.14159 _ 
2240 J 

The commercial unit should vary directly as the effective 
strength of the engine, and inversely as the quantity of fuel 
burnt, the space occupied by boilers and machinery, and 
annual cost of repairs and attendance, counting fireman’s 
wages. The nominal horse power, or present commercial 
unit, brings in none of these considerations, and is there- 
fore comparatively valueless asa measure of the worth of the 
engine to a manufacturer. 

Believe me, Sir, yours faithfully, 

Bank House, Apperley, Leeds, J.T. B., B.E. 

February 9, 1868. 


To tur Epiror or ENGINEERING. 

Srr,—I have perused with much interest the letters on the 
above subject which have appeared in your columns during 
the last few weeks. This correspondence has for one of its 
objects the sweeping of the term horse-power from the engi- 
neer’s vocabulary. Among those parties to be benefited by 
this change are mentioned students and young engineers. 1 
have some claims to the latter designation, and may perhaps 
be a'lowed to say a few words on the proposed expurgation. 

Before looking for another term, it is desirable that we 
should fully understand what are the detects of the one now 
In general use throughout the world, in order that the know- 
ledge of those defects muy enable us to avoid them in our 
search for a substitute. 

I have attentively read “J. W.’s” letters, and have failed 
to discover that he has advanced any valid objection to the 
term horse-power. It is styled a barbarism, and we are told 
that some other convenient term is to be substituted; it is 
also stated that students and young engineers are totally ata 
loss to form even a bare idea of the proportions of the engine 
named, &c., but there is not any attempt to show how the 
term in quantities of which James Watt was accustomed to 
measure his engines is barbarous, in what respect it is incon- 
venient, or how the substitution of some other term is to aid 
students to proportion an engine. 

Your second correspondent, “ Younker,” promptly came 
forward as a sort of illustration of the necessity of some 
cleansing or sweeping operation, and, after stating that he 
has sometimes been greatly muddled, gives us further on an 
example of the manner in which that disease usually attacks 
him. Naturally, “J. W.” is not slow to take advantage 
of “Younker’s” admission, and would fain imply that 
* Younker” is still somewhat muddled. This imputation is, 
however, repelled with considerable indignation by the 
“rising Watt,” who thereupon shows us that his acquaint- 
ance with English is not less limited than his ideas of en- 
gineering science are muddy ; indeed his language through- 
out is so hazy and obscure that it is difficult to avoid a belief 
that he has lately been studying Nicholas; ‘if this is the case, 
he is more to be pitied than blamed. Half-a-dozen pages of 
that twaddle are enough to muddle any person of moderate 
capacity. 

Both your correspondents admit a sneaking sort of admira- 
tion of your suggestion that the new term should be “ Watt,” 
and, if any change in the existing nomenclature were neces- 
sary, we probably could not do better than to adopt a name 
which would perpetuate the memory of the great “ father of 
the steam engine.” But you, Sir, cannot really wish to make 
a change which will seriously discompose the whole of the 
existing engineering literature in all modern languages, and 
serve no useful purpose whatever. Surely your suggestion 
has been made from a desire to mollify the “shade of Watt ” 
for the indignity he has suffered at the hand of “J. W.” 

February 12, 1868. G. H. J. 

To THE Eprror or ENGINEERING. 

“ Steam-engines should be bought, by the number of useful 
units of work they can perform, above overcoming their own 
inertia, &c.” 

Srr,— Capacity; Latin, capasitas, a gauge, measure, 
&e.; from capax, capio. The English word, capacity, is 
used in at least seven different ways: 1. It is used to denote 
passive power. 2. Comprehensiveness, as with a great ex- 
tent of embrace. 3. Active power. 4. State, condition, 
character, &. 6. Ability in a moral sense; qualification. 
6. In geometry, the solid contents of a body. 7. In chemis- 
try, that state, quality, or constitution of bodies by which 
they absorb and contain, or render latent, any fluid; as the 
capacity of water for caloric ; those substances which re- 
quire the largest quantity of heat to raise them toa given 
temperature are said to have the greatest capacity for heat.” 

It would appear that there are engineers who have only 
one idea of “capacity,” viz., the solid contents of a body, as 
given in “mensuration books.” Hence the custom of speak- 
ing of the steam engine by the “nominal horse power,” or, 
the cylinder capacity, in terms of the diameter and length of 
stroke, both modes of expression being so inadequate to con- 
vey anything even like an approximate idea of the real capa+ 





bility or capacity of the engine for performing useful duty, 








that it is now all but universally acknowledged to be a 
“barbarism.” 

To place it plainly and fully before your readers, Sir, per- 
mit to ask this question. Given two steam engines, one with 
a cylinder Gin. diameter and 6in. stroke, the other 12 in. 
diameter and 24 in. stroke, or, in other words, with cylinder 
capacities of 16 to 1, what should each engine be rated at? 
The question is so indefinite, that unless certain other terms 
are given, each engineer would, in reducing the examples to 
practice, produce engines varying much in mechanical capa- 
bilities. In point of fact, the question is intangible. This 
arises from the confined meaning generally given to the 
phrase “ cylinder capacity ;” but, give it a more comprehen- 
sive signification, and it not only becomes tangible, but pecu- 
liarly expressive; so much so, that if it had always been 
defined as the “ capacity” of the cylinder to absorb from the 
boiler, or admit a given weight and pressure of steam, and 
allow of its expansion against a resistance—the piston—in a 
given time, there never could have arisen any doubt or con- 
fusion in respect to the denomination of the powers of various 
engines. 

Accepting the latter definition of “ eylinder mapecity Tean 
at once answer the question on the understanding that the 
average pressure of the steam used shall be the same in both 
engines, and ceteris paribus. In fact, the terms “ cylinder 
capacity” and “mechanical capabilities of an engine” are 
synonymous, and, therefore, in no other way could the above 
question be understood. In discarding the term, “nominal 
horse power,” let us at the same time determine never to use 
the term, “cylinder capacity,” in the confined sense of its 
cubical measure, but in terms of minute foot pounds, which, 
with another term, namely, the number of revolutions of 
crank shaft, gives data for forming a pretty accurate idea of 
the diameter and effective length of cylinder (for length and 
diameter bear some proportion to each other), and the weight 
and streggth of the whole. 

Whenever a steam engine is required, there is a speed 
most suitable for the first motion shaft generally; this speed 
in old-fashioned engines has to be brought up by wheel gear- 
ing. In many cases it is inconveniently accomplished; and 
without going into the details in this letter, we may premise 
that the rule is that the nearer the speed of the prime mover 
is to the speed required, the less is the expense incurred in 
wheel gearing. We have then our incentive to the adoption 
of motors running at high speeds, independent of the many 
advantages attained by carrying the principle of the expan- 
sive working of steam to its fullest extent, the less time 
allowed for cooling of cylinders between successive strokes, 
the more perfect balancing of reciprocating parts, and the 
other advantages claimed for high speeds. The general ten- 
dency in all modern engines of improved construction is to 
high speeds, and to show the still greater difference now 
existing in the mechanical capabilities of steam engines, I 
may refer to the Allen engine, and the Spencer and Inglis im- 
proved Corliss engine, which, running at workable high 
speeds, are easily for same size or diameter, and length of 
cylinder, obtaining two or three times the power obtained 
from ordinary engines. I think these facts are reasons why 
the more comprehensive and only sensibleand expressive mean- 
ing of “cylinder capacity” should be used, viz., the amount of 
minute foot pounds. Thus, the cylinder capacity of our en- 
gine, 30 Watts (of 33,000 foot pounds) makes 100 revolu- 
tions, diameter of cylinder is 10 in., high pressure, condensing, 
or, as the case may be, conveys at once its indicated power. 

Sir, it has been stated by a correspondent that the boiler is 
the measure of the mechanical capabilities of a steam engine. 
I, however, fail to see how it can be so. A boiler may, if its 
evaporative powers be too little, limit the powers of the 
engine it should supply with steam, or the boiler may 
evaporate more steam than the cylinder capacity of the engine 
can take in; then, unless the firing is slackened, the steam 
would blow off from the blow-off safety-valves. It appears to 
me that to argue that the boiler is a gauge of the power of the 
engine is tantamount to saying that the waterworks reser- 
voir, or the service pipe, is the measure or gauge of the per- 
formance of the water-meter. Engineers, in designing en- 
gines and boilers, always arrange to have a sufliciency of 
boiler power, well knowing that to “push” a furnace is to waste 
fuel. They know more than that, that the efficiency of a 
furnace can be lowered from one-fifth to one-half by unskil- 
ful stoking. So that, were we to accept the statement that 
the boiler is the gauge of the performance of the engine, the 
fireman would have it in his power to raise or lower its 
efficiency at pleasure. Moreover, Sir, I sent you a letter 
which has not yet appeared in your columns, wherein I 
show that there is much uncertainty in the comparisons 
drawn between the performance of engines by the system 
practised in the manufacturing districts, from the fact of the 
efficiency of the furnaces and boilers varying so much, as also 
the quality of coal in different localities. 

Sir, it is scarcely necessary that I should reply to the 
letter which appeared in your last impression, as the writer 
evidently is labouring under some mistake. I may be allowed 
to state that in the comparison I gave in a former letter of 
two boilers, “ one consuming 50 per cent. more fuel than the 
“ other for equal quantities of water evaporated, supplying 
“ respectively each a perfect steam motor of equal ‘ cylinder 
“ aye od ” as 50 per cent. more fuel in one boiler is used 
than in the other, and the engines use the same quantity of 
steam, and produce the same number of Watts’ power. It is 
self-evident that one engine would appear to waste 50 per 
cent. of fuel. The fact of the fuel disappearing through the 
furnace up the chimney in volumes of dense smoke is, I 
should think, in spite of all ‘ Younker’s” loud talk of “ first 
principles of the steam-engine,” a proof positive that the 
water does not receive the whole of the heat that would have 
been given out had the fuel been consumed fully. If he 
refers to my letter, which he misquotes, he will find the state- 
ment there given identical with what I have just repeated. 
If the efficiency of the improved boiler-furnace been 
represented by .98 the other would be noted by .49. 

T am, Sir, your obedient Bervant, 
Manchester, February 26, 1868, A 
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SURFACE CONDENSATION. 
To rue Epitor or EyGingeRina. 

Srr,—I remarked a statement in a letter in your number 
for Feb 21st, affirming that boilers which are fed from 
surface condensers do not last longer than those fed from 
ordinary condensers. Now, though Ido not deny that in 
some cases they do not last longer or even as long, I can 
give instances, from my own knowledge, to the contrary, of 
vessels working on the Thames. The steam tug, Annette, 
was fitted with engines of 70 horse power four years ago by 
Stewart, of Blackwall; her boilers have not been cleaned 
since they were put in, and now appear as good as ever. The 
Anglia, 140 horse power, is eighteen months old, and has 
been constantly at work since she started, her boilers are 
perfectly clean, the tubes quite black still. The water is not 
blown out of these boilers for three or four months at a 
stretch—I have known it to be in for six months. The waste 
is made up with salt or river water, as the vessel happens 
to be at sea or in the river when it is required. There isa 
great saving of fuel, owing to the boilers being always clean 
(at least 30 per cent. according to my own experiments with 
different vessels), and also a great saving of time and expense, 
owing to the boat not requiring to be laid up to clean boilers. 
Vessels with ordinary condensers, doing the same work as 
those mentioned, require to be laid up about every month 
to clean and repair boilers. In about four years, the boilers 
have to be taken out and be thoroughly overhauled, and have 
new bottoms, and very likely furnaces, and new boilers in 
three or four years more. 

I remain, Sir, yours very truly, 


a. 


1, Bisterne-place, Blackwall, Feb. 24, 1868. 


THE DENSITY OF SALT WATER. 
To tue Eprror or ENGIngERING. 

Srr,—I am very glad to see by your issue of the 31st 
January that my observations upon the density of salt water 
have provoked a response to what I am convinced is a matter 
of much importance. 

I must admit that there does appear to be something really 
mystical in the fact that Mr. Jensen, along with almost 
everybody else whose opinions I have heard upon this sub- 
ject, falls in'> the error of thinking that 37 in 100 (in- 
stead of 37 to 100 or 37 in 137) is the proportion of salt in a 
saturated solution of chloride of sodium. The first makes 
}inds of the whole weight of the solution to be salt, and the 
second and true way makes it ***?*nds. 

This mistake of }{nds seems to have been introduced by 
“ How,” having set down the weight of salt in a saturated solu- 
tion as 12, and the water 32 in the form of a fraction; and 
this, I find, is generally understood to mean that the salt is 
}nds of the whole weight of the solution; but no doubt Mr. 
Jensen, upon reconsidering the matter, will see that this is 
an impossibility. 

The irregularity referred to as occurring between 1 and 3 
salts, but which occurs between 1 and 2 salts, I cannot wholly 
account for; but one thing I may mention, which would help 
to make it somewhat less, if the sea water experimented 
upon had been heated up to 212°, and then allowed to cool 
down to 80°, taking care at the same time not to reduce the 
volume of water by evaporation, the specific gravity of the 
water would be less than what it was at first, on account of 
the heat setting free carbonic acid and precipitating the lime 
which it held in solution. 

I would take it as a very great favour if Mr. Jensen would 
be so kind as to send me a copy of his paper, as everything 
relating to this subject must be interesting; and I cannot 
help thinking that it has not had the attention that its im- 
portance deserves from men of science, and, consequently, is 
not understood as it ought to be by those who have to deal 
with it practically. 

Apologising for this rather long yarn, 

I am, yours most respectfully, 
A. BIRRELL. 

Arsenale del Lloyd, Trieste, Austria, Feb. 18. 


Tur Scrwertanp Rattway.—We understand that it is 
now confidently expected that the Sutherland Railway, ex- 
tending from Bonar-bridge to Golspie (a distance of nearly 
twenty-seven miles), will be opened for traffic about the end 
of March. It was at first thought that the line would have 
been ready about the beginning of this year; but Messrs. 
Brand and Son, the contractors, have been greatly hindered 
in their working operations by delay in the delivery of the 
patent rails which were supplied by an English firm. The 
work is, however, now so far advanced that an engine could 
proceed over the whole line. The bridges over the Oykill 
and Carron are completed, and stood the test of the recent 
great floods successfully.— Scotsman. 

Tue Mont Cents Rattway.—It is stated that the Mont 
Cenis Summit Railway is expected to be opened for regular 
traffic on the Ist of May next. A somewhat similar report 
was current about this time last year. 

IrrieaTion Works IN Inp1A.—A « ortespondent has written 
to the Times drawing attention tothe urgent want of irriga- 
tion works in India, and quotes the following extract from a 
letter from an officer in the police establishment, showing 
the present state of affairs in the Madras Presidency. This 
officer says : “ We don’t begin the year with good prospects. 
North Arcot has not had a drop of rain since December, 1866, 
and the consequence is that every tank is empty, and no 
—_ of rice likely to be realised. “The large Cauverypank 
tank, for instance, has, it is said, sufficient water for one 
quarter of the crop necessary for three villages out of twenty- 
two that it usually supplies, and has been fordable for 
months. Cuddapah and Salem will, I fear, suffer. Madras 
and South Arcot are in nearly as bad case as North Arcot. 
The whole of the labouring class being thrown out of employ, 
already find it hard to live with third sort rice at six Madras 
seers the rupee, and crime of course increases rapidly.” 





THE SEWAGE QUESTION. 
To THE Eprror or ENGINEERING. 

S1r,—The use of water-closets and privies—with the present 
system of accumulating the excreta, domestic refuse, cinders 
and ashes together in one mass close to our houses—is again 
to become a subject of great controversy. 

The River Pollution Commissioners have not gone into 
those questions, and do not intend, as might be seen from 
the report of the inquiry in the Liverpool papers on “ The 
River Mersey and its tributaries,’ which inquiry came 
suddenly “to a fullstop.” So far as river conservators and 
trustees can effect any good, they seem now about to do it. 
The Thames is to receive no sewage; and last Thursday 
afternoon (February 20th), Mr. Cave moved for leave to bring 
in a Bill for the “Conservancy of the river Lea and its 
tributaries,” and Mr. Powell, who spoke on behalf of the 
interests of the great Yorkshire towns, “ho that that 
would not be the only Bill of its class which would be in- 
troduced into Parliament during the present session.” . . . 
“The population occupying the basin of the Lea, was about 
a quarter of a million, whereas, that occupying the basin of 
the Aire and Calder, exceeded a million.” 

The population in this watershed (the river {Mersey) is 
over two millions. The sewage irrigation plan supplied by 
water-closets has its recommendations, but so gerous are 
the consequences in so many ways that it is condemned by the 
majority of engineers and medical men. Liverpool, with its 
half a million of inhabitants, is just about to complete a 
scheme by which every privy will be turned into a water- 
closet, and the sand-hills between that town and Southport 
be converted into a swampy, pestilential surface. Is this a 
sanitary measure? Imagine that town with its water- 
closets in the middle of summer, during a hot season and a 
long drought, with very little water coming from the water- 
works,—will there not be a serious outcry against such a 
social evil? What state will the atmosphere be in, with the 
wind bringing the sweet odours from the sand-hills, and no 
water for the use of the closets in thetown? Thenin winter, 
when all the pipes are frozen up? This is not an overdrawn 
picture. Live’ »l wants more water, and has done for some 
time, but the adoption of water-closets and abolishing of 
privies must make matters very much worse in this respect. 

The plan which I propose is a dry system to supersede 
water-closets and ash-pits. Let the sewers and drains take 
off the sinkstone water, and other liquid domeatie refuse ; do 
away with the present ash-pits and middens which are the 
great nuisances in our towns; collect the human excrement 
in boxes, or something of the kind, and by throwing all the 
ashes and cinders on to a screen, which separates them, the 
ash (a good deodoriser) falling into the excreta box, and the 
cinders returning to the coal-heap for re-use, these boxes to 
be collected regularly, an arrangement being also made for 
collecting the other domestic refuse, which at present finds 
its way into the ash-pit, such as vegetable remains, &c. ; then 
by this ry I believe, the town authorities would be fully 
prepared to meet the difficulties of the Sewage Question. 

The sewage would then be free of all those poisonous gases, 
and consist of liquid only, which could be poured on to land 
for irrigation before being discharged into the river, and not 
be so dangerous in its nature as when supplied from water- 
closets. 

Iam, Sir, your obedient Servant, 
G. Henry Roperts. 

51, King-street, Manchester, February 24, 1868. 

P.S.—The following extract from Mr. J. Conyers Morrell’s 
pamphlet on “The Sanitary Question,” describing his 

atent ash-screen, seems most likely to meet the suggestions 
have made in the above letter. 


* Treatment of ashes and cinders and human excreta at the 
dwellings of the working classes.” 


“A privy of the ordinary kind is to be provided with a 
water-tight ash-pit, or a water-tight vessel easily removeable. 

“An agitating screen for the separation of the fine ash 
from the cinders is attached to the outside of one of the walls 
at the side or rear, as may be best suited, this is covered by 
an overhanging roof or otherwise, to keep the cinders and 
ashes dry when placed upon it. By the opening of the door it is 
brought into motion,.when the cinders, thoroughly cleansed 
of the ash, fall into the yard for refuse; the ash being con- 
veyed into a measurer fixed in the wall. 

“The seat orifice is covered by a lid, which works hori- 
zontally on a pivot ; this is to be opened by the person using 
the closet ; in the act of opening or closing it measures out 
into the ash-pit a quantity of ash sufficient to deodorise the 
recent deposit. This cover closes by a self-acting motion, 
but must be opened by the hand. 

“It will be seen that the advantages arising from the 
adoption of this system are : 

“1. The thorough separation of the cinders and the ashes ; 
the cinders, as fuel, representing an annual value of at least 
20s. to the occupier of each house, the ash being reduced to 
a fine powder, fulfilling its purpose more efficiently as a 
deodoriser. 

“2. In making use in measured quantities of that which 
nature appears to have provided on the premises for arrest- 
ing decomposition, and preventing the escape of noxious 
gases and the generation of animacule. 

“3. In reducing to a minimum the quantity of refuse to 
be removed by the scavenger, the cinders being reconsumed 
until they become ash. 

“4. Greatly increasing the value of the refuse as a manure, 
making it available for immediate use or for storing until 
required. 

“ Should it be preferred to use only the agitating screen 
the seat orifice cover may be dispensed with, the ashes falling 
directly into the ash-pit. The advantage, however, of pro- 
euring for each use of the closet a fixed quantity of the ash 
would be lost.” 





TELEGRAPHIC COMMUNICATION wiTH InpIa.—There is 
now good reason to believe that before the summer of 1869 a 
continuous connected line of telegraphs will be established 
between England and our Indian possessions. The route 
will be as follows: It will commence at Nordeney, an island 
in the German Ocean, on the Prussian coast, and will thence 
ma through Hamburg and Berlin to Thorn, on the 

russo- Russian frontier, through Russia vid Warsaw, Odessa, 
Kertch, and Poti to Tiflis, and thence through Persia to 
Teheran. At Teheran the proposed line will join the system 
now in connexion with the Persian Gulf cable. The com- 
pany by which the scheme is being carried out has obtained 
from the Prussian Government the concession of landing its 
own cable on the North German coast. Provisional arrange- 
ments are, we understand, being made meanwhile with the 
Electric and International Telegraph Company and Reuter’s 
Companies, securing to the promoters of rp in project the 
use of two wires between London and the Prussian coast. 
By the Prussian concession the Government of that country 
undertakes to complete a special double line connecting Nor- 
deney and the Russian frontier at Thorn, and to reserve it 
for the exclusive use of the company in good working condi- 
tion on payment of a message royalty. By a concession 
from the Russian Government the company are authorised 
to construct a double line from the frontier at Thorn to the 
Persian frontier at Tiflis, with stations at Warsaw, Odessa, 
Kertch, and Poti; and by a Persian concession the right of 
constructing a similar line from the Russian frontier to 
Teheran is conceded. It will then be brought in connexion 
with the Indian system. The proposed amount of capital is 
450,0001., and the cost .of a message to India will be about 
3/7. 10s. The advantage of the proposed line may be thus 
briefly summarised: The expenditure will be moderate, the 
security of the line will be secured by convention, and, above 
all, the working of it will be in the hands of the company. 
At present, from the time a message leaves England it is 
entirely freed from our control untif it reaches the Persian 
Gulf. During that time it passes through places- red 
by various administrations, and itis transmitted tL | ,h ‘he 
hands of clerks speaking different languages. 4e ew 
scheme promises to obviate the difficulties which have Lo 
existed in the way of a message passing intact and inte. 
from England to the East, or from the East to Englanu It 
it fulfils what it promises, an invaluable addition will be 
made to our agencies of telegraphic communication. 

THE BURNTISLAND AND GRANTON Ferry.—In reply toa 
question by Mr. Aytoun, Mr. Cave stated in the House of 
Commons on Friday night last, that the ferry from Burntis- 
land to Granton was not within the limits of a simple river 
certificate, but belonged to the class requiring an extended 
river certificate. The principles were these: There were two 
classes of certificates applicable to these cases. The one was 
called a smooth water or river certificate, which in the Forth 
was granted to vessels plying not further east than Queens- 
ferry. It contained regulations as to the number of passen- 
gers and equipments which applied only to smooth water 
voyages. The other—namely, the partially smooth water 
or extended friver certificate—was granted to vessels plying 
within the space from Queensferry to Anstruther and North 
Berwick. They carried a smaller number of passengers, and 
ought to have the additional equipment of sails, boats, and 
compass—a regulation not always strictly observed, but 
which the Board of Trade hoped soon to have better means of 
enforcing. The shipwright surveyor must certify that the 
hull was sufficient for the service, and in good condition, and 
must declare the limits beyond which the vessel was not fit 
to ply. He might mention, by way of illustration, that the 
river certificate in the Clyde extended to Dunoon; the ex- 
tended river, to Cumbray and Skipness; and that in the 
Thames the former extended to Gravesend, the latter to 
Margate and Walton-on-the-Naze. Beyond these limits the 
home trade certificate began. There was also an excursion 
certificate, granted only for daylight and summer months. 


Tue Orpnance Setect CommiTree.—It is agreeable 
news to hear that the success of the efforts of the{Ordnance 
Select Committee to provide the country with cheap guns, in 
order to arm as rapidly as possible the forts and batteries at 
home and in the colonies with rifled cannon, promises to be 
complete. A cast-iron 32-pounder, converted by Sir W. 
Armstrong and Co. for the Victoria Government, on Major 
Palliser’s plan, fired some seventy-six heavy charges at 
Shoeburyness, as much, we believe, as 16lb. of powder and 
801b. shot. The gun was afterwards condemned by the 
Woolwich authorities, and submitted by the Ordnance Select 
Committee to the trying test of 2000 rounds of service 
charges. It has just cumpleted its task, having got through 
2076 rounds without injury, beyond a few scratches in the 
bore to a depth of one-tenth of an inch. The result is a 
sroof of the extraordinary pitch of excellence to which the 

‘Iswick Ordnance Company have brought their coiled barrels. 
It is stated, indeed, that their converted 68-pounders have 
been firing battering charges at Shoeburyness usually allotted 
to much heavier ordnance. Colonel Clarke’s strengthened 
carriage answers admirably, one of the converted 68-pounders 
having fired one hundred rounds from it with 221b. of 
powder and 1151b. shot. Nothing could be better than the 
way the carriage behaved. Altogether the country is to be 
congratulated on the result of the efforts of General Lefroy 
and the officers of the Ordnance Select Committee. We 
hear that their report will soon be printed and laid on the 
table of the House.—Army and Navy Gazette. 


Sup Canats 1y AmErica.—During the recent sittings of 
the Boston Commercial Convention, a resolution was adopted 
in favour of the construction of a ship canal capable of 

ing vessels of 1000 tons from the great lakes to the 
ississippi river, and in favour of a free ship canal around 
Niagara Falls. The convention was called to consider the 
depressed condition of national trade ; it was composed of 37 
ifferent delegations from the leading cities of the United 
States, and numbered about 300 persons, among them being 
some of the chief merchants of the country. 
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WE this week conclude our series of illustrations of Du- 
commun’s tools by presenting our readers with engravings of 
the large planing-machine exhibited by them at Paris last 
year. There is, indeed, no absolutely novel feature in this any 
more than in any of the other tools made by this firm that 
have been lately illustrated in the pages of this journal; but 
we have thought it worthy of interest to our readers to lay 
before them examples of the best Continental practice in tool 
engineering, so that they may judge for themselves to what 
extent our Continental brethren have benefited by the lessons 
which they have received from us during the last twenty-five 

ears. 

° This machine is capable of planing an object of about 
6 ft. 7 in. in width and of the same depth it is, consequently, 
not by any means the largest machine of its kind, as some 
planing machines with single table have been made capable 
of planing a surface of 8 ft. in width. 

he driving gear is similar to that adopted by Collier, con- 
sisting of a bevel-wheel, with toothed crown, of large diameter, 
for the working stroke, and a toothed crown of small diameter 
cast solid with the: first, for the return stroke, worked by 
bevel pinions connected with two independent driving pullies ; 
these are two feet in diameter and 4in. wide. A spur pinion 
keyed upon the spindle, which carries the bevel wheel, gears 
into a large spur wheel 4ft. in diameter, 1fin. pitch, and 
6 in. broad on the face, and the table, finally, is driven through 
a pinion keyed upon the spur-wheel shaft, and gearing into 
a rack bolted to the underside of the table. This rack is not 
stepped, as in Collier’s machines, but it is a double rack in a 
single casting, the teeth of one half of the rack correspond- 
ing with the spaces of the other half, with a clear space of 
about an inch between them; with this arrangement a truer 
casting both of the pinion and of the rack can be obtained 
than with an ordinary stepped rack and pinion. 

The motion is reversed in the usual manner by dogs bolted 
against the side of the table, and striking a lever keyed upon 
a shaft, which, by means of another lever, moves the rod that 
carries the guiding fork of the driving —— as in this 
machine the plane of motion of the driving pulleys is at right 
angles with the plane of motion of the table, the arrange- 
= of the reversing gear becomes comparatively easy and 
simple. 

_ The cross slide carries two tool-boxes, each worked by an 
independent screw, and, as is usual in toolholders of planing 
machines, the vertical slide may be placed at any angle. In 
this machine both the vertical and the horizontal feed may 
be given by self-acting process, by means of a system of levers 
set in motion by the dogs before mentioned, bell cranks, and 
vertical rod; and by means of an arrangement of small 
Pinions, worked by pall and ratchet, the feed may be given 
simultaneously or separately to either of the tools; the 
vertical slides are worked by a pair of small bevel wheels from 
a small shaft running across the centre of the cross slide, as 
the reader may observe by reference to Fig. 1, and the bevel 
wheels placed on this shaft may be thrown out of gear with 
those on the screws of the vertical slides, by means of a small 
eccentric. 

The arrangement for raising the tool from the face of its 








work during the return stroke has not been introduced into 
this machine. 

When the position of the cross slide has to be altered upon 
the uprights, this is done by working two screws, one in each 
upright, through bevel wheels and a cross shaft at the top of 
the uprights, set in motion by hand from below through 
another pair of small bevel wheels and an inclined shaft, as 
will be readily seen by reference to Figs. 1 and 2. A third 
toolholder has been fitted to one of the uprights, an improve- 
ment of comparatively recent introduction, and in this case 
provision has been made to give this side tool its vertical feed 
by a self-acting process, through the same system of levers 
which work the tools on the cross slide, and by an independent 
vertical screw driven by a pair of small bevel wheels worked 
through a ratchet, as will be seen by reference to Fig.1; the 
horizontal slide of this tool, however, must be worked by 
hand. In this, as in other machines made by Messrs. 
Ducommun, care has been taken to fit all the bearings with 
bushes or plummer blocks. We should notice, also, that the 
top driving gear is provided with two speeds, the one 
evidently intended for planing cast iron and the other for 
planing wrought iron. 








OUR FUTURE MOTORS. 

In his preface to the eighth edition of his “ Treatise on the 
Steam Engine,” which has just been published, Mr. John 
Bourne speaks as follows respecting our future motors: 

“ Before the first edition of the present work had appeared, 
I had arrived at the conviction that the steam engine would 
pass away before very many years ; and evidences of the sound- 
ness of this anticipation are presenting themselves every day. 
The most convenient substitute for the steam engine would 
be a thermo-electric engine. But very little of a practical 
character has been yet done in this direction. At present 
public expectation points more in the direction of air and gas 
engines as substitutes for steam; and both of these classes of 
engines have been to some extent practically introduced, and 
their use is extending. In the case of the steam engine 
there is this momentous fact to stimulate improvement—that 
even in the best and most economical engines, not more than 
one-tenth of the efficacy of the fuel is utili as power. In 
the case of electro-dynamic engines, we know that there is 
little loss, or, in other words, that a given quantity of elec- 
tricity produces very nearly its equivalent of mechanical 
power. But in the case of steam engines, a given quantity 
of heat does not generate more than one-tenth of its equiva- 
lent power, the rest being lost from the imperfections of the 
machine. We stand, therefore, in much the same position 
which the hydraulic engineer would occupy if his water-wheel 
or turbine were so imperfect in its performance as to waste 
nine-tenths of the theoretical power of the water; and it is 
quite impossible that this enormous fault in steam engines, 
now thatit is so plainly perceived, can be very much longer 
tolerated. If we had - good way of transforming heat 
into electricity, we should be able to work an engine with 
little more than one-tenth of the fuel now required, and it is 





po sg would produce. In my new work, I propose to 
review the expedients which have ean proposed as substitutes 
for the steam engine, and to analyse their respective degrees 
of merit and promise. I shall also give practical drawings 
and descriptions of the best forms of air and gas engines 
which have already come into use. 

“With regard to the steam engine, I cannot say that any 
tangible improvement has been made in it within my recollec- 
tion, and substantially it is the same machine that it was 
when dismissed from the hand of Watt. Wrought iron and 
steel are now more largely used in its construction than be- 
fore, from the simple fact that those materials can now be 
more easily procured; anda higher pressure of steam is now 
or ng employed, the manufacture of iron plates and 

oilers having been in the meantime improved, and the 
hostile feeling against high-pressures lessened. But the 
principles of action and the main features of construction re- 
main precisely the same as they were before; and it does not 
appear probable that any considerable improvement can now 
be introduced into the steam engine, except by some ex- 
pedient which will enable higher temperatures to be em- 
oe with impunity. Super-heating was one step in this 

irection. But it has been abundantly proved that where 
super-heating is carried further than was usual in the old 
marine flue boilers, the lubrication of the piston and stuffing- 
boxes cannot be accomplished, and the valve-faces and other 
internal parts of the engine are so much damaged by internal 
corrosion that the resulting injury outweighs the resulting 
benefit. Expansion is a resource always open to us whenever 
we choose to accept it. But the fact that practically it is 
employed to only a very moderate extent, sufficiently shows 
that it has drawbacks, and that, in the judgment of engineers, 
it may easily be overdone. Nevertheless, the tendencies of 
the last fifty I o—~ have all been in the direction of higher 
pressures and a larger measure of expansion; and in the 
case of steam navigation, nothing but the want of a good 
marine boiler, adapted for higher pressures than are now 
usual, has prevented this development from being carried 
out to a very much larger extent. Hitherto surface conden- 
sation has been of no use whatever to steam navigation, as 
advantage has not been taken of it to introduce boilers 
capable of working safely with a much higher pressure of 
steam. A considerable step, however, in this direction is 
now imminent, and in my new work I shall give a full ac- 
count of the steps of improvement that may be practically 
achieved.” 











TUNNELLING THE N1aGaRa River.—The plan proposed 
fifteen years since, of tunnelling the Niagara river at Buffalo, 
has been revived, and is now in the hands of capitalists and 
practical men both in Canada and New York. If, as seems 
probable, the project is carried out, a direct, uninterrupted 
railroad connexion will be established between Buffalo and 
and Chicago, vid Canada. 

SALE OF THE LATE Paris ExnrpitTion Burtp1ne.—The iron 
portion of the building in the Champs Elysées has been sold 
to a company of contractors for the sum of 60,000/.; it is not 





needless to say what a revolution in most of the arts such a | yet known what is to be its future destination. 
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ELECTRO-TELEGRAPHY. 
Dual Arithmetic Applied to Facilitate the Calculations 
of Electro-Telegraphy. By Outver Byrne. 

In electro-telegraphy and _ electro-magnetism, the 
mechanical relations existing between the magnitudes 
submitted to mathematical investigation are easily 
stated. Let F = the electric motive force; W = the 
resistance, I = the intensity, Q=the quantity of 
electricity conveyed by a current, and U =the units 
of work. Then, 


ew 
T=75 (L.) 
Q=Is; (IL) U+I?Ws; (IIL) 


s=the time during which the current circulates. 

(I.) expresses what is termed the law of Ohm. 
The German physicist, Ohm, deserves great credit, as 
he made the first step in applying to the action of the 
——_ current the principles of mechanics which 

‘ourrier and Poisson applied to the propagation of 
heat. 

(II.) was added by Faraday, who proved ex- 
erimentally, that the quantity of electricity conveyed 
y a current is in proportion to the intensity and time 

during which it circulates. 

(IIL.) is due to Dr. Joule, who proved that when 
a galvanic current circulates it performs units of work, 
either in mechanical effect or its equivalent ; and that 
this mechanical effect, represented in (ILI.), is pro- 
portional to the square of the intensity, to the resist 
ance of the circuit, and to the time during which the 
current circulates. However, at present, it is not our 
intention to discuss mathematical formule, but to show 
how useful results may be readily and accurately 
calculated, which were generally determined by rough 
approximations, empirical rules, or limited tables. 
Conventional arrangements may indicate processes 
precisely, and yet render but little assistance to an 
operator trying to obtain results. This is a grave 
objection, which applies to many of our modern 
mathematical researches and formule; but dual 
arithmetic removes much of this inconvenience. 

Matthiesen has shown that the conducting power 
(¢) of a pure metal at any temperature ¢ degrees C, 
whose conducting power at the freezing point of water 
is 100, is given by the formula 

c=100—.37647¢+ .0008342°. 
The dual logarithm of sno or of 

1 —.00376470¢ +-0000083472, 
for any temperature, ¢, may be calculated with great 
facility. For example, let 421°C 

.00000834 x 21=.00017514 ; 

and 00376470 —.00017514=.00358956 ; 
then .00358956 x 21—.07538076, 
arithmetical complement=.92461924 

» (92461924) = 7837327 = the dual number 

0°78’ 1692 of the descending branch. We 
have, at the same time, determined the dual logarithm 
of the reciprocal of 1—.00376470¢+.000008347, 
which is represented by the same number 7837327, 
with a comma after the logarithm; the former being 
of the descending branch, and the latter of the ascend- 
ing. Ifone of these logarithms be considered posi- 
tive, the other must be taken as negative, thus : 

7837327 
added to 7837327, 
gives 0000000—0. 

It is easily shown that the resistance (7) of a 
cylinder, prism, or other body, of constant cross 
sectional area (a) and length (J), is expressed by the 
equation 

oa: = 

ac 
e representing the conducting power of the material, 
that is, the power which the material has to transmit 
electricity from one cross section to another along the 
material. At some future time we propose to show 
the geometrical form of the wave of transmission. 


Although we know that c=, there is no absolute 
value for c, no more than there is for the specific gravity 
ofa body. As the specific gravities of bodies are re- 
ferred to water, experimentalists take different metals 
or alloys to be referred to as standards to compare the 
conducting powers of other materials ; perhaps mer- 
cury, after all that has been said to the contrary, is 
best adapted for this purpose. But in all cases the 
conducting power, ¢,, of any given body, is to the 
conducting power, cy, of another, taken as a unit, as 


2 ° 
wen tg em, that is, 
a Wy, ag Weg 
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Cas: : 
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ly 
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ag tly 





When the bodies are of common length and section, 
then, 

ae 
ast, 
a w, Wo 
The resistance w, of a pure metal wire, at the tem- 
pa t, whose resistance at 0° C. is w, is given 
y the formula, 


Cy: 





1 
stdin [W087 6470" 000008EEF ) 
Let us take an example when ¢=21°C. Before we 
have shown that, when ¢=21° C., the dual logarithm 
of 1—.00376470¢+00000834/? =’7837327, and the 
dual logarithm of the reciprocal=7837327, 
“ b (u= /, (w.)+7837327, 

This dual expression may be as readily applied in 
other cases, and for any temperature between 0° C. 
and 100°C. Any dual number of the descending 
branch, as 4 ’0’7’8’0’1’6’9'2, may be reduced to a 
dual logarithm of the same branch by this simple rule : 

Add together the dual number taken as a common 
number, 5 times the first three dual digits ; supposing a 
cipher after each, 36,052 times the first digit, and 34 
times the second, the sum will be the dual logarithm. 

In the example before us thie first digit is 0. 

0°7°8’0’ 1692 
35400=5 (7080) 
238=7(34) 


°7837330=the dual logarithm. 

This rule is readily reversed, and any dual logarithm 
of the descending branch converted into a dual num- 
ber of the same branch. A dual number of the 
descending branch, as }’0°7’8’0'1’6’9°2, may be re- 
duced to a natural number, thus: 














1.0:00|00}00|'0+ Ff 1% 
70/00 ,00,0— 7 {Operative numbers 
2110 000+ 8 21 for the dual digit 

350/0— 35 7. 
315+ 35 

.932/065/35+ Is 
7\456\52— 8 Operative numbers 
2610+ § 28 for the dual digit 8. 

5— Li56J 





From .92463/488 


1925 for 1, 
555 ,, 6, 
83 ,, 9, 
2 ” 2, 





take 1565 


.92461923 =corresponding natural number. 
In “Dual Arithmetic a New Art” and in “ The 
Young Dual Arithmetician,” in a variety of ways and 
under different circumstances, it is shown, by easy, 
independent, and direct processes, how any two of the 
corresponding numbers (natural number), (dual num- 
ber), (dual logarithm), may be found, the remaining 
one being given. By consulting the author’s exten- 
sive dual tables, these numbers can be found by in- 
spection. By taking the conducting power of mercury 
at 0° C., equal to 1, Dr. Matthiessen found that the 
conducting power of mercury (c,) at the temperature 
é° C. is equal to 
1 —.00074432¢—.00000082617? ; 
required the dual logarithm of ¢,, and of its reciprocal 


l . Ko 
-, for any given temperature, as 25° C. 


Ce 
0000008261 x 25 =.0000206525, 
and .00074432+.0000206525=.0007649725, 
.0007649725 x 25=.0191243125. 
Arithmetical complement = .9808756875. 
The dual logarithm of .980875687 =’193095476, that is 
} » (¢:)='193095476, 


and |, ( ~)=193095476, P 
c, 


t 
These logarithims are found for ten places of decimals 
true to the last figure; it is almost the same labour to 
calculate dual logarithms to ten places of figures as to 
eight. 








Kentvucky.—The Kentuckians are beginning to take an 
interest in the rich mineral deposits of their State. The 
mountain counties are known to abound in iron, coal, copper, 
and nearly every species of mineral wealth. Indian tradi- 
tions used to tell of the Cherokees of North Carolina going to 
Kentucky for silver and gold, which they made into horse- 
shoes, and the latest discovery of a rich vein of silver in 
Rockcastle county, where exists an ore yielding 45 per cent. 
of the virgin metal, may be the realisation of these ancient 
legends. 


INDIAN RAILWAY TRAVELLING. 

We copy the followmg from the Delhi Gazette, 
relative to railway travelling in India, and which is 
evidently intended as a skit upon the railway bylaws 
of that country. 

Scense.—On the platform of the new iron house on 
the site ofthe palace of the Great Empress Noor 
Jehan. ‘Time, eight a.m. 

A series of those carriages used by the modern 
conquerors of the Punjab on what they call a railroad, 
because it is formed of two parallel bars of iron, along 
which the carriages are drawn by a horse, before which 
Ulysses’ famous animal would pale into insignificance. 

Enter TRAVELLER, carpet-bag in hand. Takes his 
seat in first-class carriage, because upper ten thousand 
only are supposed to use them, and puts his bag under 
the seat he is about to occupy. 

Enter (from other side) a buxom lass of no small 
dimensions and immense self-possession, also a tra- 
veller; sees the carpet-bag, and in its presence an 
implied infringement of the rules supposed to have 
been framed by a very keen man, and hence called 
thorough rules, in humble imitation of the great Eng- 
lish minister with whom everything was “ thorough.” 

FeMmA.e PassenGER (loquitur): Guard, remove that 
bag, and place it in the break-van (so called because 
many of the articles committed to its recesses are 
broken and lost). 

Gvuarp makes an attempt to remove the hag. 

Mate Passencer (/og.): Guard, remove that bag 
at your peril. It is my property, does not weigh more 
than the regulated number of seers, and is under my 
seat. If you attempt to remove that bag, I shall bring 
the matter before the agent. 

Gvuarp looks imploringly at female traveller, and 
helplessly at male traveller. 

FemMaLeE TRAVELLER: Guard, if you do not remove 
that bag, I shall have you dismissed. 

Guarp (to male passenger): I have no option; I 
must remove the bag. 

Mate Passencer: Very well; we will see about it. 

Guarp removes the bag to break-van. 

Fremate Passencer (contemplating the probability 
of travelling alone with the man she had so needlessly 
affronted, aside to guard): Are no other passengers 
going ? 

‘Guarp: No, miss; none that I see. 
| Femate Passencer: Then order another carriage 

to be put on the train at once. 

(An interval of five minutes elapses, during which 
an extra carriage is attached ; first and second bell has 
been rung, as a notice that the train is about to start, 
and female passenger dives through a door, over which 
swings a signboard bearing the intimation that within 
is “'T'raflic Manager’s Office.”) 

GuarD, seeing no one on platform, and assuming 
that female passenger had taken her seat in solitary 
grandeur in the carriage specially ordered for her, 
sounds his whistle, and the train starts. 

Femate Passencer (hearing the whistle, rushes 
out ina state of frantic excitement, and calls out) : 





Stop ! 
Guarp (just stepping into break, repeats the order) : 
Stop ! 


(Train stops after much shouting, and probably an 
aside oath or two on the part of the driver.) 

Femate TRAVELLER enters her carriage, and the 
journey is resumed ; and this is the way business is 
done on the railroad in question. 








A New Fire Enerne.—A new method of extinguishing 
fires, recently patented by Messrs. Lapham and Clark, of 
Boston, by the application of carbonic acid gas projected 
from a portable fire engine, was lately tested upon the 
Battery in New York City. In appearance the engine 1s 
about the size of a common garden engine, and is worked 
much in the same manner, and may be operated by two men 
—one at each end of the brakes. The tank forming the body 
of the engine is divided into two portions, and each portion 
contains an upright cylinder about 24 in. diameter, and of 
5in. stroke. These cylinders act directly upon an air- 
chamber which is placed between them. From this air- 
chamber a hose leads to whatever place desired. In the top 
of each tank there is a shallow sieve, in one of which was 
placed tartaric acid, and in the other bicarbonate of soda ; 
or other materials producing carbonic acid gas, when mingled 
together, may be used instead. Water was poured into the 
sieves, and, dissolving and carrying with it a portion of the 
chemicals, was received in the tank below, the object of the 
sieves being apparently to retain any lumps that might be 
among the bicarbonate or the acid. The pump pistons are 
connected by rods to the beam of the engine, and when in 
action both cylinders act together to supply the air-chamber, 
and the union of the two liquids there produces an efferves- 
cence, and forms carbonic acid gas, which is projected upon 
the fire. Canisters of the dry chemicals are attached to the 
tanks, and are ready for instant use when required. The 
capacity of the two tanks is about a barrel, and the quantit 
used in the first and second trials was about ten gallons eac 
time. Very good results were obtained at the trials. 
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THE SCOTLAND SHEET-COPPER 
WORKS, GLASGOW. 

CopreRSMITHS’ works and brass-foundries are, as a 
rule, small and_insignificant-looking establishments, 
scantily fitted with self-acting machinery, and relying, 
in the majority of their operations, upon the muscular 
power and skill of the workman. The reason for this 
state of things is the comparatively small weight of the 
articles usually made of those costly materials, which 
consequently do not require the same amount of plant 
and mechanical gear for their handling. It is only in 
some special branches of the manufactures that large- 
sized vessels made wholly of copper are required, and 
for the manufacture of these it becomes advantageous 
to establish large, well fitted, regular engineering 
works. The Scotland Sheet-copper Works, in Glasgow, 
belonging to Messrs. Blair, Campbell, and McLean, 
are a specimen of a coppersmith’s works of the most 
modern description. ‘They are the largest works of 
their kind in Glasgow, and devoted principally to the 
manufacture of sugar-pans, distillery plant, and copper 
pipes for marine engines, &c. Connected with tiis is 
a brass-foundry of large productive power. The prin- 
cipal shop, and the one which is characteristic for its 
arrangement, is a building in two spans, of 50 and 45 ft. 
respectively, and 100ft. long. The larger span is 
traversed by an overhead travelling crane, and forms 
the general fitting or erecting shop. The smaller span 
contains a row of small steam-hammers for replacing 
the handwork of the coppersmith. These hammers are 
small, quick-working steam-tilts, each having a head 
weighing 1 or 2 ewt. The cylinder is attached to 
an overhead frame formed of horizontal girders, and 
the whole valve gear, with the steam and exhaust pipes, 
are attached above, so as to leave the space below the 
hammer entirely clear in every direction. ‘The anvil is 
placed in a pit below the hammer-head, and can be 
raised or lowered by hydraulic pressure. This anvil is, 
in fact, nothing but the butt end of a hydraulic ram 
several feet in length, which can be raised or lowered 
at will, and allows the insertion of any tubular, 
spherical, or other shaped article made of sheet-copper, 
and requiring the finishing operation of the hammer. 
The face of the hammer, as well as that of the anvil, is 
nicely polished, so as to impart its own smoothness of 
surface to the soft material operated upon. About 
half-a-dozen small hammers of this kind, some slightly 
modified in shape to suit special forms of articles, are 
placed in a row in this shed, along with some other of 
the more generally known coppersmiths’ tools. The 
floor above is used for turning, boring, and finishing 
brass-work in the lathe, planing, and shaping machines, 
and the plant of tools for this purpose is of the same 
class as used in first-class engineers’ shops for similar 
purposes. Messrs. Blair, Campbell, and McLean 
supply the most of the copper-work to many of the 
first engineers for sugar machinery in Glasgow, and 
they also have an extensive trade amongst the marine 
engineers on the Clyde, in copper pipes and brass 
castings. They are, however, well known as makers 
and contractors for sugar-refinery plant and distillery 
apparatus, and have supplied some of the largest 
refineries in Greenock and in Dublin with vacuum- 
pans and other apparatus. We illustrated in recent 
numbers some of the work designed and made by 
this firm from drawings lent to us by the makers. 








Tne Great Eastern Ratiway.—The Great Eastern 
Railway Company have notified that they are prepared to 
renew their overdue debentures and those falling due, at the 
rate of 5 per cent. per annum for three or five years. The 
entire debenture interest amounted last year to 272,2731., for 
which there was an available balance of revenue to the 
amount of 707,800/. The circular adds that “ the punctual 

ayment of the debenture interest in cash is secured by a 

ecree of the Court of Chancery.” 

Tue NasHvitie Suspension BripGr.—A new suspension 
bridge has been lately constructed over the Cumberland river, 
Tennessee. It connects Nashville and Edgefield, and has 
been built to replace the bridge destroyed by the confederate 

eneral, Floyd, when in possession of Fort Donelson. The 

oor of this bridge is about 100 ft. above low water mark. It 
has a carriage way with a foot-path on either side. Two 
cables, 8 in. in diameter, support the structure, the span 
being 650 ft., and the roadway being 28 ft. 2in. wide. At the 
north end it is slightly higher than at the other. It was 
built under the direetion and superintendence of W. F. 
Foster, C.E., and is a work reflecting credit upon its con- 
structor. 

AMERICAN Rattway Economy.—The locomotives on the 
New York Central Railroad are to be stripped of all 
ornaments, brass or otherwise, and to be painted a pale brown 
colour. This is done to save unnecessary work in cleaning, 
and will no doubt be appreciated by the engineers; but 
Vanderbilt’s economy doesn’t pleas¢ everybody. One sarcastic 
individual suggests, as an additional regulation, that “any 
engineer caught greasing his hair with oil taken from the 
locomotive-axles will be fined $25, and his watch confiscated.” 





A SURVEY UNDER DIFFICULTIES. 


We abridge from a recent letter of the Times correspon- 
dent at Calcutta the following interesting account of a survey 
made in Thibet under extraordinary circumstances : 

“In Lord Canning’s time a scientific expedition was fitted 
out for Lhasa and Great Thibet ; but it never started, owing 
to the unwillingness of our representative in Pekin to ask for 
a special safeguard from the emperor. Since that time the 
Government of India has steadily discouraged exploration 
beyond the border by English officers. Adolphe Schlagent- 
weit’s fate and Mr. Eden’s disgrace have been insuperable 
arguments, which Mr. Johnson’s successful raid to Khotar 
has not removed. Our survey officers especially have felt the 
prohibition, which shuts them out even of Nepaul just at the 
time when they are prepared to unite the results of the Indian 
with those of the Russian surveys. Now that the Nile prob- 
lem has been almost solved, and by Indian officers, there is 
no part of the world which demands investigation so much 
as its highest level tracks, which the Brahmaputra and its 
northern affluents drain. Determined not to be foiled, Cap- 
tain Montgomerie, R.E., published a plan in 1861 for train- 
ing and employing natives as explorers. As he then hap- 
pened to be engaged on that survey of Cashmere to the 
Karakorum pass which has so won the admiration of geo- 
graphers, he despatched a Mussulman into Eastern Turkis- 
tan, who returned with results which were discussed by the 
Royal Geographical Society in 1865. Thus encouraged, he 
induced Colonel Walker, Superintendent of the Great Trigo- 
nometrical Survey, to procure from the educational depart- 
ment two Pundits of semi-Thibetan origin, whose names it 
is still desirable to conceal. They belonged to a class who have 
always enjoyed the privilege from the exclusive Chinese of 
travelling and trading in the upper basin of the Sutlej 
known as Nari-Khorsum. The difficulties overcome in train- 
ing them as surveyors and to take astronomical observations 
may be imagined; but the result has been well worth them 
all. They were desired to make a route survey of the course 
of the Brahmaputra and of the great road 800 miles from 
the Manasarowar lake to Lhasa. Failing to reach Great 
Thibet through Kumaon, the two Pundits made the attempt 
by Nepaul, crossing the frontier from Bareilly at Nepal- 
gung, SirJung Bahadur’s new town. Arrived at the capital, 
Kathmandu, they found it impossible to take the direct 
route by Kuti or Nilum across the Dingri plain, on account 
of the snow, even in April. They accordingly adopted the 
Kirong route; but were turned back by the Chinese officials, 
who live a life of suspicion, although they failed to discover 
the two large sextants, two box sextants, prismatic and 
pocket compasses, thermometers, chronometers, and watch, 
ingeniously secreted in a box with a false compartment. 
One of the Pundits was personally known to the Kirong 
governor, and gave up the attempt. 

“The other, whose fortunes we shall follow, returned to 
Nepaul, and engaged to accompany a Bhot merchant, who 
sent him on ahead, after borrowing 10/. of him, and never 
appeared. Starting, however, on the 3rd of June, 1865, with 
the merchant’s servant, our Pundit, well disguised, reached 
the family house of the merchant, told how he had been 
deceived, and received from the merchant’s uncle a pass to 
Kirong, and from his brother the assurance that he would be 
security to the Chinese for the Pundit, who thus reached the 
Tadum monastery. Thence he _— a party of traders as 
far as the Manasarowar lake, and narrowly escaped drowning 
when he crossed the Brahmaputra as it flows towards Lhasa 
et Talla Labrong. Having reached the Tadum monastery, 
he feigned siekness as an excuse for remaining behind his 
party, and then accompanied a Cashmere agent of the Maha- 
rajah, who was going to Lhasa. By the 22nd of October the 
party reached the fort and monastery of Janglache, on the 
Brahmaputra, here called the’ Narichu, a place from which 
there is a large boat traffic to Shigatze, 85 miles lower down, 
near which the Penanangchu falls into the great stream. 
The Pundit could not avoid visiting the monastery of 
Tashilumbo, described by Turner, but he greatly feared dis- 
covery, for, although a Brahmin, he held the belief that the 
Lama knows the se¢rets of all hearts. Here, having reduced 
his funds to a low ebb, he made a living for a time by teach- 
ing the Nepaulese traders the Hindoo arithmetic. At Shigatze 
the great road turns from the river to thesouth. On Christ- 
mas-day the Pundit reached the large town of Gyangze, on 
the above affluent, crossed on the ice, breasted the lofty 
Kharola mountains, and reached the Great Yamdokcho lake. 
He estimates its circumference at 45 miles, and, so far as he 
saw, it is from two to three miles only in width. In the 
centre is a large island rising to a height of from 2000 ft. to 
3000 ft. The water is fresh, with much fish, very clean and 
deep, and 13,500 ft. above the sea. All evidence, both native 
and European, confirms the story that the island is very large 
compared with the lake which surrounds it—‘a very curious 
topographical feature,’ as Captain Montgomerie says. From 
the lake the party crossed the Khamlala mountains by a high 
pass, again reached the Brahmaputra at Khambabarche, 
sailed to Chusul, and thence ascended the tributary, 
the Kichu-Sangpo, or Lhasa River, in a north-easterly direc- 
tion, reaching Lhasa on the 10th of January, 1866. There 
the Pundit remained till the 21st of April, living in a caravan- 
serai belonging to the Tashilumbo monastery. He went on 
one occasion to the Goldan monastery, two marches on the 
great road to China, and attempted to go down the Brahma- 
putra, but was told that he would require an escort of at least 
a dozen armed men, and his funds were so low that he again 
took to teaching the traders Hindoo account-keeping. 

“The Pundit pours forth his facts in the style of one of 
the old translations of Herodotus or Marco Polo. He left 
Lhasa on the 21st of April, 1866, but found it as difficult to 
get out of Thibet as he had experienced it to be to get into 
the country. His secret wasdiscovered by two Mahomedans 
from Cashmere, but faithfully kept; they assisted him with 
a loan on the security of his watch. He returned to Gartokh, 
north-east of Simla, after eighteen months’ absence. Thence 
his brother continued his route survey. With considerable 
ingenuity Captain Montgomerie converted the Buddhist 





‘mani-chuska,’ or prayer wheel, into an instrument which 
concealed a compass and field notes, while the Pundit cor- 
rected any error in counting his paces by the use of the 
rosary, which at the same time kept off intruders, for no good 
Buddhist will address another while so engaged. For lati- 
tude observations the Pundit managed to carry quicksilver 
in the wooden bowl worn by all Bhooteas at the waist. With 
the aid of a bull’s-eye lantern he was able to read the sextant 
at night till one of the Tadum monks annexed the lantern. 
Captain Mongomerie has now reported the results of his tests 
of the Pundit’s observations, and pronounces the Pundit ‘a 
most excellent and trustworthy observer.’ All will agree 
that ‘the Pundit has performed a feat of which a native of 
Hindostan, or any other country, may well be proud.’ 

“ His results are: A great number of meridian altitudes 
of the sun and stars, taken for latitude at 31 different points, 
including observations at Lhasa, Tashchimlo, and other im- 
rtant places; an elaborate route survey of 1200 miles from 
hatmandu to Tadum, and Lhasa to Gartokh, fixing the 
course of the Brahmaputra from its source near Manasarowar 
Lake to the Point where it is joined by the Lhasa river ; and 
determination of the heights of 33 points by observation of 
the temperature of the air and boiling water. The Royal 
Geographical Society will doubtless hear more of our Pundit, 
who well deserves the name given to him, in the absence of 
any other, of the Vambéry of India. Submitting to an 
equal number of lies and disguises, he has yet accomplished 
much more for science, for he could dare to take observations. 
He is likely soon to repeat this service, for which the scientific 
world is greatly indebted to Captain Montgomerie.” 








ITALIAN RAILWAYS. 


Upwarps of 472 kils. of railway will probably be opened to 
the public in the course of the present year. ‘The Minister of 
Public Works has published the following list of lines to be 
opened in 1868: 


Kilometres. 

Arona to Sesto Calende aes ee oo © 
Voltri to Savona eee one ote ont, ae 
Genoa to Chiavari_... ion pres eco 00 
Orvieto to the Roman Frontier sis me 
Caserta to Benevento... ose ose a a 
Bovigno to Savignano eo ove vee 25 
Lecce and Zollino... EES ase eo 1 
Gioja, Taranto, and Rocca ... ove ooo 122 
Lazzaro and Bianco Nuovo ... oe soo. 
Catania and Lentini ... ose ove as we 

Total... mre Pan oe 444 

Of these the railway from Lecce to Zollino.was opened to 


the public at the commencement of the last month, and 
it comprises the stations of Lecce, San Cesario, and Zollino. 
The project of continuing this line to Otranto has been definitely 
approved of by Government, and the section from Zollino to 
Maglie, 10 kils. in length, will probably be completed by the 
beginning of next year, and the remainder from Maglie to Otranto, 
19 kils. in length, in about eighteen months, on account of a 
short tunnel near Maglie retarding slightly the opening of the 
line. 

On the line from Caserta to Benevento, 48 kils. (from Caserta 
to Ponte), will be shortly opened to the public, and by this means 
the distance from Naples to Foggia will be shortened by six hours. 

The stations on this section are Maddaloni, Ponti della Valle, 
Dugenta, Telese, Solopaca, and Ponte. 

The principal works on this line are, between Caserta and 
Maddaloni, the San Michele tunnel, 140 metres in length, and 
the Maddaloni tunnel, 670 metres in length. 

Between Ponti della Valle and Dugenta, a brick bridge over 
the torrent Isclero, and a viaduct over the Scarpa valley. 

Between Dugenta and Telese, a bridge at Torello over the 
Caloze, which also serves for the provincial road, and a bridge 
over the Telese torrent; both these bridges are in masonry. 

Between Telese and Ponte, the Limate tunnel, 340 metres in 
length, an iron girder bridge of a single span over the torrent 
San Lorenzo Maggiore, and a brick bridge over the Lenda torrent. 

In Sicily arrangements are being made for the recommence- 
ment of the works on the Central Sicilian Railway (Palermo 
and Girgenti), and the construction of the sectiofr-from ‘lermini 
and Lercara will probably be commenced without delay. The 
completion of this section will put Palermo in direct communi- 
cation with the rich sulphur mines of Lercara. 








Tue Lonpon Water Compantgs IN 1867.—The average 
number of houses supplied last year by each of the London 
Water Companies, and the average daily supply of water 
in gallons, respectively, was as follows :—Chelsea, 26,875 and 
8,087,258; West Middlesex, 36,881 and 8,816,486; South- 
wark and Vauxhall, 71,558 and 13,629,758; Grand Junction, 
27,190 and 9,533,432; Lambeth, 38,320 and 8,975,533 ; New 
River, 113,462 and 23,790,667; East London, 92,652 and 
19,298,241; Kent, 34,504 and 6,468,872. Thus, from the 
Thames, 200,824 houses were supplied with 49,042,467 
gallons daily; and from the Lea and other sources 240,618 
houses were —_— with 49,557,781 gallons daily. In the 
aggregate, the London companies supplied 441,442 houses 
with 98,600,248 gallons of water on an average daily. The 
quantity used for domestic purposes, or for house supply, 
was about 81,033,800 gallons daily, or 26.3 gallons per head 
of population. 

Suspension Bripe@Es.—Suspension ~~ are of very 
remote origin. Kirchen, in his “China Illustrated” men- 
tions one in China which, according to tradition, was built 
A.D. 65, and is now in existence. It is supported by chains, 
the roadway of plank rest ng directly upon them. Rope 
suspension Selene were used by the ancient Peruvians, and 
have been employed in Europe. The first iron suspension 
bridge in England was built 1819, across the Tweed at Ber- 
wick, by Sir Samuel Brown. It was constructed with chain 
cables, twelve of which were used. Its span was 449 ft., 
its versed sine 30 ft. 








MACHINE. 


STEAM 


DESIGNED BY MR. JOSEPH M. KAUFMANN, ENGINEER, GLASGOW. 
( For Description, see the opposite Page.) 
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AERIAL STEAM MACHINE. 


DESIGNED BY MR. JOSEPH M. KAUFMANN, ENGINEER, GLASGOW. ; 


WE give, on the opposite and the present page, views of a 
steam aéromotive machine, designed by Mr. ) me M. Kauf- 
mann, of Glasgow. Our engravings have been prepared 
from photographs of a model of one horse power, made by 
Mr. Kaufmann, and which was experimented on a short 
time ago. The actual machine, which the model was con- 
structed to represent, is to be of the following dimensions: 


ft. in. 

From stem to stern ... 12 0 

= » to tip of tail 14 11 

Greatest depth... ose 4 6 

pe width pe nee ose nn wn 

Length of each wing... 35 (0 
Area of each wing 221 sq. ft 

ft. in. 

Length over the “ gies” 17 3 

Length of pendule 40 0 
Weight at end of pendule sie ove 85 lb. 
Total weight of machine ... on «- 70001b. 
Nominal power ove eve 40 H.P. 


Intended speed oo ose ... 40 miles per hour, 
the tank or tender taking a supply of oil and water sufficient 
for five hours. 

As will be inferred from the engravingd, it is intended that 
ap should be gained by flapping the wings, these wings 

ing driven in such a manner that their motion resembles 
that of the wings of a bird as closely as possible. It is in- 
tended that when the machine is nsing, the wings should 
make 120 strokes per minute. The pendule, which can be 
raised and lowered as desired, is for the purpose of keeping 
the machine in a horizontal position. The machine repre- 
sented is exclusively for flying over land, and it is furnished 
with wheels, on which it can run when on the ground; Mr. 
Kaufmann states, however, that by a few simple alterations 
, it can be made available for travelling over water, and in case 
of its alighting, be converted into a boat furnished with 
paddle-wheels. : 

The model, to which we have already referred, weighed, 
complete, 42 Ib.; and during the experiments with it, its 
boiler, owing to its small size, was not fired, steam being sup- 
plied from an independent boiler. The model was ialle en- 
tirely to prove the correctness of the inventor’s theory, and 
to ascertain if the connexions to the wings could be made 
strong —— to withstand the violent twisting and bending 
strains to which they are exposed. In the model the motive 
power consists of a single vertical steam cylinder fitted with 
a piston in the usual way, the piston rod carrying a cross- 
head which is coupled by links } nee to the wing beams. 
The wing beams are fitted to shafts which run for about 
three-fourths the length of the machine. To these shafts are 
also connected the “regulators” by which the feathering 
motion of the wings is governed. Fach wing is secured in 
four places and has its centre of oscillation directly opposite 
its working beam. The “ gies” can be moved alternately so 
as to steer the machine either to the right or left without 
disturbing its horizontal position. 

During the trial the model was securely fastened down and 
loaded with a considerable weight to prevent it from moving, 
it — at the same time ne. po supports so that its wheels 
were clear of the ground. Steam at a pressure of 150 lb. was 
then turned on when the wings made a short series of furious 
flaps; but, through imperfect workmanship, the left wing 
suddenly gave way about 2 ft. from its base, when the other 
wing, being subjected to extra strain, failed also. Mr. Kauf- 
mann states that these accidents were in a great measure 
caused by the wings having been lengthened 3 ft. previous 
to the trial, and —s thus exposed to a greater strain than 
they were constructed to resist. The wings having been re- 
moved the machine was put to the final test of being run at 
a = of 1500 double strokes per minute, and it was found 
to be quite uninjured by this experiment. Altogether, Mr. 
Kaufmann considers the trials to have been satisfactory, and 
he is now engaged in the-construction of a larger machine on 
the same prindple, but having the beams worked, through 
gearing and eccentrics, by a-horizontal engine. This ma- 
chine is also to be fitted with Mr. Kaufmann’s shifting aéro- 
planes, and is to be accompanied by a tank-car with accom- 
modation for two persons. It is intended that this machine 


should rise into the airaftera short race on terra firma, drawin 
set ree , B 
behind it the tank-carriage; it is to be of 120 horse power, and is 











to weigh 8000 Ib. complete. The tender is tocarry ten hours’ sup- 
ply of fuel and three hours’ supply of water; and with this 
tender and three cars the machine is intended to make fifty- 
six miles per hour. The machine is to be completed next 
month, and is to appear at the exhibition of the Aéronautical 
Society at the Crystal Palace in June next. 

The machine we have described will, from its novelty, be 
regarded with interest by many of our readers, and it is for 
this reason that we have published an account of it, although 
we are far from being so sanguine as its inventor of its ac- 
complishing its desired end. At the same time, however, we 
— wish Mr. Kaufmann all the success which his labours 
deserve. 








FOUNDATIONS. 

Tue Hon. William J. McAlpine lately addressed a large 
audience in the Lecture Room of the American Institute, New 
York, on the subject of ‘ Foundations.” He commenced by 
quoting the words of an eminent engineer and author: “The 
permanence of engineering structures depends almost entirely 
on the manner in which their foundations are laid. When these 
are properly made, the superstructure is more a matter of taste 
than of skill.” A foundation which gives an uniform support pro- 
portioned to its weight imposed, is as valuable as an unyielding 
one, and is generally very much cheaper. When on rock at un- 
equal depths, there,is danger of injury to the superstructure by 
the unequal compacting of the foundation walls, and hard 
earths when saturated may also yield unequally. The base of 
foundations usually requires to be expanded, and, when this 
cannot be effected with the masonry, it is done with timber, 
concrete, or broken stone. When the substratum is very soft, 
bearing-piles are driven—not, as is popularly believed, to ex- 
tend the support to a hard material, but to obtain adhesion 
around them; next to rock, they furnish the most trustworthy 
support, when properly driven. The experiments made at the 
Brooklyn Dry Dock showed that the effect of increasing the 
weight of the hammer was to increase the effect of the blow 80 
per cent., and of increasing its fall was as its square root, and 
that the sustaining power of piles of different sizes, driven with 
the same hammer and fall, was in the proportion of the squares 
of the superfices. These rules enable the constructor to pro- 
portion the size or number of his piles according to the weight 
they are to suport. Wooden piles, alternately wet and dry, or 
in sea water, ought not to be used. In these cases hollow iron 
piles ought to be substituted. If a proper quality of iron is 
used, it will not corrode even in the most exposed places, even 
in centuries. Such piles are now standing in many places in 
Europe, which, after the lapse of nearly a half a century, “are 
as sound as when they left the foundry.” When corrosion 
occurs in such places it is wholly due to the use of an improper 
quality of iron. The great corrosion often times witnessed in 
water-pipes is owing to the fact that they are so rg 
made of the worst quality of iron. A vast number of bridges 
and other structures in Europe are supported upon iron piles, 
some of which are but a few inches in diameter, and from that 
size up to twenty feet. They have been made cylindrical, 
elliptical, and rectangular, and have been driven by the pneu- 
matic and hydrostatic processes, and oftentimes by direct ex- 
cavation within. In this country the former process has alone 
been used, but the others, when practicable, are much the 
cheapest. When rocks or logs are encountered, the pneumatic 
process becomes necessary, and columns of not Jess than 
30 in. diameter must be used. In these cases they are 
converted into a species of diving-bell. In Europe they have 
been driven to nearly a hundred feet below the water, and in 
this country with a pressure equivalent to a depth of 89 ft. 
of water. The workmen experience no inconvenience at 
these great depths, and really perform more labour than in 
open air, in consequence of the exhilaration produced by breath- 
ing such highly condensed air.) These columns are usually made 
of cast iron, but are sometimes made of wrought iron, and 
may be of wood. In the former the weight of the structures 
is usually carried on the iron shell; in the latter two they 
require to be filled with masonry of a suitable character to 
carry the load, the shell being used asa cofferdam or caisson. 
These iron piles or columns allow the engineer to found his 
works with safety, ease, and economy, in places where 
wooden piles are inadmissible. In water ways with strong 
currents, wooden piles are unsafe for the foundation of a 
heavy structure, and in sea water are liable to be destroyed by 








the teredo. For bridge piers iron columns offer much less 
obstruction than those of masonry. Unlike the wooden piles 
they derive their chief support from the areas of their = 
and modern improvement permits these areas to be trebl 
at an inconsiderable expense, and, consequently, enables the 
diameter to be reduced to that merely of a “column of sup- 
port.” The Charing Cross Bridge, London, carrying four 
railway tracks, is supported on two columns for each pier of 
eight feet diameter, and the Chepstow Bridge with a double 
track on three columns of six feet diameter and 140 feet 
high; and in a number of bridges in Kurope and our own 
country the draw piers consist of a cluster of such columns. 
The piers consisting of a pair or of treble columns have been 
found amply strong to resist the impact of heavy vessels, and 
very large masses of ice and driftwood. Their resistance to 
the influence of the most intense cold has been exhibited 
in their use in Scotland and the high latitudes o {Northern 
Russia. In different places iron piles or piers can be built 
much cheaper than stone piers or wooden piles; in many 
places with no more expense, and in others they afford the 
only safe foundation. At the close of Mr. McAlpine’s address 
many of the points alluded to were briefly discussed. 








TWISTED IRON BARS. 
To THE Epitor oF ENGINEERING. 
Srr,—In your paper of ; 
the 14th ult., there was 
a description of some 
twisted bars for orna- 
mental purposes, but no 
mode of twisting them 
was given. The subject 
is referred to in your 
number of 21st ult.; but 
again, without describing 
the machine used for 
producing them; and it 
almost seems as if the 
manner of so_ twisting 
bars was a secret. 

Some years ago I made 
a machine for a similar 
purpose; and as it was 
a very simple one an 
explanation of its prin- 
ciple may, perhaps, be 
of service to some of your 
readers. The machine 
consisted of two rolls 
grooved to suit the section 
of bar; in the very rough 
sketch enclosed it is shown 

uare. These rolls are 
placed so that their axis 
form an angle with each 
other when viewed in 
plan, instead of being 
parallel as usual. The 
result is that, as the bars 
came through the rolls, 
they revolve, the pro- . ~* 
portion of revolution or length of spiral being dependent 
upon the angle the axis of the rolls make with each other. 

I think the action will be fully understood from the sketch. 
I may add that this is a moti Gestion of the machine for 
rolling screw threads on hot iron, which you illustrated and 
deseetbed last year. 

I am, Sir, yours obediently, 
February 24, 1868. J. CAMPBELL Evans. 





-—-. 








Inon anp Sree, Manvracturg.—A series of articles on 
the manufacture of iron and steel, which have appeared in 
ENGINEERING during the last two years, is now about to be 
reprinted in a volume. It will published by Mr. W. 
Mackenzie, of London and Glasgow. This collection will be 
illustrated by about sixty large woodcuts and copper-plate 
engravings, representing machinery and plant employed in 
ironworks. 
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THE ALLEN ENGINE.—No. V. 
Hien Sreep.—Concluded. 

A careruL study of the forces developed in the 
running of an engine at high speed will enable us to 
attain a construction, in which the difficulties ordi- 
narily encountered disappear as completely as if they 
had never existed. This is readily illustrated by a 
revolving wheel. If unbalanced, it will, at quite a 
moderate speed, begin to vibrate, and on a little 
further increase of its velocity this: action will become 
violent ; and if its journals are in-any respect defective 
the bearings will be hot; and we’ may conceive a per- 
son ignorant of the cause and cure of this, or indif- 
ferent to: ‘it, « uncing rapid revolution to be im- 
practieable..\‘Buf tf a wheel is accurately balanced, 
and its journals are properly made, there is found to 
be no limit to its practicable velocity, except that 
fixed by its cohesive strength. At any gees, short 
of that at which it will fly asunder, it revolves in per- 
fect quiescence, while its journals float cold in their 
lubricant. 

The same apparently magical change may be effected 
in the steam engine. High speed, it has been truly 
observed by an eminent engineer, is entirely a ques- 
tion of construction. The general features of the con- 
struction which it requires may be summarised as fol- 
lows: A direct-acting, self-contained form of engine ; 
the avoidance of overhanging strains ; rigidity of both 
the stationary and moving parts; balancing of the 
revolving parts and in horizontal engines of the recip- 
rocating parts also, and in all bearings a sufficient ex- 
tent of hardened surface and truth of form. If these 
requirements are fully complied with the speed becomes 
a matter of entire indifference, and even a tolerable 
observance of them ensures excellent results. The 
form of engine best adapted to meet all these condi- 
tions is the inverted vertical cylinder engine. In this 
engine the cylinder is supported from the baseplate 
equally on each side of the centre line, and is free to 
expand and contract with changes of temperature. 
Absolute rigidity may be given to the whole construc- 
tion, while the baseplate is well adapted to carry double 
crank bearings, the employment of which renders the 
action exactly central. On these accounts, as well as 
for other reasons to be mentioned presently, this form 
of engine seems preferable in cases where the very 
highest speeds are to be employed, but for ordinary 
purposes the horizontal will probably be always the 
favourite style. In this engine, as shown in the illus- 
tions, the only connexion between the cylinder and 
the bearing of the shaft is below the centre line, and, 
therefore, the driving force has a tendency to deflect 
the bed vertically. This strain is, however, rendered 
harmless by giving to the bed great depth, and bring- 
ing the centre line close to its surface. Again, a 
single crank is employed, involving an overhanging 
action, which tends to deflect the bed horizontally, 
and also to spring the shaft between its bearings. 
This action is, however, reduced to a minimum by 
making the centre line to overhang the bearing as 
little as possible consistently with the great strength 
required at that ory and the bed is made of suitable 
form, and the shaft of sufficient strength to enable 
them to oppose to it an absolutely rigid resistance. 
The form of bed and size of shaft required for this 
purpose are so desirable also on other accounts, that 
the fact that the action of the engine is resisted on 
only two sides of the centre line, instead of all sides 
equally, seems to be practically unobjectionable. It 
is found, however, that a long stroke is incompatible 
with rigidity, and for this reason, and also because 
both rapid reciprocation with heavy reciprocating parts 
and rapid revolution are, for the reasons already ex- 
plained, highly conducive to smoothness and uniformity 
of motion, these engines, especially the larger sizes, 
are made of shorter stroke than has been usual hitherto 
in stationary engines. The construction in the re- 
spects above referred to is well shown in the two- 
page engravings which we published in our number 
for the 3lst of January last, Figures 1, 2, 3, and 8. 
The diameter of the shaft for the engine shown 
(12 in, X 24 in. cylinder) is 6in. in the journals, and 
7 in. between bearings, length of journals, 12 in. 

The cylinder is bolted to the ena of the bed, and left 
free to move by expansion. It thus retains its parel- 
lelism, when hot, sufficiently to enable a deep piston 
to be employed, presenting a large extent of surface. 
This is made tight by two of Ramsbottom’s packing 
rings. These cylinders wear perfectly smooth ; not 
one is believed ever to have been scratched, and the 
wear is so insensible, that it is intended to try the 
experiment of packing the pistons simply by grooves 
interrupting the passage of the steam, as shown in 
Fig. 4, which are expected at high speed, and with 
expansive working, to prove quite sufficient. The 
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idea, once universal and still so prevalent, that hori- 
zontal cylinders must at high speed be soon destroyed 
is seen to be quite unfounded. The various causes 
which produce wear in cylinders, and which are often 
as active in vertical cylinders as in horizontal ones, 
need only to be understood and avoided to ensure the 
highest durability at any speed. In this respect, as 
in all others, it is not the speed which does the mis- 
chief; it is bad construction, the injurious effect of 
which becomes aggravated at high speed, but which it 
is perfectly easy to avoid altogether. The piston is 
fixed on the rod by shrinking merely, this being the most 
simple and secure mode of attachment. The rod is 
required to resist a force applied to press it out equal 


to a pressure of 250 lb. on the square inch of piston | 


when it is considered safe. 
Counterbalancing the Reciprocating Parts. 


So far as the pressure of the steam is exerted | 


through the reciprocating parts to overcome any 
resistance whatever, including that from their own 
friction, the action and reaction are equal, and the 
engine works in equilibrium; but the force exerted to 


overcome the inertia of these parts, considered as | 


moving without resistance, produces a recoil pre- 
cisely like the recoil of a gun. 
this purpose, increasing directly as the weight of these 
parts, and as the square of their velocity, needs in a 
horizontal engine, except so far as it is resisted by the 
weight of the engine and its foundation, to be coun- 
terbalanced precisely in the degree in which it has 
to be exerted, or in which the 


sure on the crank, as already explained. In a ver- 
tical engine no counterweight is required on this 


The force required for | 


inertia of these | 
parts operates to modify the distribution of pres- | 


| in the vertical direction is fully one-half neutralised 
| by the vibration of the connecting-rod. 

A horizontal engine cannot be perfectly balanced, 
Since the angular vibration of the connecting-rod 
occasions the great difference already shown in the 
velocity of the piston at the opposite ends of the 

| stroke, it follows that the correct counterweight will 


be insufficient when the crank is on one centre, and 
excessive when it is on the other. This, however, 
will not tend to produce vibration, because the excess 
| of force, although given by the counterweight and the 
reciprocating parts alternately, is constant in one 
direction, and will, if the engine is unsecured, give to 
it an uniform motion in the direction opposite to the 
crank, as has been practically demonstrated. 
| For the same reason, also, the force required to 
| give motion to the reciprocating parts is much the 
greater in the end of the cylinder furthest from the 
| crank, In the engine now being described, for ex- 
| ample, this force would, if equal at each end, be 57 lb. 
on the square inch of piston, as already explained, but 
| in fact it is in the one end 67 lb. and in the other end 
only 47.5 1b. on the square inch, this being the propor- 
tion that the decimals .0001777 and .0001269, which 
| are the coefficients of the actual motion of the piston 
for the first 1°, on the opposite strokes, bear respec- 
tively to the decimal .0001523, the versed sine of 1°. 
| In horizontal engines it is difficult to compensate this 
| inequality; but im inverted vertical engines, at high 
speed, the tendency is to equalise these forces in a very 
beautiful manner. The greater velocity of the recipro- 
cating parts is at the upper end of the stroke, and their 
gravity assists both in imparting and arresting this 
velocity. Their lesser velocity is at the lower end of 


account, because the recoil is prevented by the per- | the stroke, and this the steam imparts against the 























Diagrams from Allen engine running at the works of the Whitworth Company (Limited), Manchester. Cylinder, 12 in. 


diameter, 24 in. stroke. 


fect resistance of the earth; but it is necessary to 
balance the horizontal vibration of the connecting-rod. 
In these horizontal engines the counterbalancing 
weight is placed in the crank disc opposite to the pin. 
The stability of the engine, when bolted to its founda- 
tion, is such, that at the speed of 200 revolutions per 
minute a counterweight equal to about one-half the 
weight of the reciprocating parts is found sufficient to 
prevent vibration, The least amount that will suffice 
differs with different sizes and speeds, and is best 
ascertained by experiment. If the recoil was not par- 
tially resisted by the weight of the engine and founda- 
tion, the counterweight would need to be equal to the 
total weight of the reciprocating parts, and this weight 
is actually required at very great speed when the 
resistance of the engiue and foundation becomes of 
but little account. 

Although the counterweight is a revolving mass, its 
centrifugal force is in counteraction with the force 
accelerating the reciprocating parts of the engine at 
every poiut of the stroke, precisely as if it was being 
reciprocated in the contrary directions, only its force 
is exerted also in the same degree vertically, and in 
these directions it has, in counteraction with it, not only 
the weight of the large end of the connecting-rod, but 
it is incapable of producing a disturbing effect in these 
directions for the same reason that a vertical engine 
requires no counterbalancing weight at all. 

Tt is sometimes objected to the counterweight that 
it exerts an injurious effect upon the bearings ; but it 
is obvious, on consideration, that there is nothing in 
this objection, because, first, the total strain of the 
counterweight, as employed in these engines, is less 
than half that exerted by the driving force; and, 
secondly, its strain is exerted in the horizontal direc- 
tion mainly to relieve the bearing from pressure, and 


Scale of diagram with early cut-off 24 Ib. per inch. 


Seale of other diagram 30 Ib. per inch. 


action of gravity. Thus, by employing a speed at 
which the initial acceleration on the down stroke, 
minus the acceleration of gravity, is equal to that on 
the up stroke, plus the retardation of gravity, the force 
of the steam required to put the reciprocating parts in 
motion at the commencement of each stroke will be 
the same. This will be the case when the speed is 
such that the mean of the initial accelerations on both 
strokes bears the same proportion to the acceleration 
of gravity that the length of the connecting-rod bears 
to that of the crank. 


Journals which will not Heat. 


A journal and its bearings ought not only never to 
become warm, but never even to wear, and, if properly 
made, never will do so, with ordinary care, to any 
ga extent, no matter how great speed is em- 
ployed. It is well known that there exists a very 
wide difference in bearings in this respect, some out- 
lasting dozens of others. Now, there need be no 
mystery about this; the conditions of perfect action 
are so few and simple, that it seems almost idle to state 
them. ‘The first is rigidity of a shaft or spindle 
between its bearings ; but everybody knows that if 
this is flexible, just in the degree in which it springs, 
the journals must be cast in their bearings, though in 
actual practice this perfect rigidity is not once in a 
thousand times even approximated to. The point of 





| excellence in the celebrated Sellers’ bearing for shaft- 
| ing is that it turns universally to accommodate itself 
| to this flexure of the shaft, and the result is a dura- 
| bility almost perfect. Our correspondent, last week, 
who claimed an identity between this and the hanger 
| of Mr. Shanks, seems, by the way, to have quite over- 
| looked this feature. 
| The second requirement, when we have a shaft 
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capable of maintaining perfect rigidity under all the 
strains it may be subjected to, is, abundant extent of 
bearing surface both in length aud circumference, a 
requirement it will be seen entirely consistent with 
the first. It is a mistake to use journals of small 
diameter with the idea that their enlargement will 
occasion loss of power on account ofthe increased 
surface velocity, as, in fact, the coefficient, of friction 
will diminish in a greater ratio than that in which the 
velocity is increased. In the Al@&sengineit is in- 
tended to make all shafts andj ree. 

But all is of little ase tiiless thé journal is round. 
High speed under heathy Pe @has a peculiar 
way of making it known when a jourgalis not round, 
which, we suppose,.js;,one of its faults. Now the 
difference between, a. true.jeylindyical form) and such 
an approximation, to-it 98. a good lathe will produce 
in turning ordinarily homogeneous metal, is simply 
amazing; but when we compare with this the forms 
of journals as Soi GREE Tlehed, the wonder is 
how many of them. ran.at, all.at any speed. When 
ground with a traversing wheel in dead centres, 
which have themselves beén ground to true cones, 
the only known method by which a parallel cylindrical 
form can be produced, their inequalities stand dis- 
closed, and these are usually found to be greater, 
often many times greater) than the thickness of the 
film of oil that can be thaihtained in running. Then 
under pressure this fili'is readily broken, the metal 
surfaces come into contact, and abrasion begins. But 
a true cylindrical journal swims in an oil bath sepa- 
rated from its bearing at every point by a film of oil of 
uniform thickness, and: sustaining an uniform pressure, 
which cannot be anywhere broken, and which has very 
little inclination to work out; and if it revolves with- 
out deflection, and the pressure per square inch of 
surface is not sufficient to, press, out the lubricant, the 
speed is absolutely:immaterial and wear is impossible, 
except that due to the attrition of the oil itself, which 
on hardened surfaces has no appreciable effect. 











Titanic Steet awp. Trow Company (Limitep).—The 

half yearly meeting .of this company was held at 5, Broad 
Sanctuary, Westminster, on Thursday the 27th ult., Mr. 
J. W. Pease, M.P. (deputy chairman) presiding. The re- 
port and accounts, showing a small profit as against a loss in 
the previous half year, were taken as read; and in moving 
their adoption the chairman said that, although the result 
of the operations of the past six months did not permit of 
any distribution of profits, the company was in a sounder and 
better position. Having held their own so far against. the 
competition and prestige of their powerful rivals in Sheffield, 
the acknowledged seat of the steel trade, and having done so 
when trade had been at a very low ebb, there was good 
reason to anticipate more favourable returns in the future. 
This might not only be expected as the natural consequence 
of a revival of trade, but from the fact that the company’s 
steel was certainly growing in favour with those who con- 
tinued to use it. He had had himself the most decided testi- 
mony to the superior excellence of the steel produced under 
Mr. Mushet’s directions from several of the largest engineer- 
ing firms in the north of England, who had used it almost 
from the commencement of the company. The superior 
cutting and wearing properties of Mushet’s Titanic steel 
were beyond question, and were such as to give it the first 
place for engineering tool purposes. There was, no doubt, 
a strong preference in the minds of consumers for steel of 
Sheffield make ; but they were beginning to see that Sheffield 
makers were not the only people who made good steel, and 
that as good, and even better, steel was made out of Sheffield 
than in it. A shareholder was apprehensive that the sales 
could not be increased, and that it would be best to close the 
works. Mr. Buckley (auditor) dissented from this view, as 
also did Mr. Sherriff, M.P., Mr. L. Cooke, and others, who 
maintained that, being well aware of the good quality of the 
steel, they should hold on, and bring their manufacture more 
prominently before engineers who would, in the long run, 
give it the preference. The adoption of the report and ac- 
counts and the re-election of the retiring directors (Messrs. 
Thomas Clunes, Edward Wilson, C.E., and John Parson) 
terminated the proceedings. 

Sucar Rerininc.—We notice that an enlarged and im- 
move edition of the valuable work on this subject, by Mr. 

obert Niccol, of Greenock, is about to be published. The 
work has been highly appreciated at home, in the colonies, 
and in foreign countries, as the best of the kind yet offered 
to the public, Besides containing much useful and valuable 
information in connexion with the nature, sources, history, 
and manufacture of sugar, the forthcoming edition will, we 
understand, be a thorough embodiment of the present re- 
fining system as practised on the Clyde. The work is to be 
of the crown quarto size, and illustrated with about forty-five 
full-page descriptive copper-plate engravings, and is expected 
to be ready about August next. We trust that from Mr. 
Niceol’s long experience as a practical refiner, and his ac- 
quaintance with this subject, the work will meet with the 
success which distinguished its predecessor. 

San Franotsco.—The service of the Pacifie Mail Steam- 
ship Company between San Francisco, Yokohama, Hong 
Kong, and Honolulu has been maintained ‘with regularity 
since its commencement in January, 1867. A line of railway 
between New York and San Francisco, which will, it is 
hoped, be completed in three years, will bring San Francisco 
within fifteen days of Europe, so that it is clear the port is 
destined to very great commercial importance. 





STEEL, AND ITS TRADUCERS. 

Wuen the most eminent railway engineers in the 
profession had fully satisfied themselves — some of 
them five or six, and others ten, and even fifteen years 
ago—that steel was in every way superior to iron for 
railway purposes, and that the general adoption of the 
former was solely a question of price and of time, 
they could not have foreseen that, in the year 1868, 
writers professing themselves engineers would rise up 
to condemn it. ‘The superiority of steel over iron was 
proved long ago, and the time that has since elapsed 
and the greatly,extended use of steel have but shown 
that the degree of its superiority is much greater than 
was at first believed. In other words, the proof of 
its superiority is néw stronger and more conclusive 
than ever. This proof is contained in no statement. of 
our own, but in the careful experiments and prolonged 
experience of gentlemen whom we need not here desig- 
nate by name, inasmuch as their names are everywhere 
known as those of the foremost railway engineers ‘ii 
the kingdom, gentlemen having professional charge of 
the heaviest, worked. and most important railways in 
the world.’; Wé have but, recognised. the great, im- 
portance of their experiments and experience; and 
have therefore carefully recorded the results of both, 
merely adding such obvious deductions as would natu, 
rally occur to every competent engineer, if not, indeed, 
to every person of average sense. 

While we have been recording the accumulating 
evidence in favour of steel, so that facts of such im- 
portance might become more, generally serviceable, 
and while well knowing that no competent and honest 
denial of them was possible, we have found—not.at 
all to our own surprise, but, ‘no doubt, to the per- 
plexity of some sad the amusement of others of the 
readers of such attacks—that steel has been and con- 
tinues to. be attacked in the most merciless manner. 
These attacks originate ina certain journal, and are 
duly copied into another, now owned by the same pro- 
prietors, and are welcomed into a third, which is 
wholly devoted to the. iron as, distinguished from the 
steel trade,—in fact a mere ¢radg journal, having no 
professional weight, and but little, if any, circulation 
among railway engineers and managers. So far as 
the newspaper press goes, we haye,seen no attack upon 
steel except in the three journals referred to. 

Tn these attacks no real attempt is made to disprove 
the vast mass of established evidence in favour of 
steel. ‘This evidence is simply ignored. The attacks 
are based wholly upon misstatements, which might at 
first have been supposed to have been inadvertently 
made, but which are persistently argued upon long after 
their incorrectness had been pointed out. -Those mis- 
statements are so numerous, so conspicuous, and have 
been so often exposed, that we need not repeat them 
here. Their exposure, however, has at length induced 
the journals referred to—or twa, of,them at least—to 
direct a flood of gross personal abuse against, ourselves, 
and to discharge a weaker .stream. of uvgracious 
insinuation against.a gentleman supposed.to be largely 
and pecuniarily concerned in the ,controversy. So 
gross, indeed, are the charges levelled against us t 
we might have well let them pass unnoticed, as we 
shall certainly do for all time to come. But for once 
we felt that, from our own position behind the scenes, 
it was only just that we should disclose to the profes- 
sion the semblance of the young gentlemen who are 
thus doing their best to mislead them, It is enough 
to say that they are not engineers in any genuine | 
sense of the term, that they were never engaged in | 
responsible practice, and that they never had an hour’s 
experience in railway working, otherwise than as 
passengers or by a chance rideé..upon the engine. It 








diate neighbourhood is not very active. 
demand, however, for Bessemer steel and for some descrip- 
tions of railway plant. ‘ 


twenty, fifty, or a hundred years, but because they are 
worn out or crushed out under railway traffic, and 
this, practically, bears no relation to time. The 
traffic that might pass over one line of railway in 
twenty years, might go over another in three months, 
the traffic being measured by the total weight of 
trains which, also, must be considered in connexion 
with the speed of trains, the weight upon a wheel, 
&c. Time enters into the question mainly in respect 
of interest upon the cost of rails which is quite dis- 
tinct from durability in the abstract. Were all rails 
of one quality, the faster they wore out the better, as 
their wear would be but the result of a greater traffic 
in a given time, and traffic is the first element of rail- 
way profit. 

The value of a rail, of a given strength, consisting 
wholly in its mechanical as distinguished from its tem- 
poral durability, the former may be as well ascertained - 
in twenty months—in some cases in twenty weeks, or 
even twenty days—as in twenty years. Generally, 
35,000,000 tons of traffic over each pair of rails in a 
single line, or 17,500,000 tons over each single rail, 
is the utmost that the best iron rails are known to bear, 

d this only where the iron is very good, the line 
level, or nearly so, and the speeds moderate. This 
would correspond to thirty trains daily for twenty 
years, each train weighing 160 tons. Or, were it pos- 
stble to keep a continuous goods train running over 
the rail at thirty miles an hour, the train being made 
up of wagons each 20 ft. long over the couplings, and 
loaded to 10 tons gross, more than the same mecha- 
nical work»would be expended upon the rail in twenty- 
four hours each. But there are many iron rails which 
withstand but from 5,500,000 to 15,000,000 tons, and 
these, 0, rails of good “makes.” Records carefully 
kept upow the Lancashire and Yorkshire Railway, aud 
given.in fulhin the appendix to Mr. Price Williams’s 
paper, read at the Institution of Civil Engineers two 
years ago, sliow many instances of rails, made by 
makers of fli, highest repute, being worn completely 
out under a traffic of less than 10,000,000 tons, and 
some of them, by but little over 5,000,000 tons. In 
rock cuttings and tunnels, and on viaducts, where 
there is but little elasticity beneath the rails, they are 
very rapidly worm out; and careful observations, of 
which we have the results tabulated before us, show 
that rails are much, more rapidly worn out on descend- 
ing than on ascending gradients, the difference being 
due to that in the speed at which the respective gra- 
dients are worked, and being nearly, if not quite, irre- 
spective of the difference in engine power exerted upon 
a train of given weight on the respective gradients. 

Even. where, instances may be found of iron rails 
having withstood’ twenty years, or probably 15,000,000 
tons wear, it is to be borne in mind that rails of iden- 
tical quality would not, if now new, last twenty years 
on thée.same line,-unless it were the fact that the 
weight,-speed, and frequency of trains had not in- 
creased, In 1856 there were, on the Great Northern 
Railway, 47. ‘up-trains daily between Hatfield and 


| London, each train averaging 201 tons in total weight. 
hat | In 1865 there were 67 trains daily, each weighing 


208 tons. And the iron rails on this portion'of the 
up-line withstand but about 12,000,000 tons of traffic, 
equal to hardly more than two years wear under the 
present traffic. In such cases, it need hard.y be said 


| that the use of steel rails has become indispensable. 








SHEFFIELD.—tThe iron trade of Sheffield and the imme- 
i There is a tolerable 


Tue Institution or Civit Encingers.—At the meetin 


| of this society on Tuesday evening, the 8rd inst., Mr. Charles 


is enough to know, what we now know upon ample | Hutton Gregory, president, in the chair, sixteen candidates 
testimony, that all these attacks upon steel are in | were balloted for, and duly elected, including, as members, 


reality attacks upon steel-makers, and prompted wholly, 
we believe, by spite against ourselves. 

The last argument against steel is new to us, but it is 
characteristic of all the others. We are told that iron 
rails have lasted twenty years, and that. as no steel 
rails have yet been down for more than one-third, or | 
at most one-half that ¢ime, there is no proof that steel 
is more durable than iron. So, we believe, there may | 
be found medieval iron-work which has lasted five | 
hundred years, and there are old and heavy wrought- | 
iron bombards, too, which, after nearly or quite five | 
centuries’ exposure to the weather, are still sound in } 
the grain of the bars and hoops of which they are 
nfade. We are not sure that an iron railway bar would 
not last even a thousand years, but in any case a steel 
bar would last still longer, merely because it would 
not be so rapidly rusted. We are, of course, sup- 
posing that neither bar was subjected to, mechanical 
wear or blows... Railway bars, whether of iron or 
steel, do not. decay because they have been down 








shire Railway; Mr. William Henry 
| resident engineer on the Berlin-Gorlitzer and East 


Mr. William Douglass, Trinity Works, Penzance ; Lieut.-Col. 


| John Pitt Kennedy, consulting engineer to the Bombay, 


Baroda, and Central India Railway Company; Mr. Richard 
Laybourne, late locomotive superintendent of the Monmouth- 
i ward Napier, late a 

Prussian 


Railways; and Mr. Josiah Timmis Smith, engi of the 
Hematite Steel and Iron Works, sonetindiinieaed and 
as associates, Mr. James Binfield Bird, Cowes; Mr. William 
Gammon, Lambeth; Mr. Thomas Bland Garland, Valparaiso; 
Mr. William Hunt, Westminster; Mr. James Trubshaw 
Johnson, Lichfield ; Lieut.-Col.; William Lawtie . Morrison, 
R.E., Surveyor-General of the Mauritius; Mr. Patrick 
Ogilvie, Hambledon; Mr. Robert Sabine, Westminster; Mr. 
James Shaw, Leadenhall-street; Mr. Samuel Swarbrick, 
general manager of the Great Eastern Railway Company; 
and: Mr. Albert Vickers, Inverness-terrace. It was also an- 
nounced that the council, acting under the provisions of 
Section IV. of the Bye-laws, had since the last announcement 
admitted as students of the Institution, Benjamin ’ Hall 
Blythe, M.A., Alfred George Brookes, Richard ‘Earnest 
Brounger, William Augustus Kennedy Gostling, Arthur 
Henry Heath, Charles’ Assheton Whately Pownall, Perey 
Frederic Tarbutt, and Frederic Toplis. 
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380-TON PORTABLE STEAM CRANE. 


MESSRS. ALEXANDER CHAPLIN AND CO., ENGINEERS, GLASGOW. 
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In the latter part of the year 1856 and the beginning of 
1857, Mr. Alexander Chaplin constructed, at his works at 
Glasgow, the first portable steam crane. Since then his firm 
have constructed nearly 200 of these useful machines, and 
there are at the present time about seventy of them in regular use 
at goods stations, wharves, railway and sewer works, &c., in the 
neighbourhood of the metropolis. The earlier cranes were made 
for raising loads of from two to four tons, but more and more 


powerful machines have from time to time been constructed, | 


and now Mr. Chaplin is about to build the 30-ton crane which 
forms the subject of our illustrations on the present and opposite 
pages This portable steam crane is considerably more power- 

ul than any previously constructed by Messrs. Chaplin, the 
largest which is at present actually at work being that supplied 
to Mr. Webster, the contractor for the Southern Thames Em- 
bankment works, where it is in regular use, lifting and travers- 
ing loads up te 15 tons. 

the crane, which we now illustrate, is of precisely the same 
general construction as that supplied to Mr. Webster, the only 


effected either simultaneously or independently—a very im- 


ortant feature. The jib alsocan be raised and lowered, and 
its radius thus altered, either by steam or hand power. 

The general arrangement of the crane will be readily under- 
stood by reference to the engravings, which represent the ma- 
chine in such elevation and plan. From these it will be seen 
that the crane is fixed to a strongly framed wrought-iron eight- 
wheeled carriage, this carriage being 19 ft. long and having a 
wheel base of 16 ft.6in. The wheels are 2 ft. in diameter, and 
have double anges, as shown in the plan. The hoisting gear 
consists of a pair of cylinders 10 in. in diameter and 18 in. 
stroke securely fixed to a strong casting which connects the side 
frames of the crane, and which also embraces the top of the 
crane-post. The engines are fitted with the usual link motion 
and hand gear for reversing. On one end of the crank-shaft is 
fixed a spur pinion, and on the other end are placed, at a short 
distance apart, a couple of bevel wheels. These bevel wheels 
are not keyed on the shaft; but they can either of them be 
connected with it at pleasure by means of the double-cone fric- 


ference being in the sizes and in a few minor details. It is | tion clutch shown in the plan, this clutch being actuated by a 


capable of hoisting, turning, and travelling by steam power, 
and the gearing is so arranged that these movements may be 





lever conveniently placed for the use of the engineman. The 
spur pinion at one end of the crank-shaft is 12 in. in diameter, 








and it gears into a spur wheel 4 ft. in diameter fixed on the 
shaft carrying the brake wheel, this latter being 2 ft. 6 in. in 
diameter. On the brake wheel shaft is another pinion 12 in. in 
diameter, which drives a wheel 5 ft. 2 in. in diameter, placed on 
a third shaft, which also carries a 12in. pinion gearing into 4 
2 ft. 6in. wheel fixed on the chain-drum shaft. The total 
ratio of the gearing is thus nearly 514 tol. The chain drum 
is 1 ft. 9in. in diameter and 5ft. 6in. long between the end 
flanges. Ze 

The turning gear, and that for raising and lowering the jib, 
are worked from the pair of bevel wheels which we have men- 
tioned as being placed on one end of the crank shaft. As will 
be seen from the plan, these wheels both gear into another bevel 
wheel fixed on the end of a short shaft running along the side 
of the crane, and it therefore follows that by connecting either 
the one or the other of the first-mentioned wheels with the 
crank shaft, by means of the friction clutch, the crane may be 
turned in either direction, irrespective of the way the engine may 
be running, or, in other words, whether the load is being raised 
or lowered. This is a great convenience, as it enables the crane 
to be turned to the right or the left withont stopping or revers- 
ing the engine. ; 
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MESSRS. ALEXANDER CHAPLIN AND CO., ENGINEERS, GLASGOW. 
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The short shaft which we have mentioned as running parallel 
to the side of the crane carries at the end furthest from the 
crank shaft, a bevel pinion which gears into a bevel wheel car- 
ried by a short shaft extending through the side frame of the 
crane. This last mentioned wheel serves to drive—by means of 
a bevel pinion fixed on the inner end of its shaft—the turning 
gear, and it also gears directly into a bevel pinion which runs 
loose on the end of a vertical shaft, by which the gear for raising 
and lowering the jib is actuated. The turning or slewing gear 
consists of a friction race wheel, on the axis of which is fixed 
a spur wheel receiving its motion from a pinion on a short shaft 
above. This latter shaft also carries at its end a bevel wheel 
which is driven by the bevel pinion already mentioned. 

The gearing for raising and lowering the jib is, as we have 
said, driven from a vertical shaft, having a bevel pinion running 
loose on its lower end, this pinion being capable of being con- 
nected to the shaft by a clutch, as shown in the side elevation. 
On the upper end of the vertical shaft is a worm, which gears 
into a worm wheel on a shaft extending across the crane, this 
shaft carrying at its other end a pinion which gears into a spur 
wheel fixed on the same shaft as the drum which receives the 
chain by which the jib is raised and lowered. The jib is formed 
of a pair of beams of red pine fitted into cast-iron sockets, and 
its radius can be adjusted from 15 ft. to 30 ft., it being possible 
to make the adjustment either by steam or hand power. 

The gearing fcr giving the travelling 
motion to the crane is entirely inde- 
pendent of that for hoisting and slew- 
ing, and it can be best described by 
reference to the plan. From this view 
it will be seen that the two pairs of 
wheels at one end of the crane carriage 
are connected by coupling -rods, and 
that the axle of one pair is provided 
with a worm wheel, into which a worm 
on the crank shaft of a pair of small 
horizontal engines gears. These engines 
have cylinders 6 in. in diameter with 
13 in. stroke, and they are fitted with 
link motion for reversing. They are 
supplied with steam from the same 
boiler as the hoisting engines, the steam 
being led for a short distance down the 
centre bolt of the crane post (which bolt 
is bored out for the purpose), and then 
through a pipe passing down inside 
the crane post, as shown ir the detailed 
sketch annexed. 

The crane is capable of hoisting light 
loads with a single chain, at speeds up 
to 120 ft. per minute. With heavy loads 
a double chain and return block are em- 
ployed, and the hoisting speed is of 
course considerably reduced. For the 

} full loads the boiler will be worked at 

\\ \ \ 75 lb. per square inch; but in all cases 

& SS where portable cranes of this kind are 
employed for raising light loads it is advisable to reduce the 
boiler pressure below its maximum amount, to prevent injury 
being caused by racing or other causes. 

The boiler is of Mr. Chaplin’s hanging tube class, which we 
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illustrated and described on page 295 of our first volume. I? 
these boilers, some of which have now been working regularly 
for the past three years with perfect success, the necessary 
heating surface is obtained by the introduction of 2 number o 
wrought iron banging tubes, screwed into the roof of the firebox, 
these tubes being inclined so that their lower ends, which are, of 
course, closed, nearly or quite meet towards the centre of the 
firebox. By this arrangement the flame is caused to first 
strike against the sides of the firebox, and then pass inwards 
between the tubes to the central flue communicating with the 
chimney. No partitions or internal tubes are introduced into 
the hanging tubes to aid the circulation of the water, Mr. 
Chaplin not finding these necessary to keep the tubes free from 
deposit. Mr. Chaplin has now applied these boilers to a large 
number of cranes, and has found them give very satisfactory 
results. 

A load, when being lifted by the crane we are describing, is 
partially counterbalanced by the weight of the boiler, water- 
tank, and machinery, and indeed the combined weight of these 
parts is sufficient to balance completely the loads which the 
crane would be usually called upon to raise. When, however, 
the crane is worked up to anything like its full power, it will 
be necessary to obtain the necessary steadiness by other means. 
If the permanent way in which the crane is placed is of suffi- 
ciently solid construction, the crane may be steadied by mays 
it to the rails, and Messrs. Chaplin provide their cranes wit 
some simple clips, which enable the required connexion to be 
made very readily. In cases where the permanent way is not 
of sufficient strength, or when the crane has to be travered 
with the load, the latter can be counterbalanced by weights 
placed upon the platform of the crane, or upon beams carried 
out from that platform to either side, according to the direction 
in which the jib has to be swung. Counterbalance weights can 
also be affixed to the boiler end of the crane frame, so that they 
swing with it. A common method of steadying these cranes 
when they are employed to lift a heavy load with the jib ex- 
tended to one side, is to extend their base laterally by bolting 
balks of timber transversely to the ends of the frame, and pack- 
ing up the ends of these balks securely with blocks and wedges. 

In concluding this notice, we may mention, as an instance 
of the capabilities of these useful cranes of Messrs. Chaplin, 
the regular performance of one which is employed in unloading 
coal from barges at the wharf of the Chartered Gas Company 
at Westminster. This is a 4-ton crane, but it is employed for 
lifting loads of 1 ton only. With loads of this weight, and 
working only five hours per day, it raises from barges and de- 
posits on the wharf 180 tons of coal daily, it thus making thirty- 
six lifts per hour. The height of the hit varies somewhat ac- 
cording to the state of the tide, the maximum lift being 36 ft. 
The radius of the jib of this crane can be varied up to 30 ft., 
and, considering that its loads have not only to be raised, but 
swung over to the proper place on the wharf—operations which, 
however, the construction of the crane enables it to perform 
simultaneously—its performance is certainly a most excellent 
one. 


Coat in Iraty.—An effort is being made to work coal 
bearings in Southern Italy by means of a joint-stock com- 
pany. The Government has ordered 50 tons of coal from the 
new company after certain experiments had been made. 


THE INSTITUTION OF CIVIL ENGINEERS. 
March 8, 1868. 
CuHARLEs Hutron Grecory, Esq., President, in the Chair. 

The paper read was ‘‘On the Manufacture and Wear of 
Rails,” by Mr. C. P. Sandberg, Assoc. Inst. C.E. 

This communication was divided into three parts. First, as 
to the best method of manufacturing rails out of common iron, 
and as to the time they would last. Secondly, as to the dis- 
posal of the iron rails when they were worn out. And thirdly, 
as to whether iron or steel, or acombination of the two materials, 
was the most economical to use for rails. 

The mode of manufacturing iron rails for Sweden, as curried 
out in South Wales between the years 1856 and 1860, was 
described ; and it was stated that, with a view of ascertaining 
the best method, it was decided to submit a number of sample 
rails, made from five different kinds of “ piles,” to actual prac- 
tical trials. These experimental rails were laid down at the 
Camden Town Station, by permission of the London and North- 
Western Railway Company; and the following Table showed 
the number of tons passed over each description of rail before it 
was crushed, and also before the rails were taken up: 








Mark of Rail. Crushed. Worn Out. 


Tons. 
5,060,000 
5,290,000 
5,060,000 


4,140,000 
3,220,000 
6,900,000 8,970,000 
8,220,000 5,520,000 


A Table, calculated from the above, showed how long the 
rails would last, supposing them to be ed over by 3060 
trains yearly, each train being composed of an engine weighin 
30 tons, and of twenty wagons of 10 tons each, or a gross loa 
of 280 tons. From these Tables it was ascertained that the 
five different descriptions of rails were, on the average, crushed 
in six years and worn out in nine years. The conclusion was 
thus arrived at, that hammering, after the first welding heat, 
for this particular kind of iron, did not improve the endurance 
of the rails; but that the simplest mode of manufacture had 
also the material advantage of being the best. These trials at 
the same time established the fact, that it was not the wear or 
the diminished sectional area caused by abrasion, which pro- 
duced the unsatisfactory results in the endurance of iron rails, 
but the lamination caused by imperfect welding. This ex- 
plained the great difference between the wear of rails made in 
exactly the same way, the welding in the one case being per- 
fect, whilst in the other it had been very imperfect. 

These experiments also confirmed the rule laid down in Mr. 
R. Price Williams’s paper, ‘‘ On the Maintenance of Permanent 
Way,” viz., that the endurance of rails might be measured by 
the product of the speed and of the passing weight. ‘Trial rails, 
of the same kind of manufacture as those marked £ in the 

revious Table, but of a heavier section, laid on the Great 
orthern Railway, might thus be said to have borne 276 million 
tons at a speed of one mile per hour. The endurance of the 
rails tried at Camden Town, under unusual conditions, where the 
wear was occasioned principally by the frequent use of the brakes 
and by continual shunting, was much less, and might be 
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represented by 120 million tons at a speed of one mile per hour. | 


These experiments seemed to indicate that 220 million tons 
might be carried over rails, of the section and make referred to, 


at a speed of one mile per hour; so that any railway company, | r 


knowing the load which yearly passed over their line, and the 

speed, might, by multiplying the one into the other, and 

dividing this product- by 220, ascertain the life of iron rails in 
ears, 

The conclusions the author bad arrive! at were that no rule 
could be laid down for the manufacture of rails that would 
apply to every manufacturing district; but that in the case of 
Weish iron, to which he had more particularly referred, it had 
been proved that the best method of manufdeturing the rail was 
that now most commonly practised, viz., rolling the iron into 
bars, piling these, and fepeated rolling to the finished rail, with- 
out hammering. ‘The atithor assumed that the prejudicial 
result from hammeting was 6wing to the large amount of sul- 
phur in the Welsh iron. “Where the iron contained more phos- 

horus, and less sulphur, as, for instance, in the Cleveland, 
Belgian, and French iron districts, hammering had proved 
beneficial, and rails had been made direct from puddled bars, 
without the intermediate process of piling—this being, in fact, 
the method generally adopted in those places, and being found 
to answer best. 

As to the disposal/of the rails when worn out, anc as to the 

ibility of re-rolling old rails with advantage by companies 
ar removed from the seat of manufacture, such as the British 
Colonies, the countries round the Mediterranean or the Baltic, 
the author thought that for railways near the seat of rail manu- 
facture, the hest way would be to continue to sell the old rails 
to the rail mills. For other countries, situated like Sweden, for 
instance, it, became important to ascertain whether it would not 
be more advantageous to re-roll them. On this subject precise 
and detailed’ calculations were entered into, which led the 
author.to.think, that.the manufacture might be carried on in 
that country with advantage, using Swedish Bessemer Steel for 
the head, No 2 iron for the foot or flange, and old iron rails for 
the remainder of the pile. 

In the. third division of the paper, as to the best and most 
ecotiomical ‘material to be employed for rails, the following 
calculations were made: Assuming that, under a very heavy 
traffic, common iron rails would last five years, steel-top rails 
fifteen years, aod solid steel rails. thirty years, and that iron 
rails would cost, 7/, per ton, steel-top rails 102 per ton, and 
solid steel rails 154 per ton, and that the old steel-top and iron 
rails were valued wt 42 per ton, and the old solid steel rails at 
81. per ton, then, with a rail-section of 84 lb. per yard, 250 tons 
of rails would be required for one English mile of double line, 
and the cost of laying the rails might be estimated at 12. per 





ton. On these assumptions the author has calculated the fol- 
lowing: 
Annuity Tas.e, No. 1. 
Interest calculated in each case at 5 per cent. 
ANNUITY WOULD BE FOR 
PRICES. b : | Soli 
Per Ton.', When {tron rails. S¢¢e!-tP | aaa 
Tron rails ...... £7 = iron rails) rails. rails 
Steel-top do.... 10 | /ast- 
Solid steel do... 15 Vien £ | £ | £ 
2 587 395 325 
3 417 307 271 
CREDIT FOR 4 | 332 247 945 
Per Ton. 5 280 218 230 
Old iron rails... £4 0 | 179 163 205 
» Strel-topdo. 4 15 134 148 201 
» Solidsteeldo, 8 | 20 | 180 140 200 


This Table might be thus explained, as to iron rails lasting five 
years: 
d 


8. 


cheapest. ‘The amount of traffic must, therefore, decide which 
| material it was the most economical to use for the maintenance 
| of the permanent way. For all railways where ordinary iron 
ails were worn out in five years, or in a shorter time, solid steel 
rails were the most economical, at the prices quoted in Table 1. 
| Where ordinary iron rails lasted over five and up to ten years, 
| steel top rails would be the cheapest, iron rails in these cases 
| being clearly proved tobe the most expensive, although the 
cheapest where they lasted from fifteen to twenty years. 

| The preceding Tables referred to rails of the Vignoles section. 
| Table No. 3 had been made ap for the ordinary double-headed 
| rail, for one English mile of double line, according to the prices 
stated, the considerations being the same as in Table No. 2, ex- 
cepting that the chairs had been taken into account, Allowance 
had been made for 140 tons of new chairs per mile at 5/. per 
ton, credit being given for the value of the old chairs at 2/ 105. 
per ton. It might be observed that steel-headed rails were here 
estimated to last four times, and solid steel rails eight times as 
long as ordinary iron rails—that. was making allowance for the 
use of both faces. 

Annurry TaBiE, No. 3. 


| ANNUITY WOULD BE FOR 





PRICES. 
Per ton. Solid 
Tron rails ...... £6 Then | .. Steel-te a hei 
Steel-topdo. ... 9 Ke. hen. | ron rails, “ ad steel 
Solid steel do.... 12 last. | rails. 
Chairs (140 tons 
per mile)....... 5 Years. £ £ £ 
2 780 379 296 
3 551 291 2949 
CREDIT FOR 4 436 244 238 
Old iron rails... £3 5 366 223 217 
» Steel-top do, 3 10 229 177 199 
», Solidsteeldo. 5 15 183 166 
» Chairs ...... 2/10 20 163 162 


Table No. 3 indicated that the iron rails were in no instance 
the cheapest; but, on the contrary, that when iron rails lasted 
only five years, solid steel rails had the advantage, and where 
iron rails had a longer duration, then that steel-headed rails 
were the most economical. 

Another fact had still to be taken into consideration, the 
safety of the three different materials, in regard to high speeds, 
severe climate, &c. A report recently published by Professor 
Styffe,. the Director of the Government School of Mines at 
Stockholm, showed the extent to which the tenacity and elonga- 
tion of various materials were influenced by the amount of 
carbon they contained. From the Tables which accompanied 
the report, it appeared that the hardest material had the greatest 
absolute strength, both before and after permanent set had taken 
place, but it had the least ductility ; on the other hand, a softer 
material had the greatest tenacity or elongation, the Bessemer 
material giving the same results as that prepared from the same 
pig iron by puddling, refining, or the cast-steel process. In a 
diagram illustrating these results, the per-centage of carbon 
and of phosphorus was stated in nearly all cases. ‘The limit 
for the amount of carbon seemed to be for the Bessemer mate- 
rial 1.2 to 1.5 per cent. With a larger amount the absolute 
strength, as well as the tenacity, had been found to decrease. 
When the amount of carbon did not exceed 0.4 per cent., and 
the material was not worked at too low a heat, the elongation 
seemed to be 16 per cent., or the same as for puddled iron from 
he same pig iron; and, as such Bessemer material was not only 
much stronger, but also more solid or homogeneous than the 
puddled material, it deserved a decided preference for all rail- 
way purposes. The few cases of the failure of rails by break- 
ing might be accounted for as the result of too hard a material, 
not perfectly manufactured, having been mace at an early 
period of the introduction of the process. The experience 
which had now been gained should certainly prevent any recur- 
rence of this. 

Tt must, however, be observed that the raw material used in 
both cases was charcoal pig iron, of a superior quality compared 
with that used in England for making Bessemer rails, which 
might be seen from analyses made by two eminent chemists of 
both countries, which were given. These analyses showed that 
the great difference between the two was the excess of silicon 
in the English, and of manganese in the Swedish pig iron; thus 


i 





250 tons, at 72. perton ... * ee 1,750 0 0 
Cost of laying down coe e ° 250 0 0 
£2,000 0 0 
Which sum, at the end of five years, at 5 per 
cent. compound interest, became... «. 2,552 0 0 
The difference between this sum (viz., 25522.) and 
the value of the old rails (250 tons, at 4/. 
per ton=1000/.) was vas eee «» 1,552 0 0] 
-_ | 
The annoity required to recoup this latter sum 
in five years was. oe . «oe £280 0 0} 


It might be objected that the prices quoted for solid steel 
rails were too high. Rails of th’s kind had been sold in some | 
places as low as 12/. per ton, but for the best quality the present 
price was 152 per ton, and it was only from these that the ex- 
perience had been gained, as to their enduring six times as long 
as iron rails. However, Table No. 2 had been caculated for the 
different: kinds and periods at the following prices, viz., iron 
tails, at 61; steel-top rails. at 92; and solid steel rails at 12. 
per ten, crediting the old iron and steel-top rails at 3/. per ton, 
and the old solid steel rails at 6/. per ton. 
Annurry Taser, No. 
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ANN It TY WOULD BE FOR 
= When 
PRICES. iron rails s eel Solid | 
Perton.| jast. Ironraiis.|>°°*., "P| steel 
Iron rails ...... £6 rails, rails. | 
Steel-top do. ... 9 | 
Solid steebdo.... 12 c > 
Years. £ £ £ 
2 574 382 288 
3 104 283 2: 
CREDIT FOR 4 319 234 4 
Per ton. 5 263 206 174 
Old iron rails... £8 10 166 149 168 
» Steel-topdo. 3 15 133 136 | 163 
»» Solidsteeldo. 5 20 117 126 150 | 


he! 





This Table showed that in all cases solid steel rails were nott 





| although worked entirely without the addizion of spiegeleisen. 


| truth, irrespective of prejudice, and that he had no wish to be 


explaining why the one gave a better product than the other, 


If there were only 0.6 per cent. of carbon in the solid steel, and 
0.3 per cent. in the steel for the steel head, the safety ought to 
be the same for all the three kinds, and this would not in- 
fluence the former calculations as to which was the best and 
most economical material for rails. 

Having watched the development of the Bessemer process in 
England, as well as on the Continent, it seemed to the author, 
that by that process a good and pure raw material had the same 
advantage over an inferior one as in all other processes, and that 
a superior product could not be obtained from an inferior raw 
material by that process any more than by any other. In 
having mentioned Swedish material, as an example, it must not 
be supposed that it was wished to advocate the use of Swedish 
iron in this country, but simply to draw attention tothe better 
material, as equally good charcoal iron could be supplied from 
Canada and India—both English colonies. It might also be 
remarked, that the author’s endeavour had been to arrive at the 


deemed an udvocate for one kind of rail more than for any other. 


Tue Dageynam Docks.—The report of the Dagenham 
(Thames) Dock Company states that, owing to a bill having 
been brought in for a foreign cattle market on the river side, 
the site to be selected by the Corporation of the City, the 
directors have taken measures that the rights conferred on 
the company by their special Acts shall not be prejudiced 
thereby, and have memorialised the Corporation that Dagen- 
ham may be selected for the market, and also petitioned 
against the proposed bill in order that they may be heard by 
counsel before the Select Committee of the Commons. 
Meanwhile every effort will be made to obtain a general 


THE LATE MR. MICHAEL LANE. 

WE regret to announce the death of Mr. Michael Lane, 
the engineer to the Great Western Railway Company, who 
died at his residence, Elmfield Lodge, Southall, yesterda 
week. Between the years 1828-35 Mr. Lane was engaged 
on the works of the Thames Tunnel, under Sir Mare I. 
Brunel, and he afterwards occupied for upwards of two years 
the post of resident engineer to the Bristol Docks under Mr. 
Brunel. Subsequent to this he held for five and a-half years 
a similar position at the Monkwearmouth Docks, Sunderland 
(North Shore), and he then, in 1841, was appointed assistant 
engineer of the Great Western Railway. In 184% he left the 
Great Western, and became the resident engineer of the Hull 
Docks, a post which he retained for two years and a-half. Since 
the year 1846 he had been again connected with the Great 
Western line, during fourteen years of that time as assistant 
engineer in charge of works, and during the remaining 
period as chief engineer to the company. 








THE COUPLINGS OF BORING RODS. 
To rue Epiror or ENGINEERING. 

Srr,—Your engraver having omitted the dimensions figured 
on amy sketch last week, I fear the description of the coupling 
would hardly be clear to your readers. Will you permit me, 
therefore, now to add that the diameter of the rod is 1} in., 
and that of the screw, through the bottom of the thread, 
1; in. 

Also, it is the dunt, not the “front,” eurve of the boss 
under which a chain gets grip. 

I have the honour to be, Sir, &e., 
W. J. Cockspurn Murr. 

19, Great George-strect, 8.W., March 3, 1868. 


Tue Don Pepro II. Ratuway or Braztt.—In the ab- 
stract of Brazilian news, it is ‘“‘rumoured” that the Don 
Pedro II. Railway has been sold to an English company. 
The finances of the Brazilian Government are in an unsatis- 
factory state, and rumours that this line was to be sold have 
been current for four or five years. The line was com- 
menced by English engineers and contractors, after which 
Americans obtained the charge of and contracts for the 
heavier works. It extends 68 miles from Rio de Janeiro 
to the River Parahyba, and thence 60 miles along the banks 
of that stream towards its mouth, and through a fine coffee 
district. The crossing of the serro, or mountain range, 
between Rio de Janeiro and the Parahyba was a difficult 
work, requiring long ascents of 1 in 55, and a tunnel 
nearly 14 miles long. During the construction of the tunnel 
a temporary line over the mountain was successfully worked 
for three years, although it had curves of but 34 chains’ 
radius on gradients of lin 17}. The gauge is 5 ft. 3 in., 
and this example should afford a suggestive instance for the 
parties in Canada who are seeking to establish there a system 
of 3 ft. gauge railways, in the professed belief that nothing 
less than 10 chain curves can be worked on the ordinary 
gauge. The Don Pedro line cost, in all, about 1,300,000/. 
its tormer chief engineer, Major Andrew Ellison, is now in 
London. 

Tue Socrety or Eneingeers.—At the meeting of the 
Society of Engineers held on Monday, the 2nd instant, Bald- 
win Latham, Esq., president, in the chair, a discussion took 
place on Dr. Cullen’s three papers, “ On Proposed Lines for 
a Ship-Canal between the Atlantic and Pacific Oceans,” “ On 
the Panama Railroad,” and “On the Darien Ship-Canal.” 
The following candidates were balloted for and duly elected, 
viz., as member, Arthur Rigg, jun., Esq., of George-street, 
Chester. As associates: Francis Michael Cotton, Foulis- 
terrace ; Edwin Latimer Rumble, Maismore-square ; Stephen 
Wurr, Victoria-road, Stoke Newington; William Hart 
Cullen, New Malden, Surrey. 

South Yorksurre.—Business has, upon the whole, im- 
proved in the iron districts of South Yorkshire. The coal 
trade is somewhat dull, although there has been rather a 
better inquiry for steam coal for Grimsby and Hull. 

A Rattway RerresHMENT CarriaGE.—There is now 
building, for the Chicago, Rock Island, and Pacifie Railway, 
a refreshment car, furnished with a lunch counter for the 
benefit of the passengers. The car is intended to run in the 
middle of the train, with every facility for free ingress at 
either end. 

Tue Cutan Guy.—The Chilian gun, now being built at 
Pittsburg, is 22}{t. in length, being 2 ft. longer than the 
famous Kodman gun at Fort Hamilton, but of exactly the 
same bore, 20in. Its greatest diameter is 5 ft. 4 in., its least 
diameter 2 ft.9in. The gun is designed for garrison or naval 
service. 

Tuk Patent Nut anv Bott Company.—The report of 
the Patent Nut and Bolt Company, for the year ended the 
31st of December last, recommends a distribution at the rate 
of 74 per cent. per annum, and states that, considering the 
condition of the trade of the country during the past two 
years, the results of the business of the company have been 
highly satisfactory. 

Coat Exports.—The quantity of coal exported from 


Great Britain last year was 10,424,886 tons against 
9,953,712 tons in 1866, and 9,170,477 tons in 1865. The 
value of these exports was 5,400,353/., 5,102, -» and 


4,427,1771. respectively. 

Tees Vatiry Rariway.—Ballast trains now, pass over 
this railway for its whole length. The viaduets oyer the 
Balder river and the Lune river are completed, with-the ex- 
eeption of the parapets, and altogether the line will be ready 
for traffic in the course of the summer. Messrs, Nimmo and 
MacNay are the engineers-in-chief. 

From tue Norta.—Messrs. Backhouse and Dixon, of 
Middlesborough, launched, on Saturday, two 200 ton new 
hopper barges. Messrs. Pearse and Lockwood, of Stockton, 
have also launched a paddle steamer named the Prince of 
Wales. The Cleveland iron trade presents an improvement 





trade in landing and storing goods. 





in most departments. 
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~~ PUBLISHER’S ANNOUNCEMENT. 








The permanent circulation of ENGINEERING is 
now greater than that, collectively, of all the weekly 
engineering journals published in London, at the same or 
a higher price. 











Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVILare received 
by Mr. Charles Gilbert, the publisher of ENGINEERING 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
prs CHEMINS DE FEr may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Sor this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue InstTITUTION oF CiviL ENGINEERS.—Tuesday, March 
10,at 8 P.M. Discussion upon Mr. Sandberg’s Paper “On 
the Manufacture and Wear of Rails.” 

Civit AND MecHANicaL ENGINEERS’ Socrety.—Wednes- 
day, March 11, at 8 p.m. Mr. H. H. Siccania “On the 
Proposed Drainage and Reclamation of the Zuyder-Zee.” 
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THE UTILISATION OF WASTE FUEL. 


Witn the progress of civilisation and the develop- 
ment of industry in any country or part of the world, 
the tendency for a rise in the vale of fuel is inseparably 
associated, no matter how favourably that locality may 
be situated for a natural supply of combustibles. 
Economy of fuel, therefore, makes itself felt as one of 
the principal aims of modern engineering all over the 
world. There are two different directions in which 
economy in the utilisation of the natural supply of fuel 
may be effected, viz.: 1, by making a certain quantity 
of fuel produce the highest effective duty attainable ; 
and, 2, by making the natural stores of combustibles 
yield the greatest quantity of valuable fuel. The first 
road of economy is the well-known and beaten track 
in which science and practice have now been moving 
on for a long time past, with more or less satisfac- 
tory results, yet without creating any striking innova- 
tions in our general practice. ‘The second line ‘of pro- 
gress 1s one of comparatively recent development, and 
it seems to offer a far more promising field for improve- 
ments of great originality. This mode of economising 
fuel is best distinguished as the utilisation of waste 
fuel. It commences at the colliery, or in the forest, 
or the peat bog, and it follows all branches of modern 
industry everywhere, looking out and gleaning the 
different fallings from fuel now recklessly wasted, and 
with the application of science and skill it opens up a 
field for economy of fuel incomparably wider and slher 
than that well-known field of economy of fuel in the 
narrow sense in which we have defined it above. The 
contents of the British coal measures contain vast 
stores of fuel different from the coal now drawn from 
them and utilised. The beds of bituminous shale in 
Scotland are probably much larger, and will, perhaps, 
at some time, be more valuable stores of mineral fuel 
than the coal seams now worked in this country. 
uel of such a kind is contained even in some of 
the ironstone bands of Scotland and Wales, and has 

n used for calcining such ironstones as, for in- 
stance, the Scotch blackbands, and even for calcining 





other ores by the addition of bituminous blackbands 
instead of other fuel. Ata recent date it has been 
proposed to calcine such blackbands in coking ovens, 
and to regulate the admission of air so as to forma 
coke from a part of the bitumen, and utilise the carbon 
so maintained within the ore for smelting. Experi- 
ments are being made with this process in an iron- 
works in the vicinity of Glasgow, and a patent has 
been taken out for this mode of coking. We have 
been informed that a very bituminous blackband, after 
being coked in this manner, contains a sufficiency of 
carbon for being smelted in the blast furnace almost 
without any further addition of fuel. This of course 
refers to blackbands which hitherto would have been 
considered as very poor ores on account of their high 
percentage of bitumen and small percentage of iron, 
and in some localities this new process may be useful 
not only as a means for saving fuel, but also as a 
method for utilising iron ores which otherwise would 
be scarcely fit for economical blast-furnace practice. 
At the Falkirk Ironworks, near Glasgow, a blackband 
ironstone has been worked for some time, which con- 
tained a sufficiency of mineral oil to make it worth 
distilling in retorts like shale, and to make paraffin oil 
from it. This distilling process served the purpose of 
calcination at the same time, and the ore was smelted 
after having been used in this manner for the extrac- 
tion of the hydrocarbons contained in it. Some iron 
pyrites, which are used for the manufacture of sul- 
phuric acid, contain a sufficient percentage of sulphur 
to serve as a substitute for other fuel. Mr. W. 
Henderson has succeeded in utilising such pyrites as 
the fuel, by means of which he calcines his copper 
ores in the manufacture of copper by his patent pro- 
cess. The pyrites, which must be burnt for the pur- 
pose of producing the sulphurous acid for the vitriol 
chambers, are in this manner replacing the coal, as 
other fuel, upon the grates under the closed calcining 
kilns used by Mr. Henderson. In coal mining 
an enormous percentage of dust coal, slack, and 
“dross” is made; and, according to the nature and 
character of the coal, this disintegrated material is at 
present utilised in a more or less satisfactory manner 
in some localities, while, taking the average of British 
collieries, this utilisation must be considered to be in 
a most primitive and unsatisfactory state. The dust 
from coking coal affords a suitable, and, indeed, the 
only material for the manufacture of coke. It is well 
known that the whole iron industry of the Cleveland 
district has been founded for the purpose of utilising 
the waste from the Durham coal fields; the Lancashire 
collieries have followed a similar course, and some of 
the large ironworks in that district, as, for instance, 
the Kirkless Hall Ironworks, belonging to the Wigan 
Coal and Iron Company, have been erected with this 
same principal point in view, viz., utilisation of coal 
dust. In Wales only a portion of the coal fields yield 
a coking coal, and from Scotch coal next to no coke is 
made. In these localities the coal dust has no proper 
commercial outlet, and it is at_present wasted in the 
most reckless manner. The Siemen’s gas furnace, 
which is most eminently suited for working with coal 
slack and similar materials, has not as ye been largely 
introduced in Scotland, and even for the few furnaces 
of the kind which exist at the Atlas Works, the 
Govan Ironworks, and in some other places it is 
scarcely worth the trouble to separate coal waste from 
the shale and other earthy impurities generally mixed 
with it, instead of using good coal at the very low 
prices which still exist in the Scotch coal district. 
Still it is a mere question of time at what particular 
moment it will pay to wash the incombustible minerals 
out of the Scotch coal dust and make valuable fuel 
from it, and we believe that there are sufficient indica- 
tions at present to show that that time cannot be 
very far distant. The most promising mode of 
utilising coal dust is the manufacture of “ patent fuel,” 
or agglomerated fuel, as it is more properly called. 
On the Continent, where the market price of fuel is 
generally higher than is the case in this country, the 
manufacture of such artificial fuel has been in practice 
for a long time past, and we have before this given an 
account of some of the different processes there in use. 
In England there are principally three patents which 
have been practicallyintroduced. The first is the employ- 
ment of coal tar, or a similar mineral hydrocarbon, 
as a cement. It has been used in Wales with moderate 
success for a long time past, but the price of these 
mineral hydrocarbons is rising gradually, and they 
can be better employed for other purposes than the 
manufacture of fuel bricks. There is, moreover, a 
serious objection to the use of tar as a cement for 
coal, viz., the fact that the cement melts in the furnace, 
and the coal dust disintegrates upon the grate. This 





causes a great deal of inconvenience and loss. The 
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next process in chronological order of the respective 
inventions is Barker’s patent. The cement used in 
this process is starch freed from gluten, an expensive 
material which, moreover, is mixed with mineral salts 
for preventing decomposition, thereby introducing in- 
combustible matter which increases the percentage of 
ashes. The fuel bricks produced with this cement 
undergo a special process of preparing their surface 
and making them waterproof, precautions which are 
obviously taken against the decomposition of the 
cement by the influence of the atmosphere. These 
fuel bricks are good, but their mode of manufacture 
is too expensive to make the process commercially 
successful. Another cement for making fuel bricks is 
that patented by Messrs. Bird and Co. ‘This is pure 
gluten, and the percentage of this substance required 
for cementing the coal is so small as to make the pre- 
sent prices of gluten come sufficiently low. Gluten, 
however, is a material which acts unfavourably upon 
the combustion of t'1e agglomerated material. The 
coal dust is compress >d in the gluten process, and the 
interstices are filled with the cement, which is not 
porous, and almost impervious to air. The combus- 
tion of those bricks, particularly if made of the quali- 
ties of coal for whitch this process is principally re- 
quired, is necessarily slow and less pertect than the 
application of a porous cement will make it. Such a 
porous cement has also been produced and recently 
— in this country, “a some very fine fuel 

ricks have been made by its application. The pro- 
cess is about to be introduced on a large scale at one 
of the greatest collieries in England, and we intend to 
give full details of its mode of working as soon as the 
specification has been published at the Patent Office. 

e believe that this new cement combines all the ad- 
vantages of the tar, the starch, and the gluten, without 
having the disadvantages of either of the above sub- 
stances just explained. There is another very original 
method of utilising coal dust, which has been experi- 
mented with at the Ironworks, Bologne-le-Haut, in 
France (Haute-Marne). It consists in blowing very 
fine coal dust into a blast furnace through the tuyeres. 
The blast ignites the coal dust while passing into the 
hearth, and a fresh supply of heat is thereby gained. 
Although this process was declared to work success- 
fully now more than twenty years ago, it has not been 
continued. There is, apparently, a great danger in the 
application of large masses of coal dust in a blast 
furnace, since all the dust which escapes immediate 
combustion at the mouth of the tuyere is carried into 
the burthen and deposited there in the interspaces of 
of the coke and ironstone, where it may eventually 
effect a choking or “ gabbing” of the furnace, i.e., pre- 
vent the penetration of the blast. At avery recent date, 
Messrs. Whelpley and Storer, of Boston, U.S., have 
used such fine ¢oal powder for firing boilers, and as it 
appears with very satisfactory results. The fine coal 
dust is injected in the case by the action of a forced 
current of air passing oe the flues and carrying 
the powdered coal along with the blast. The com- 
bustion takes place throughout a considerable space 
within the flues, and with proper means and care for 
regulating the quantities af air and coal and the speed 
of the current, this invention seems to be likely to 
give good practical results. The practical question 
will, of course, turn upon the point of expenditure for 
reducing the coal to a state of fine powder, and upon 
the question of management of such self-feeding 
furnaces. 

In the process of coking, another opportunity 
arises for economising waste products. I e gases 
evolved by the coal are combustible matter, and they, 
moreover, contain a number of volatile products, which 
if condensed are the sources for the supply of some of 
the most valuable materials. We have repeatedly drawn 
the attention of our readers to the great value of the 
gaseous products of the coking process, and we have 
given descriptions of some of the methods employed on 
the Continent for utilising these products. It may be 
inconvenient in some localities to find a suitable use 
for all those compounds which are permanent gases; 
but that portion which can be condensed and collected 
in the liquid state should be utilised under all circum- 
stances. Even in the crude state the liquid hydro- 
carbons are suitable to be used as fuel, their appli- 
cation for that purpose is a mere question of price. 
At the present moment, when the price of mineral oil 
is very low, crude pitch-oil and similar substances are 
very frequently used as fuel for firing boilers. One of 
the most successful modes of burning pitch-oil we have 
recently seen in operation at the works of Messrs. 
Miller and Co., in Guanes. The pitch-oil is injected 
into the furnace by means of a steam jet, and impinged 
against au inclined plane formed by a solid ee of 





firebrick masonry occupying the position of the grate 
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in ordinary furnaces. One jet of steam, about ¥, in. 
in diameter, injecting a single jet of oil supplied i a 
stream of about }in. diameter, is sufficient for firing 
a Cornish boiler of 7 ft. diameter and 25 ft. length. 
The extreme simplicity of the whole arrangement is the 
principal advantage of this mode of firing boilers. 
There are no pipes nor burners, no layers of coke or 
asbestos; in fact, there are no mechanical provisions 
whatever in the interior of the furnace, and a steam 
pipe, fitted with an injector nozzle, surrounded by the 
petroleum, which is fed from a reservoir overhead, 
forms the complete feeding apparatus for the liquid 
fuel. ‘The practical experience of about three months’ 
work'ng assigns to the crude pitch-oil burnt at Messrs. 
Millers’ works the value of 14 times its weight of best 
coal, i.¢., 2 tons of pitch-oil would be equal in steam- 
generating power to 3 tons of coal. At the present 
moment such oil is valued no higher than 1d. per 
gallon, or about 14s. per ton, and this would be equal 
to coal at 9 or 10 shillings per ton, considering the 
relative effects; but even at the highest prices which 
this material was formerly sold at, viz., 24 per ton, its 
use would not be dearer than coal at 25s. per ton, a 
yrice which is below the market value of coal in many 
Localities. The collection of such materials from the 
coking ovens would pay at prices which will allow our 
steamers to use liquid fuel in preference to coal, and 
the increased carrying powers of the ship, together 
with the saving of manual labour in stoking, will amply 
repay even a small excess in the price of petroleum 
over that of coal. 

The application of the waste gases from blast fur- 
naces for firing boilers, heating stoves, and calcining 
kilns, we have sufliciently noticed on previous occa- 
sions. Attempts have been made to use such gases 
instead of those of a Siemen’s gas-producer for work- 
ing puddling furnaces. This has not been successful, 
since the temperatures allowed by the combustion ot 
such gases is not sullicient, as a rule, to raise a weld- 
ing heat in an ordinary puddling furnace. In the 
forge the waste heat is best utilised by raising steam 
for the hammers and engines; but, as a rule, the 
demand for steam is not sufficient for all the steam- 
generating power of the different furnaces in a large 
ironworks. The choice, then, remains between the 
regenerative principle of the Siemen’s furnace and 
some of those arrangements for saving fuel which 
embody the same abstract idea without the application 
of the same means for carrying it out in practice. Of 
the latter kind of methods for utilising waste fuel and 
waste heat, we have given an interesting specimen in 
our description of the new puddling furnace recently 
introduced at the works of Messrs. Fox, Head, and 
Co., at Middlesboro’. We would in all cases of choice, 
however, give preference to the Siemen’s gas furnace, 
as the most effective, most economical, and, in spite of 
all prejudice, as the simplest form of furnace for the 
economical production of high temperatures. 


THE SIEMEN’S FURNACE. 

Mr. C. W. Sremen’s regenerative gas furnaces, and 
also his more recently invented process for producing 
steel direct from pig-metal, are now being applied in 
France, on a most extensive scale, at the works of 
Messrs. De Wendel and Co., in the department of 
the Moselle. ‘The firm are the proprietors of four 
works at Hayange, Styring, Moyeuvre, and Jamailles, 
respectively, and these are to be enlarged and fitted up 
with Mr. Siemen’s furnaces. ‘There will be in all 284 
producers, in four groups of 40, 112, 48, and 84 pro- 
ducers each, at the respeetive works. Each producer 
converts into gas 2 tons of fuel every 24 hours, so that 
the total consumption will be nearly 600 tons per day. 
The work which will be done by this consumption, it 
would require 1000 tons per day to accomplish under 
the present system, so that there will be a saving of 
400 tons of fuel per day effected by the use of the gas 
furnaces, besides an even more important saving in the 
iron itself. Careful and cften repeated experiments 
have proved that, where the Siemen’s furnace is used, 
the wasting of the iron, ducing both. the process of 
puddling and that of heating, is reduced fully 3 per 
cent., and in the case of the works, of which we are 
speaking, the total saving thus effected will amount to 
about 70 tons of iron per day. Most of the furnaces 
put down will be of large dimensions, some of the 
heating furnaces being capable of turning out 40 tons 
of iron ingots per day. The producers will also supply 
gas for heating sixty double-flued Cornish boilers, some 
of which are now being made in this country. Mr. 


Siemen’s steel process, also, which has already been 
deseribed in this journal, will be carried out on a very 
extensive scale. 








THE STRENGTH OF BEAMS.—No. V. 

In the first part of this paper we insisted upon the 
importance, and, indeed, the absolute necessity, of 
noting the reduction of area, or, what amounts to the 
same thing, the elongation of a specimen under the 
ultimate tensile strain. If this be done, as pointed 
out by Mr. Kirkaldy, the apparent anomaly of inferior 
iron bearing fully one-third more steady load than 
much better material at once vanishes, since the former 
material maintains its full sectional area nearly up to 
the time of fracture, whilst the latter has to do the 
work with a sectional area only about one-fourth the 
original amount. Of course the former material would 
snap with the slightest concussion, whilst the latter 
would bear almost any amount of ill usage. 

In our investigation on the strength of cast-iron 
beams, the resistance to tensile strains alone were 
considered, tle compressive and shearing strains being 
entirely ignored. ‘This may safely be done in most 
practical cases, even when the cross section of the 
beam is of the true girder type, since it has been 
amply proved by experiment that the ultimate com- 
pression sustained by cast iron is from 4} to 64 times 
the amount of tension the same sectional area would 
support. Practical considerations generally make it 
desirable to give a larger area to the parts in compres- 
sion than those ratios would dictate, and the conse- 
quence is, that in cast-iron beams, as previously stated, 
it is seldom necessary to consider the specific strains 
on those parts. 

Now for a wrought iron beam—in this country at 
leasti—the resistance of the material to compression is 
almost universally taken as the clement governing the 
strength, if of a symmetrical cross section. The ulti- 
mate resistance to compression is considered to be 
only about 4rd that of cast iron, or 16 tons per square 
inch. This assumption may be necessary, and at all 
events it isa safe one to make, when dealing with 
wrought-iron girders of the ordinary proportions; but 
in the present investigation, where cross sections more 
or less solid have to be considered, it would lead to false 
conclusions. It is true the elastic resistance of the 
metal is overcome by about the same strain per square 
inch, whether it is acting in compression or tension, 
and on that account many continental engineers make 
the top and bottom flanges of wrought-iron girders of 
equal area, instead of giving a preponderance to the 
top flange of some 20 per cent. as customary 
here; yet the ultimate resistance of a cube of 
wrought iron to compression is almost unlimited. 
Thus a piece of hammered Swedish iron, the 
elastic strength of which was about 11 tons per 
square inch both in compression and tension, bore up- 
wards of 66 tons per square inch compression with a 
resulting depression of about 45 per cent. The ulti- 
mate tensile strength of the same iron was considerably 
less than 4rd of that strain, whilst the extension of the 
centre portion of the bar was fully as great as the de- 
pression under the larger strain. 

It is palpabie, then, that a bar of such material 
under transverse strain would be “ set up” on the 
compressed side, and “ drawn out” on the opposite one, 
the sectional area of metal resisting compression 
increasing in nearly the same ratio as that in tension 
decreases. Coupling this fact with the experiment 
cited, it requires no demonstration to show that for 
wrought-iron solid beams of symmetrical section, as 
well as for cast-iron ones, and as we shall hereafter 
find for steel ones also, we may safely confine our 
attention to tensile strains only. We may, therefore‘ 
at once proceed to deduce the values of and @ from 
the results of actual experiment. 

Taking, first, some recent experiments by Kirkaldy 
on hammered Swedish iron bars, 2 in. square, the 
mean tensile strength was found to be 42,133 lb. 
(18? tons) per square inch; and the breaking weight 
at the centre of 25 in. bearing averaged 14,000 lb. 

. : Q5in. x 14,000]b 

Now, the moment of the weight=u= 4 . 


= 87,500; and the moment of resistance of the cross 
Hence, the apparent strain on 


’ , m 87,500 
the extreme fibres F=q= = 


section M——~ = 14. 


i 65,625 lb. (293 
tons) per square inch. 

Resolving F into its components, / and ¢, we have, 
since f=42,133 Ib., @=65,625 —42,133=2 23,492 lb. 
(104 tons), hence ¢=.56/ in this experiment. 

It is desirable to supplement this result by a farther 
analysis of experiments on other sorts of wrought 
iron. The experiments carried out by Mr. Barlow, 
Mr. Clarke, and Mr. Fairbairn afford sufficient data for 
the purpose. 





Three bars of wrought iron, 1 in. square and 16 in’ 
long, were fixed at 12 in. bearing, and tested by a 
gradually increasing bending stress applied at the 
centre. In each of the experiments the bar slipped 
between the supports without positive rupture under 
a mean stress of 2.33 tons. The apparent strain per 
square inch on the extreme fibres at that time would 


be : 
2.33 tons x 12 in. spanX6 

F= = ere 

4X1 in.® 

Now, the ascertained direct tensile strength of the 
bar was 25 tons per square inch. Hence, #=42—25 
=17 tons=.68/. 

In another series of experiments, four bars 1} in. 
square and 4ft.6in. long were heated to a dull red 
heat in a furnace, and, while in that state, two of the 
bars were bent to a camber of 3 in. by wooden mallets, 
and allowed to cool with the other pair of bars which 
had not been touched after heating. When cool, the 
bent bars were straightened and tested by a weight 
applied at the centre of 3 ft. supports, the maximum 
load carried being 2.325 tons. ‘The other pair of bars 
were tested in a similar manner, and gave a mean re- 
sult of 2.1 tous. We have therefore for the bent 
bars, 


»_ 2.325 tons x 36 in. span X 6 _ yp : 
I _ 2.325 tons x 36 in. span x =37 tons per sq. in., 


=42 tons per sq. in, 


4x 1.5% in. 

and for the original bars we have: 
F= 2-1 tons x 36 in. span X6 _ 34 tons per sq. inch. 
4X 1.57 in, 

The direct resistance to tension of the metal being 
23 tons per square inch, we have the following values 
of ¢ for the first and second set of experiments re- 


spectively : 
op=37—23=14 tons per square inch=.61/ 
o=34—23=11 B ‘ =.48/, 


Several beams built up of a pair of angle irons and 
a single flange plate were experimented upon by Mr. 
Fairbairn. One section made up of L irons 2} x 23x}, 
and a plate 5 x4, was tested by weights applied at the 
centre of 27 in. bearing. With 10,423 1b., the deflee- 
tion amounted to 2.9 in., and with 10,759 Ib. the beam 
sank. 

Now the moment of resistance of the cross-section, 
calculated in the same manner as that of the piece of 
T iron already illustrated, being M=.91, the maxi- 
mum apparent strain on the outer fibres of the vertical 

‘ _ 27 in. xX 10,759 lb. | 
webs of the L irons would be i= OL 
80,000 Ib. 

‘The average tensile strength of the iron used in the 
construction of the beam being 50,000 lb., the value of 
? in this instance will be 30,000 lb.; hence ¢=.6/ 
Other experiments of a similar nature, made at the 
same time, gave rather lower results, the mean value 
of being about .57 7. 

Mr. Barlow made a series of experiments on the 
elastic resistance of bars varying in section from 2 
inches square to 3in. by 1}in. with the following 
mean results, the weights being in all instances applied 
at the centre of bearings 33 in. apart : ; 

Size of bar. Strength within elastic limit. 





(az) 3 in.Xl]}in. 44 tons. 
(4) 2hin. x14 in. C " 
(c) 2 in.X2 in. 24 


2 ” Pe 
‘(he apparent maximum strain on tue fibres in the 
several scries of experiments would, consequently, be 
as follows : 
, 4+ tons x33 in. spanX6_,- . 
(a) > —— I —=15.6 tons. 
£ x 37 in. X14 in. 
3 tonsX33 in. spanX6_ ,- 
oe cnmsttiind Hf 
4x 23°. x14 in. 


(0) § tons. 


(c) 2} tonsx33 in. span x6 
; 4X 2° in. 

The mean result, therefore, of the experiments on 
the different sized bars gave 15.6 tons per square inch 
as the elasfie resistance to tension of wrought iron 
when in the form of a solid beam. Now, the elastic 
resistance to direct tension of the same metal average 
10 tons per square inch; hence, since the ultimate 
resistances would be proportional to the elastic re 
sistances, we have 
: f:: 15.6-10 : 10; . 
therefore in these bars ¢=56 f—a result precisely 
identical with that arrived at in the first experiments 
analysed, namely, those on the hammered Swedis 
iron bars. s 

The several values of @ deduced from the various 
sets of experiments arranged consecutively are % 
follows : 


=15.4 tons. 











- vw 


wn 





Marcu 6, 1868.] 


ENGINEERING. 





207 














=.56/; 687; 48/; .61/; .57/; and .56/7. 


The mean value, therefore, will be 57,7; or, since the} but still quite within the limits of variation in strength 


same laws which govern the value of 2 in different 


cross sections operate alike in wrought or cast-iron| It is unnecessary, therefore, to pursue our investiga- 


beams, we may safely give the following valucs of @ 
for the respective cross sections named ; 


Rectangular cross section... g=;%/ 
Round oe aoa bea =uUf 
Square (indirection of diagonal g=}3/. 


The values of @ for other forms of cross-sections 
will generally be less than these tabulated results. 
Thus, for a girder-section, the equivalent value of @ 

thickness of web 


may be taken as the fraction of the 


width of flange 
amount obtained in a solid rectangular cross-section. 
That this simple assumption is sufficiently near the 
truth for practical purposes is well shown by the 
following application of the method to a piece of H 
iron of the section shown in Fig. 5, the breaking 
weight of which, at 48 in. bearing, was ascertained by 
Mr. Fairbairn to be 6} tons. 


; 7 ans AXIS 














/_ EAN \ 
a, 
Now the tensile strength of the metal being 22 tons 
per square inch, the value of @ on the preceding hypo- 
thesis would—since the thickness is }in. and the 
9¢ 1; 
22 x fin. 
2.86 in. 





width of flange 2.86 in—be ¢= 


hence F=22+1.4=23.4 tons. 

Again, the calculated moment of resistance of the 
cross-section being M=3.24, the breaking weight at 
the centre of 48 in. bearing would be : 

W 1x 23.4 ton x 3.24 

i 48 in. 
aresult practically identical with that arrived at by 
direct experiment. ; 

It is hardly necessary to illustrate further the ap- 
plication of the results ‘deduced from experiments on 
Wrought iron to practical cases, since the method will 
be precisely identical with that already exhibited when 
treating on cast-iron beams. We may, however, refer 


=1.4 tons; 


=6.3 tons; 


MR. JAMES NASMYTH. 


| equation, when the proper value of 2 was introduced 

’ pro} ¥ ’ 
of different specimens of even the same sort of iron. 
tions on wrought-iron beams any further, so we will 


proceed at once to the consideration of those con- 
structed of steel. B.D. 





Mr. James Nasmytu, whose portrait we publish on 
another page, was born at Edinburgh on the 19th of August, 
1808. He is the youngest son of Mr. Alexander Nasmyth, 
the eminent landscape painter, who, in addition to his high 
artistie powers, possessed a good general knowledge of archi- 
tecture and civil engineering, and was, moreover, an ex- 
cellent amateur mechanic. It was, in fact, owing to his 
working when a boy, in the little workshop where his father 
passed most of his leisure time, that Mr. James Nasymth’s 
attention was early directed to those mechanical pursuits 
which has since followed with so much benefit to him- 
self and his fellow-countrymen. Amongst the frequent 
visitors to his father were Patrick Miller, of Dalswin- 
ton—whom Mr. Alexander Nasmyth had assisted during 
his early experiments on steamboats— Professor Leslie, 
and other scientific men of high standing, whose 
conversations, eagerly listened to by young James, daily 
strengthened his resolve to become a mechanical engineer. 
When of the proper age, James was sent to the High School, 
Edinburgh, and there, as luck would have it, he had for a 
school companion the son of an ironfounder. On Saturday 
afternoons and other spare hours, he used to spend his time 
at the works belonging to his schoolfellow’s father, watching 
the various processes going on there, improving himself in 
the use of tools, and gaining a knowledge of the habits and 
characters of workmen, which proved valuable to him in after 
life. By the time he was fifteen, James Nasmyth had become 
a very fair workman, and he at that age made a small work- 
ing steam engine with a cylinder 14in. diameter and 8 in. 
stroke, which he set to work to grind oil-colours for his father. 
In those days model steam engines were comparatively rare, 
and James Nasmyth found that the manufacture of them and 
of sectional models for illustrating lectures afforded him both 
interesting and profitable employment, which enabled him 
to buy admission tickets to the lectures on natural philosophy 
and chemistry delivered at the University of Edinburgh. 

In 1827 and 1828, when the subject of steam locomotion 
on common roads attracted much attention, Mr. James 
Nasmyth designed and constructed a steam carriage capable 
of carrying eight persons, which was completed at an ex- 
pense of 60/., in the autumn of 1828, and was run for two 
months, when it was disposed of, the engine being after- 
wards employed for driving a factory. About this time Mr. 
Nasmyth had a strong desire to enter the establishment of some 
leading mechanical engineer, and more particularly that of 
Mr. Henry Maudslay. So strong did this desire become 
that on the 19th of May, 1829, he sailed for London in a 
Leith smack, taking with him some models and drawings 
which he had prepared with the intention of laying them 
before Mr. Maudslay as evidences of his capabilities. After 
a voyage of eight days, he arrived safely at the metropolis, 
and called on Mr. Maudslay, who, on inspecting the models, 
at ‘once appointed him his own private workman, and referred 
him tohischief cashier, Mr. Robert Young, tosettle the question 
of wages. Mr. Nasmyth hada very modest estimation of his 
worthiness to occupy the situation he had so fortunately ob- 
tained, and on his interview with Mr. Young he only asked for 
the slight emolument of 10s. per week, upon which sum, small 









briefly to the piece of T iron 3 in. x3 in. x4 in., which | 


Was selected to illustrate the process of determining the 


momentof resistance of anon-symmetrical cross section, | 


the value of which in that instance we found to be 
M=1.08. 

Now, suppose this T iron was an integral part of a 
structure, the ruling strain on which was 5 tons per 
square inch, and that it was required to know what 
weight might be brought upon it at the centre of a 
span of 60in., the solution of the problem would be as 
follows : 

riety ; : 

Taking the same value of @ as obtained in rect- 

. . — », exe 
angular cross sections, we have {=/+o=9+ 16 = 
) 
5 tons per square inch nearly, and that will be the 
niathematical value of the strain on extreme fibres. 
Again, W being the required weight, we have: 
W X 60 in, span 
4 =8 tonsX1.08; hence W=.58 tons. 


Now Mr. Fairbairn experimented on various sections 
of Tiron, and deduced the empirical rule that the 
strength of a piece of Tiron is similar to that of a 
flanged girder of which the depth is half that of the 
T, and the area of flange equal to that of the vertical 
web. In this instance, then, the equivalent area of 
flange would be 14 square inches, and the effective 
depth 14 in. ; hence, with a strain of 5 tons per square 
ie the weight at the centre of the 60 in. span would 
e 





4x5 tonsx lfin. x12 in 
ee : 
60 in, =.62 tons; 


4 result rather higher than that given by the previous 





as it was, he managed to support himself without any assistance 
from his friends, until after his first year with Mr. Maudslay 
his wages were raised to 15s. weekly. During this year Mr. 
Nasmyth paid 3s. per week for his lodgings, and to keep his 
living expenses down as low as possible, he contrived a small 
cooking apparatus, which he got made by a tinsmith at 
Lambeth for 6s., and which enabled him to cook his own 
dinners at an expenditure of rather less than a halfpenny per 
day for oil. By the aid of this apparatus he states that he 
was enabled to keep the eating and drinking part of his pri- 
vate account within 3s. 6d. per week, or 4s. at the outside. 

On the death of Mr. Henry Maudslay in 1831, Mr. 
Nasmyth entered the service of his partner, Mr. Joshua 
Field, as draughtsman, and remained with him until the 
end of the year, when he returned to Edinburgh and com- 
menced the construction of a small stock of engineering 
tools, with a view of starting in business for himself. The 
construction of these tools, and the miscellaneous jobs which he 
undertook in order to obtain the means to complete them, 
occupied him until the spring of 1833, and in June, 1834, 
he went to Manchester, where he rented the flat of an old 
mill in Dale-street, and regularly commenced business for 
himself. His stock increasing, it became too heavy for the 
old building he occupied, and the tenant below him, a Mr. 
Wrenn, a glass-cutter, having been disturbed one morning 
by the descent of the end of a 20-horse engine beam amongst 
his cut tumblers, Mr. Nasmyth set to work to look out for 
fresh premises. : 

On the evening of the day that the above-ment oned ac- 
cident happened, Mr. Nasmyth inspected a choice piece of 
land at Patricroft, bounded on one side by the canal, and on 
the other by the Liverpool and Manchester Railway. Of this 
plot of ground, the original site of the Bridgewater Foundry, 
he secured, within the week, a lease for 999 years, and within 
a month wooden sheds had been erected and work was in pro- 
gress. At the Bridgewater Foundry, Mr. Nasmyth laboured 
uutil his retirement at the end of 1856, the works having, 
during this time, gradually attained—mainly through Mr. 
Nasmyth’s energy and skill—their present importance. 

It was in the third year of the establishment of the 
Bridgewater Foundry, that Mr. Nasmyth designed the steam 
hammer, the invention in connexion with which his name is 
most widely known. The history of the origin of the steam 


familiar to the greater number of our readers, and we need 
therefore but briefly state the principal facts of the case. 
Early in 1837 the directors of the Great Western Steamship 
Company instructed their engineer, Mr. Francis Humphries, 
to consult Mr. Nasmyth with respect to some machine tools 
of unusual power which they required for the construction 
of the engines of the Great Britain. Mr. Humphries had 
designed vertical trunk paddle engines for this vessel, and 
complete works, fitted with the necessary machine tools— 
the larger of which were made by Messrs. Nasmyth and 
Gaskell—were erected at the dockyard of the company at 
Bristol. The engines were commenced, when a difficulty 
arose in the size of the paddle shaft, which was required of 
dimensions far exceeding anything of the kind then known, 
and which none of the engineering firms in the country 
would undertake to forge. Under these circumstances, 
Mr. Humphries, on the 24th of November, 1838, wrote 
to Mr. Nasmyth, informing him of the facts of the 
case, and asking him if he thought that cast iron might 
be employed. On receiving this letter, Mr. Nasmyth con- 
sidered the matter, and was at once not only struck by the 
defects of the existing tilt hammers, but conceived a means 
of getting over the difliculty. By return of post he wrote to 
Mr. Humphries, enclosing a sketch of the steam-hammer by 
which he proposed to forge the paddle shaft for the Great 
Britain, the arrangement of the hammer, thus hastily de- 
signed, being the same as that of the hammers in general 
use at the presentday. The sketch was shown to Mr. Brunel, 
the engineer-in-chief, and to Mr. Guppy, the managing 
director of the company, and they both heartily approved of 
the scheme. But nothing then came of it. The Great 
Britain was fitted with a screw propeller, the great paddle 
shaft was never forged, and the steam hammer, refused by 
the forge-masters, was left for some years until its value 
became recognised. 

This recognition took place first in France. No secret was 
made of the invention, and when, during the absence of Mr, 
Nasmyth, M. Schneider, of Creusot, called with M. Bourdon, 
at Patricroft, for the purpose of ordering some tools, Mr. 
Gaskell showed him his partner’s “ scheme-book,” which 
contained the design of the steam hammer. M. Bourdon 
took a note of the arrangement, and on his return to France 
turned it to account. Mr. Nasmyth knew nothing of the 
application of his invention until, on his making a visit to 
France in April, 1840, he was conducted through the works 
at Creusot by M. Bourdon, and was shown a crank of un- 
usual dimensions which had beer not only forged in one 
piece, but punched. On inquiring how the work had been 
accomp ished, he was informed that it had been done by 
the aid of his own invention, and to his great surprise and 
delight he was shown a steam hammer, made from his own 
designs, in regular work. On his return to England Mr. 
Nasmmyth at once took steps to secure his invention, and at 
length, after some delay, he obtained a patent in June, 1840, 
his brother-in-law, Mr. William Bennett, advancing the neces- 
sary funds. Within a few weeks from this the first steam 
hammer, which hada head weighing 30 ewt., was constructed 
and in full work at Patricroft, where its performances gave 
the greatest satisfaction. Ofthe history of the steam hammer 
since that time we need say nothing. It is well known to all. 

Subsequently, in 1845, Mr. Nasmyth applied the steam 
hammer to driving piles, and designed the well-known steam 
pile-driver which bears his name. In 1846 he designed a 
form of steam engine, which resembled his steam hammer in 
arrangement, and which has been extensively adopted. To 
him, also, is due the invention of the shaping machine long 
known as “ Nasmyth’s Steam Arm,” a machine which was 
originally contrived for facilitating the execution of an 
order for locomotives for the Great Western Railway, 
and which is now to be found in every engineer's 
workshop. Another useful invention of his was a circular 
cutter for cutting toothed wheels, and he also contrived an 
arrangement of gearing for tipping foundry ladles, which 
enabled the largest ladles to be readily tipped and completely 
controlled by one man. At the end of 1856 he, as we have 
already stated, retired from the regular duties of his profes- 
sion, but even in his retirement he has been actively em- 
ployed in scientifie pursuits, and in future years his name 
will probably be as intimately associated with bis astronomical 
researches—principally carried on, we may mention, by the 
aid of a telescope of his own construction—as it now is with 
mechanical contrivances. 

Our portrait, we should state, has been prepared from a 
photograph taken by Mr. Nasmyth himself. 





Tue INTERNATIONAL TELEGRAPH TREATY.—It is officially 
announced that the British Government has notified its 
accession to the International Telegraph Treaty of 1865, so 
far as regards the telegraph lines in the East Indies. The 
cost of telegrams to India will therefore be reduced by 11. 
for 20 words. 

AGRICULTURAL Exuipition AT BrussEts.—The Société 
Agricole of Brabant announces a great exhibition of cattle 
and implements, to take place in Brussels in the middle of 
the month of June next. The mechanical portion of the 
exhibition is to be universal. By a royal decree there is to 
be a lottery established for the purchase of implements, which 
are to be distributed by lot amongst the subscribers. This 
is, we believe, the first time that a lottery has been estab- 
lished in the interest of agriculture. 

Lonpon Water Suppty.—The results of Dr. Frankland’s 
last analyses of the waters derived from the Thames are not 
satisfactory. The waters contained impurities probably of 
an animal origin to a considerable extent. The waters ot the 
New River, Kast London, and Kent companies were clear 
and transparent. The hardness was least in the West 
Middlesex water (18), highest in the Kent (30). The Kent 
Company’s water, delivered at Deptford, differs essentially 
from the other waters. It contained 59 parts of solid 
impurity in 100,000 parts, and of this impurity 16 parts were 
common salt, which it is difficult to account for, except upon 
the supposition that the wells have some connexion with the 
brackish reaches of the Thames. 





hammer has been so often narrated, that it is most probably 
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DIAGRAMS OF QUANTITIES IN OVER-LINE BRIDGES. 
DOUBLE-LINE, FROM 0 TO 30 FT. CUTTING, SLOPES 1} TO 1. 
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TESTING MACHINE 





DIAGRAMS OF BRIDGE QUANTITIES. 

Ir is somewhat astonishing that, considering the 
countless number of earthwork and other tables, that 
have been specially prepared for facilitating and ex- 
pediting the labour of the engineer, in preparing 
estimates of railways for Parliamentary and other 
purposes, the section included under “ Works of 
Art” has been so neglected, and hardly any attempt 
been made to classify the ordinary railway viaducts, 
bridges, culverts, &c., required in every line, and form- 
ing no inconsiderable part of the expense of the works. 
This want has been particularly felt during the past 
years, when estimates of new railway works have been 
so severely scrutinised by the Court of Referees, and 
where, in many cases, most minute particulars have 
been required, not only of the total cost of a structure, 
but also the amount of stone or brickwork, asphalte, 
and so forth, on which the estimate depends. 

In works of any magnitude, such as bridges of large 
Spans over navigable rivers, or very high viaducts, in 
an exceptionally difficult country, where the structures 
will be materially affected by local circumstances, and 
special designs have to be prepared, classification 
would be next to impossible; but in smaller works 
this is not the case, as the variations are confined 
chiefly to headway, position, and choice of material for 
construction. Engineers are now dependent upon 
their personal experience in determining the cost of 
these works, or by making rough comparisons with 
any of similar character they may be acquainted with, 
henee the great discrepancies we find in the estimated 
cost of works by different engineers, caused chiefly by 
awant of knowledge of the quantities of materials 
ae vay in their construction. 

he earthwork tables in use enable us, after the 
section of a proposed railway has been prepared, to 
compute the — of soil required to be taken from 
cuttings, or placed to form embankments, but for the 
works of art we have no assistance ready at hand to 
ascertain the quantity of materials required in each 
structure, even when, as in the case of a road bridge, 
the span, height, and angle of skew are known. to 
meet this requirement, Mr. G. Knowles, of West- 
minster, was induced to prepare an extensive series of 
diagrams, embracing most of the ordinary types of 
these smaller works, and they have been used with 
Sreat success at Mr. Fowler’s office for some years past, 
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in ascertaining, without the“aid of further calculation, 
the quantity of material required in their construction. 
The series consists of various bridges carrying turn- 
pike, public, and occupation roads, over and under 
railways, of single or double lines, in either cuttings 
or embankments of varying slopes, and up to 50 ft. in 
height. Also iron girder and other bridges for places 
where the headway is limited, viaducts, tunnels, stream 
and land arches, culverts, retaining walls, &c. In all 
these the quantity of stone, brickwork, asphalte, &c., 
are shown by lines in the form of diagrams, with 
marginal sketches illustrating the type of the work 
selected, and arranged for any angle of skew required 
in practice. A schedule of prices has been adopted, 
and the total cost of each work similarly shown, so 
that by simple inspection the most economical bridge 
for any particular spot can be selected aud the cost 
determined. * 

The diagram we have illustrated is a fair example 
of the general method adopted, and will enable the 
quantities in turnpike, — and occupation-road 
bridges, carried over railway (Type A), to be readily 
ascertained. It will be seen that there are a number 
of equidistant horizontal lines, which correspond to 
the depth in feet of the level of rails under the sur- 
face of the existing roads, taken from 0 to 30 ft. 
Crossing these are shown various straight or curved 
lines, each of which represents the amount of the 
component part of the bridge named on the margin. 
It is evident that, if the quantities in a bridge are 
required, it will only be necessary to place the scale 

iven on the line of height, and then read off the 
lengths measured from the left-hand line or zero to 
the point of each intersection, and that will represent 
the total amount of each corresponding material in 
the bridge. If placed at an angle, the quantities in 
the bridges are obtained by making use of the scales 
given in the “diagram of angles of skew,” and these 
are so arranged that the amounts can be found with 
the same facility as if the bridge was on the square. 
From these diagrams of quantities others have been 
compiled and arrangedon the same principle to show 
the ,cost of each class of work, as estimated by the 
schedule of prices, and these point out at once which 
is the most economical type to use in the different 
heights of cuttings or embankments. 

The system of diagrams, when properly understood, 


is the most useful one that can be adopte; for the 
eye will always more readily appreciate the varyin 


differences in amount, when so shown, than the min 
can do when figures alone are given. 








TESTING CAST-IRON PIPES. 

Ona Machine for Testing Cast-Iron and Callipers for Test- 
ing the Thickness of Pipes. Designed by Mr. Henry 
James Kine.* 

Ir is now very general in specifications relating to contracts 
for manufactured cast iron to find a clause inserted binding the 





manufacturer to supply iron of such a quality that, when cast 
into a bar of certain dimensions, and placed on supports 3 ft. 
apart, it shall be capable of bearing a given weight applied at 
the centre before fracture; and whatever differences of opinion 
may exist as to the best test for different classes of work, the 
large majority of engineers appear to agree that it is valuable 
as atest. Although from the great variations often found to 
exist in two bars cast from the same ladle, in the same box, and 
under apparently precisely similar circumstances, it seems ridi- 
culous to reject a whole day’s work from such a criterion; yet 
when a series of experiments are extended over a considerable 
lapse of time and an average taken of the whole, daily fluctua- 
tions become obliterated, and a fair opinion may be formed of a 
certain mixture. 

In this spirit it was arranged, upon the settlement of the 
Calcutta contract with Messrs. D. Y. Stewart and Co., that 
bars should be run daily; aud being anxious to obtain a more 
convenient and expeditious machine than they then possessed, 
Messrs. Stewart very obligingly constructed a new one in ac- 
cordance with the design which I now have the honour of 
bringing before your notice this evening, the principal features 
embodied in it being the manner in which the deflection of the 
centre of the bar is read off, the plan adopted for gradually 
bringing the additional weight on the bar sufficient to break it, 
and the permanent registration which is taken of the breaking 
weight and the deflection which enables them to be read at 
leisure after the bar is broken. 

The machine is designed for 1 in. square bars placed on su 
ports 3ft. apart, the weight being applied at the centre, the 
object in making it this size being that the results might ac- 
cord with the previous practice of the firm, it being hardly 
necessary to state that the same principle might be applied to a 
ron al machine for breaking bars 2 in. deepX1 in. wide by in- 
troducing a larger hand-wheel and anti-friction rollers to enable 
a man to relift 30 cwt. after a bar of the latter dimensions had 
been broken. 

Referring to the Figs. 1, 2, 3, and 4, it will be seen that, on 
the main spindle, S, which runs throughout the length of the 
frame, and on which the large weight, i is keyed, there are two 
threads cut—one near the centre, and on which the hand- 





* Paper read before the Institution of En, ineers in Scotland, 
and referred to in our article on Testing Cast-iron Pipes, on 








page 155 of our last number but one. 
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wheel runs, having six threads to the inch, and the other near 
the top of the spindle on which the disc, C, for registering the 
deflection, works, having five threads to the inch. 

It will be noticed that the face of the disc, C, is shown in 
contact with that of the brass bush, B, through which the top 
of the spindle passes, and that the hand-wheel, M, is against 
the face on which it works when the large weight is being 
lowered on the bar. 

It will now readily be understood that in the position shown, 
if the hand-wheel, M, is turned round one revolution from left 
to right (it being a right-hand thread), the spindle will be 
lowereed one-sixth of an inch, and in the meantime, if the disc, 
C, had no motion communicated to it, there would now be one- 
sixth of an inch of space between the face of the dise and the 
face of the bush; but if the hand-wheel and the dise, C, are 
connected together in such a manner, that when the one turns 
the other moves as well, but with freedom to slip if an obstacle 

resents itself to stop such a motion. ‘The disc will always be 
cept against the face of the bush—for while the spindle is sink- 
ing one-sixth of an inch by one turn of the wheel the tendency 
of the disc is to rise one-fifth of an inch, which it would do were 
it not prevented by coming against the face of the bush. 
connexion is practically made by the tube, J, the lower portion 
of which fits into the hand-wheel, and on the upper, above the 
collar, H, a short brass tube, E, is fitted, having a slit cut a 
part of the way down, which, when sprung over the smaller 
— of the disc forms a spring clip, possessing sufficient 
riction to move it round, but at the same time allowing it to 
slip easily when it comes in contact with the face of bush. This, 
then, will always give the deflection correctly proportional to 
the fall of the spindle, and it will be perfectly independant of 
the position of the hand-wheel with regard to the face, N, which 
is variable, as will be seen hereafter in lifting the upper weight. 

The amount of deflection is read off on the circumference of 
the dise, C, which is formed of a sliding brass ring, graduated 
into two equal parts of one hundred divisions each, every divi- 
sion representing a fallin the spindle, or a deflection in the 
bar of one-thousandth of an inch, and at each semi-revolution 
of the ring a stud in it turns the small ratchet-wheel above it 
round a tooth, which completes the registration of the deflection 
to three decimal places. 

The manner of breaking a bar may now be described as 
follows : 

After the bar has been placed in its proper position, and the V 

iece in the centre of the spindle just brought into contact with 
it, the disc, C, is brought up by hand against the face of the 
bush, B, and the graduated ring turned round till it is brought 
up to the zero point ; the hand-wheel is then turned round, and 
the whole of the lower weight, T, which, including spindle, 
wheel and all other connexions, weigh 700 Ib. in this connexion 
(but which, if desired, can easily be made up to any dead 
weight required), is allowed to come on the bar, the fact of its 
being all on being made apparent by the wheel rising from the 
face, N. The 700 1b. will be found very rarely sufficient to 
cause fracture, and it will be necessary to bring an additional 
weight, which is done by continuing to turn the hend-wheel 
round till the three little steel rollers which work in slots in the 
loose ring, L, on the wheel comes into into contact with the 
under side of the weight, K, which, it will be observed, is sup- 
ported by two spiral springs fastened to the angle irons, D D, at 
the side of the frame, and if this motion is continued, and the 
bar is strong enough, the whole of the weight previously borne 
by the springs will be transmitted to the bar, giving a total 
testing weight on it of 950 1b., as the small weight, K, weighs 
250 lb., this range being fonnd from practice sufficient to in- 
clude all bars with very few exceptions. 


The proportion of the upper weight which is brought into | and at the open end, a stud is fitted, which carries the small 


service in breaking the bar is read off upon the scale, G, by the 
pointer, F, and is determined from the principle that the deflec- 
tion of a spring is always proportional to the amount of weight 
or strain brought to bear upon it, The action of the spring 
and graduation of the scale for the two particular springs used 
was verified by having the turned pulleys fitted into the frame, 
A, as shown in Fig. 2, and two ropes attached to the weight by 
the pins, II, passed over them, and dead weights, oo, hung on 
the other side, which with a knowledge of the friction of the 
yulleys and the rope, easily determined beforehand, gives the 
a possible check to the scale, ard it is very satisfactory to 
find that when this test is applied it accords exactly with pre- 
vious anticipation. It is only necessary, then, to determine 
with accuracy theetwo extremes of the scale, and this can 
always be done with great nicety at one end by bury- 
ing the rollers just up to the weight as it hangs suspended by 
the springs, and at the other by slacking back the lock nuts under 
the angle irons, and so screwing up the weight till it is seen 
there is no weight on the springs. If we now suppose the bar 
to break at any point, the spindle, with all its connexions, will 
fall on the incia-rubber washer, V, on the lip of the bottom 
bush, and the deflection which the bar broke at wil! remain 
recorded on the deflection dise, while the weight will be given 
by the pointer on the scale, so that both weight and deflection 
can be read at leisure after the bar is broken. The short end of 
the pointer, F, is provided with a slot, into which is fitted u pin, 
which, resting on the cellar at the top of the tube, moves up 


with the weight, this provision being made to allow of an adjust- | 
ment to suit any variations in the strength of the springs, which | 
will no doubt become weaker in time, although there is very | 


little wear upon them, in consequency of their being relieved of 
all strain except when bars are being broken. 


It might be suggested that small dead weights, arranged as 


in Fig. 2, and picked up one after the other by the hand-wheel 
as it rose, would be a more certain and accurate arrsngement 
than that of the springs; but a little consideration will show 
that an error may be introduced in the breaking weight equal 
to the amount of one of these weights. Take an example like 
the present, for instance, when an additional weight of 250 Ib. 
is required; this could be made up with (ten) 25 lb. weights, 


which would be quite as many as could be used with convenience ; 
but here you would introduce an error of 25 |b., for it might 
ossibly be the last pound of a weight which broke the bar, but 
it would not get the credit for the 24 lb. which it should without 
breaking, if weights are not counted till they are clear of all 
support; and if this condition is complied with, it is easy to see 


that the weight which really breaks 


e bar is never lifted at all, 


This | 


and taking a very long series of experiments with mixtures of | 
every strength of iron, the average of bars broken will be 12} | 
below what they really broke at; whereas, on the contrary, if | 
the record is taken as soon as the surfaces of the two weights 
come into contact, the bars will he represented, on the average, 
as standing 124 lb. higher than they really did, this difference of | 
reading with the same weights and the same machine making 
the average of bars reach the one way higher than the other by 
the amount of the least weight used ; but, independently of this, | 
the gradual application of the weight, such as is given by the 
relief of the spring, must be preferable. : j 

The application of two spiral springs, which might be put 
into tension by the hand-wheel as it rises, would perhaps be a | 
simpler arrangement than the present one ; but the objection to 
springs used in this way is that they become weaker in time, 
whereas a dead 


and there is no means of discovering an error; 
weight suspended forms an unerring check, which detects any 
variation at once, and enables a correction to be made. It may 
here be mentioned that the little downward thrust produced by 





the pressure of the deflection dise against the brass bush, but 
which is very slight, is considered to counterbalance the little 
friction which must exist in the spindle working in the top and 
bottom bushes. | 
The machine can also be used for testing the tensile strength 
of metals by placing the steel lever, Fig. 4, on the Y piece 
(ordinarily used for supporting one end of the transverse bar). 
and making it the fulerum, the short end of the lever passing 
through the frame, and the long one coming under the knife- 
edge in the centre of the spindle. The link to be tested is 
fastened at the lower end by the pin slipped through the joint 
connected with the frame, and the other is slipped over the end 
of the lever, and this arrangement being completed, sufficient 
weight is applied in the ordinary way to break it. With the 
present lever in use the minimum weight that can be applied 
is 21001b., and the maximum, 57001b., this variation being 
effected by shifting the centres of the lever on the fulerum, 
making the ratio of the long and short ends 3:1 and6:1 
respectively. Pe: 
The other instruments which I have the pleasure of bringing 
before your notice are two pair of callipers, especially designed 
for testing the thickness of pipes, the one for trying it at the 
centre of a 9ft. pipe, and the other for showing the maximum 
or minimum thickness at the socket and spigot ends, the only 
methods, I believe, which have been previously adopted for test- 
ing the thickness of a pipe at the centre, being the use of the 
double-ended calliper, and the other by putting a straight edge 
with steels twisted on it at short and equal distances apart 
through or on the outside of the pipe, and by observing the space 
between any stud and the surface of the pipe, determining the 
thickness. But this plan can only be applied to pipes large 
enough to see clearly through, and it involves a previous know- 
ledge of the thickness at the ends, while it only gives at the 
best a very rough and imperfect idea of what the thickness 
really is. The use of the double-ended callipers can hardly be 
said to be now successful, for, irrespective of giving a very un- 
certain reading, they become so heavy and cumbersome. A 
pair recently made by Messrs. Hunter and English, of Loudon, 
and in use at Messrs. Cochrane and Groves, Middlesboro’, weigh- 
ing 32 1b., that they become practically useless, as no man can 
use them. The two new pairs which were fitted up by Mr. 
White, the optical instrament maker in Buchanan-street, one 
of which has been in use at the works for nearly six months; 
but the one most recently made, and which, in practice, is 
found to answer the best, is that shown in Fig. 5. It consists of 





a brass casting of T-shaped section, and in elevation of a 
| frame something resembling a sugar tray. Upon the upper leg, 





| roller which runs upon the outside of the pipe, and which can 

be assisted, by means of the lock nuts on the top and bottom, 
through which it passes. Upon the lower leg, which is about 
| two-thirds the length of the upper, a lever working in a pin is 
| eng and at the short end of which the roller which runs 


along the inside of the pipe is fastened, which is constantly 
kept against it by the longer end of the lever by virtue of its 
greater weight, and which gives a magnified reading of the 
thickness of pipe on the vertical scale, A B, but to enable it to 
be read horizontally, which, in practice, it is found necessary 
to do without stooping. When laying small pipes, a plate-glass 
mirror is fastened to the frame at an angle of 45°, which, retlect- 
ing the vertical scale, enables it to be easily read by anybody 
standing above it. 

It is hardly necessary to state that a calliper of this kind can 
only be relied upon as giving an accurate result when trying the | 
thickness at the top of the pipe, on account of the spring in the 
instrument itself, which amounts to half an inch by the weight 
alone, and of which noaccount can be taken, except at tuis point, 
when it will be always uniform, when the person using it holds 
the handle at the extreme end while the roller rests on the pipe, 
and this is all that is required, as it is easy to place the ca!liper 


upon a scale, as shown in Fig. 7, with given thicknesses marked 
upon it, and from which the scale on the instrument is 
originally marked off, and from which it can always be after- 
wards adjusted by means of the lock nuts on the stud which 
carries the tc P roller. 

The ealliper, shown in Fig. 6, works on the same principle as 
the one described; but the motion of the steel, which comes 
against the inside of the pipe, is transmitted to the scale at the 
other end by the bell-crank at the side connected to the rod 
which runs along under the angle iron to it, and to which is 
attached a spiral spring, which always keeps the stud against 
| the pipe. 
| The advantages of these instruments are, in the first place, 
the great accuracy with which the thickness of a pipe can be 
read, which it is impossible to do with the double-ended calliper 
of a size large enough to measure the centre of a 9 ft. pipe; and 
in the second, the great reduction in the weight and size, which 
enables them to be easily used by any man, and which enables 
every pipe to be tried, which is now done. The weight of the 
one described, being only 15 1b., the advantage in this respect 
being more inversely proportional to the difference of the weights 
of the two kinds of callipers. The small pair of callipers shown 
in Fig. 6 have been in use about twelve months, and are found 
to be very convenient in giving at a glance the minimum thick- 











ness at either end of a pipe; totry which they are opened by 
hand and slipped on it, the two small steel rollers being kept up 
by the spiral spring against the inside and outside surfaces ; 
they are then run completely round the pipe, and, previous to 
being taken off, an examination is made of the slide in the scale, 
when the minimum thickness can be read off, as the arm, con- 


| nected with one leg of the calliper, pushes back the slide at the 
| surfaces of the two wheels, kept up by the spiral spring, come 


nearer together until the minimum tliickness is reached. When 
put on another pipe the slide is pushed up by hand to the arm, 
and the process repeated as before described. 


ROYAL SOCIETY OF EDINBURGH. 

Tue seventh ordinary meeting of the Royal Society for the 
present session was held on Monday night in the Royal Institu- 
tion, Mr. David Milne Home, of Wedderburn, in the chair. 

The Spores of Planis. 

Professor Balfour read a paper on “Observations on the 
Spores of Cryptogamic Plants, and Notice of Recent Researches 
into the Process of Fertilisation in Alge and Fungi.” 

On the motion of Mr. Jennez, the thanks of the Society were 
awarded to Professor Balfour for his valuable paper. 


The Recent High Tides on the East Coast of Britain. 

Mr. George Robertson, M. Inst. C.E., and President of the 
Royal Scottish Society of Arts, read a paper on “‘ The Recent 
High ‘Tides on the East Coast of Britain.” He said: The greatest 
height to which the tide has ever been known to rise at any 
given place is of the utmost consequence to the marine engineer. 
{t forms an important element in the design and in the estimate 
for any works in the sea; and any error on this point might 
lead to the most lam€ntable results both to life and property, 
especially in the construction of embankments for the reclama- 
tion of land. I have therefore thought that a notice of the tide 
cf the 8th of last month might not be uninteresting to the 
Society, as it one of the highest, if not indeed the highest, that 
has ever been recorded with accuracy on the east coast of 
Britain, and the most remarkable example with which I am 
acquainted of the effect of wind in raising the level of high 
water on that coast. The months of January and February of 
this year have been remarkable for the long continuance and 
violence of the west and north-west winds, at times approaching 
to the fury of a hurricane. These winds have always the effect 
of bringing in the tidal wave from the Atlantic in great strength 
round the north of Scotland, and consequently of raising the 
level of high water on the east coast, more especially as the wave 
works its way southward to the shallow water and obliquely 
shelving shores of England. The effect of these long-continued 
westerly winds on the tides culminated on the morning of the 
8th of February in a tidal wave of perhaps unprecedented 
height on the east coast; the same wave which brought high 
water to the west of England and Ireland on the afternoon and 
evening of the 7th. I shallendeavour to trace the height of this 
wave from the time it passed the Pentland Firth, till it met off 
Lowestoft, the counteracting low water of the wave which 
travels round the south of England. Nothing remarkable in 
the height of the tide was noticed at Wick, where the tides seem 
to be more locally affected by gales from the S.W. to S.E. 
which raise the level of high water some 12 or 15in. As the 
wave swept along the coast of Banffshire it increased in height, 
till at Aberdeen the level of high water was 3 ft. 6in. above the 
calculated height. High water took place here at 1.16 a.M., 
and was 24ft. 4in. on the dock cill. The average of spring 
tides for five years at Aberdeen is 22 ft. on the cill, but the tide 
of the 8th was not expected to rise so high as this, and it is the 
highest recorded since 1862, before which the records appear 
uncertain. At Leith, the tidal wave rose at 1.58 a.m. to the 
height of 26 ft. 10 in. on the Victoria Dock cill. ‘The calculated 
height, according to Reid’s tables, which are those used at the 
port, should have been 22 ft. 6 in., so that the actual height was 
4ft. 4in. more than the calculated height; the greatest dis- 
crepancy I have ever heard of at Leith. Between the previous 
high water on the afternoon of the 7th and that on the morning 
of the 8th, there was no less a difference than 5ft. Sin. The 
extraordinary amount of this difference will b- better understood, 
if we bear in mind that-it represents the ordinary total rise 
between high water of low neap tides and high water of bigh 
spring tides, an amount which it usually takes seven days and 
fourteen tides to accomplish by successive increments, but 
which in this case was dove at one bound. On going over the 
tide-books at Leith, for as far back as time has permitted, | fiud 
that during the last eighteen years there have been ninety tides, 
or five per annum, wnich have reached the level of 25 ft. on the 


| Victoria Dock cill. Of these, only two tides have been so high 
| as 26 ft.—viz., the morning tide of October 26, 1865, and the 


morning tide of Jannary 29, 1850. ‘The latter tide reached the 
height of 26 ft. 8in., or 2in. lower than the one of the 8th ult. 


A very high rise of tide is recorded on several of the charts as 


in the same position as when bringing the thickness of the pipes | having taken place on July 18, 1829; but, on looking at Reid’s 


Commercial List for July 21, 1829, I find that on the day re- 
corded on the charts the tide was a very ordinary one, only rising 
2in. higher than was expected, and being exceeded by those follow- 
ing. So that there is some mistake, which makes this high tide 
very doubtful, to say the least. He then showed, by means of a 
diagram of the tidal month, the extraordinary state of oscillation 
in which the tides had been in from the late boisterous weather 
A second diagram exhibited that the influence of the tidal wave 
was very shght in the south of Ireland and in the English and 
Irish channels. He continued:—The height of the tidal wave 
of the 8th, when it had reached the mouth of the Tyne, in Nor- 
thumberland, was much the same as at Leith—a little less, how- 
ever, as might be expected from the configuration of the coast. 
The height of high water in Shields harbour was 4 ft. more than 
expected, and was 3 {t, 2in. above high water of spring tides 
(Kennie’s datum), This is 10in. higher than any tide pre- 
viously recorded. The tide on the 6:h was also unusually high, 
being 3 ft. 2in. more than calculated. At Sunderland the tide 
was 3ft. 1lin. more than the calculated height. At Hull it 
was high water at 5.45 on the morning of the 8th, and the tide 
rose to a height of 30 ft. 5in. above the Humber Dock cill, or 
no less than 5 ft. 5 in. more than was calculated. ‘The tide of 
the previous day had risen only to 23 ft. 44 in. above the cill, 50 
that we have at Hull the extraordinary difference of 7 ft. 5 im. 
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hetween two successive tides—the greatest amount of aberra- 
tion I have hitherto discovered in the east coast tides. The 
average height of springs at Hull is 26 ft. 8in. on the dock cill, 
there being very seldom tides of 28 ft. <A list of the high tides 
at this port has been sent to me, and I find that since 1788 
there have been only twenty-three tides which have reached a 
height corresponding to 29 ft. on the Humber dock cill—an 
average of only one tide in three and a-half years. Of these 
twenty-three tides, only one reached the height of 30 ft., and 
that was on the 18th February, 1816, during a gale from the 
N.W. The tide was then 4 in. lower than that of the 8th ult., 
which is the highest tide on record at Hull. The tidal wave 
appears to have reached its maximum about Hull, having tra- 
yelled from Aberbeen in 4h, 22m.—according to Imray’s tide- 
tables—exactly one hour faster than usual, as indeed might be 
expected from so strong a flood. This is at the rate of nearly 
eighty miles per hour—a great speed for a wave of the first order 
in 50 fathom water, and equal to what it usually is in 70 fathoms. 
About this point, or perhaps nearer Yarmouth, thetide began tofeel 
the counteracting influence of the low water of the wave which 
sweeps along the south and west of England. By the time 
high water reached Lowestoft the level had apparently fallen a 
little; for, though the tide was 20 ft. 9in., or 4ft. 9in. above 
the average, still this is 2 ft. 3in. less than the tide of the 2nd 
December, 1867, which is the highest on record at Lowestoft. 
On the 25th of January last, the day after the great storm in 
Scotland, the low water at Lowestoft was 4 ft. below the aver- 
age; and the harbour master writes that they have had extra- 
ordinary fluctuations during the last three months. When the 
wave reached the London Docks it was still extremely high, 
being 3ft. Gin. above Trinity Datum; but this is not unpre- 
cedented, for on January 20, 1850, it was 1 in. higher; and on 
November 12, 1852, it was 2 in. higher. Tis latter is the 
highest tide on record at the London Docks, ‘and the water rose 
to 29 ft. Lin on the dock cill, or 3 ft. 8 in. above Trinity Datum. 
He then qnoted the height to which the tide had risen in Cork, 
Portsmouth, Dover, Bristol, Dublin, Hulyhead, Liverpool, and 
Belfast. In conclusion, Mr. Robertson said: I have brought this 
notice of the recent high tide on the east coast before the Royal 
Society, not only for the purpose of having on record one of the 
most remarkable tide waves occasioned by wind in this country 
of which we have any authentic account, but also for a practical 
purpose. The knowledge that there is a tidal wave of more 
than ordinary height on its way to any of the great commercial 
ports of Britain would be of great value to merchants and 
sailors. ‘There are always vessels lying in harbours and docks 
of too great a draught of water to aliow them to sail curing neap 
tides, or even during low springs. Few ports in this country 
have sufficient depth of water to prevent large vessels being 
“neaped,” as it is called. These vessels might be able to sail 
several days, perhaps ten or more, sooner than they could other- 
wise do, were they timely warned of the fact that a tidal wave 
of more than the usual height was on its way to them, 
bringing, in extreme cases, a high spring during a low neap. 
Information regarding high tides might just as easily be sent to 
each great without any extra expense, and with far greater 
certainty of prediction, as the warnings for high winds are at 
present, and might be signalled with equal simplicity. There is 
always plenty of time for it. The tidal wave which reaches 
the west coast of Ireland, about four o’clock at springs, divides 
into two parts. The northern branch takes eight hours to 
reach Aberdeen, nine hours to reach Leith, fourteen hours to 
reach Hull, and twenty hours to reach London. The southern 
branch takes seven hours to reach Portsmouth and seven hours 
to reach Liverpool. The character of the winds prevailing at 
the time would, with a little experience, give a good idea of 
whether the coming tide would be felt most on the east or the 
west coast, and also of its probable height at different places. 
The knowledge of the approach of an extraordinarily high tide 
might also occasionally be of some use in the preservation of 
property from its effects. In these days of steam, I am sure 
that information about tides would be quite as generally appre- 
ciated as information about winds, both by merchants and 
sailors, I believe that the Royal Society of Edinburgh would 
do a great practical service to the shipping interests of this 
country if they could prevail on the Meteorological Department 
of the Board of Trade to arrange that notice should be sent to 
all the principal ports of Britain, not only of the expected 
winds, but also of the expected tides, whether unusually high 
or unusually low. The storms of wind may, or may not, 
arrive—for the wind ‘‘bloweth where it listeth ;” but the tidal 
waves flow and ebb without fail, with the speed of the hurri- 
cane, but the silence of the grave. 

The chairman stated that, at his request, Mr. Buchan, secre- 
tary of the Meteorological Society, had furnished him with a 
statement in reference to a storm of wind which would ufford 
an explanation of the phenomenon spoken of by Mr. Robertson. 
That statement confirmed the surmise made by Mr. Robertson, 
that the probable cause of the high tides was the strong north- 
west winds. The tremendous storm on the 5th and part of the 
6th February was felt severely in the north. The court of one 
of the northern lighthouses was filled with sea water 3 ft. and 
4 ft. deep; large pieces of rock were torn away from the sea- 
bed, and a large fragment struck the lantern 230 ft. above the 
sea-level. A great deal of damage was done to the lighthouse 
—fgreater than since 1856, when there was a heavy storm. He 
(the chairman) had in 1843 given in an account to the society 
of remarkable tides—one in Cornwall and the other in the east 
of Scotland—in that year, and he had satisfied himself that they 
arose entirely from the cause Mr. Robertson mentioned—a 
southerly wind in the English Channel and a northerly wind in 
the German Ocean. In conclusion, he commended the paper 
warmly, stating that it was of immense importance for the 
Safety of piers, quays, and sea walls, that a knowledge of the 
highest tides should be acquired. 

Mr. Buchan, secretary of the Meteorological Society, com- 
mended the paper, and stated that he believed the telegraph- 
ing of tidal waves would be adopted if represented to~the 
Meteorological Department of the Board of Trade. 

The thanks of the society were then conveyed by the chair- 
man to Mr. Robertson, and the meeting thereafter engaged in 
private business.—Scoisman. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 
Clyde Shipbuilding for February.—The staple trade on the 
Clyde has, during the past month, been in a very greatly im- 
proved state, and many of the men who were out of employ- 
ment in consequence of the work not being in such a forward 
state as to allow them to begin, are now in active employment. 
It is expected, with the work at present on hand, not including 
new orders that may be received, that there is at least three 
months’ constant employment for the men, while some ship- 
building firms have as much work on band as will keep their 
workpeople engaged for six months, or for even a longer period. 
The namber of vessels launched during February, and the 

tonnage of the same, have not been equalled since June, 1865. 























Vessels. Tons. 
Vessels launched during Feb., 1868 ... 20 16,300 
” ” ” 1867 ... 14 9,200 
i ‘a ne 1066... 17 7,000 
‘ a i 1865 ... 13 9,900 
The following Table gives the names and other details of the 
vessels launched during last month: 
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Glasgow Pig Iron Market.—The tendency of prices in the 
local pig iron market is still upwards, During the last four or 
five market days there has been a considerable degree of firm- 
ness manifested. On Friday last several thousand tons warrants 
were sold at 52s. 7d. cash; and since then 52s. 74d., 52s. 8d., 
and (to-day) 52s. 9d., cash, has been obtained. No. 1 Coltness 
has again reached 58s., but No 1 Gartsherrie remains fixed at 
57s. 6d. Messrs. Connal and Company’s monthly circular says, 
‘We have had a very duli market with steady quotations during 
the month, the price ranging between 52s. 14d. and 52s. 8d. cash. 
The stock in Connal and Co’s yards is 218,929 tons, with 
warrants circulating for 205,590 tons, and in Canal Company’s 
yard 16,895 tons, with warrants for 15,700 tens.” 

Perth Barracks—Lime-light versus Gaslight.—For some 
months past a serious misunderstanding has existed between 
the War Office and the Perth Gas Company regarding the gas 
supply to the barracks in the “ fair city.” ‘The company 


thought fit to raise the price of the gas to 6s. 8d. per 1000 cubic 
feet in the course of last year; but the War Office authorities 
demurred against paying such a price, and objected to use the 
gas if charged (I think) any more than 5s. per 1000 feet, and 
the consequence was that the supply was cut off by the com- 
pany. During the dark nights of mid-winter the soldiers had 
to content themselves as well as they could with common 








candles, which, to many people, seem to be very little improve- 
ment upon Egyptian darkness. Will it be believed that, ina 
city on the banks of the river Tay, not above fifty miles from 
an enormous deposit of one of the richest gas coals in Britain 
or any other country, such a dismal state of things could exist 
in the year 1868? Necessity, the mother of invention, has in- 
duced the authorities to encourage an effort to utilise the lime- 
light in the barracks, and on Monday evening last a series of 
experiments with it were conducted there, with the view of 
testing the practicability of its introduction instead of gas. 
The experiments were made in the open air, in one of the 
iobbies extending the whole length of one of the wings of the 
barracks, and in one of the ordinary barrack-rooms. An ap- 
paratus, about 20 ft. high, was erected in the square, having at 
the top an appliance for showing off the light and a reflector 
above. When the flame was applied and the light regulated 
the entire square was lighted up almost as clear as noonday, it 
being quite easy to read the smallest print at a distance of 100 
yards. In the lobby a light of sonal size was used, covered 
with a glass globe, and it was so bright and clear that a pin 
might have been seen on the floor at the extreme end of the 
lobby, a distance of fully 30 yards. The company then ad- 
journed to one of the ordinary barrack-rooms, where a very 
small upparatus was fitted up; and, on the light being applied, 
the room was lighted up much more brilliantly than it would 
have been by gas. In fact, if there was any fault it was that 
the light was too brilliant for the size of the room. The experi- 
ments were witnessed by a scientific gentleman from London 
sent by the War Office, and ¥ the Colonel commanding the 
Royal Engineers jin Scotland, both of whom expressed them- 
seives highly satisfied. The light seems admirably adapted for 
public buildings, factories, barracks, squares, mansion-houses, 
&c., and it is even expected that it will, through time, entirel 
supersede gas. Contracts have been entered into for using it 
in the camp at Aldershot, and Government intend shortly to 
introduce it into all the barracks in the country, not so much 
on account of its cheapness (although it is much cheaper than 
gas) as the ease with which it can be managed and its general 
excellency. 

Hamilton Corporation and Consumers’ Gas Company—Dis- 
satisfaction with the treatment received from the gas company 
of the neighbouring town of Hamilton has long existed among 
the townspeople, and the result has been that a new compan 
has been formed in which the town council is directly interested. 
The company is now getting into shape; office-bearers are ap- 
pointed; and at a meeting held this week various contracts to 
supply pipes were concluded with Messrs. Laidlaw, McLaren, 
und Shaw, of this city. Apparatus for the other branches 
of the works is to be tendered immediately. Including the 
ground obtained from the Duke of Hamilton, the entire cost of 
the undertaking is expected to be about 70007. 

New Works at Coatbridge.—The new ironworks which have 
for some time been in course of construction for Mr. Thomas 
Ellis at Dundyvan Canal Basin, are now nearly completed. 
The boilers have been tried, and found to give every satisfaction ; 
and from one of the furnaces, as an experiment, a fine yield 
was obtained at the end of last week, and a regalur “‘ heat” was 
gone through, and the puddling, shingling, and rolling were 
pronounced up to the mark. Of course it will be some little 
time before a thorough commencement can be effected. The 
foundry at Low Coats, erected by Mr. Tennant two years ago, 
on the north side of the Whifflet Siding of the North British 
Railway, is gradually extending; and, notwithstanding the con- 
tinued depressed state of the founding trade, a considerable 
amount of business is being at present transacted. The new 
foundry for Mr. Dick is progressing rapidly. 








RatLways In Mrxico.—We hear of various great pro- 
jects being now before Congress, which will place the city of 
Mexico in direct communication with the United States and 
with all the salient points of its own territory. One company, 
the Mexico and United States, propose a line which shall 
place this city within ninety hours of New York, and the 
agents of this line offer every guarantee for the bond fides of 
their enterprise. Another company are proposing to connect 
El Paso with Guaymas, a line which will at once open one of 
the richest States of the Republic to the commerce of the 
world, and turn the men of pronunciamientos into industrious 
labourers and traders; and this company also offers unex- 
ceptional guarantees of its stability. Another company are 
proposing to open direct communication from this city to the 
Pacific by means of a railway to the Mezeala, and thence by 
navigation to the coast. And we have already on hand the 
Vera Cruz and Mexican line. With these lines of communi- 
cation duly opened, the interests of each of which do not in 
any way clash with the others, but on the contrary harmonise, 
and unitedly will tend to create the great future in 
store for this city of Mexico—with all these lines of travel 
and telegraphic communication duly opened, what is to pre- 
vent the rapid rise of Mexico city into as great a centre of 
population and commerce as Chicago is to-day ?—Mewxican 
Standard. 

Rartway Siares on SecuRITY.—A case was decided by 
Vice-Chancellor Malins last Saturday which attracted con- 
siderable attention in the Stock Exchange. A person who 
had obtained a loan of 6,000/. on the security of 22,0001. 
stock of the Grand Trunk Railway of Canada for three 
months, wished to discharge the loan and get back 
his stock a few weeks before the expiration of that term 
by paying the interest for the whole period. The lender re- 
fused to comply, and inconvenience and loss were thereb 
incurred. Subsequently it was discovered that the lender 
had sold the stock entrusted to him at 46, and had after- 
wards replaced it at a much lower rate, making thereby an 
alleged profit of 30007. ‘The present action was therefore 
brought mE, the borrower to recover the money which 
had thus been made by the use of his property, and Vice- 
Chancellor Malins decided that the law being’ that, in the 
absence of express contract, the pawnee of property cannot 
sell it till the debt for which it was lodged becomes payable, 
the sale in question was a wrongful one, and that the de- 
fendent, who was also condemned in costs, must account for 
the proceeds to the plaintiff. 
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IRON RAILS. 
To Tue Epitor oF ENGINEERING. 

Srr,—You will be interested to hear, as will, I doubt not, 
many of your readers who happen to be constant railway 
travellers, that in the short space of one month, upwards of 
one hundred rails were broken by the trains on one of the 
English railways. A piece of broken rail was thus tested: 






Wi tH 


It was placed on bearings only six inches apart on the anvil 
of a single acting 75 cwt. steam hammer. A 1) in. iron bar 
being placed on the top of the rail across it, the hammer was 
allowed to fall 3in., and the rail stood the blow; the fall was 
then increased to 6in. (six inches), and the rail snapped 
across like glass. I need hardly say the fracture was “ short,” 
and more like cast than wrought iron. Other rails behaved 
in the same manner. Perhaps your contemporary will allow 
it to be molecular deterioration ; but if, as indeed must be the 
case, the rails are put down defective, rotten, and weak, to 
such a degree, the sooner every rail that is put down is sub- 
jected to a Government test the better. The lives of passen- 
gers will not then be sacrificed by the use of such rubbish as 
these iron rails were composed of. I a ye | suppress the 
name of the railway company as well as that of the company 
that manufactured the rail experimented upon. 
Yours faithfully, 
A Dartty PassENGER ON THE LINE. 
[Although our correspondent does not choose to give his 


name, we can answer for his entire credibility —Ep. E.] 


THE HENRY RIFLE. 
To tue Eprror oF ENGINEERING. 

Srr,—I have observed in your last week’s issue a para- 
graph with reference to the Henry breech-loader, which con- 
tains a few inaccuracies which I trust you will allow me to 
correct by a short statement. 

The result of the Woolwich competition is simply this— 
viz., that the Henry rifle has been awarded the 600/. prize 
(not that of 1000/.); but according to a letter from General 
A. George before me, it “has not shown sufficient merit to 
“render its adoption into the service advisable.” The 300/., 
stated to have been received as a prize, was a payment made 
to each of the nine competitors to pay for the six rifles and 
6000 cartridges to be sent in. 

The good shooting of Mr. Henry’s rifle is due to the heavy 
charge he uses in conjunction with a small calibre and a 
great number of grooves. These elements, though giving 
good accuracy, entail rapid and a fouling, as was seen 
at Woolwich, and however well adapted the rifle may be for 
sporting or match-shooting when it can be cleaned out as 
often as required, it will certainly not do for a military arm. 

Now that this competition is over, the Select Committee 
will continue to make experiments with the view to the 
adoption of a gun for the service. 

Your obedient Servant, 


March 2, 1868. RIFLEMAN. 


THE DONKEY INJECTOR. 
To tre Epitor or ENGIneerina. 

Srr,—I notice a statement in your paper, ENGINEERING, 
of February 21st, to the eTeet that the injector supplied me 
by Brown and Wilson had stuck helplessly fast, oad that an 
engineer's workman was called in to get it into action. I 
beg to state there is not the least foundation for the report; 
the injector is now at work, and has been daily since I had 
it. It has not been out of order, or had any repairs whatever 
done to it. On inquiry of my engine-man, I find it as effec- 
tive and working equally well as when first started. In 
justice to the makers, I trust you will insert this in your next 
impression. 

I am, Sir, yours, &c., 

Canterbury, March 2, 1868, GrorGe Brrr. 

[We trust that Mr. Beer wiil forgive the appearance of 
presumption conveyed in our assurance that we hnew more 
of his “donkey injector” than he professes to know himself. 
If we do not mistake, his “ donkey” was sold to him by a 
Mr. Homan, of Canterbury, and fixed and started by a work- 
man named Brown. Its bent connecting-rod, shaped like 
the lucky half of a merry-thought, was twice bent out of its 
original curve, when, of necessity, and on both occasions, the 
pump stuck helplessly fast. After these little hitches, the 
pump got well to work ; but it has considerably shaken the 

rickwork about the boiler. We might have mentioned 
another case of failure of the donkey injector in the case of 
Messrs. J, J. Stevens and Son, gas engineers, Borough.— 





Ep, E.] 





HIGH-SPEED CONDENSING ENGINES. 
To Tue Eprror or ENGINEERING. 


Srr,—I enclose a diagram, en ye exact tracing from an 
indicator card, for comparison with those you have recently 
illustrated in your columns. The engine from which this 
indication was taken is a high-pressure condensing engine, 
with a cylinder 24 in. in diameter and a stroke of piston of 
48 in. e engine is at present running with a light load. 


The cylinder is fitted with two inlet and two exhaust valves, 
the motions for actuating the inlet valves giving an admission 
as ual as may be desi and at the same time cutting 
off quickly. The cylinder of the engine from which the indi. 
cation was taken is unjacketed, and without covering of any 


I am, Sir, yours truly, , 
Epwarp K. Dutton, M.E. 
3, Smithy Door, Manchester. 
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LINE AND COUNTER-SHAFT FIXTURES. 
To Tue Epitor oF ENGINEERING. 

Srr,—I notice in last week’s number of ENGINEERING a 
letter from Mr. Charles F. T. Young, Mem. Soc. Eng., on the 
above subject, in which he refers to my sketches, published 
in the second number of the present volume of your journal. 

If Mr. Young will refer to a map of the United States, and 
again to my letter, he will see that he has made a mistake in 
attributing the hanger you illustrated to Messrs. Wm. Sellers 
and Co., of Philadelphia, not that it in any way affects the 
merits of the respective plans; but, as Messrs. Sellers and 
Co. manufacture a hanger of their own invention, they may 
not like to be credited with what others might think an in- 
ferior contrivance. In comparing the merits of the two plans, 
it appears to me that your correspondent has failed to fully 
comprehend the subject. He seems to think the plan of Mr. 
Shanks “ far simpler and quite as efficient” as the American 


one. 

If Mr. Shanks’ hanger was supplied with a journal box 
made in two parts, with the necessary screws to hold them 
together, and with oil and drip cups, all of which are as 
essential to the one form as the other, and if fewness of parts 
and ease of construction is the measure of simplicity, the 
former can claim no advantage over the latter; in fact, if the 
holes in Mr. Shanks’ hangers are bored out, and the arms 
turned to fit, they must be by far the more expensive of the 
two. 

As to comparative efficiency, the very object that the 
American hanger was specially designed to accomplish, can- 
not be obtained at all by Mr. Shanks’ invention; that is, a 
bearing or journal-box that shall be free to adjust itself to the 
om regardless of any position that the body of the hanger 
may assume; to illustrate which, let us state a plain case, 
onl, to give it force, an extreme one. Suppose one of Mr. 
Shanks’ hangers to be secured to an unseasoned girder (a 
eommon thing in America, and a not unheard-of one in 
England), the line or counter-shaft would, if naturally 
straight when put in its place, twist the bearings into their 
proper positions, so that, when the set screws were tightened 
up, the shaft would run free and smooth for a time, better, 
probably, than it would be possible to get it if hung in 
brackets of the old-fashioned sort. But if, by the shrinkage 
of the timber, the body of the hanger is thrown out of its 
original position, the journal will cramp or bind in its bear- 
ing, and the longer the bearing the worse will be the result ; 
whereas with the American hanger, under the same circum- 
stances, with journals of any length, no binding could take 


place. 

If by the shrinking or springing of the girder, by the 
springing or settling of the walls of the building, or any 
other cause, the line of shaft supported by Mr. Shanks’ 
hangers gets out of line, by having sufficient power applied 
to support the shaft, the bands thrown off, or other power 
applied to counteract their pull, and the set screws loosened, 
both shaft and bearing may be set right, and if, when the set 
screws are again set up, they do not crawl back into their 
original seats, the wee thing will be as right as “nine- 
pence,” to remain so, of course, until the supports take 
another turn. When the same difficulty occurs where the 
American hanger is in use, all that would be required to bring 
it right is the power of one man, and the use of a suitable 
spanner or wrench. 

Perhaps buildings can be built that won’t settle, and girders 
made that won’t give way; perhaps line-shafting can be 
made straight, its pe and couplings keyed on without 
bending it; perhaps split boxes are not a convenience, or 
drip cups a necessity ; perhaps, too, long bearings are a hum- 
bug. Renews, as our ability to do better work increases, 
so , a our means of detecting slight defects ; and so long as 
any remain that we cannot overcome, it is but to use such 
means as we have at hand to counteract them. 

Tam, &c., 


Birmingham, March 4, 1868. W. E. E. 








Tue East Inpran Rartway.—The East Indian Railway 
Company have notified that, having received authority from 
the Secretary of Stdte for India to borrow 460,000/. on de- 
bentures, not convertible into shares, they are prepared to 
receive applications for debentures at par to that extent, 
bearing interest from the 19th of March at the rate of 4} per 
cent. per annum. The bonds will be for five, seven, or ten 
years, at the option of the applicant. 








“ REPTILIA.” 
To THE EpiTor or ENGINEERING. 

Srr,—Since the autumn of last year the sole engineering 
treats in which I have been permitted to indulge, consist of 
an occasional look into the mechanism of an endless chain 
pump, and a longing look at the suggestive smoke of a 
steamer away out in the Mediterranean. Some of your 
readers may, therefore, sympathise a little in the eagerness 
with which the punctual appearance of ENGINEERING is 
looked for every Monday morning—its contents are always 
interesting, and almost as beneficial to me as the imbibing of 
quinine and fresh air. 

Lately, however, it has given me considerable irritation to 
notice the appearance of renewed health shown by a certain 
“ donkey,” 7 whose decease I had often expected to hear. 
Remembering that a friend had sent me an odd number of 
The Engineer, containing the engravings taken from your 
drawings of the Hercules’ engines, I turn over its pages, 
feeling sure that some information about the animal would 
be found among them, and half hoping that some clue might 
be given to account for its longevity. The advertisement 
comes in sight, and my hopes revive after reading the testi- 
monial from the Jutland Railway, in which the fact is given 
that a double-acting pump, 3 in. plunger, 8 in. stroke, making 
100 revolutions per minute, delivers 2500 gallons per hour, 
an efficiency of 102 per cent. nearly, accomplished, too, 
under the disadvantages of drawing 12 ft. vertically, and 
actually discharging 16 ft. above the pump. 

Such a feat as this, properly laid before his victims by the 
dulcet tones of the commission agent, must have an irre- 
sistible effect, and need not be further dilated upon, except, 
perhaps, in regard to the discharge at the higher speed of 
220 revolutions per minute, stated to be 4500 gallons, instead 
of 5500 gallons, the amount one might expect. 

Thinking over the light thrown on the matter, I turn out 
of doors for a daily “ constitutional” (by no means an unplea- 
sant duty in a climate which permits the palm and olive to 
flourish), and come across an idle gamin who had just de- 
prived a lizard of its tail; the main body was escaping in one 
direction and the dismembered appendage wriggling off in 
another. 

This little incident naturally led to reflections upon the 
strong vitality of “ Reptilia” and the lower organisms, upon 
the pe She we attempts of man to imitate nature, and again 
light seemed to be shed upon the apparent longevity of the 
“donkey,” which has been so persistently declared by its 
makers to rank in the highest family of “mammalia.” Not 
all their puffing, however, can possibly rescue it from its 
position among the lowest and most dangerous of “ Reptilia,” 
and no one can doubt that the repeated dismemberment re- 
ceived at your hands will eventually reduce its vitality to the 
lowest possible ebb—total extinction one can scarcely hope 
for just yet; strong puffing, liberally paid for, does wonders, 
and the vitality of “ Reptilia” is astounding. wes 


Hyéres, Feb. 29, 1868. 

P.S.—Last year a commission agent sent me “ full parti- 
culars” of the “Donkey Injector.” After looking them 
through I sat down to write a letter of warning, intending to 
give him a few reasons against having anything to do with 
the thing. I recollected, however, that he was also agent 
for Giffard’s injector, and wondered how he could take the 
so-called “ New Injector” in hand. Finally concluding that 
my advice would weigh lightly against weightier reasons 
his own, I did not write to him. 

The impression on my mind was this, that had I put these 
donkey injectors in connexion with any of our ranges 0 
boilers, nothing could have prevented the men in charge 
from taking short cuts out of the works. 








SoutHampton Docxs.—The revenue of the Southampton 
Dock Company is still extending. In 1844 it amounted to 
only 4018/7.; but in 1850 it had risen to 20,6147. In 1854 
it had further advanced to 43,502/., and in 1857 to 53,0667. 
During the last ten years the revenue of the company has 
been as follows, year by year: 1858, 48,800/.; 185%, 
53,8501. ; 1860, 54,5587. ; 1861,'55,3421.; 1862, 58,1217. ; 1863, 
57,7391. ; 1864, 68,3587. ; 1865, 62,4507. ; 1866, 66,0117. ; and 
1867, 68,1337. 2 

Tue Brreran Iron Trapg.—A t Russian contract 
for rails is being competed for by the leading Belgian firms. 
The Cockerill Company has received an order for locomotives- 

















Marcu 6, 1868.] 


ENGINEERING. 


213 








SOCIETY OF ENGINEERS. 
17th =. 1868. ’ 
Batpwin Latuam, Esgq., President, in the Chair. 

«“QN THE ISTHMUS OF DARIEN AND THE SHIP- 

CANAL.” By Dr. Cutten. (Continued from page 193.) 
’ Tue ATLANTIC Coast. 
The Gulf of Darien or Urabia. 

Puxta CaRIBANA, the northernmost point of the Gulf of 
Darien, is low, covered with trees, and surrounded by rocks lying 
close toit. It is easily recognised, because from it the coast tends 
to the S. to form the gulf, and Cerrodel Aguila or Eagle’s Hill is 
near it. This hill lies in Lat. 8° 37’ 10” N., Long. 76° 50’ W., 
and from it Cape Tiburon, the west point of the gulf, bears W. 
(N. 84° W.), 29 miles distant. Aguila Hill, though only of 
moderate height, is remarkable, in consequence of its being in- 
sulated in the centre of low land. Pounces and Garnets* have 
been found in it. The gulf has, then, its entrance between 
Caribana point, on the E., and Cape Tiburon (shark) on the 
W., and extends 46 miles to the south from a line drawn 
between them. Its E. side, for a few miles S. of Caribana 
Point, is in the province of Carthagena, in the State of Bolivar ; 
the rest of that side is in the province of Chocd, in the State of 
Antioquia. Its W. side, from the Atrato to Cape Tiburon, is 
in Darien. All its E. and S. coasts to the Bay ot Candelaria 
offer safe anchorage at every season; but the rest of it, to Cape 
Tiburon, is very wild in the season of the breezes, and without 
any shelter except for small vessels ; but, in the season of calms, 
light breezes, and variable winds or vendavales, one may anchor 
in any part of the gulf without risk of being incommoded by 
either wind or sea. " 

Nearly 5} miles S.S.W., 4 W. (S. 35° W.) from Caribana 
Point is North Arenas Point, which forms with the south point 
a low front 2 miles in extent, the bearing between them being 
§.19° E, and N. 19° W. These points from the W. dyke of 
Aguila Lagoon, which extends from thence 5% miles, and from 
N. to S. 3 miles, with several low islets in it. ‘This lagoon com- 
mences at the S. extremity of Aguila Hill. 

From Arenas Point, southward, the coast trends towards the 
eastward for 5} miles, to the Rio Salado, and thus forms a tongue 
of sand extending out to sea, which, although it is low, has 
sufficient water near it, and may be run along gt less than a 
mile. From Rio Salado the coast trends nearly S.S.E. It is all 
low land, with hillocks at intervals. ‘The depth on the bank all 
along itis so regular, and the bottom so clean, that it may be 
coasted without any other care than attention to the hand-lead. 
To the S., from Cayman Point and Hill, which are 14 miles 
from Rio Salado, the shores on both sides are low and swampy, 
and continue so as far as the Delta of the Atrato. At the outer- 
most part of the Delta, 25 miles to the southward of Arenas 
Point, the gulf is contracted to a width of only 4 miles. 

From Rio Salado to the mouth of the Suriquilla, in the bottom 
of the gulf, the rivers, Ycoquillo, Uraba,+ Cayman Viejo, Cay- 
man Nuevo, Civilo, Cope, ‘lurbo, Guadalito, Karacuarando, or 
Seteguillegandi,[ Micura, and Leon fall into it. All these have 

At Turbo mouth, due E. of the Cano Coquito mouth of the 
Atrato, is a village of about twelve huts raised on stilts to defend 
them from the water, mud, and insects, and nearly buried in 
forest. The people employ themselves in collecting caoutchouc, 
which is abundant in the neighbourhood, and of which Mr. 
Dean, an English resident, exports a large quantity. 

Near Turbo grows the Lana or wool tree. A portion of the 
roots of this remarkable tree is exposed for 10 or 12 ft. above 
the ground, covering a circular space of about 20 ft. in diameter. 
The trunk is 6 ft. in diameter at its lower extremity, and rises 
to a great height. The bark is often punctured by insects, and 
the seeds of various plants settle in the wood and germinate; 
the tree then presents the singular appearance of giving growth 
to several varieties of leaves and flowers. 

Don Antonio Gago, who was commissioned by the King of 
Spain to examine the mines of Darien, mentions in his report, in 
1788, the existence of a silver mine on the rivulet (quebrada) 
ape nee which rises not far from Cayman, and falls into 
the gulf near Turbo. 

: The Delta of the Atrato. 

From a little west of the river Suriquilla, which falls into the 
Bay of Candelaria in the southernmost part of the Gulf, the 
Delta, through which the great river Atrato or Darien disem- 
bogues, extends to the N.W. 

he Bay of Candelaria is bordered by the low and swampy 
land at the mouths of the river, and bears from the point and 
Morro, or round hillock, of Cayman about S.W., at the distance 
of 12 miles. For sailing along all this coast of the bottom of 
the gulf, from Point Cayman, on the E., to the Bay of Cande- 
laria, on the W., there is no necessity for other directions than 
that of attending to the lead, nor is there any danger, for a ship 
7 be anchored wherever it may be convenient or necessary. 

he principal or only object for navigating the gulf is to 
approach or enter the mouth of the Atrato, which affords great 
facilities for introducing into the interior the imports, and with- 
drawing from thence the exports of the province of Chocd,§ of 











_* Garnet is a silicate of aluminium, magnesium, and iron. 
When cut en cabochon, that is, of a boss shape, it is called 
carbuncle. 

+ On the banks of the Uraba are the ruins of a settlement, 
Which was perhaps San Sebastian, founded by Ojeda, in 1510. 

t The former is its name in the language of the Chocd, the 
latter in that of the Darien Indians. In the former language, 
the termination do or dor, in the latter, ti or di, signifies a river. 
their sources in the spurs of the Antioquian mountains which 
approach the east side of the gulf. The Leon, or Guacuba, isa 
considerable river, whose principal tributaries are the Cun, Vau, 
Cano Grande, Ipenegue, Aruy, Chueti, and Carebro. It has a 
very long, long course, its upper portion, named Papagana, 
rising in the Cordillera, westward of that part of the valley of 
the Cauca between Medellin and Santa Fé de Antioquia. 

The province of Chocd had, in 1851, a population of 43,649, 
Consisting of negroes and civilised Indians, who, unlike their 
ue in Darien, are very inoffensive. There is a consider- 
able export of gold dust from it; and, in 1841, the imports 
included 10,000 bales from England. Quibdd, or Cithar&, the 
rn in lat. 5° 27’ N., is 2° 29’ 30” W. of Bogota, and had, in 
t 1, a population of 8471. It isa miserable collection of mud 

uts, thatched with palm leaves, built in a swampy situation, 





which it is the main artery and the only highway. Although 
this river opens into Candelaria Bay by thirteen mouths, only 
eight of them are navigable for boats or launches; and, of them 
all, the Faysan Chico, or Cano Coquito, offers the greatest 
advantages, because, when anchored in the Bay, vessels will find 
shelter from the sea, and be near the channel by which their 
freights are to be carried inland. ‘This arm of the river has 
on “ _ on its bar, and the tides rise only 2 ft. throughout 
the gulf. 

The coast of the Bay of Candelaria is so very low that the 
greater part of it is inundated even at low water, and bordered 
with mangroves, reeds, and rushes, so that only the N.W. part 
— dry. The entrance of the hay, from the N.W. to the 
S.E. point, where the little Faysan falls into it, is about two 
miles in width ; but there is a sandbank which extends out to a 
mile to S.E. of the N.W. point, and straightens it to scarce a 
mile. This shoal also stretches off from the S.E. point, but onl 
to 1} cable’s length. The clear space of good anchorage is 
about 13 miles each way. 

From the N.W. point of Candelaria Bay the coast continues 
low and covered with mangroves for nearly five miles, N. 10° W. 
to Revesa Point; and thence W.N.W. seven miles to Tarena 
Cays. On all this coast the shallow bank, thrown up by the 
waters from the mouths, and consisting of the softest oaze, 
extends one mile outwards, and is exposed to constant changes. 
It is, therefore, necessary to keep at two miles distance from the 
coast. Revesa, or Choco, Point forms a curve that presents a 
fine anchorage, well sheltered from the north winds and breezes. 
About one-third of the distance from this point towards Tarena 
Cays is Boca Tarena, the principal mouth of the Atrato, which 
is so exposed to the breezes that commerce is more conveniently 
carried on by means of the little Faysan. 

Inland and south of Tarena Cays is the Peak of Tarena, on 
the range of the Cordillera, which runs parallel to the coast only 
a few miles inland, and presents from N. to S. the peaks named 
Candelaria, Tarena, Gandi, and Pico de Cabo, or de Tiburon, 
inland of that cape. 

From Tarena Cays the coast runs about N.W. by N. 
(N. 68° W.) ten miles to the Bolanderos Islets, and is high, with 
a few islets lying along it. The first of these, named Tutu- 
mati, is a group of three, about half a mile from the coast, and 
clean all round. Succeeding them is another named Tambor. 
To the west of Tambor Islet the coast bends a little inwards, and 
forms Puerto Escondido, or hidden harbour, which will admit 
only small vessels. About three miles from Escondido Harbour 
is Bolandero Islet, of moderate size, having around it several 
smaller ones, with sufficiently deep water round them; these do 
not lie more than three-quarters of a mile from the shore. 

At three miles N.W. by W. 4 W. from Great Bolanderos is 
Piton Islet, clean all round, between which and the coast there is 
a channel half a mile wide. From thence, at the distance of six 
miles W.N.W. 3 W., is Tripogandi Point, forming the E. point 
of a beachy bay, named Ensenada de Tripogandi. From this 
point the coast continues about N.N.W. 4 W. 1} mile to the 
point of the river Gandi, which, with the former, torms the Bay 
of Estola or Gandi, where the rivers so named disembogue. In 
this vicinity an island suddenly rose in 1858, as the author was 
informed the year after by Don Ignacio Pombo, the harbour- 
master at Carthagena. About 6} miles N.N.W. of Tripogandi 
Point lies Tonel Islet, very clean, with deep water; it is one 
long mile from the cost. From this islet to Cape Tiburon the 
distance is 6} miles N.W. 4 W. All this coast from Tarena 
Cays to Cape Tiburon is high and precipitous, with deep water 
off it; but it is very wild in the season of the breezes, for which 
reason it is most prudent to avoid it during that season, and to 
keep on the E. side of the gulf, as it not only affords security 
and the accommodation of anchorage in every part, but there 
is no inconvenience on that side from the sea; it is also much 
more easy for working to windward, so that much time may be 
saved by keeping to it. 

Cape Tiburon is the N.W. boundary of the gulf. It is rocky, 
high and scarped, and projects out in a N.N.E. direction, form- 
ing an isthmus, on the S. and W. sides of which are two little 
harbours. The first is so narrow as to be of little importance; 
the second, named Miel Harbour, is larger, and has good holding 
ground; its greatest depth is from 12 to 13 fathoms, on sand 
and clay. 

From Cape Tiburon a sandy beach extends 13 miles W.N.W. 
to the point at the foot of the Peak of Carreto, forming Anachu- 
cuna Bay, which is about 2} miles deep. At its N. end, about 
2 miles S.E. of Carreto Point, is the little harbour of Escon- 
dido, fit for small vessels only. 

Carreto Harbour. 

The Peak and Point of Carreto, 13 miles W.N.W. (N. 62° 
W.) of Cape Tiburon, are at the eastern side of the Harbour of 
Carreto, the western part being formed by a ciuster of islets of 
various sizes. Between them, at the distance of 14 miles, is the 
widest part, the narrowest being one mile. This harbour is of 
a semicircular form, and falls in about a mile, with a depth of 
irom 34 to 8} fathoms. Being exposed to the heavy seas thrown 
in by the N.E. breezes, it is of use only in the season of light 
winds. To the north of this harbour, at the distance of a long 
mile, there are two little shoals, the Bajos de Carreto, near each 
other, bearing N.E. and S.W., with 6 fathoms on them on rocky 
bottom, and near them from 20 to 25 fathoms. With fresh 
breezes, the sea breaks over them. 

At 7 miles N. 48° W. from Carreto Point and Peak is Punta 
Escoces. On this bearing there are clusters of islets of different 
sizes, extending out to N.N.E. a long mile from Punta de las 
Isletas. From Carreto to the latter the coast is high and scarped ; 
but from thence to Point Escoces, 3 miles N.W., it is lower, 
and has a beach. 

Point Escoces is the extremity of a narrow neck of land, 
about 2 miles in length in a N.W. direction, which forms the 
N.E. side of Port Escoces. 

Port Escoces, Caledonia Bay, Caledonia Harbour, and the 
Channel of Sassardi will be noticed in the account of the Darien 


Canal Line. 
The Isle of Pines. 

Its S.E. extremity bears N. 5° W. from the Fronton of Sas- 
and propped up on stilts to defend them from the mud, water, 
and insects. It stretches about half a mile along the W. bank 
of the river, and has some trade with Carthagena, Lorica on the 
Sinu, and Novita on the San Juan. 








sardi at the distance of 2 miles. In the space between it and 
the coast there is a channel of two cables’ length in width at 
the narrowest part, with from 14 to 5 fathoms of water. Off 
its W. side is the Cienaga or Lagoon of Navagandi, the mouth 
of which is shut in by reefs. The Isle of Pines is high, with 
a hill extending along it, on which rise two remarkable points 
covered with trees. Its greatest extent lies N.W. by N. and 
S.E. by S. 1 mile, and its greatest breadth is three-quarters of 
a mile. Its N.E. and S.E. sides are scarped and bordered by 
reefs very near the shore. Its N.E. point lies in lat. 9° 1° 30” 
N., and long. 77° 45’ 20” W. 

On its south side there is a little rill of good water, which 
runs down a gully and into a small basin; but it is so near 
the shore that an unusual rise of tide washes away the sand, 
and the sea flows into it. Excellent firewood may be cut to 
the eastward of the watering-place ; but care must be taken not 
to cut the manchineel tree (Hippomane mancinella, Euphor- 
—— which abounds there, and is poisonous. Drake visited 
this island on the 23rd of July, 1572, and found there two 
frigates from Nombre de Dios taking in timber. The negroes 
in those vessels informed him that some soldiers were expected 
from Panama for the defence of the town against the Cimar- 
rones, or runaway slaves. 


The Mulatas, or San Blas Archipelago. 

Two and a half miles N. by W. from the north end of the 
Isle of Pines is Pajaros, or Bird Island, which is low, narrow, 
covered with brushwood, and surrounded by reefs, having 7 and 
8 fathoms, on rocky bottom, close to them. At this island 
commences the extensive Archipelago of the Mulatas, or Sam- 
ballas (San Blas), composed of islets, cays, shoals, and reefs, 
which, sweeping round to the N.W., ata considerable distance 
from the mainland, terminates off San Blas Point, about 80 
miles distant. The cays are low, nearly flat, sandy, and thickl 
wooded. They lie in clusters, having navigable channe 
between them, leading to secure and sheltered anchorages 
within them all along the shore. Some of them have springs 
of good water, and convenient spots for loading and careening, 
and the fishing and turtling around them are excellent. Great 
numbers of lime-trees grow on them, and produce large fruit; 
so that sailors navigating those waters need not fear the scurvy. 
The main shore is full of sandy bays, with many streams 
running into them. The largest group is the Holandes, which 
is about 7 miles in extent from E. to W. The north side of the 
reef which bounds this group is from 8 to 10 miles from the 
coast, and the cays are separated from those immediately adja- 
cent to the mehiead by a clear opening of 3 miles wide. A 
vessel being 3 miles N. of Pajaros, and — N.W. 4 W. for 
25 miles, then W. by N. 4 N. for 39 miles, will pass outside all 
the cays, and will be 4 or 5 miles to the N. of the easternmost 
of the Holandes group. Great attention to the lead is, how- 
ns required ; for it is suspected that many banks lie outside 
the cays. 

The chenads formed by these cays are named Pinos, Mos- 
quitos, Kweeti, Zambogandi, Punta Brava, Cocos, Rio Monos, 
Ratones, Playon Grande, Puyadas, Arebalo, Mangles, Moron, 
Caobos, Holandes, Chichimé, and San Blas. Canal de Holandes 
is the largest: the least depth in it is 15 fathoms, on a sandy 
bottom, and its width is 23 miles. Its entrance is bounded on 
the S.W. by Icacos Cay, which is dry, and covered with high 
icacos (cocoa-plum) trees.* 

The islets and cays of this archipelago present a most singular 
and beautiful appearance when viewed from sea, and the cap- 
tains of the West India mail steamers plying between Cartha- 
gena and Aspinwall would afford their passengers a rich treat 
by running within sight of them. 


- Gulf of San Blas. 

Eighteen miles W. by S. 4S. of the easternmost cays of the 
Holandes group is San Blas Point, in lat. 9° 34’ 36”, long. 79 
0’ 30”. It is low, and skirted by a reef to the distance of 14 
mile, on which are several cays, the easternmost called Cay 
Francés. In a S.W. and W. direction from Cay Francés there 
are twelve more islets, upon some of which are small fishin 
establishments; and to the E. of them are many banks an 
islands, forming part of the Mulatas archipelago, and havin 
channels between them. Point San Blas forms the N.E. 
boundary of the Gulf of San Blas, the mouth of which extends 
N. and 8. 6 miles, to the anchorage of Mandinga. From that 
line the gulf has a width of 6 miles to the W. Its shores are 
low, and bordered by mangroves. The anchorage of Mandinga, 
and also that of Bahia Inglesa, or English Bay, in its S.W. part 
are well sheltered, and have depth sufficient for any class o 
vessels. To run into the gulf, the most commodious passages 
are the Channel of Chichimea, 3 miles wide, and that of San 
Blas, 13 miles wide. Quite close to the Point, the Cordillera 
rises to the height of 2800 ft. This point is the boundary, on 
the Atlantic side, between the Isthmus of Darien and the Isth- 
mus of Panama, and the settlements of the Darien Indians do 
not extend west of it. 


Distances. 
Miles... 

From the most eastern mouth of the Atrato to Cape 
Tiburon ... eee ooo eee eee 46 
Cape Tiburon to Point Escoces ... oes on 19- 
Escoces Point to Sassardi Point ... eee ove 9 
Sassardi Point to Cape San Blas ... eee oo. «=—86 
Length of the Atlantic Coast of Darien coe ©6180 


Latitudes and Longitudes. 
at. N. Long. W. 
Caribana Point ... eso eo 8° 87’ 30” 76° 52’ 55” 
Turbo, on the E. side of the Gulf 
of Darien, due E. of the Cano 


Coquito mouth of the Atrato S 4 6S 6 tl OT 
(Lieutenant Craven, 1858) ... 

_— ee ate te 8 41 30 77 21 30 
vorpion Cay, Caledonia ur F 9 oF 
(Parsons on urls 54 62 77 42 25 

Cape San Blas ... ode .. 9 84 86 79 O 80 





* Crysobalanus hicaco, a tree belonging to the Crysobala- 
nace, a natural family allied to the Rosacew, It bears a 
pulpy fruit the size of a plum. ‘he root, bark, and leaves are 


| used medicinally. 
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Current. 

Along the Atlantic coast of the isthmus from Greytown, a 
current is very sensibly felt, following the curvature of the 
land towards the Gulf of Darien. This easterly current ex- 
tends from 20 to 30 miles from the land, and its rate is from 1 
to 2 miles an hour. Close off the entrance of Portobello it runs 
from 1} to even 3 knots an hour in the rainy season. In Cuale- 
donia harbour the tidal streams are overcome by a current 
which sets through the channel of Sassardi to the S.E., at 
about ard of a mile per hour. 


Surveys. 

The survey of the coast from the Atrato to the Chagres, by 
Captain Don Joaquin Francisco Fidalgo, was published by the 
Hydrographic Office at Madrid, in 1817. The Atrato had pre- 
viously been surveyed by Don Vincente de Talledo-y-Rivera, and 
the coast from Carthagena to Venezuela by Captain Don 
Cosmé de Churruca. The charts of the harbours are contained 
in the Portoplano de las Antillas. In 1823, Lieutenant W. Ed. 
Fiott, R.N., visited the coast of the isthmus in the schooner 
Renegade, but does not appear to have made any survey. The 
coast near Chagres was surveyed, in 1828, by Captain H. 
Forster, of H.M.S. Chanticleer, who was drowned in 1831 in 
Chagres river. In 1854, Port Escoces, Caledonia Harbour, and 
the Channel of Sassardi were surveyei by Commander Parsons, 
of H.M.S. Scorpion. The longitudes on all the charts of the 
coast, from the Atrato to Cape San Blas, except on that of 
Caledonia Harbour, by Parsons, are wrong, and a new survey is 


much wanted. 
The Coral Cays. 


The coral of the cays and islands is exceedingly beautiful. 
When living in their natural element the various sorts of coral 
are covered with a gelatinous matter of the finest colours; and, 
looking out of a boat on a sunny day on the groves of coral, sea- 
fans, sponges, and polypi, with their brilliant colours dancing on 
the unsteady water, and gaudy fish gliding about among their 
branches, one can imagine himself looking through some bril- 
liant kaleidoscope. Immense lobsters, conchs, and whelks the 
size of a man’s fist are found in abundance at these coral cays, 
and also a huge crab about the size of a soup-plate, with a 
lovely pink shell spotted with white. Hermit crabs roam at 
night over these little islands, disturbing the weary boatmen by 
biting their toes and demolishing any food left in the pots; 
during the day they all disappear, being snugly hid under tufts 
of grass. In the quiet bays, protected by the coral reefs from 
the trembling breakers, flocks of grave pelicans sail about on 
the water, with their heads thrown back, and their long bills 
resting on their breasts, or tumble headlong from the air among 
the shoals of sprats, driving them in a silvery shower out of the 
water. ‘The predacious frigate-bird pursues the snowy sea-gull, 
screaming round the cay, and amusing the spectator with its 
maneuvres to escape, till, wearied out, it lets fail the coveted 
fish, which is seized by the other before it reaches the water. 
Along the glaring sandy beach parties of snipes and sand-pipers 
scamper along in eager pursuit of their prey, which is washed 
up in the rolls of seaweed by the little waves. Now and then, 
as a boat passes, yellow water-snakes will suddenly erect their 
heads and show their fangs with an angry hissing. Occasionally, 
shoals of grampus enliven the scene, splashing, leaping, and 
hunting one another with the greatest liveliness. The white 
circle of breakers on the reef, the dark blue sea outside, the 
calm bay with its background of rich evergreen foliage, and 
the light feathery clouds drifting over with the steady trade 
wind, from a coup d’ail only to be imagined in the dark and 
stormy north. 

The Pacific Coast. 

Inside Cruces Point, in lat. 6° 82’, is Cupica Bay, into which 
fall the rivers Cacique and Cupica. This harbour has deep 
water, and is well sheltered, except from S. winds. Further 
north is Cape Marzo, the Morro Quemado, of Pizarro, a bold, 
bluff headland, which projects southwards’ and forms a bay, 
called Bahia Octavia, or Aguacate. Above Cape Marzo, the 
rivers corredor, Paracuchichi, or Bocorochichi,* and Jurador, 
fall into a bay, called Puerto Quemado, the northern limit of 
which is Ardita Point. The mouth of the Paracuchichi was 
proposed as the terminus of the exploded Atrato and Truando 
canal route; and the Jurador was the river which Pizarro 
visited on his first expedition in search of Peru. It was called 
7 oe Indians Biru; but he gave it the name of Rio de 

bre, or Hunger river, and called the natives Pueblo Que- 
mado, or burnt people. The misapplication of the name Biru, 
which probably meant south, gave rise to that of Peru. All 
the way from Cape Marzo to Ardita Point, the beach is skirted 
with innumerable cocoa-nut trees. As these are found on the 
Darien coast, in places where no human beings or traces of 
them ure to be seen, that would seem to be their native country. 
From Ardita to Cocalitc and Pinas Points, the coast is bold and 


rocky. 

Inside of Pinas Point is the little harbour of Puerto Pinas, 
which is very commodious and sheltered from the winds; but 
its entrance is narrow and obstructed by three small islands. 
Its position is marked very distinctly by several detached rocks 
outside. Itis 2) miles wide at its mouth, and extends inwards 
5 miles. A small river, which is liable to sudden freshets, falls 
into it. It is closely hemmed in by mountains densely wooded, 
the land behind rising toa height of from 500 ft. to 1000 ft., 
whilst the more distant ranges appear to reach an altitude of 
from 3000 ft. to 5000 ft. This harbour used to afford a refuge 
to the pirates of the south sess, and in it John Cliperton, who 
infested them at the beginning of the 17th century, careened 
his vessels. 

Between Pinas and Garachiné Points are those of Caracoles 
and Escarpado. Near the latter is Puerto Escondido, or Hidden 
Harbour, very inaccessible, with a narrow entrance, through 
whieh there rushes a furious tidal current, causing a heavy 
swell and formidable surf. 





* Many Indian languages agree in the repetition of the same 
syllable in a word. Cocoraboora, Cabacaboora, and Chichirivi- 
, inthe language of the Warrows of Essequibo end Vene- 
suela; and Belsibellero, in that of the Caribs of Guiana, must 
here suffice for examples. 


Garachiné Point, the south point of the entrance of the Gulf 
of San Miguel, and the S.E. point of the Gulf of Panama, is 
bold and easily distinguished from sea. The tide runs 5$ knots 
an hour off it, rises 3 fathoms, and ebbs and flows N.E. aud 
S.W. There is very deep water off it, and inside of it is a large 
and well sheltered bay, where ships may cureen. 

In the Pacific, 15 miles true W. from it, is Trollope Rock 
sunk 2 ft., and extending from 8° 6’ to 8° 7’ N., and trom 
78° 37’ 45’ to 78° 38’ 15”. 

The temperature of this coast is from 84° to86° F. The 
rainfall is very great, and heavy vapours hang over the heights. 
The depth of water all along it is considerable, being from 50 
to 60 fathoms at a short distance from land. 

All the coast from Cape Marzo to Garachiné is in Biruquete. 
The country below Garachiné was once inhabited by the Ta- 
rabes Indians, a tribe now extinct. At present, there are 
scarcely any inhabitants from Garachiné to Chirambird, at the 
mouth of the San Juan. At Paracuchichi there are twelve huts 
widely scattered, inhabited by some samboes and negroes from 
Panama, and a few Jamaica men who settled there sume years 
ago. At Cupica there is a hamlet, the houses of which are 
built on poles, and reached by ladders. An Indian there styles 
himself Alcalde. At Ardita Point, which was visited by Dr. 
Seemann, in H.M.S Herald, no people were visible, although 
there were some canoes on the beach; but two negroes and 
four Indians came off the next day with a white flag. One of 
the latter, who called himself Alealde of Jurador, hai a stick 
with a silver knob: all the party were naked. 

The Gulf of San Miguel, the entrance af which is between 
Garachiné Point on the S., and Punta Brava on the N., will 
be described hereafter. 


The Gulf of Panama. 


The shore of the Gulf of Panama commences at Punta Brava, 
and runs thence in the shape of a bow to Punta Mala, the 
western point of its entrance, Garachiné being the eastern. 
This great inlet of the Pacific is 105 miles across at its entrance, 
and extends inwards 75 miles. Near its east side are the Pearl 
Islands, so that it has two passages for entering. Navigators 
prefer the western during the rainy, and the eastern in the dry 
season. The latter has, however, in its fair-way the disadvan- 
tage of the shoal of San José, in the middle of which Captain 
Kellett discovered a rocky patch with less than 3 ft. of water 
on it.* A very remarkable tree, towering above all the others 
on Galera Island, bears from it N. 57° 40’ W. (true) distant 
9 miles. The Guif of Panama is remarkable for baffling winds, 
oecasional squalls, frequent and long calms, rains more of a 
drizzling kind than those that fall on land, opposing currents, 
ripples, freshes, and a general disturbance and irregular motion 
of the surface-water, owing, probably, to the meeting in it of 
the cold current from the Peruvian coast with the great Equa- 
torial counter-current. The author was thirteen days beating 
out of it in 1849, in the whaling brig Norman, of Nantucket, 
Captain Gardiner, bound for San Francisco. 

The bay or harbour of Panama, which is called Perico, is 
sheltered by the islands of Naos, Flamenco, Perico, Taboga, and 
Taboguilla. Ships of any burtlen lie in it very safe under the 
lee of any of those islands, at the distance of 24 leagues from 
the shore. It is, however, ill adapted for a packet station, as 
vessels of even less than 300 tons have to lie 2 miles to seaward 
of the city, and are obliged to discharge their cargoes into flat- 
bottomed boats. Though the anchorage is secure, it has hap- 
pened that all the ships lying there have been stranded. The 
tide rises and falls from 13 ft.to 17 ft. at Panama. It it high 
water at Taboga, at full and change, at 3h. 16m. The greatest 
rise of tide there is 20ft. Close tu the shore at Panama are the 
Sulphur and Daniiide rocks. Soon after the completion of the 
Panama Railroad, a pier, 450 ft. long, was constructed at the 
terminus, and steam-tugs were substituted for the lighters pre- 
viously used for transportation between ship and shore. 


Currents. 


During strong N. winds, the cold current which follows the 
direction of the coast of Peru, after passing Cape Blanco, sets 
over to the N.W. and W.N.W. towards the Galapagos Islands, 
and causes some singular effects there from its struggle with the 
warm waters of the Pacific. Near that Archipelago, the shores 
of which abound in animal life, and the tract of sea near which 
was the greatest whaling station in the Pacific, some remarkable 
veins of currents may be observed. Captain Fitzroy says that, 
when the Beagle was there in October, 1837, the surface water 
on one side of Albemarle Island was found to have a tempera- 
ture of 80° F., whilst on the other it was less than 60°, a sur- 
prising difference in the Pacific, where the variations of tempera- 
ture are usually within narrow limits. The temperature of this 
current being too low for the zoophytes explains the absence 
of coral reefs round the Galapagos. The current is not, how- 
ever, at all times totally deflected at Cape Blanco; for it 
sometimes sets round the coast to the N. to the Pearl Islands, 
and affords great facilities for working up to the anchorage off 
Panama. 

Between the parallels of 26° S. and 24° N. there is a current 
to the W., known as the great Equatorial current, embracing 
the whole tract of the Pacific from a little S. of the tropic of 
Capricorn to a little N. of the tropic of Cancer, with the 
exception of that between 5° and 10° N. In the latter space, 
which is the zone of the equatorial calms between the trade 
winds, that extend across the entire breadth of the Pacific, there 
is a great belt of water having a current setting with consider- 
able velocity to the E., towards the bight of the isthmus, and 
called by Mr. Findlay+ the Equatorial Counter-current. Thus 
the current system seems to centre in the Gulf of Panama. The 
latter current and that from the coast of Peru, which set into 
the Gulf, probably find their way out round Punta Mala and 
along the coast of Veraguas, just as the current which sets into 
the Golden Horn of Constantinople from the Bosphorus runs 
out round Seraglio Point into the Sea of Marmora. 








* Seemann, Dr. Berthold. Narrative of the Voyage of H.M.S. 
Herald. Reeve and Co, 
+ Findlay, A. G. Esq. On Currents. Journal of the Royal 








Geographical Society. Vol. 23. 





Distances. 
From Cruces Point, Cupica Bay, to Cape Marzo a 
Corredor mouth ... ane ee “ee ‘its a 2 
Paracuchichi do. eee ees ove ere oe 29 
Jurador do. eee eee eee eco eee ow 35 
Punta Pinas... ae eee one ose oe 70h 
Caracoles Point ... -_ ne “s eco «. 82 
Escarpado do. ... eee eee eee oe 106 
Garachiné do. ... a “en sé ete +. 110 
Punta Brava, round the shores of the Gulf of San 
Miguel eos ose ete eee ove ++ 160 
Chiman mouth ... eee ose eon ove ove 186 
Chepo mouth ... eos eco eee eee ee 219 
Panama ... atin eee oss ote ese ove 246 
Latitudes and Longitudes. 
Lat. N. Long. W. 
Cape Marzo ‘i - 6 50’ 77° 40° 
Corredor mouth ... ma & & 
Paracuchichi do. wee ® 3 we FW 4 
Jurador do. és -_— = 6 77 «+45 
Garachiné Point ... os ® 6 78 22 30° 
Chepillo Island ... nie 79 67 4 
Panama ... ee a SS 79 31 32 
Variations of the compass in 1848, 
In Long. 78° W. Lat 4° 10’ N. 7° 40K. 
i 5 10 7 35 
he 6 15 7 30 
&l ‘oe ? @ 
Surveys. 


A portion of this coast was surveyed from 1837 to 1839 by 
Sir Edward Belcher, in her Majesty’s ships Sulphur and 
Starling. The remainder was finished from 1846 to 1849 by 
Commander Wood, of the Pandora, and Captain Kellett ot the 
Herald, by whom the whole coast was explored from the San 
Juan to Punta Burica, the boundary between New Granada and 
Costa Rica. 

(To be continued.) 








Permanent Way Inspection 1n AMERICA.—On the 
one hundred and forty-four miles of track on the Hudson 
River Railroad, one hundred and forty-seven flagmen are em- 
ployed, whose sole business it is to pass over the entire — 
of the road after the passage of every train, day or night, 
inspecting each rail and tie, and seeing that there are no ob- 
structions of any kind to render travel dangerous. The fact 
that three million passengers were last year transported over 
the line without a single loss of life may be attributed to these 
precautionary measures. 

FLexisLe Sutpuur.—By adding to pure sulphur a four. 
hundredth part of chlorine or iodine, it,becomes very soft, so 
that it may be spread in thin leaves as flexible as leaves of 
wax. 

Tue tate Mr. AktTHUR ANDERSON.—Mr. Arthur Ander. 
son, chairman of the Peninsular and Oriental Company, and 
formerly M.P. for the Northern Burghs, died last Friday, in 
the 77th year of his age. Few men were better known or 
more esteemed in the City than the deceased, for, although in 
early life he came to London a simple-minded Shetlander, 
yet he very soon, by sheer force of character, took up a high 
position, in concert with his partner, the late Mr. Wilcox 
(who represented Southampton till his death), among the 
rising firms of the day connected with shipping. His enter- 
prising disposition prompted the establishment, thirty-two 
years ago, of a steam communication to the Peninsula, which 
afterwards extended its operations to the Mediterranean, and 
subsequently became the Peninsular and Oriental Company, 
possessing now the largest fleet of steamers in the world. 
During all this period he took a leading part in its manage- 
ment, and commanded the entire conflanes of his colleagues 
in the direction as well as the shareholders. In politics he 
was an earnest Liberal, and in Parliament a most useful 
member, and one of that band of worthies who, in concert 
with his friend, the late Mr. Cobden, determined that free 
trade should be the law of the land, and never abated their 
efforts until it was accomplished. In private life he was, m 
the highest sense, a large-hearted man, for, when his allow- 
ances from the Peninsular and Oriental Company had risen, 
under an early arrangement, to a very splendid annual 
income, he dedicated a large portion to the establishment of 
szhools for the children of the employés at Southampton, and 
the foundation of a good service fund for retired officers. 
His donations to all public institutions for the benefit of sea- 
faring people were munificent, and nobody with a genuine 
appeal to his generosity ever asked in vain. Like most of 
our useful men who leave their mark behind them, he was & 
hard worker to the last, and presided at the late annual meet- 
ing of the company. He was then suffering from bronchitis, 
but lacked none of his wonted fire. The effort, however, Was 
beyond his strength, and although he had intervals of com- 
parative relief, he sank under repeated attacks, bequeathing 
a name that will ever be associated by those who knew 
with the best attributes of our nature. ; 

How was 1T Done ?—The editor of the Scientific Amert- 
can, in a note to a correspondent’s letter, says :—" But that 
there is a way of uniting two pieces of steel which have a 
broken apart we firmly believe; for, although we neveél 
witnessed the operation, we have seen its. results. Some 
years ago we carried on the machine making waiees 
Nova Scotia, and heard of a “ Frenchman’’—as the de- 
scendants of the Norman colonists of Acadi were called—who 
mended broken scissors and knife blades, augers, &¢., Te 


uniting the two pieces without brazing or welding. Severs 


specimens of his handiwork came under our notice 
ace: of the fact, we made a test in giving him — 
mknife blade to repair. He comple the job oo 


in fifteen minutes, while we waited in his house. Ey of 
of fracture was just visible on the blade, but no evi ie 
heat sufficient for brazing. The blade did ener es Bry 
for several months, when the knife was unfortunately 
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POST-OFFICE VAN 
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Tue Royal Eastern Railway of Prussia extends from 
Frankfort-on-the-Oder, to Edytkunnen on the frontiers of 
Russia, and forms a portion of the main route from London 
or Paris to St. Petersburg vid Berlin. Its trains start from 
Berlin, and run between Berlin and Frankfort over the rails 
of the Neiderschlesisch Markische Eisenbahn, that company 
supplying the engine power for that portion of the journey. 

of these through trains leave Berlin every twenty-four 
hours, one of these being a fast day train; the second a train 
stopping at all stations, or an “ omnibus train;” and the 
third being a night express, which carries the mails. As this 
latter train is not immediately preceded by a stopping train, 
the postal authorities have adopted the English system of 
providing the train with a post-office van, fitted with appara- 
ratus for taking up the mail-bags without stopping, and it is 
of one of these vans, made at the works of the company for 
the construction of rolling stock at Berlin, formerly the 
establishment of M. F. A. Pilug, that we this week give a 
two-page engraving. The vehicle in question was exhibited 
at Paris last year, and it was an excellent specimen of work- 
manship. 

The body of the carriage is divided into two compartments, 
of which one is reserved for the picking-up apparatus, whilst 
the other is fitted up with the necessary tables, boxes, &c., 
required for enabling the letters to be sorted during the 
journey. No letter-bag delivering apparatus is provided, as, 
the s of the train not being very high, the bags are 
merely thrown out by hand whilst passing through the 
stations. In the sorting compartment isa box for the letters 
received during the journey, and a lavatory and other con- 
veniences are also provided, as shown in our engravings. The 
carriage is heated by a high stove placed in the sorting com- 
partment, this stove being fed with coke through the roof of 
h carriage, and containing sufficient fuel to last eight 

ours. 


The principal dimensions of the vehicle are as follows: 
ft. i 


t. in. 

Total length outside body nen oe «. 23 Of 
» Width a2 on dake saa ais aa’ Bz 
2 ai RB) ss, ow “ ae one SOS 
Length of sorting compartment inside... -- 14 0 
» _ picking-up gear oo oo (SS 

Height inside, at centre ... an oe -» 6 8} 
Diameter of wheels oe as oe m— 2 § 
Distance between centres of wheels... -- 16 0 


The bearing springs are 5ft. Gin. long between centres of 
eyes, and each consists of eight 3in. by }in. plates. The 
buffing and draw springs are of india-rubber, arranged as 
shown. The soles are of I iron, 9in. deep, and they are 

laced 6 ft. 2f in. apart, from centre to centre. The transverse 

arers are also of iron; but the headstocks, as well as the 
longitudinals and diagonals, are of wood, as shown in the 
plan. The van is fitted with a powerful brake, arranged 
upon a system common on German lines; all the wheels 





ROYAL EASTERN RAILWAY OF PRUSSIA. 
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being fitted with brake blocks on both sides, and the equal 
bearing of these blocks being ensured by the series of com- 
pensating beams and levers shown in our illustration. It 
will be noticed, from the part longitudinal section and end 
view, that guards are provided to catch the axles in the event 
of a fracture taking place. The axles are fitted with oil axle- 
boxes, having oil chambers both above and below the journals. 
The axles and tyres are ef Krupp’s cast steel. The weight 
of the —e empty, is 9} tons, and loaded, about 13} tons: 
its cost was 4301. 

Figs. 5 to 10, on the present page, show the details of the 
ay for taking up the letter-bags, Fig. 5 being a view 
of one of the posts by which a bag to be picked is carried, 
and Fig. 6 an enlarged view of the upper part of it. From 
these figures it will be seen that the post is of cast iron, 
of cruciform section, and that it carries at its upper end an 
arm, having a socket in which the holding apparatus 
is placed. e mail-bag, which is to be taken up, is slung 
by the rod, this rod having a head at its ri end which rests 
upon the jaws of the clip shown. As will be seen from Fig. 
10, these jaws are slightly inclined downwards, so that the 
head has a tendency to slip down them; but the suspendin 
rod is held in place by spring clips, the arrangement of which 
will be readily unders from Figs. 8 and 9. The rod, 
though thus held, can yield readily when struck by the tie, 
on the van, and the bag, thus released, is received by the 
netting, the framing carrying which can be raised up out 
of the way when desired, as shown in the transverse section 
of the carriage on the two-page engraving. This arrange- 
ment has been used on the Roval Eastern Railway since the 
summer of 1864 with entire success. 








Tue IntERNATIONAL Maritime Exursition.—M. Alf. 
D. de Lavigerie, has addressed to the editor of the Times the 
following letter referring to the ensuing maritime exhibition 
at Havre: “A few days ago you published a letter from the 
British Consul at Havre, referring to the International Mari- 
time Exhibition. Will you kindly allow me to inform your 
numerous readers that I will receive application for space up 
till the 31st of the present month, urging upon those who 
may desire to become exhibitors not to delay in communi- 
cating with me? Thanking you for inserting this in your 
valuable paper, I remain, Sir, yours most obediently, Aur. 
D. pe LavieErre, Commissioner Delegate. 11, Sussex-street, 
Warwick-square, Pimlico, March 5.” 

M. Lzon Fovcavtt.—The death is announced of M. Leon 
Foucault, member of the Academy of Sciences and Bureau 
des Longitudes, of Paris. M. Foucault is best known by his 
demonstration of the rotation of the earth by means of the 
pendulum, first exhibited in the Pantheon of Paris, in 1848, 
and afterwards at the Great Exhibition, in London, im 1851 ; 
but he made many important applications of science, and his 
premature death, at the age of 49, is a loss to the world. 





PHYSICAL PROPERTIES OF ‘THE METALS 
OF WHICH GUNS ARE COMPOSED. 


By O1iver Byrne. 


Iron.—The colour of crude iron varies according 
to the state of combination and proportion of its prin- 
cipal ingredient, carbon, from dark grey to silvery 
white ; passing through divers intermediate stages of 
grey, mottled, bright, and white. It is upon these 
Indications, coupled with those of. texture, which we 
will speak of presently, that the metal is classed in 
commerce. Dark grey iron crystalline, with small 
facets, is supposed to denote a fitness for foundry 
purposes, that is, for being cast into various forms, 
and the denomination of such, as a whole class, is 


foundry iron, or founder's pig. These distinctions, 


further than as applied to classes, are extremely loose 
and uncertain; and we are yet without positive know- 
ledge as to either what causes or is a permanent prac- 
tical consequence of colour in crude iron. In malle- 
able iron the distinctions in this respect are less marked. 
A full grey hue, with something of a bluish tint, is 
generally supposed to attach to the best specimens. 
Of course all these remarks apply only to the pheno- 
mena of a fresh fracture; and the colour and lustre 
which may be given to surfaces of iron in either con- 
dition by finishing and polishing are, it will be readily 
conceived, entirely artificial, and dependent, in no 
small degree, upon the processes that may have been 
resorted to. In some manner, it may be presumed, 
another property, which is chiefly superficial, is depen- 
dent upon the artistical processes employed in develop- 
ing it, and this is the adhesion of iron, that is, the force 
with which it attaches itself to a liquid surface. This 
property has not been experimentally examined to any 
extent, though a research upon it would probably be 
fruitful for all questions touching the friction of ma- 
cliinery, and, perhaps, would also shed light upon the 
internal structure of the metal. The indefatigable 
Guyton-Morveau only has made observations upon it, 
in the case of iron and several other metals, by polish- 
ing with an equal amount of labour the face of a disc, 
1.658 in. diameter, of the metals respectively, allowing 
each to repose an equal time upon the surface of mer- 
cury in a dish, and: then seeing what weight was sufli- 
cient to overcome the adhesion. He found the weight 
necessary in several cases, abstraction being made of 
that of the discs themselves respectively, to be as 
follows : 


grains. grains. 
Gold required ... 367.72 Zinc required ... 167.28 
Silver ,, « 9851.78 Copper, 5, «. 114.80 
Tin 9 «. 842.76 Antimony,, ... 103.32 
Lead ,, .-- 805.04 Iron » | eco Oha0 
Bismuth ,, ooo 259.94 Cobult 4.) 6.56 


Although the adhesion of a surface in contact with 
the liquid, these experiments would be in part a fune- 
tion of the aptitude of the metal itself to amalgamate 
with quicksilver, yet these results are nowise accord- 
ant with such aptitude, as far as it can be inferred 
from other observations, and it seems to be equall 
independent of the density and cohesion of the solid. 
It is probably dependent in a much greater degree 
upon the'absolute perfection and smoothness of sur- 
face which, in bodies worked upon with the same force 
and for the same time, manifests itself according to 
another property, that of Aardness. In ordinary speech, 
and sometimes even in exact phrase, this term hard- 
ness is used to express the resistance of a substance 
to change of form of any kind. Such resistance depends 
mainly upon cohesion and elasticity, and covers, in 

art, the characteristics of malleability and stiffness. 

ut hardness, in its technical sense, is resistance to 
removal or abrasion of substance, as in cutting, boring, 
filing, and the like. Any material which will scratch 
a given substance is therefore harder than that sub- 
stance. Dr. Kirwan, of Dublin, was the first to classify 
substances in this respect, after a decimal scale, begin- 
ning with tale and ending with diamond. The eight 
intermediate tests are uniform and easily accessible 
minerals. Measured by such a scale, native iron 
(which may be considered as nearly the type of the 
malleable iron of commerce, though it contains a 
notable proportion both of lead and copper, generally) 
is ranked in hardness at 4.5 ; that is to say, it scratches 
fluor-spar as much as it is itself scratched by phosphate 
of lime. Crude iron is harder, and most specimens of 
grey foundry pig are just scratched by felspar. It 
may, therefore, hold an average rank on Kirwan’s 
scale of 5.8. But white forge pig will generally cut 
glass, and may therefore be renbel at 7 in hardness by 
the same scale. It will be readily understood that, in 
applying these tests, something depends upon the 
shape and sharpness of the fragment used; a dull sur- 
face will merely rub without scratching; and in the 


| case of white iron and glass, unless the lamellar 
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Crystals of the former be used with their edges, the 
latter will not be cut. It is the same with the diamond, 
the hardest known substance ; only its spherical edges 
cut glass. In drawing a practical inference from such 
observations, regard must be had, too, to the ordinary 
terture of substances, that is, their mode of aggrega- 
tion and cohesion. Thus white iron, hardened steel, 
quartz and granite, &€., have all the same theoretical 
index of Aardness ; but steel, for instance, is much 
more coherent than quartz, which isa brittle substance, 
and still more so granite; it is, therefore, used readily 
for working both. So sandstone, which is principally 
grains of silica held together with siliceous cement, and 
therefore has an index of 7, is yet ordinarily worked 
with the same tools that are used for marble, whose 
index is but 3.5. But the causes and modes of these 
apparent inconsistencies readily manifest and reconcile 
themselves upon a little reflection. 

So far as metals are concerned, the following table 
may be taken to give what is known in this particular, 
the foregoing cautious being equally applicable : 


Mercury Inon 

Sodium Cobalt 

Potassium Nickel 

Lead CRUDE IRON (grey) 
Zinc STEEL (soft) 

Tin STEEL (hardened) 
Antimony Manganese 

Gold Titanium 

Silver CRUDE IRON (white) 
Cadmium Chromium 


Rhodium 

Iridium, osmium 

HARDEST STEEL, varying 
from white iron to the 
top of the list. 


Aluminium 

Bismuth 

Copper, copper and zinc (brass) 

Talluriuin 

Platinum, copper and tin (GuN 
METAL) 

Pailadium 

Inon 

How much hardness is dependent on fterture has 
been already mentioned, and it is owing to the vary- 
ing circumstances of this last property that iron in 
different conditions is found to shitt about so much in 
the list just given. In practice, another property, 
that of allection by heat, or specific heat (which we will 
attend to presently) has also an influence; and a 
substance, hard at first, becomes sensibly warm by 
attrition, and finally yields to the action of a material 
less hard than itself at low temperatures, but endowed 
with greater capacity for heat. It is thus in one 
aspect that crude iron under red heat may be cut and 
sawn almost like wood, and in the other, that a wheel 
of soft malleable iron, rapidly revolving, may be made 
to cut the hardest steel. Workmen have the oppor- 
tunity of appreciating these effects in manipulations 
with the cold chisel. 

‘The ¢exture of crude iron is in most treatises said 
to be granular. It is in fact crystallised, as we learn 
from the chemical experiments of Daniell, and the 
microscopic observations of Schafhaiitl and Alexander. 
According to the last named, the crystals of grey iron 
belong to the octahedral system (in which the axis of 
crystallisation are equal and at right angles) and pre- 
sent themselves under the primary forms of several of 
its classes. The maximum limit of these, when cubic, 
is about; 549th ofan inch in linear dimension, and about 
soovboosn' of a grain in weight. Crystals in white 
iron are smaller, and most frequently occur in six- 
sided prisms, sometimes connected in facicles by their 
sides, at others by their ends, in a sort of stellated or 
radiated arrangement. The white colour of the mass 
seems to be mainly arising from these arrangements of 
particles. Malleable iron is supposed to have a fila- 
mentous structure; but metallurgists are not agreed 
how far this arises from (as it is certainly in some de- 
gree dependent on) the processes employed in the 
manufacture. The amount of forging which the bars 
have undergone, the degree of heat to which the 
have been subject, as well as the ultimate size to whieh 
they have been reduced, all affect the texture of speci- 
mens whose other characteristics, originally and sub- 
sequently, are apparently the same. Nevertheless, 
this property and that of colour are the chief com- 
mercial tests of the quality o° iton. It is generally 
supposed that a fracture more pointed than regular, 
and a tendency to become filamentous upon being 
forged into bars of lin. square or under, are indica- 
tions of the two main characteristics of good iron, 
namely, strength and stiffuess. But there is as yet no 
criterion by which, on simple inspection, the quality of 
the metal can be determined, and both the manufac- 
turer and the consumer are compelled to rely (in the 
absence of actual experiment) upon the constancy of 
nature in furnishing materials, and the uniformity of 
art in subjecting them to the same process. The same 
ores treated in the same way ought to produce the 
same metal, and so they generally do. 


Closely connected with texture is the property of 
density. ‘The variations in this respect, between the 
results of different observers are to be attributed partly 
to the difference of methods, partly to the inaccuracy 
of the weights employed (a much more influencial 
cause of error than is generally imagined), and partly 
to the variations of the individual specimens. ‘Their 
limits are, however, sufficiently close to allow of 
taking as a probable average (the density or specific 
gravity of distilled water being called 1.) the 
gravity of 

Crude iron, foundry or grey iron - 
Crude iron, forge pig or white... ee coe 
Malleable iron ° ese eee aes f 

In estimating absolute weight, it is sufficien 

practical purposes to consider a cubic foot of distilled 


rs 


ao’ 


cubic foot of iron in its different conditions will weigh 
one thousand times the indices of specific gravity given 
above, respectively, in avoirdupois ounces; for rough 


one-fourth of a pound to the cubic inch. So far as 
crude iron is concerned, the ‘specific gravity has been 
recently considered in reports upon ordnance. to the 
American Government to be an index of another 
physical property (of the greatest- interest. where 
cannon and guns are concerned), namely, the tenacity 
or cohesive force of the metal. Of course, sueh indi- 
cations are not regarded as absolute, but merely rela- 
tive ; and they have been supposed hitherto to apply 
only to the best sort of grey foundry iron, Upon 
this property of ¢enacity or cohesion of iron in its 
different conditions, experiments have been very 
numerous and varied, with results as accordant as 
could be expected They may be found detailed more 
or less fully in geveral special treatises—such as of 
Barlow, Duleav, Kersten, Navier, Kitkaldy, and 
Tredgold,. The results of those whose ,apparatus 
may be consideredas the most reliable, such as 
Kirkaldy, seem to show that cohesion depends not 
only upon the chemical composition of the metal, 
but also upon the way in which it has been 
treated; the amount of heat, for instance, to 
which it has been subject, the extent of forging 
it has received, and also the dimensions which 
have been given to it, and the form in which it has 
been left. Were the theory of resistance of materials 
perfect, the behaviour of the metal under one position 
or set of circumstances would determine for any or 
all; but in the absence of such theory, it is necessary 
here to give the observed results in the chief positions 
aud circumstances in which the resistance of iron is 
practically called into play. These are four, namely, 
1. Resistance to a force tending to pull asunder in the 
direction of length; this is usually termed adsolute 
cohesion. 2. Resistance to a force tending to crush in 
the same direction ; this is termed relative cohesion. 
3. Resistance to a force applied at any angle with the 
longitudinal axis of the mass, or a ¢ransverse force ; 
this is termed respective cohesion. 4. Resistance to 
a twisting force, or to forsion. In this place we shall 
not discuss the resistance of iron to shearing strains. 
As to resistance to impact or resilience, that will be 
spoken of under the property of elasticity. 

1. The absolute cohesion of malleable iron may be 
taken for square bars of differeut sizes as under, the 
resistance to the square inch being proportional to the 
breaking weight of the respective sizes : . 


In bars } inch square; resistance to a square incl=90,000 
sy ==70,000 
=56,000 


” D ” ” ” ” 


- lioch and over _,, ” ” 


When the bars are round with the same area, they 
will show somewhat higher resistance than the above ; 
and when forged flat they appear more resistant than 
when round. Jron wire, from the mode of manufac- 
ture, is generally supposed to exert a greater propor- 
tionate resistance than hammered iron ; but its average 
may be taken as indicated in the numbers given above. 
In fact, the increase of resistance inversely as the area 
seems to progress with wire to a certain point, when 
it changes sign, and the proportionate strength 
diminishes with the area. Dufour’s experiments, 
however, do not justify this inference. Annealed iron 
is hardly half as strong as the same wire unannealed. 
All these numbers being extreme loads, it will be 
readily understood that the metal ought never to be 
strained to such a limit. Up to a certain point, a bar 
or wire will stretch, and when the strain is taken off, 
return to its former dimensions ; but beyond, although 
it will continue to stretch, it returns no more; the 
alteration and injury are permanent. As a general 
rule, it is injurious to load tron with more than oxe- 
third of its breaking weight. Crude iron is but rarely 


specific 


t for 


water as equal to 1000 ounces avoirdupois; so that a 


approximations in general may be taken as weighing 


cohesion is comparatively of but little practical con- 
sequence, and there have been proportionally few 
direct experiments. The mean of Tredgold gives 
44,620 lb. to a square inch as the breaking weight. 
The results of Fairbairn and Hodgkinson, the former 
very much in excess and the latter in defect, do not 
appear to be reliable. In practice we may take 
15,000 Ib. to the square inch as the strain that grey 
crude iron will bear in the direction of its length 
without permanent alteration. It is, therefore, about 
one-sizth weaker than malleable iron. White crude 
iron has not been experimented upon in this sense; 
but it is known, from observations on transverse 
strains, to be much weaker than grey iron. Iron of 
the second fusion (that is, melted and cast from a 
cupola) is, in general, stronger than when run from 
the high furnace. The method of casting (that is, in 
vertical or horizontal moulds) does not, as far as ob- 
served, effect its absolute cohesion. 

The following table gives the mean cohesion, in 
pounds to the square inch, of different cast metals : 


Ib. 
Steel, tilted ... ob 135,000 
Crude irvn, gre om «. 45,000 
Guimetal .... ods $4,000 
Brass, cast 20,000 
Gold, cast a 20,000 
Tin, cast pom ia 4,700 
Zine, cast “ed ja : oe 2,800 
Lead, cast ... én ese seo 1,800 


Antimony, cast pay ° 1,000 


2. In relative cohesion, or resistance to crushing, the 
two conditions of the metal appear to change places, 
crude iron being the strongest. The mean of many 
experiments of Karston gives the resistance in this 
sense of crude iron, grey, at 168,750 lb. a square inch. 
White, 210,540 lb. a square inch. 

The specimens were of the first fusion, cast from a 
cupola, and, poured from a reverberatory furnace ; the 
cupola castings were very uniformly the weakest, and 
those from the air furnace the strongest of the sets. 
Those moulded vertically were also at a mean 24 per 
cent. stronger than those moulded horizontally. 
Wrought iron has not been extensively observed in 
this respect. ‘The mean of the experiments of Rondelot 
gives 70,000 1b. a square inch, as the weight under 
which bars, from } to 1 inch square, begin to give 
way. Its texture appears to prevent it from being 
crushed, even with the weight that would crush crude 
iron ; for if the height of the specimen be triple its 
thickness it will bend and dowble up sooner than be 
crushed. The practical effect in either case upon the 
equilibrium of constructions is pretty nearly the same. 
We are warranted, then, in considering the useful 
relative cohesion of wrought iron at one-half that of 
grey crude iron. 

The following table exhibits this property as sup- 
posed to be ascertained for some of the other metals: 


Ib. 
Crude iron, white, resistance the square inch 210,000 
Crude iron, grey aa m oes +» 170,000 
Crude iron, white * ” ste «- 117,000 
Copper, cast ” ‘ ‘ .. 85,000 
Malleable iron e - ° ‘ 55,000 
Tin, cast } ‘ 9,000 
Lead, cast ” ” 8,000 


The last four were not crumbled under the pressure, 
but flatted; their resistance was therefore entirely 
overcome, although their texture did not allow the 
same phenomena as to the grystallised structure of the 
others. 

3. Experiments on respective cohesion of iron, that 
is, its resistance to transverse strains, have been very 
numerous. ‘Theoretically, their results should be func- 
tions of absolute cohesion of the substances ; but, partly 
from the defect of theory, and partly from inherent 
difficulties and errors in observation, this is not exactly 
the case. As this is the sort of resistance most exten- 
sively required in practice, its determination is of the 
greatest interest. In addition to the variations arising 
from the qualities of the metal itself, it depends so 
much upon the dimensions and position of the mass 
exposed to strain, upon the angle of direction of the 
force or weight, and upon the degree of deflection that 
the equilibrium of construction will allow, that the 
statement of results can hardly be more condensed 
than the statistics of the experiments themselves. To 
give tables for practical use is liable to the same objec- 
tion of taking up undue space, and also to the incon- 
venience of being limited in their application. 








From tre Nortu.—The West Cumberland Iron Com- 
pany, at Workington, has received orders for plates to the 
amount of 50,0007. Messrs. Cochrane, Grove, and Co., of 
Middlesborough, are about to supply 6000 tons of pipes for 
Calcutta. Messrs. Pearse, Lockwood, and Co., of Stockton, 





employed as a tie; so that a knowledge of its absolute 











launched on Tuesday a gunboat for the Government. 
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THE STRENGTH OF BEAMS.—No VI. 
On Tue TRANSVERSE STRENGTH OF STEEL RaILs 
AND OTHER ANALOGOUS BEams. 


Tux prejudice entertained by the old school of en- 
gineers against steel as a material for the construction 
of rails, shafts, and severely strained structures in 
general is, probably, to a great extent, due to the very 
discordant results given by the early experiments on 
the strength of that metal. Now, the fact is, no 
material is more powerfully affected by different modes 
of treatment thansteel. ‘The influence of burnettising, 
or other preservative measures on. timber, as far as 
regards its strength, is perfectly insignificant compared 
with the effect of comparatively unimportant details in 
the manipulation of steel. Thus, a — of cast 
steel, highly heated and cooled in oil, bore upwards of 
96 tons per square inch, whilst a similar piece cooled 
in water failed with 40 tons, and another piece, cooled 
slowly in ashes, with 54 tons per square inch. 

Increased hardness brings with it the advantage of 
increased resistance 'to,a s¢eady tensile strain, but only 
at the expense of a deterioration in the power of re- 
sisting a blow. We.have before explained that the 
latter resistance will,be represented by the work done 
in fracturing the: bar, which is, approximately, the 
breaking weight multiplied: by one-half the ultimate 
extension: Now, referring to the preceding experi- 
ments, the work done in fracturing the hard specimen 
was, since the ultimate elongation amounted to 3.3 
per cent., proportional to 96 tons x 3.3 per cent.=3.16; 
whilst, with the samessteélin a soft state, the work 
done was proportional to 54 tons x7. per cent.=3.78, 
thus exhibiting an imerease of about 20 per cent. in 
its power of resisting impact, although the ultimate 
tensile strength of the material was 44 per cent. less 
than before. We shall find the same rule hold good 
with all descriptions of steel. Hardness increases the 
ultimate resistance to’ tension, but diminishes its ex- 
tensibility, and, eonsequeutly, its ability of being 
twisted and bent about without fracture or material 
injury to the metal. 

In the manufacture of steel rails the desideratum is 
to attain the happy mean; they can hardly be too 
hard as far as abrasion from ordinary traffic, or plan- 
ing away of the surface by skidding wheels, are con- 
cerned ; and they can hardly be too soft, if we consider 
only the liability to fracture by rough handling even in 
loading or unloading, or facility in laying the permanent 
way, with the practical details of cutting and drilling 

the rails in cross over roads and sidings. 

A very extensive and valuable series of experiments 
on the strength of steel plates were conducted by Mr. 
Kirkaldy ; the mean tensile strength per square inch 
of about 80 specimens of different manufacture was 
found to be 85,966 lb. (384 tons), the mean resistance 
of each set of plates ranging from 71,792 lb. to 
106,110 lb. per square inch. ‘The ultimate elongation 
averaged 8 per cent only. 

A box girder constructed of puddled steel plates was 
tested by Mr. Fairbairn, and at first sight, it must 
be confessed, the results appeared -nfirmatory of the 
prejudice very generally entertained atthat time against 
the adoption of steel in such structures. The girder 
tested was 87 ft. 6 in. span, and 2 ft. 3in. deep; the 
web plates, jth of an inch 'thick, were rivetted by 
four angle irons, 1} in. x1 in. x} in., to the bottom 
flange 18in.x} in, thick, and in the same manner 
to the top flange, which w , 4th of anvineh thick. 
The unexpected result of ih es 1was! that failure 
occured by the rupture of the bottom flange under a 
load which brought a calculated strain ‘«Jonly 22 tons 
per square inch on that member—an) amount hardly 
exceeding that sustained by girders cotstructed of 
ordinary bridge iron. : 

With the view of corroborating ‘this calculated 
breaking strain, some pieces of ‘metal were cut from 
the beam, and tested by direct tension, when it was 
found that the highest resistance offered was but 27.7 
tons per square inch, and that some portions failed 
under 25.9 tons only. Ow, prévious experiments on 
the puddled steel plates gave an average of 41.8 tons 
as the ultimate tensile strength per square inch,'so 
that the metal actually used in the construction of the 
beam exhibited a deficiency in strength of about 37 
per cent. This, of course, at onegelears up the 
apparent anomaly of the sieel girder being little if any 
stconger than a first-rate iron one of similar dimensions. 
Had the metal been of the uality¥ sstipulated, the 
girder would have borne more than halfiastntch again 
load. The inferior quality ofthe meta/for it could 
not fairly be styled steel~nsed was dlsd,\evidenced by 


for the material, since other specimens of puddled steel, 
tested by Kirkaldy, elongated from 19 to 35.3 per 
cent. under the several ultimate tensile strains. On 
the other hand, some rivet steel which failed with pre- 
cisely the same strain as the original plates of Mr. 
Fairbairn’s girder, attained some 2 per cent. less 
elongation, and some soft tool steel of Mr. Bessemer’s, 
with nearly 9 tons per square inch greater strain, was 
another 2 per cent. below the latter in the rate of 
elongation. ‘ 

The tensile strength of Bessemer stcel in plates 
generally averages about double that of good iron 
plates; in fact, the elastic resistance of the former 
material, that is, the point at which the increments of 
elongation cease to be regular, is practically identi- 
cal with the w/¢timate resistance of the latter., Thus, in 
four pieces of Bessemer steel plate, ¢ in. thick and 
1}in. wide, the ultimate tensile strength ranged from 
43 tons to 46 tons per square inch, the mean being 
444 tons and the elastic resistance from 204 tons to 
204 tons, the average being 22 tons per square inch. 
Another set of stcel plates, tested by Samuda Bros., 
broke under an average load of 483 tons per square 
inch, and the mean of twenty-eight experiments made 
at Chatham on steel plates for the Bellerophon gave 
39.8 tons per square inch as the ultimate resistance to 
tension. 

There is little, if any, difference between the tensile 
strength of Bessemer steel plates and rails of the same 
material, nor does the section of the rail materially 
affect the resistance per unit of area, as will be seen 
by the following experiments on 86]b. and_68 lb. 
double-headed rails, manufactured by Sir. J. Brown 
and Co., and Messrs. Cammell and Co. 

86 1b. Rail. 

Tensile strength of steel in web (four experiments). 

504 tons, 453 tons, 33} tons, 454 tons. Mean 
432 tons per square inch. 

Tensile strength of steel in head (three experiments). 

47 tons, 44% tons, 42% tons. Mean 443 tons per 
square inch, 

68 1b. Rail. 

Tensile strength of steel in web (five experiments). 

50 tons, 37 tons, 38 tons, 45 tons, 48 tons. Mean 
43% tons per square inch. ‘The elongation of metal 
ranged from 6} per cent. in the stronger, and conse- 
quently harder specimens, to double that amount. in 
those attaining the lower tensile resistances only. The 
mean result might be taken as 10 per cent. 

We have been favoured by A. Longsdon, Esq., with 
the results of some valuable experiments made by Mr. 
Kirkaldy to ascertain the extension, set, and ultimate 
resistance to tension of steel in various forms manu- 
factured by Krupp, at the Essen Works. Cast-steel 
boiler plates Zin. and }in. thick were tested, with the 
following results : 





Thickness of plate.| Elastic resistance. | Ultimate resistance- 





3 52,000 Ib. per sq. in. |83,183 Ib. per sq. in. 
a do. do. 82,070 lb. do. 
a do. do. 81,655 lb. do. 
oa . do. do. 80,127 Ib. do. 


Mean ultimate resistance to tension, 81,759 lb. (364 
tons) per square inch. Mean ultimate elongation, 
21.2 per cent. 


Thickness of plate.| Elastic resistance. | Ultimate resistance. 











} 41,000 Ib. per sq. in.| 66,784 Ib. per sq. in. 
ih do. do | 66,525 Ib. do. 
ra 42,000 Ib. do. 66,730 Ib. do. 
se 44,000 Ib. do.  |66,086 Ib. do. 


Mean ultimate resistance to tension, 66,531 lb. (293 
tons) per square inch. -Mean ultimate elongation, 
24.5 per cent. 

With the evidence already advanced in these papers 
before us, it is a work of supererogation to point out 
that almost anything might be done with plates 
possessing the attributes proved by the preceding 
experiments to belong to those manufactured at 
Essen, We have seen specimens folded cold, like 
so much paper, and with just as little apparent 
injury to the material; indeed it might have been 
predicated from the observed rate of elongation under 
tensile strains that such would be the case. The 
most tractable specimens of Lowmoor or Bowling 
plates are quite distanced by these cast-steel plates. 
Thus, the mean ultimate resistance of the latter, as 
deduced from the preceding experiments, was 33 tons 
‘ square inch, and the mean ultimate elongation, 

2.8 per cent.; and we know that the work done in 
rupturing a plate would be proportional to the product 
of those ‘figures, But the ‘average results given by 
the best makes of iron plates, tested by Kirkaldy, 





its ultimate elongation, whith avet@ied hut 42. per, 
cent., whilst in the steel originally tested it sil 
to 1] per cent. Even the latter amount is ratliee dow 
; “ eh au 


were 254 tons per square inch, ultimate tension, and 
14.15 per cent. elongation, and the mean of all the 


experiments on different descriptions of plate gave 
213 tons per square inch as the ultimate resistance to 
tension, and 7 per cent. as the ultimate elongation. 
Hence, since the “work done” in rupturing the re- 
spective plates, or the amount of “ fatigue” they would 
undergo, is proportional to the product of the stress 
into the elongation, the values of the several averages 
would, in terms of the average iron plate, be 2.35 
for the best make of iron, and 4.9 for the cast steel 
lates. 

The following are the results of experiments on two 
specimens of steel cut out of a Krupp tyre: 





Elastic resistance. | Ultimate resistance.| Elongation. 








71,000 Ib. per sq. in.|114,480 Ib. per sq. in. 
l113°88 A 


22.8 per cent. 
70,000 2 |113,880 23.4 


” 





lt appears then that, as in bar iron, more duty can 
be got out of the material in the more solid section 
than when it is in the form of plates, since with prac- 
tically the same amount of elongation the tensile re- 
sistances are increased to 51 tons per square inch. 

The conclusions we have already drawn from obser- 
vations on the behaviour of wrought iron under com- 
pressive strains apply with equal force to steel. In 
both materials the area of the parts in compression in- 
creases, pari passu, with the imposed strain; conse- 
quently, in a short column, or, what amounts to much 
the same thing, in a short solid bar fixed laterally and 
subjected to transverse strain, it would be an anneces- 
sary labour to enter into any calculation of the com- 
pressive strains. ‘This will be clearly evidenced by the 
following experiments on four short columns of ham- 
mered cast steel, 14 in. diameter : 


Mean of Four Experiments. 
Elastic resistance. With 35 per cent. depression. 
194 tons per sq. in. 58 tons per sq. in. 
In one specimen with 36 per cent. depression the 
stress sustained amounted to 95 tons per square inch. 
The elastic resistance to tension of this steel was 
identical with its resistance to compression, but the 
ultimate elongation of 19.2 per cent. was attained 
under a rupturing strain of 32} tons per square inch. 
Hence it appears that the change of length in the 
specimens under a given strain per square inch was 
about the same in amount, whether it was excited by 
a pulling or thrusting stress, but whilst under a tensile 
strain the increment of length was limited to 19.2 per 
cent., the decrement, under a compressive strain of 
treble the ultimate tensile resistance, amounted to but 
double the ultimate elongation, and the limit of resist- 
ance to compression was not even then attained. 


B. B. 








THE “ NITRATE STEEL PROCESS.” 
To THe EpiTor or ENGINEERING. 

Srr,—In your article on the “ Nitrate Steel Process,” in 
your journal of the 14th February, yousay, “ Assuming that 
Mr. Hargreaves will borrow Mr. Mallet’s great mortar 
“from Woolwich Arsenal, run his liquid iron into it, fire off 
“the whole by a charge of gun wder, and thereby instan- 
“taneously produce fine steel, which will drop down in the 
* shape of a hot ingot on the coast of France, &c.” Iam re- 
minded by your pleasantry of a fact respecting an experi- 
ment I made (when a youth) about thirty-four years ago. 
Taking an old large iron ladle of about a cubic foot capacit 
(such as might hold two or three hundred weight of iron), 
placed at the bottom of it a small quantity of saltpetre, and 
on that poured some thirty pounds of fluid cast iron from a 











small hand-ladle quickly. No sooner done than my “ ingot” 
| bolted up through the roof of the cast-house ; and as I looked 
| up after it, returned again, falling within a few feet of where 
| I stood. You may trust me: I was somewhat grateful for 
| my safety and that of the person who assisted me in the 
| experiment. 

The experiment was one of several I made at the time 
with the sarhe object, as referred to in your article, of proving 
the effect of bringing oxygen in contact with fluid cast iron 

| with the view of getting at some short cut, and of doing 
away with the expensive “finery process.” Sometime 
after this I wanesiel te my object, call the process has been 

| in use at the Plymouth Ironworks (which you have referred 
| to) from 1843 downwards. Excuse me for adding, too, that 
| I cannot see the propriety of your writing so slightingly of 
Mr. Anthony Hill (not Sir Anthony Hill), and what he did 
fifty years ago. Remember it was fifty years ago; and I 

| think whoever takes the trouble of ascertaining what he did, 

j} and is — by experience of appreciating his labours, 
cannot fail to admire the ability he displayed ; and possibly 

there may be more in his inventions than the world yet 

knows. 


I am, Sir, your humble Servant, 


February 17, 1868. Davip JosEePu. 








MAcHINERY FoR Rotting THE TzA Lear.—The Indian 
Daily News describes a tea-leaf rolling machine, which con- 
sists of one or more discs rotated horizontally over a surface 
on which the leaves are placed. The surface, which repre- 
sents regular lineal indentations, is covered over with fine 
matting, and its relative distance from the revolving disc is 
under control. The latter is bound with a loose rim, which 


adjusts itself to the space between the disc and the lower 
surface, and thus imprisons the leaves whilst being rolled. 
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VARIABLE MOTION. 
DESIGNED BY MR..JOHN AITKEN, ENGINEER, DARROCH. 
(Hor Description, see the opposite Page.) 
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In hot-air engines it is necessary at each stroke to force into 
thefurnace or heating chamber a quantity of air which, when 
heated, shall be of sufficient bulk to supply the cylinder during 
the ensuing stroke; and in most engines of this class this forcing 
in of the air has been effected by an air pump specially provided 
for the purpose. In an engine designed by Mr. Wenham, how- 
ever, which we illustrated and described on page 27 of the pre- 
sent volume, the main cylinder was itself made to serve the pur- 
pose of an air pump, the air being delivered from the upper part 
of it during the up stroke of the piston, and the latter being 
fitted with a trunk at its top side in order to reduce the 
capacity of the cylinder to the necessary extent. To avoid 
using a trunk in this way Mr. Wenham has designed two 
other arrangements for effecting the same end, and these we 
now propose to describe. 

According to one method Mr. Wenham provides the top of 
the cylinder with a sliding or other valve opening to the ex- 
ternal air, and this serves as the inlet valve ofthe pump. After 
the piston has descended to the bottom of the stroke this valve 
remains open for a portion of the return stroke, so that some of 
the air that has just entered is allowed to escape again into the 
atmosphere; at the time when the air pump contains the re- 
quisite charge of air (varying in quantity from three-fourths to 
one-half the lower capacity of the cylinder) the inlet valve is 
suddenly closed by the action of the engine, and the contained 
volume cf air is forced through the usual outlet valve into the 
furnace; or the inlet valve may be held open, and the support 
removed when the proper charge of air is contained. As this 
would preferably be a variable quantity, according to the re- 
quired work of the engine, the closing cf the inlet valve may be 
determined at varying parts of the stroke by the action of the 
governor, which will in this way reg .iate the speed of the 
engine. 

By another arrangement, which we illustrate in the annexed 
engravings, the upper end of the cylinder, a,’ Figs. 1 and 2, is 
made of such capacity that when the piston } reaches the top 
of the stroke at c, a space, d, may be left in which the portion 
of air not required may be compressed, and consequently will 
not enter the furnace, and, by its snbsequent expansion, will 
assist the down stroke of the piston. This space may be formed 
between the piston and cylinder lid, or the air may be com- 
— in aside passage or reservoir. In these engines Mr. 
Wenham prefers carrying the crank shaft, e, in bearings bolted 
to the top of the flange of the cylinder, and working the crank 
by a return connecting rod, f, with the guides, g, for the piston 
rods above, similar in form to that known as a “ steeple engine ;” 
in other respects, as in the furnace and valve arrangements, the 
parts are substantially the same as described in our former 
notice to which we have already referred. In the engine now 
illustrated, however, Mr. Wenham places a disc of fireclay above 
the furnace, as shown at h, Fig. 1; this is supported on the 
rim of the fire pan, and has a central hole equal in diameter to 
the bore of the fuel hopper, ¢, which touches the disc, and the 
bottom edge is thus protected from the direct heat of the fire. 
Around the disc are a series of perforations, J, shown in plan, 
Fig. 3, leading into the annular space of the stove; a jet of pure 

ame rises through each of these at every stroke of the engine, 
and at the same time the fire is prevented from rising above its 
proper level). 











WENHAM’S HOT-AIR ENGINE. 
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VARIABLE MOTION. 
To Tue Epitor oF ENGINEERING. 

Srr,—The methods generally used for producing variable, 
angular, and rectilineal motion—such as cambs, sliding 
blocks, and elliptical wheels—cannot be used in some machines 
on account of their tendency to produce vibration and that want 
of firmness necessary to good mechanism. In such cases the 
arrangement illustrated on the opposite page may be useful. 

The gearing will be most easily understood from Fig. 
1, where it will be observed that the motion is produced by 
means of two cranks anda drag or push link, the cranks 
being fixed to the ends of two shafts, which are parallel to 
each other, but not in the same line, the one being to the 
side of the other. The greater the distance between the two 
shafts, the greater is the difference between their relative 
velocities ; and by varying the length of the cranks, the dis- 
tance between the centres of the shafts and the length of 
drag-link, almost any variation between their relative velo- 
cities may be produced. To produce a varying rectilineal 
motion from this, it is only necessary to add a crank and 
connecting-rod to the gearing, or the connecting-rod may be 
geared to the same crank-pin as the drag link, and made to 
act at such an angle as will produce the required motion. 
Fig. 4 shows the different motions produced by the con- 
necting-rod acting at different angles. The large circle, E F, 
represents the path of the driving crank-pin, and is divided 
into ten equal parts. The circle, G H, represents the path of 
the other crank-pin ; and the divisions marked on it show its 
unequal angular velocity as it is drawn or pushed by the 
link, Q. The divisions on the lines, I K, L M, and N O, 
show the corresponding rectilineal motions produced by the 
eonnecting-rod, R, when acting at these angles, each of the 
unequal divisions on the lines, I K, L M, and N O, corre- 
sponding to an equal division on the circle, E F; and it will 
be observed that, when the connecting-rod acts in the direc- 
tion of the line, I K, that the motion is slow at the middle of 
the stroke ; when in the direction of L M it is slow near the 
end; and when in the direction of N O it is slow between 
the up and down strokes; and that, when acting in this 
direction, it makes the up and down strokes during the time 
the driving crank makes little more than one-half of a re- 
volution, and remains nearly stationary during the other 
half. Other variations in the motion are given when the 
line, I K, produced does not pass through the centre of the 
circle, G H, but to one side of it. 

Fig. 1 shows the application of this gearing to slottin 
machines and similar tools. The shaft, A, is the usua 
driving shaft of the machine, with its faceplate, P, for carry- 
ing the movable crank pin for changing the length of the 
stroke, the driving shaft, B, being placed parallel to it, but 
not in the same line, and the two shafts being connected by 
means of the cranks C and D and the drag Tink Q. If the 
extra brackets required for carrying the bearings for the 
shaft, B, are objected to, then the arrangement shown in Fig. 
3 might be adopted, where the large eccentric pin, B, 
which supplies the place of the shaft, B, in Fig. 1, is 
either fixed or cast on the framing, F, of the machine, the 
usual driving shaft, A, passing through it eccentrically, the 
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driving spur wheel, which runs loose on the eccentric pin 
B, carrying one of the crank pins, and the crank fixed on the 
end of the shaft, A, carrying the other, the. two being con- 
nected by the drag or push link, Q. Fig. No.4 shows the 
motion of the cutting tool compared to the motion of the 
driving shaft. The equal divisions on the circle, E F, repre- 
sent the constant angular velocity of the shaft, B. The 
divisions on the circle, GH, the unequal angular velocity of 
the shaft, A, and the divisions on the line, 1K, show the 
motion of the cutting tool corresponding to the equal 
angular velocity of the driving shaft, B, the proportion of 
the different parts being so arranged as to give an uniform 
rate of motion in the one direction and a quick return motion 
in the other. The advantages of this arrangement in place 
of the single crank are that, whilst retaining all the solidity of 
the single crank, it canin the same time, without exceeding a 
certain fixed maximum speed, make ge strokes in the place 
of five with the single crank, the speed of the cutting tool is 
kept uniform for ¢ths of the stroke, and also the different 
parts of the gearing are in much more solid connection, and 
more easily kept tight, than can be done by many of the 
methods at present in use. Yours truly, 
Joun AITKEN. 
Darroch, Falkirk, February 29, 1868. 








Tue Forrign Coat anp Iron Trapes.—An attempt 
has been made at Naples to found a “ Mining Company of 
Southern Italy ;” the Government has ordered from the 
company 50 tons of its coal to be supplied from workings at 
Giffani Valle-Piana. The Prussian iron trade is considered 
to have somewhat improved of late ; pig is affirmed, however, 
to be selling in some cases below cost price. Some Rhenish 
works have obtained a contract for 20,000 tons of rails for 
the Austrian State railways, while orders for rails have also 
been given out by various Prussian railway companies. A 
slight improvement has at last taken place in the French iron 
trade, a number of small orders having communicated a 
certain activity to business in the Haute-Marne. There is 
a good current of orders in the Meurthe and the Moselle, 
but this is in part attributed to a reduction of 8s. per ton 
made by forgemasters in the price of iron. M. Menot has 
taken the iron in the late Universal Exhibition building at 
Paris at 40,4357. An important contract for rails is ex- 
"ss to be shortly given out in Russia, and several Belgian 

ouses are endeavouring to obtain it. Some orders for mer- 
chants’ iron and plates have been received in Belgium, but 
the demand for pig continues limited. The Belgian coal 
trade has slightly improved of late; it is still, however, in a 
comparatively sluggish state. 

Rattways IN AmERiIcA.—From a recent report of the 
Commissioner of the General Land Office, it appears that the 
construction of railroads in America, since their first intro- 
duction, has been at the rate of a thousand miles a year; that 
there are now completed no less than 37,000 miles, and in 
course of construction 17,860 miles additional, or more than 
one-third the length of all the railroads in the world. To 
assist this wonderful development, Government has con- 





tributed over $184,000,000, and 800,000 acres of land. 


RECENT PATENTS. 

Tne following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 13864, 10d.) Henry Richard Cottam, of St. 
Pancras Ironworks, Old St. Pancras-road, patents 
making the balusters of staircases and other ornamen- 
tal rails of iron bars having grooves in them with over- 

lapping flanges, by which ornamental tiles slipped into 

the grooves are held. 

(No. 1366, ls. 4d.) Samuel William Worssam, 
junior, of Kings-road, Chelsea, os the improved 
universal joiner which we described in our notice of 
the Smithfield Club Show, on page 568 of our last 
volume, 

(No. 1369, 8d.) Thomas Aldridge Weston, of Bir- 
mingham, patents making springs for buffers, &c., as 
follows: aseries of plain discs are taken, of a shape 
corresponding to that in which the spring is to work, 
and upon the opposed surfaces of every pair of these 
dises are fixed a series of small springs, so arranged 
that the tongue or free end of each spring bears upon 
the fixed end of the corresponding spring on the oppo- 
site disc. In some cases these small springs are made | 
by cutting and bending up portions of the disc plate 
themselves. 

(No. 1373, 10d.) Thomas Aldridge Weston, of 
Birmingham, patents the arrangement of hoist, with 
the patentee’s friction couplings and brake, which we 
illustrated and described on pages 14 and 15 of the 
present volume of ENGINEERING. 

(No. 1377, 4d.) William Edward Newton, of 66, | 
Chaneery-lane, patents, as the agent of John P. Price | 
and Frank K. Hipple, of Philadelphia, U.S., the} 
welding of iron or steel by the aid of kyrolite. ‘The 

*kyrolite is to be ground or pulverised, and its im- 
purities, or most of them, removed, after which it can 
be used in the same manner as borax or other fluxes. 

It is stated that the quality of the flux is improved by 
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naces having revolving beds are described in the 
patent. 

(No. 1417, 10d.) James William Butler, of the 
railway-oflice, Dunmow, patents a system of armour- 
plating. According to this plan comparatively light 
armour-plates are used, and behind them are arranged 
steel or iron tubes, of circular, hexagonal, or other 
section, packed close side by side, with their axes 
placed perpendicular, or nearly so, to the backs of the 
armour-plates. The tubes are, by preference, to be 
filled in solid with wood or other material. Armour- 
plating thus constructed would have but little resisting 
power beyond that due to the front plate and the 
backing behind the tubes. 

(No. 1419, 6d.) Edward Field, of Chandos-cham- 
bers, Adelphi, patents a form of steam boiler some- 
what resembling the Howard boiler turned upside 
down. ‘This boiler consists of a series of transverse 
tubes placed at an angle of about 1 in 12 with the 
horizontal, these tubes having depending from them a 
number of “Field” tubes. The lower ends of the 
transverse pipes communicate with another pipe or 
pipes, forming a water-space in which the sediment 
from the water can be deposited; and their upper ends 
are connected to another pipe by which the steam 
generated is collected. Methods of lining the interior 
of the “Field” tubes with zine tubes or plates, to 
prevent the deposition on them of saline or earthy 
matters, are also included in the patent. 


(No. 1420, 1s. 10d.) John Clark, of 3, Orchard- 


railway brakes, which it would require the aid of draw- 
ings to describe 

(No. 1428, if 4d.) Charles Randolph, of Glasgow, 
patents improved arrangements of the hydraulic pro- 
peller, which we illustrated and described on page 198 
of our last volume. 

(No. 1431, 4d.) Clarence Brazil, of Chorley, and 
Robert Grime, of Preston, patent methods of wetting 
and drying wefts or yarns, preparatory to weaving. 
According to these plans, the cops of weft must be 
skewered, or must be spun on metallic tubes, and 


adding boracie acid to the flux as follows:—To a} they are then placed in a strong steam-tight vessel, 
saturated solution of kyrolite, say, ata temperature of} and covered with the usual mixture of soap and 
60° Fahr., add the boracie acid in the proportion of} water. Steam, at a pressure of from 20 Ib. to 30 Ib. 
from 12 to 20 per cent. by weight. Mix the materials | per square inch, is then admitted to the vessel, and 
intimately, evaporate the solution to dryness, and | tlhe soap and water thus caused to penetrate the cops. 
pulverise the residue for use. The superfluous soap and water 1s then allowed to 

(No. 1389, 1s. 4d.) James Johnson, of Pendleton, | escape from the vessel, and the drying of the yarn is 
and Alfred Giles, of Manchester, patent machines for effected by allowing the action of the steam to con- 
drying yarns, paper, &c. In one form of this apparatus | tinue. 


These various processes, and the apparatus for carry. 
ing them out, would require more space to describe 
than we can give to them here. 

(No. 1461, 6d.) Andrew Linmere Dowie, of Glas. 
gow, patents processes for preparing iron for form. 
ing alloys, which we notice, in detail, on page 232 
of the present number. ’ 

(No. 1463, 8d.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of 
Ambrose George Fell, of New York, making water- 
gauges for steam boilers, with two or more sides, 
formed of plates of mica fixed in a metal frame. 

(No. 1485, 10d.) James Lee Norton, of Belle 
Sauvage-yard, patents an apparatus for drying malt or 
hops, or the spent grains from breweries and dis- 
tilleries. According to these plans the materials to be 
dried are placed in a revolving cylinder carried by an 
axis, the inclination of which can be varied. The 
cylinder is provided with ribs or feathers on its in- 
terior surface, and these, as the cylinder revolves, turn 
over the materials, and expose them to the action of a 
current of heated air, which is caused to pass through 
the cylinder in the opposite direction to the materials 
to be dried. 

(No. 1486, Is. 6d.) James Lee Norton, of Belle 
Sauvage-yard, also patents machinery for washing and 
drying wool, &c. ‘This washing machinery could not 
be clearly described: without reference to drawings ; 
the arrangements for drying are the same as those for 
drying malt already noticed. 

(No. 1487, 10d.) «‘Thomas Metcalf, of Newton- 
Heath, near Manchester, patents apparatus for burn- 
ing hydroearbon oils‘as fuel. For this purpose it is 
proposed to feed the hydrocarbon oil into a “ gas- 
chamber,” or box fitted to tht front end of the furnace 
or boiler flue, this box being heated by a small fire 
placed below it. The gas-chamber is placed in the 
position usually occupied by the fire-door, and is in- 
tended that the oil admitted to it should be converted 
into gas, and should then be discharged through small 
holes or jets into the farnace, where it is to be con- 
sumed. We have strong doubts as to the practical 
efficiency of this apparatus. 

(No. 1489, 8d.) Thomas McComas, of Old Broad- 
street, patents, as a communication from Samuel 
William Maquay, of the borough of Footscray, Mel- 
bourne, a method of raising sunken ships by attaching 
to them bags inflated with hydrogen or other gases. 
It is proposed to connect the bags to the vessel to be 
raised by a strong network of ropes, and to inflate 
them with hydrogen or other gas, generated in strong 








a pair of discs are mounted on a horizontal axis at a 
convenient distance apart, and are connected by bar or 
stay rods at their circumferences. On the opposed 
surfaces of the discs are formed radial grooves or 
channels, and into these are slid frames, carrying the 
yarns or other materials to be dried. ‘The machine is | 


enclosed in a chamber which can be supplied with 


closed vessels, which are to be submerged and con- 
nected to the bags by suitable pipes. 

(No. 1494, 10d.) Humphrey Chamberlain, of 
Wakefield, patents placing in the flues of marine and 
Cornish boilers a number of perforated bridges of 
fire-brick, the object of these being to equalise the 
heat in the flue, and to enable an additional supply of 
air to be introduced above the grate for the purpose of 


(No. 1439, 6d.) George Nimmo, of Jersey City, 
U.S., patents a method of making railway-wheels, the 
object of the system of constrution adopted being to 
produce a wheel having atyre with a cast-iron or steel 
surface secured to a wrought-iron ring. The process 
of manufacture proposed could not be briefly described. 

(No. 1442, 8d.) George Coles, of Gresham-street 


heated air, into contact with which the materials to be |} West, James Archibald Jaques, of Tottenham, and 
dried are brought as the creel revolves. | John Americus Fanshawe, also of 'l'ottenham, patent 

(No. 1392, 2s.) William Smyth, of Darton’s Castle-| placing between railway chairs and rails, and also 
derg, county Tyrone, Ireland, patents a flying-machine, | between the chairs and keys, compound elastic plates, 
the engine for working which appears to be constructed | each formed of two, or more, thin metal sheets, coated 
chiefly of india-rubber! The contrivance could not be with brass, and having between them thin layers of 


effecting the consumption of the smoke. 
think that there is anything new in this. 


Southampton-buildings, 
Emmanuel Minary, of 


We do not 


John Garrett Tongue, of 34, 


(No. 1495, 1s.) 
— as the agent of 


explained without the aid of drawings. 

(No. 1400, 6d.) John Piddington, of Gracechurch- | 
street, patents providing the boring tools employed 
for boring ordnance or gun-barrels with a small tube | 
extending the whole length of the tool, and through | 
which a supply of soap and water can be delivered upon 
the point of the tool throughout the process of boring. 
We doubt if the employment of a water-tube in this 
way is new. 

(No. 1408, 4d.) Adclph Neumeyer, of Débitz, 
Prussia, patents improvements in the manufacture of 
gunpowder. According to this patent, it is proposed 
to mix about 72 parts, by weight, of saltpetre, witl 


t 
l 


I 


about 18 parts of charcoal prepared in the ordinary 


manner, and to add to the mixture about 10 part 
fl. wers ol sulphur The se ingred nis are to be } ced 
in a closed cylinder, through which is passed voly 
ing shall carrying a humber ol radial arn , a ‘ 
are to be mixed with about 40 patt water | 
jecting them to the action of this apparat " 
filteen minute Phey e the ' v 
the evlnder and dri a, W thout | u 
oOperalion Of granulating TY th 

No. 1409, 10d.) Jo Gav N \ 
Bu'terly Lronwork Al 
the beds of dling and 
oul riaces of the t } 
a chan be } ' Hf) : a“ 
Into thi ry te are irected | 
pray which are caus t ' " " 
and keep them cool, Special arrangements 


| vuleanised india-rubber. 


ingham-street, Adelphi, patents an apparatus for 
washing coals or mineral ores, which it would require 
the aid of drawings to describe. 


In these 
furnaces the fuel is fed through a kind of central 
hopper, which reaches from the roof of the furnace to 
near the grate, and which is perforated at several 
points. It is intended that the fuel in this hopper 
should be partially, or wholly, coked on its way down 
to grate, and that the gases evolved should pass down 
through the incandescent fuel on the grate, and should 
thereby become highly heated. These heated gases, 
and those arising from the incomplete combustion of 
the fuel on the grate, are then mixed with a sufficient 
supply of air and conducted to a combustion-chamber, 
where they are consumed. 

(No. 1498, 4d.) Edward Young, of Oughtibridge, 


esancon, a system of con- 
structing furnaces for steam boilers, &c. 


(No. 1443, 8d.) Edmund Edwards, of 22, Buck- 


(No. 1448, 6d.) George Tomlinson Bousfield, of 
Loughborough Park, Brixton, patents, as the agent of 
Wiliam Elmer, of New York, a system of manufac- 
uring illuminating gas. This specification will be 
nteresting to many gas engineers; but we can only 
ilford space for a short notice of it. Mr. Elmer pro- 
soses to employ for the manufacture of coal gas Q- 
etorts, set in the usual way, but having the stand- 
mnected to the rear instead of the front ends. 





es CO! 





he front end of each retort is a supply pipe, | near Sheffield, patents methods of treating iron ores 
iving at its lower end a rotary valve, by means of| for the purpose of removing phosphorus from them. 
vhich the coal is introduced into the retort in small| In order to effect this, Mr. Young proposes to roast 
s required, appliances being also provided| the ores in a Siemen’s gas furnace, the producers of 
h coal, so introduced, ean be pushed} which are supplied with a fuel rich in sulphur. The 
ww end the retort Leading down-| gases from the producer are led into a chamber con- 
ear e the retort is a d scharge | taining the wet or moist ore, and are there burnt, the 
n which the coke falls as fresh charges of air admitted being insufficient to produce complete 
luced 1 ( the discharge-tube | combusti n, so that the ore may be submitted to the 
at water Mr. Elmer also | action of bisulphide of carbon, and other sulphur com- 
" f ric current continuously | pounds Mr. Young states, that under these cireum- 
| cr ‘ iottt tort, the stances su | hur replaces oxygen in the ore - the sulphur 
' et se " uur from iuiterwards removes by roasting in the presence 
un excess of air. (See pace 232.) 

‘ ' i lulien Denis, of Stamford No. 1500, 26. 6d.) David Thomson, of 3, Old- 
Blackfria s methods of making pulp | street, patents the arrangement of a steam road roller, 

n Various fibrous substances and vegetable matters. | which we described on page 354, of our last volume. 
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THE ROADS OF ABYSSINIA. 

We have from time to time given most accurate and 
worthy accounts of the line of route of the ex- 
ary force in Abyssinia. The information has, 
in a great measure, been compiled from official docu- 
ments, especially that which relates to the routes of 
the country and the line of march followed by the 

army. In this way we have described, as concisely as 

possible, the roads from the first camp, at Zoula, to 

Senafé, the first station or encampment on the high- 

lands, or in Abyssinia proper, and the following par- 

ticulars, taken from a report on the country by 

Brigadier-General Merewether, describe the route 

from Senafé to Ategerat, and thence to Antalo. 

There are two main roads from Senafé to Ategerat, 
one called the King’s-road, the other the Caravan- 
road, while a third goes for a short distance separately, 
but joins the King’s-road about sixteen miles from 
Senafé. This last is deficient in water and grass, and 
therefore it was not more. closely examined. ‘The 
entire distance by the King’s-road is thirty-seven 
miles. ‘The road passed,” says General Merewether, 
“a little to the left of Barakeet, and then across the 
southern end of the Mai Muna valley over alow spur 
“into a much narrower valley, running from west to 
“east, at the foot of a striking scarped hill, called 
“ Dissanee. In the centre was a running stream of 
“water which joined the Mai Muna a little lower 
“down, and plenty of good grass. Proceeding west, 
“about two miles, we came to the village of Goona 
“ Goona, at the head of the valley and spring, twelve 
“and a half miles from Senafé. Immediately after 
“ Jeaving Goona Goona there was a steep ascent, which 
“will require improving before it is easy for laden 
“animals; but there is nothing that may not quickly 
“be done by sappers. For wheeled artillery it would 
“take some time. The total height was not ac- 
“ curately taken, but it was under 300 ft., and spread 
“over about one and a half mile. «A spring of good 
“ water was found at the top. At one mile the third 
“road from Senafé joined; here, also, the district of 
“ Akola Kozain was left, and that of Agameh, and im- 
“ mediately after Aledge passed, having a ravine on 
“the right called Kola Amborees, leading down to 
“the Mareb, and another to the left leadimg to the 
“eastern plains. After going about four miles further 
“ we left the road and descended by a rough path into 
“a valley to the watering place, Mai Muzrub. The 
* next morning we had to ascend again to reach the 
“road; we then passed over a level plain till we 
“turned the high hill called Focada, six miles from 
“Muzrub. At this point we were only twenty miles 
“from Adowa; but the intervening country consisted 
* of the most difficult hills and ravines.” The whole 
way from Muzrub, for a distance of seven miles, there 
were signs of considerable cultivation ; and the same 
was noticed for four miles further, during which the 
road went along the side of a hill with low valleys to 
the left; after four miles there was a very steep 
descent of 186 ft., by a bad path, to Kur Subheer. 
From this to Ategerat, about six miles, was over a 
cultivated plain, with here and there springs of water.. 

Returning by the Caravan route, it was found that 
for the first seven miles the road was very fair, over 
undulating grass land, but. the descent into the Omfeito 
valley then followed, very difficult, stony, and in some 
parts very steep, far worse than any part of the other 
road. The whole distance is two and a half miles 
shorter than the other one, but infinitely worse, and 
quite unfitted to move the baggage of an army, 

_ From Senafé to Ategerat will probably be divided 
into three marches for the army, viz., to Goona Goona; 
125 miles ; Focada, 144 miles ; and Ategerat, 10 miles. 

The following are the routes from Ategerat to 
Antalo: 

Ategerat to Mai Weehiz, about 13 miles. Belonged 
formerly to Agame, but now to Haramat. Road not 
bad— a short, not bad ascent; camp large and good 
running water. 

Mai Weehiz to Ad Abagin, about 15 miles. Belongs 
to Haramat. Exeépting a short ascent near Mai 
vpn the route all over large open plains; plenty 
Of Villages, 


Ad Abagin to Dongallo, about 12 miles. 


trusty 
pedition 


Province 


Tera. Road middling good. A bad descent with 
forest. The camp’s torrent very great; you pass it 
thrice. This year the watercourse not continual. 


Dongallo to Agala, about 14 miles, Provinee Tera. 
Open plain country; very good road; large torrents 
atthe camp. All these rivers go to the Taccaze. 

Agala to Dolo, about 19 niles There is water 
about 12 miles from Dolo called Mai Makdan, but it 
Would not be en ugh for an army. A bad ascent 
before Mai Makdan, another after it. Before Dolo a 


good; some part of it a desert. At Dolo there isa 
great river; plenty of villages round. 

Dolo to Haykallat, about 9 miles. Enderta. Plain 
open; soil black. A small ascent on the road. Camp’s 
river great. 

Haykallat to Afgul, about 9 miles. Enderta.. Some 
desert. A bad short descent. A village near camp. 
The water enough, but not so plentiful as at the other 
stations. 


Afgul to Antalo, about 5 miles, Enderta. Hilly 
and irregular, but not a bad road. 
The whole route is from 96 to 100 miles. For a 


messenger it would take four days. The markets, 
which are not on the road, are at Atzbi, Antalo, and 
Howzen. All along the road there is plenty of grass, 
but wood is scarce. Haramat has some grain, but the 
province of Enderta has nothing at all. 








TEMPORARY APPOINTMENTS IN THE 
INDIAN PUBLIC WORKS DEPARTMENT. 


At page 92 of the present volume of ENGINEERING 
we gave a general account of the principles upon which 
the thirty appointments for temporary service in the 
Indiau Public Works Department had been filled up, 
and it was then stated that we hoped shortly to be 
in a position to give the names of the gentlemen 
selected for those appointments. Owing to the in- 
ability of one or two of those first appointed to pro- 
ceed to India at present, some changes have neces- 
sarily taken place, and it is only now that we can, 
with any degree of certainty, give the names of those 
finally appointed. It will be remembered that candi- 
dates were invited for three grades of appointments, 
viz., executive engineers of the third and fourth grades, 
and assistant-engineers of the first grade; the ap- 
pointments made, however, have been to the two 
grades of executive engineers only, twenty-five having 
been sent out in the third grade, and five in the fourth 
grade. The names of the successful candidates are as 
follows : 

Executive Engineers, 

Third Grade. 


Executive Engineers, 
Third Grade. 
E. Olander 


bs —_— A. C. Palles 

R. Carew J. W. P. Roberts 
J. J. Carey W. Sanderson 

C. Cheyne F. Simon 

C. L. Davies G. F. Smith 

R. F. Hallahan J. H. Unwin 
J.C. Hammer J. Whitfield 


J. E. Whiting 


Executive Engineers, 


W. F. F. Handcock 
T. E. Heaford 


H. Hooper Fourth Grade. 
G. Latham J. G. T. Coddington 
J. L. McAlpine J. D. Ferguson 

R. T. Mallet H. T. Humphreys 
C. Mayne T. Kyle 





A. G. Murray W. G. T. Stace. 

We learn that great alarm has been created amongst 
the junior members of the Public Works Department 
in India, by the currency of a report to the effect 
that two hundred civil engineers are being sent out 
from England to be put over their heads in the De- 

artment. ‘That some discontent will prevail when it 
is discovered that only thirty have been so sent out, 
we fully anticipate, but it is difficult to see clearly 
how the demands of the service for a greater number 
of experienced engineers, required principally for the 
construction of irrigation works, could have been met 
so satisfactorily in any other way than that which has, 
in this instance, been adopted. ‘The engagements are 
only for temporary service, for three or five years, ac- 
cording as the Government may determine in each 
case, but even should some be retained permanently 
on the establishment, and thus tend to retard promo- 
tion, it must be borne in mind that, although a 
grievance will be done. to the junior members, there 
can be no complaint of breach of faith on the part of 
Government, since the Public Works Department in 
India, from its growing tendency to increase, can have 
no fixed number of officers. From a failure to pro- 
cure the required number of officers of Royal Engineers 
and Civil Engineers to fill the junior grades, recourse 
must of necessity be had to the appointment of civil 
engineers to tie higher grades, in order to keep up 
the establishment of a strength suflicient to meet the 


NOTES FROM INDIA. 


Bengal.—The number of ships in the river Hooghly, off 
Calcutta, show the failure of the experiment of laying down a 
system of screw pile moorings in the port. The bottom of the 
river offers no good holding ground for the screw pile, which is 
always liable to be torn up. This has been a costly experiment, 
due to the cyclone of 1864; It is reported that Messrs. 
Marillier and Edwards have reeeived the contract for four jetties 
in the port of Caleutta—two ot them are to be completed in 
twelve months and two in eighteen months. 

During 1867 the cost of ‘thé army in India was 12,889,8987., 
showing a nett increase of 351,273/. arising from the increased 
pay of private soldiers. 

The steam-tug boat Enterprise blew up at Calcutta on the 
8ist January, killing five natives, mortally injuring seven 
others, and injuring two Eurgpeans and some natives. The 
chief engineer, Mr. T. Newfon, had a very narrow escape. 
The accident arose from the butsting of the after boiler, which 
was completely blown to pieces, the wreck being carried 12 ft. 
forward, materially injuring the works of the engine. The 
bulkhead of the cabin was also broken, and the deck over the 
boiler blown away; the after funnel was blown off its fixing, 
and left lying against the main mast. 

In consenting to give a guarantee to the Indian Branch Rail- 
way Company, the Secretary @f'State has informed the Viceroy 
that the guarantee is to be undérstood as extending only to the 
capital required for the construction of the Oudh and Rohilkund 
lines. The company has been obliged to close the Nulhatty 
line, and hence it has been agreed that a sum of 5 lakhs of 
rupees shall be written off.as the loss sustained by the company 
on account of this line. But ‘although these points have been 
settled, the execution of the contract has been delayed in con- 
sequence of the discussions. which arose on some minor points. 
Various legal difficulties also presented themselves, but these 
the Secretary of State in a recent despatch believes have now 
been overcome, and a copy of the contract, as finally settled, 
will shortly be forwarded to the Government of India. ‘The 
Home Government, it is added,,have no objection to the directors 
making any arrangement they can for the preservation of the 
Nulbatty line; indeed the Secretary of State would be glad to 
hear of such an arrangement having been concluded. But it 
must be understood that no arrangement will be allowed to 
interfere with the agreement by, which 50,0007, of the capital of 
the company have been written off as the estimated joss on 
account of the Nulhatty line. Now, however, that the Eust 
India Railway have it in coutemplation to construct a branch 
line from Cynthia to a point on the Bhaguruttee opposite 
Moorshedabad, or Berhampore, the Nulhatty line may be con- 
sidered as finally closed. 

The railway buildings at Sharunpoor and Meerut are ina 
fair way to early completion; and the bridges over the Dheem- 
mola and Hindun river are also progressing favourably. 

The Pioneer states that claims have been advanced by an 
officer of the Indian.garmy to one of the most valuable properties 
in London—the St Katherine’s Docks—worth about 90,000/. 
a year. 

Dotead Provinces.—The Hyderabad durbar is said to have 
behaved very well in opening up the Godavery. Not only have 
the import duties been remitted on the frontier, but the con- 
struction of a couple.of feeder roads to the river has been under- 
taken; one, 55 miles long, from Warrungul to Mangapett, and 
the other, 57 miles long, from Gilgundul to Mahodeopett. Sir 
Salar Jung bad also consented to defray the expense of explor- 
ing.the river to its source, provided the cost did not amount to 
more than 10,000 rupees. At present, however, this measure 
will remain in abeyance. 

The extension of the Oudh system of railways is being pro- 
ceeded with. ‘Two or three additional engineers have arrived 
and been set to work on the Fyzahad river. 

Madras.—The Nizam has at last given his sanction for the 
railroad to be extended to Hyderabad. It was the last act of 
Sir Richard Temple’s to wring this permission from him, for, 
like most natives out of the Presidency towns, he has a great 
horror and prejudice against steain, and imagines that railways 
and such like modern innovations were hatched in the regions 
“down below.” However, it is to be made, and 70 miles of rail 
have to be laid to meet the line at Sholapore. 

A sudden downfall of rain has very much improved agricul- 
tural prospects in the southern districts of the presidency, and 
quantities, of water are now reported, varying from one to three 
months’ supply, inthe tanks, wells, and other irrigation works 
of those districts which were suffering from the late droughts. 
The Secretary of State for India has, informed the local 
government that, in consequence of the great importance 
attached by the Astronomer Koyal, and by the Royal Astrono- 
mical and Royal Societies, to an efficient observation near 
Masulipatam of the total solar eclipse, which is to occur in 
August next, the organisation of a scientific party, finder the 
direction of Major J. F. Tennant, R.E., to proceed to India, to 
carry out the above object, has been sanctioued. 

A bridge on the Madras Railway, ten miles west of Ttichi- 
nopoly, hus been washed away by a re | flood. 

Bombay.—During the present oflicial year, the area under 
cotton cuitivation in the Bombay Presidency has been increased 
by 27,000 acres, but the yield is set down at 1000 candies less 
than in 1866-67. It is a significant fact that the cotton grow- 
ing districts contain in all 20,457,083 acres of arable land, of 
which 6,694,384 acres are capable of producing cotton; but of 
these only 1,976,800 are actually used in the cultivation of the 


staple. : 
I'he Times of India sketches the Jumna Musjid of Bejapore, 
which occupies three sides of a square, surmounted by « dome 


75 tt. in diameter and 160 ft. in height. The principal specmlity 
ot the building is the nave. Behind is an ornamental tank 





demands on it We confess to being unable to see 
how the present vacancies in the Department could 
well have been filled up in any other manner, and the 


fact that these thirty appointments are of a temporary 
nature only, seems to show that in thus providing 
officers which were so much required, the Government 


of India has endeavoured to spare, as much as the 
exigences of the public service would allow, the 
junior members of the Department from any undue 





descent, small generally. This part of the road is not 





interference with their prospects of promotion. 


with gardens Leyond, which still show great beauty of design. 
Towards the great shrine rows upon rows of graceful pillars 
stretch in every direction, diviiing the marble floor of the nave 


These aisies, taken sideways, are 258 ft. in 


into endless aisles. 

length; taken at right angles with tle altar, they are | Mit. The 
altar iteelf, which is covered by an iinmense curtain, i one 
gorgeous mass of gilding and carved ivory, too elaborate for 
description. The place is still held in great veneration by the 


Mussulmans in the city. 
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PERMANENT-WAY CONSTRUCTION. 
To THE Eprror oF ENGINEERING. 

Srr,—A very simple way of getting over the “insecure 
fastenings” mentioned by “ A Subscriber” is to use fang bolts 
in the chairs and sleepers instead of spikes. This is done on 
the narrow-gauge system of the Great Western Railway, 
and is found to answer very well. 

T enclose my card. 

Your obedient Servant, 
ANOTHER SUBSCRIBER. 

February 26, 1868. 





To THE Epiror or ENGINEERING. 


Srr,—Good permanent-way is the cheapest. By this I 
mean that it is not only the cheapest as to its effect upon 
rolling stock, but that it is cheapest in the abstract, in re- 
spect to its own maintenance, renewal, and repairs. 


Long experience has convinced me of this fact, that the 
cheapest permanent-way is that in which the materials are 
of the best description, laid down with the greatest care, 
and when so laid is never allowed to get out of repair by 
neglect or from a mistaken policy of false economy. I will 
explain what I mean by good permanent-way. If any think 
I place the standard too high, I reply that it is at present 
placed far too low, and that I believe the highest standard of 
excellence should be aimed at, and every effort made towards 
its attainment. I was to-day looking over an old specifica- 
tion of contract for permanent-way maintenance, wherein 
the contractor binds himself to keep the way in perfect line, 
level, and gauge. Now, taking the word perfect in its re- 
stricting sense, I believe a permanent-way may be kept in 
such condition as to deserve that expression, but to this end 
it is necessary that no requisite expense and care be spared 
in its construction. 

In stating what I believe that construction should be, I 
beg to assure you that I ask no credit more than any man 
deserves who endeavours to apply the practical teaching of 
years to the removal of defects that experience has shown in 
to exist. 

ane at the base I will separately examine the 
several parts that go to build up what is commonly known 
as permanent-way. These are: Ist, the foundation which 
includes the excavating of the formation and the ballasting ; 
2nd, the sleeper; 3rd, the chair and its fastenings; and 4th, 
the rail and its fastenings. Leaving the first for the present, 
as being of so much importance that it deserves a fuller com- 
munication than I could give it within the limits of this 
letter, I come to the 2nd, the sleeper. Of this the first con- 
sideration is that it be of sound timber, and next, that it be 
of sufficient dimensions. The ordinary 9 ft.x10in.x5in. 
oblong sectioned sleeper answers all those conditions very 
well. The sawn part should be placed downwards, for 
nothing is more in its way than to have a sleeper with a 
round or uneven bottom, although I have known whole lines 
so laid down. The half round sleeper should be rejected, 
because it does not afford sufficient base for the chair. Creo- 

soting is advantageous, if well done; but, like everything 
else, if scamped, is best left alone. 

I find that a leading engineer, from a report recently in 
ENGINEERING, fixes the life of a sleeper at ten years. If my 
memory serve me right, this is but half the time given by 
Captain Huish some years since. Twenty years seem a long 
time for a sleeper to last, yet, if it does not become unservice- 
able through rot—and I believe it will not do so if of good 
sound timber, well creosoted and laid in gravel—then I see 
no reason to doubt that a sleeper will last to the full time 
named. Of this, however, I am confident, that natural decay 
should be the only limit to its durability. That ten years, or 
even less, on lines of heavy traffic, may now be the extent of 
the sleeper’s effective service, I will not dispute; but this 
premature destruction is produced by causes that admit of 
removal, and should no ane be allowed to exist. The 
principal of these are the imperfection of the chair and its 
fastenings. Taking the chair first, the duty of the chair is to 
form a support to the rail, and to so connect it with the 
sleeper that all three—sleeper, chair, and rail—firmly hold 
together. How to produce this result is undoubtedly the 
most difficult in permanent-way construction. That the 
manner in which this is now attempted is a failure cannot be 
doubted. What, then, can be done to solve the difficulty ? 

I think that the defects in the present chair will show us 

the direction in which we are to look for an answer. The 
chair is too small, and is crushed into the sleeper; therefore 
the base should be made larger. The fastenings have not 
sufficient holding power to effectually secure the chair to the 
sleeper; therefore fastenings of the most powerful kind 
attamable should replace them. The chair, in my opinion, 
should be at least 8in. wide by 16in. in length. These 
dimensions give an area of 120 square inches, which, I think, 
would be sufficient to resist the heaviest traffic, if used with 
3 ft. bearings. The chair should also support the rail over 
its whole width ; this would materially strengthen the rail 
and lessen its deflection, besides anatase great advantage, 
which I will name hereafter. 
_ [now come to the important question of the chair fasten- 
ings. The strain upon these fastenings is great and peculiar, 
and may be described as of two kinds, vertical and lateral. 
The first is by far the most difficult to deal with, the second 
being comparatively slight, except on heavy curves, and even 
in these cases there is no difficulty in dealing with them. 
The vertical strain is caused by the deflection of the rail be- 
neath the pressure of the trains. When an engine passes 
over a permanent-way,a wave-like motion of the rail is pro- 
duced, the'greatest depression takes place in the central point 
between the bearings ; depression on this point causes the rail 
to lift beyond the next bearing. 

The rail may thus be considered to form a succession of 
levers. The — forming the weight, and the next sleeper 
the fulcrum, to lift the bearings beyond. Thus a continuous 


the engine stops. When we add to this strain the effect of 
the constant jar and vibration that 1s caused by every pass- 
ing train, we may form an estimate of the work the fasten- 
ings have to do, and how wholly inefficient the spike and 
treenail must prove to sustain it. Indeed, it is hardly pos- 
sible to conceive anything more deficient in holding power 
than the spike. 


If I wish to fasten a piece of iron to a board, and do so by 
driving blunt-ended nails into the timber, I find that a 
small force is sufficient to separate them; but if, instead of 
nails, I use wood screws for the purpose, I find it impossible 
to separate the iron from the wood, unless I use great force, 
and then only by tearing away the wood that surrounds the 
screws. Now, the chain spike is nothing but a large blunt- 
ended nail, and, consequently, most unfitting for the purpose 
it is applied to. On lines of even light traffic, when driven 
into new timber in relaying, it may be seen by the close ob- 
server to have given way within a tew days of its being used. 
There are other reasons against the use of the spike; one I 
will mention. It often happens that from carelessness, or, 
from the tendency many men have of scamping their work, 
that the spike is driven without first. boring the timber, and 
this results in either splitting the sleeper or knocking a piece 
out of the bottom of it. In the first case the sleeper is use- 
less; in the second, it is greatly damaged. An attempt has 
been made to improve the spike, by giving the shank (made 
of square iron) a twist, but this has proved a failure. Some 
years since the wood treenail was introduced, and was for a 
short time thought much of; but, as the material of which 
it is made is perishable and incapable of bearing heavy work, 
it has proved inferior even to the spike in such cases. Fang 
bolts I put on one side at once as being the very worst 
fastening, at least, for cross sleepers; for if all other condi- 
tions were favourable, the fact that the platelayer has to 
grope underneath the sleeper to fix the nut is sufficient to 
condemn it. On account of this trouble the nut is often left 
unfixed ; or, if on the other hand, the platelayer is bent 
upon honestly fixing them, he has to first disturb the bed of 
the sleeper before he cando so. But, even when the nut and 
bolt are properly fixed, the bolt will turn out of the nut, or 
it will break in tightening ; in short, the fang bolt is not in 
any view of it a good fastening. 

Having examined and seen tested every description of 
chair fastening that has been used to any extent, I was led 
some time since to try the efficiency of wood screws; for this 
purpose, and from the experience I have had, I feel justified 
in saying that if they were adopted they would prove ex- 
cellent substitutes for the present imperfect fastenings. The 
screws should have a deep thread. There is a kind called 
the coachmaker’s screw which answer admirably ; its grip on 
the wood is so great, that I am convinced that a chair 
fastened to the sleeper with a sufficient number of these 
screws would bear almost any amount of strain before the 
chair could be wrenched from the sleeper. I understand 
that provisional protection has been obtained for the applica- 
tion of wood screw bolts to railway chairs. The great 
wonder is that no attempt has been made to apply so obvious 
an improvement before this, let the cause of this be what it 
may. I think I may safely prophesy that wood screws will 
prove the fastening of the future; and I would strongly 
advise makers of railway bolts to turn their attention to- 
wards the improvement of this article; its general introduc- 
tion is only a question of time. Theory and practice will 
both combine to recommend its adoption. Besides its great 
holding power, it has another important advantage over 
the spike. If the head is properly formed, the bolt cannot 
be driven by hammer without immediate detection, and 
therefore it must be screwed home, nor can the sleeper be 
split or otherwise damaged by the work, as is so often the 
case when spikes are used. These are great advantages, and 
if they can, as I believe, be realised, I think we may fairly 
look torward to the sleeper living its full time, instead of 
dying a violent death by the destructive treatment it is now 
generally subjected to in consequence of bad management. 

Of the rail I have little to say. As to its form I have no 
hesitation in choosing the double-topped section.. It is much 
easier to work with, easier to curve, and easier to exchange. 
The one drawback is that the bottom of the chair wears into 
it, so that when turned it presents a series of hollows over 
the chairs ; this makes the trains run rough, and tends to much 
shorten the durability of the rail. This is a serious draw- 
back, I know; but I have faith that a remedy will be found 
for this, the only defect in this kind of rail. One step in that 
direction will result from what I have herein proposed, viz., 
increasing the width of the chair, and giving the rail a bear- 
ing to the full extent of it; let this be done, and the chair 
also be firmly fixed to the sleeper, and I am convinced much 
of the defect named will be removed. 

The evidence is so clearly in favour of steel rails that 
nothing that can be said by me can strengthen. Yet I will 
observe that they ought to be adopted, for the good reason 
that they make a better because a more permanent road. IL 
have heard it suggested that as steel was stronger than iron, 
the steel rail might be made lighter than the iron one; but 
in my opinion nothing could be worse than to act upon such 
a proposition; if we do err let it be on the side of strength, 
if that be possible. I therefore think the rail should be 
at least 80]b. to the yard. 

Many attempts have been made to dispense with the 
wooden key, but hitherto without success. It would be an 
easy matter to fasten the rail without this old servant, if the 
rail was a fixture ; but to do so, and provide for the easy ex- 
changing or turning of the rail with despatch, and without 
the necessity of drawing the fastenings of the chair and inter- 
fering with the gauge, is amongst the inventions of the future. 

Yet the thing is of such importance that the solution of the 
problem is sure to be found. Until then we must use the 
wooden key; and I have nothing to say about it, but that it 
should be made of the best dry oak, and kept dry until wanted 
for use ; and, when in use, kept damp by brimming the ballast 
against it, and, I will add, the sooner it can be done without 
the better. 





succession of down-pressing and up-lifting takes place until 








—_— 


There still remains the fish-plate to treat of before I com- 
plete my remarks — the materials of permanent-way con- 
struction, and this I will, with your permission, defer until 
another opportunity. 

T remain, Sir, yours truly, 


February 25, 1868. An OLD TELAYER. 








ELASTICITY IN ROLLING STOCK. 


To tue EpiTor oF ENGINEERING. 

Srr,—Elasticity in rolling stock is daily becoming a matter 
of more and more importance, not only on account of the 
adoption on our railroads of locomotives of a much greater 
weight than those formerly made, but also of the increasing 
loads on the springs of both the goods wagons and passenger 
carriages. The total absence, at present, of any efficient or 
real elasticity shows itself not only in the breakage of axles 
and springs, consequent on the jerking and jolting so much 
experienced and often attended with disastrous results, but in 
the wear and tear of the wheel tyres, and the more serious 
injury sustained by that important, costly, and indispensable 
part of our railway system—the permanent way. It is quite 
certain that without the resilience afforded by the ballast, 
which at the best is but slight, that neither the durability of 
the rolling stock nor of the permanent way could be main- 
tained. The benefit of the elasticity derived | from this source 
is made more apparent when from certain causes we are de- 
prived of it, and this is the case during the hard frosts of 
our winter months, and it is at these times that most of the 
accidents from breakage occur; but those not attended with 
serious results are unheard of beyond the engineering staff of 
the line on which they take place. In those countries where 
the winters are more severe than our own, and where the 
frosts continue with more or less severity from November till 
wy or even May, it has been found necessary to look to 
other sources for the acquisition of elasticity; thus, for in- 
stance, on the Norwegian railways, M. Carl Phil, the engineer, 
places in a recess on the top of the axle-boxes, pads or 
washers of india-rubber, which are thus interposed between 
the axle-boxes and the ordinary steel springs, and he has 
found them of the greatest service in reducing the number of 
breakages of axles and springs consequent on the extreme 
rigidity of the permanent way, rende a the intensity of 
their frosts. Similar appliances were also by Mr. Sinclair 
on the Great Eastern fisilway, and so much has the necessity 
for something of the kind been felt, that elastic or other spring 
packings, of various forms and shapes, are now much used on 
a large number of our railways. Because great results as to 
the durability of the permanent way are anticipated, and have 
indeed, to some extent, been already realised by the recent 
introduction of Bessemer’s steel rails, it is no reason what- 
soever why we should not endeavour, as far as we are able, 
to remove one of the principal causes of its present prema- 
ture failure. Not to do so would be about as good engineer- 
ing as to reduce the pressure of steam in an engine on ac- 
count of the frequent breakage of the crank-pin, and employ 
an auxiliary one to compensate for this loss of power, in- 
stead of merely increasing the strength of the former. The 
laying down of a stronger kind of rail is by far more expen- 
sive than the application to the rolling stock of appliances 
for increasing its elasticity, and thus reducing its dead 
weight to a minimum. It has for a long time been my 
opinion, and has also received the endorsement of man 
practical railway engineers, that the most durable, cheapest, 
and best line in the end that could be made would be one 
perfectly rigid in all its parts, and made so strong and secure 
that the numerous staff of men now daily employed in the 
renewal and maintenance of the permanent way of all our 
railways might be nearly dispensed with, or so reduced in 
number that the gain by non-payment of their wages would 
more than compensate for the extra expense of laying it 
down. For the prevention of wear and tear in such a line, 
which would be well deserving of the name permanent way, 
and for the compensation of loss of resilience by its intro- 
duction, a much greater degree of elasticity would have to be 
imparted to the rolling stock, which should then be possessed 
of much more than is at present to be found in the former 
and the latter combined. For the acquisition of this high 
degree of elasticity, it is quite certain that we must not look 
to the ordinary steel springs alone, which have in them- 
selves proved quite inadequate for its attainment. They 
certainly, however, absorb a considerable amount of vibration, 
and also render service on locomotive engines by enabling the 
weight to be distributed on the wheels much at the option 
of the engineer, and for this and other purposes are often con- 
nected together by means of compensating beams or levers. 
It would be needless here to enumerate the various schemes 
that have from time to time been proposed and brought 
forwards for the purpose of neutralising the rigidity of both 
the permanent way and the rolling stock. Suffice it, how- 
ever, to say, that at the present time there exists no efficient 
or real elasticity worthy of the name, and which can be felt 
and appreciated. The difference experienced between travel- 
ling in a common road cart and a light spring carriage is 
similar to that which should exist between the sensations at 
present felt in railroad travelling, and those which should be 
experienced from rolling stock when properly suspended or 
slung. For the attainment of this desired object, I have 
designed and patented several modifications of elastic wheels, 
the capabilities of which are such, that they permit of any 
desired degree of elasticity being imparted to the rollin 
stock. They are not practically rigid like some other wheels 
for the same , but when Properly designed and 
adapted to their loads will compress slightly and visibly hold 
them in suspension. I shall be glad to forward full par- 
ticulars of this invention, and any other necessary information 
to those desirous of adopting them. 

I am, Sir, your obedient Servant, 


C. W. Dixon. 
Wickham Market, March 6, 1868. 











224 ENGINEERING. [Mancx 13, 1868. 














BRIDGE OVER THE RIVER QUOINA, AT KURAR. 


CONSTRUCTED BY MR. R. BROTHERHOOD, ENGINEER, CHIPPENHAM. 
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AccomPanytNG this description are given an elevation’and After the above experiments, Mr. White severely tested DYNAMITE. 
details of one span of an iron girder bridge, recently con- | the iron employed in the | mem The pieces to be tested To THe Eprror or ENGINEERING. 
structed by Mr. R. Brotherhood, of the Railwa Works, | were taken at random, and subjected to a tensile strain of Str,—Thinking you might like to see a report of some 


Chippenham, under contract with the Secretary of State for | 34 tons to the square inch without the least sign of fracture, | experiments made with the new blasting powder, I take this 
India, for the Quoina River at Kurar, on the portion of the | angi the tension bars were bent double, whilst cold, without | from a Norwegian paper : 
Bombay and Madras Trunk Road, between Sattara and Kola- | exhibiting any symptoms of injury. From a personal in- “Alfred Nobel, the introducer of nitro-glycerine as a 
r. The iron superstrutture consists of four spans of 116 ft. | spection of samples of the iron thus experimented on, we | blasting power (which has come into universal use in the 
each, and 108 ft. in the clear. With the object of utilising | have no hesitation in stating that the iron used is of a very | last few years, on account of its superior strength and easier 
work previously done, it was arran to make the bridge superior quality. : working), has invented a combination which is called dyna- 
consist partly of masonry arches and partly of iron girders Che weight of each span is altogether 644 tons, and with- | mite or ‘ Nobel’s powder,’ which has all nitro-glycerine’s 
supported on masonry piers, as well as to bring into use a | out the buckled plates 114 tons. The total weight of the | good points as regards strength, &c., and but few of its bad 


large quantity of stone material prepared and available on | bridge is 258 tons, and the length over all 464 ft. . ones, as it will not explode by percussion or heat of a flame, 
the spot. To meet these conditions, the design is formed of In the accompanying illustration, Fig. 1 is an elevation of | hut is only explosible by a peculiar method” (which is not 
four 654 ft. arches, nearly semicircular in form, carried by | one span; Fig. 2, cross section; Fig. 3, plan of roadway, | named further in the article, so suppose it is as yet a secret). 
piers resting directly on the rock, and of four iron girder | cross girder, &.; Figs. 4 and 5, sections of chords at centre ; | « The explosive force of this compound is so great that even 
8 , each of 108 ft., placed across the deep channel of the | Fig. 6, section of strut; Fig. 7, section and swelled end of | large pieces of iron can be blown into pieces by it, without 
river where it is difficult to secure good foundations. lattice bar; and Fig. 8, section of cross girder. the use of ‘stopping,’ when ten times the weight of mining 


The highest flood line has been taken at 63 ft. above the These bridges are designed with a special view to the re- | powder, with a screw as ‘stopping,’ has taken no visible 
bed of the river, being that actually known to have taken | quirements of the countries for which they are destined, | effect. 
lace in 1853; a clear interval of 5ft. has been allowed | combining portability and lightness with strength. The “st. Experiment was made upon a half circular granite 
tween the flood line and the intrados of the arches, which | heaviest individual part of the structures (a cross girder) | fjeld, which had been bored to a depth of 12ft., and mea- 
gives a total height of roadway above the stream bed of 73 ft. | weighs 5} cwts. only, the greater number of pieces being | sured at the bottom 0.8 in. diameter, and at top (which was 
he total horizontal distance across, between abutments, is | considerably lighter, thus securing easy transport, which is | 20 ft. above the surface) 1.0 in. diameter. 
706 ft. an important feature where the carriage of more ponderous “To one unacquainted with the immense strength of 
To show the difficulties attending the construction of iron | work would be very costly, and in some cases impracticable. | dynamite, any attempt to blast such a rock would have 
girder bridges in certain parts of India, it will be only neces- | These bridges are simple in construction, and may be readily | seemed impossible, as the boring was 











sary here to point out that the nearest sea port to the site of | fixed by natives with the assistance of one skilled labourer. 20 ft. from the western side of the fjeld, 

the bridge at Kurar is that of Chiploon, distant from it fifty- | More than seventy bridges on the same principle have been Q2ft.  ,, north y oe 

four miles, and the carriage hire for the conveyance of the | manufactured by Mr. Brotherwood, ranging from 60 to 150ft. | and 15ft. _,, south ie i 

girders over that space, in carts capable of ing 800 1b. | in the clear span—the greater number being erected in | so that the question here was to break out of its bed a stone 

apiece, is estimated to amount to no less than 3000/. The | Ceylon—and several are now in progress at their works. mass of about 8000cubie feet (Norwegian). The first load- 

total sanctioned estimate for the entire bridge amounts to Fhere wood is abundant, and not greatly subjected to de- | in (61bs. of the powder) had the effect of breaking it into 

36,074. 4s. terioration by climatic influences or white ants, the flooring | three pieces, and the rock was observed to shake, and, upon 
The iron superstructure, as has been already stated, con- | is by preference made of timber, which much reduces the | looking at it, the three cracks were plainly seen, and extended 

sists of four spans, each of two main lattice phe 108 ft. in | weight, and consequently the cost, of such structures. from top to bottom. The second loading (in the same hole) 

the clear and 104 ft. deep, carrying a roadway, with flooring cracked the rock still more, and started another crack on the 

of Mallet’s _— buckled plates, 22 ft. wide, fixed half way west side, and the third shot (using the same hole) which 

down their depth. was plainly much enlarged, sprang the rock into four 
On 11th January last one complete stan was tested at Mr. Economistne Carpontc Actp Gas.—A French chemist, | colossal’ pieces, separated from each other by cracks of about 


Brotherhood’s works, in the presence of Mr. George Preston | named Noél, has arranged a system of economising the car- | 4in. to 5in. in width, each of which were so crazy that by 
White, C.E., on behalf of the Secretary of State for India, | bonic acid produced during the operation of fermentation, | hammers they could easily have been removed. 
Colonel Hart, Major Skinner, late Commissioner of Roads in | for the poodaction of bicarbonate of soda. The or gee | “2nd. A loose handful of the powder was laid upon a stone, 
Ceylon, and Mr. kum, C.E. of the Government Brid vats are closed, being furnished with a trap, through which | and one of the lookers-on laid a flaming fusee upon it; but, 
Factory in Ceylon. To represent the weight of the bal- | the operation may be watched from time to time, and also | instead of an explosion, the powder simply flamed away. 
lasting or road material, the platform of the bridge was first | with a force-pump which conveys the gas into a special re- “ 3rd. The same quantity of powder was strewn upon the 
loaded with a dead weight of 75 tons. A live, or rolling | servoir provic ed for the purpose; and connected with a barrel | stone (measurement, 2 ft. x 1.5 ft. and 1 ft. thick), and this 
load on eleven broad gauge trucks, equal to 1 ton per foot | containing the alkali. The is made to enter the latter at | was exploded by Nobel’s cap, when the stone was perfectly 
run, and weighing altogether 108 tons, wasthen run forwards | the lower end, and the air is allowed to escape at an orifice | crushed into small pieces. 
and backwards over the span from a siding. The deflection | at the top; when, instead of atmospheric air, carbonic acid “4th. An 8 ft. case was laid upon the ice, and about 8b. 
of the bridge with that load on, in the centre of the span, was | issues from this orifice, the operation is terminated. The | of the powder put into it and exploded, when the 1} ft. ice 
iths of an inch, and on its removal, the bridge rose }jths of | water of crystallisation is withdrawn by means of a tap at | was opened into a hole of 10 ft. by 3 ft. to 4 ft.” : 
an inch, leaving a permanent set of yyth of an inch, and no | the bottom of the cask, and this is afterwards treated sepa- This will give you an idea of the strength of dynamite, 
oscillation was observable during the pro of the test. | rately with carbonic acid. M. Noél proposes to convert the | and as you might not have seen any accounts of the 
The contract — for the four spans, including painting, | alkali in the barrels in which it is afterwards to be sent out, | material, I thought the foregoing loose translations might 
rs king, &c., delivered alongside in the port of London, was | there being nothing to be done but withdrawing the tap and | interest you. Yours, &., 

7131. 16s. closing the two holes. H. 
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APPARATUS FOR MANUFACTURING WELDED TAPERED TUBES. 
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WE illustrate above an arrangement of smith’s fire and other 
appliances for use in manufacturing tapered welded tubes, such 
as those which have been long and successfully applied to steam 
boilers by Messrs. Galloway, of Manchester, the apparatus in 
question having been designed and recently patented by Mr. 
William Galloway and Mr. George Plant. In manufacturing 
these tubes, the skelp or metal for forming each tube is first 

heated in a smith’s fire, in which there are two tuyeres, or two 
rows of tuyeres arranged opposite to each other, so as effectually 
to heat the skelp which is placed between the two rows. In 
place of employing the ordinary form of water tuyeres for this 
purpose Messrs. Galloway and Plant construct a reservoir for 
the water, by preference of a strong form and closed, at the 
back of the fire, and from this are made to project into the fire 
one or more annular pipes, into the central space of which the 
blast is conducted by pipes, and whence the blast passes into 
the fire through one or more rows of side openings formed by 
short tubes passing through the pipes, and thus keeps them 
sufficiently cool. The skelp, which has been bent into the 
requisite conical shape before heating in the smith’s fire as de- 
scribed, is then placed upon a tapering mandril of a form corre- 
sponding with the interior of the tube when finished, after which 
it is passed through a rolling mill, the rolls of which have 
tapering grooves of a semicircular section corresponding with 
the form of the tube, and of a length equal to or greater than 
that of the tube, so that in passing through such grooves the 
seam of the tube becomes effectually welded by the pressure 
exerted upon it between the rolls and the mandril. 

our engravings, Figs. 1, 2, and 3, show the arrangement 
of a smith’s fire, such as we have just mentioned, and Fig. 5 is 
a section of one of the tuyeres on an enlarged scale. Fig, 4 
shows a modification in which the entire hearth is formed as a 
— chamber; and Figs. 6, 7, 8, and 9 refer to the welding 
rolls. 

In Figs. 1, 2, and 3, A is the bed of the fire, and on each 
side of this bed are arranged two annular tubes, B B, each com- 
posed of two concentric tubes, a and 6, of which the outer 
tube, a, communicates with the cylindrical water chamber, C, 
at the back of the fire, so that the water in the latier is made 
to circulate through the annular space between the inner and 
outer tubes. The inner tubes, b, pass through the water 
chamber, C, and at the back of it they are connected to the 
blast pipes, D, the blast from which consequently passes through 
these tubes, and into the fire on the bed, A, through a row of 
apertures, c, traversing the annular water space between the 
tubes. In order to regulate the blast according to the require- 
snents of the tube or other article to be heated, movable pistons, 
E, may be placed in the tubes, }, these pistons being actuated 
by means of rods, e, passing through the plugs, F, closing the 
ends,of the tubes, b, so that by moving such pistons farther 
from or nearer to the ends of the tubes, b, a greater or less 
number of the blast apertures, c, will be cut off, and the blast 
thus be more or less restricted. The cylindrical water chamber 
C, is formed, with a recessed part, G, in order that access may 
be ns to the fire from the back. This water chamber may 
be formed of such a size and provided with suitable fittings to 
act as a steam boiler; but in order to effect a more perfect 


circulation of the water and liberation of the steam generated in} 
the tubes, B, as also in orderthe more perfectly to utilise the" 
heat from the fire, it is preferred to arrange a second water 
chamber, H, at a convenient height from the fire, provided with 
fittings as a steam boiler, this second chamber communicating 
with the chamber, C, by means of pipes, I I, and with the front 
end of the water space of the tuyere pipes, B, by means of other 
pipes, J J, these pipes, I and J, serving at the same time as 
a to the boiler, H. The latter is provided with flues, 
K K, traversing the water and steam spaces through which the 
smoke and flames or hot gases from the fire pass. 

Figs. 6 to 9 show, as we have said, the mode of welding 
taper tubes by rolling; Fig. 6 is a front elevation of the rolling 
mill; Figs. 7 and 8 are side views; and Fig. 9 is a transverse 
section of the rolls, together with the tube and tapering man- 
dril. The rolls, A A, carried by the framing, B B, are formed 
with tapering grooves, as shown, corresponding with the ex- 
ternal tapering diameter of the tube, & This, when taken 
from the fire, is placed upon the tapering mandril, D, which is 
of a tapering form corresponding with the internal tapering 
form of the tube when finished. The tube is then passed, 
together with the mandril, through the rolls, the pressure of 
which effectually welds up the seam. In order to cause the 
rolls to work truly together they are geared together by spur 
wheels, E F, and for adjusting their position for the commence- 
ment of operations they are provided on the other side of the 
framing with ratchet wheels, F F, actuated by pawls, GG, 
carried by the rocking lever, H. 








TrecHNIcaL Epvucation 1n France.—The Minister of 
Marine and of the Colonies has just issued an order relating 
to what are called the Schools of Maistrance, in which a 
certain number of workmen in the arsenals and dockyards, 
chosen by competition, receive such special theoretical in- 
struction as fits them for foremen or heads of shops. These 
schools were reconstructed by decree in 1851; but the pro- 

ress made since that time in industrial science and trainin 

Ricinn left these schools in arrear, the minister has cause 

an examination and report to be made upon them. The result 
is that a decree has ~— issued establishing preparatory 
Schools of Maistrance in each of the Government yards and 
arsenals of Cherbourg, Brest, Lorient, Rochefort, and Toulon, 
and also a school at the imperial establishment of Indret, for 
the theoretical instruction of a certain number of workmen. 
In addition to these, two normal Schools of Maistrance are 
established, one at Brest and the other at Toulon. All of 
these schools are } see under the charge of the department 
of the Director of Naval Construction. The old pépiniére of 
the Luxembourg-gardens, which contained the dneet collec- 
tion of vines in France and a large number of other plants, 
has been swept away, to the great regret of professors and 
students in botany and arboriculture; but the chief gardener 
of the Luxembourg, M. Auguste Riviére, still continues his 
public instruction on the pruning of fruit trees; the lectures, 
which commenced on the 21st of last month, are given under 
a tent in the transformed garden on three mornings in the 





week, 








LOADS ON THE WHEELS OF LOCOMOTIVES. 
To THE Epitor or ENGINEERING. 
S1z,—When the weight of a six-wheel engine, its wheel- 
base, and the position of its centre of gravity are known, all 
the possible ways of distributing the load on the rails may be 
represented by a simple diagram : 
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Let AB and BO, Fig. 1, be the wheel base, and D the 
centre of gravity. 


To construct the diagram, Fig. 2, take a line, E F, equal to 
the gross weight of the engine. 
Draw the parallelogram E F G H. 
E I=weight of front wheels, axle, axle-boxes, and all other 
below the front springs. 
J K=ditto below centre springs. 
L F=ditto below hind springs. ’ 
K L=load on hind springs if the centre springs hear no 
load. 
M — on centre springs if the hind springs bear no 
lo 


K L=weight of engine above springs X AD 


AC 
M N=dittox2?. 
If through any point O, OU be drawn parallel to E F 
then 
O Q=load on rails under front axle. 
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+ | ue au pea Fy P To tue Eprror op ENGINEERING. But 2825 — aby — per annum per 100 miles. 
deo wi. _ Srr,—TI am of opinion that “nag correspondent, ““P. W. D.,” 
is too hasty in wishing to clear the streets of small boys; 41,040/. error for 48 years charged to the 


load on front springs. 
centre ,, 
» hindi, 
In like manner, by taking other lines, as at V and W, 
arallel to E F, other possible distributions of the load may 
obtained. r — ‘ 
By means of this diagram it is easy to observe the effect o 
inesnsing or diminishing the load mJ the driving-wheels. 
Also the effect of equalising the load on the front and 
centre, or centre and hind springs, or adjusting either pair of 
loads in any given ratio by means of compensating levers, is 
readily seen. 


Lincoln, February 19, 1868. 


STEEL v. TRON RAILS. 
To tue Epitor oF ENGINEERING. 
Srr,—As I am not well acquainted with the English 
» I beg your pardon for the many faults you will 
mect in the present letter, I pray you to 
eorrect and rectify évery mistake. 
T have read with the test interest the letters published 
in, your journal on the eteél and iron rails question. I think 
that in many cases; and especially for héavy traffic, steel is 
better then iron ; but according to the actual prices of both 
™ I don’t admit that the latter must be forsaken on 
— of railways, and I will try to demonstrate it as 
OMOWS: 


Let A be the price of a ton of steel rails when new. 
A’ ” rails out of service. 
N the average life (duration) of steel rails. 

C the price of repairs and replacing of the rails 
after N years. 
X the sum which will produce, with compound 
interest, to the end of every period of N years, 
the expenses necessary for the renewing of 
the rails. 
B, B’, N’, and X’, numbers having for iron rails 
the same value as A, A’, N, and X for steel 


” 


Q@= 
s= 
T= 


Yours truly, 








iy 


rails. 
We will find easily the two following equations, the inte- 
rest being at 5 per cent. per annum : 
A—A’+C=X (1.05)N 
B— B’+C=X’'(1.05)N. 
The present total expense will be just the same for steel or 
iron rails, if : 


B+ X’=A+X. 
From these three equations it is easily deduced. 
(Losyn=(A—A’+0) _ [(1.05)N’—1] 
(B— B’+C) X (B— A) [(1.05)N’—1.] 


In this equation, for each value of N’, a corresponding value 
of N willbe found. But it is possible to find a value of N’, 
such that : 

O=(B—B’+C)+(B—A) [(1.05)N’ —1.] 


M 
For this value of N’ (1.05) N=5 =o, 


i 


N Corresponding Duration of 
Steel Rails. 


N=o 
Let us make some numerical exam 
61, B=71., B=4/., A=11., we will finc 


»les, so: A=121., A’= 
the following Table : 


| 
N’ Duration of Iron Rails.) 





- Then there is 4800/7. to be paid yearly. 
teen years the process of renewal is supposed to begin, re- 
l 2.07 or 2 years or 1 month. quiring 54,000/.; this and all other sums to be paid out of 
2 425 64 ‘ revenue, capital account being closed from the opening of 
$ 6.73 6 9 the line. Supposing the railway to be superseded at the end 
4 9.53 9 6 of forty-eight years, the account would stand as follows. It 
6 12.54 12 6 must be borne in mind that the capital sunk on first out- 
8 16.0 16 0 lay is of no account, as the steel would return quite as much 
7 20.03 20 0 as theiron in proportion tothe capital sunk : 
8 24.89 24 11 
9 31.04 31 0 Tron outlay, 96,0001. Steel outlay, 180,000/. 
10 39.53 39 6 £ £ 
11 58.60 53 7 Interest for first 16 
12 70.59 70 7 years’ outlay ... 76,800 
12.5 @ oo Renewal at the end of 
16 years ... wv. 64,000 
Should iron rails last N’ years, steel will be better than Interest on first out- 
iron, if steel rails have longer duration than N years. lay for second 16 . 
When iron rails last only six years, it is now quite certain | _ years see _ 76,800 
that steel rails will last more than sixteen years; in that case, Renewal at the end of 
steel is better than iron without any doubt. 32 years ... 54,000 


When iron rails last twelve years, it is very probable that 
steel rails will last more than seventy years. But it is also 
very probable that in seventy years the engineers, our suc- 
cessors, will make the rails and their fastenings in a very 
different manner, and that the actual rails will be renewed 
before seventy years for another cause than for wear. In 
that case, it is not certain whether steel is better than iron 
or not. 


But if iron last fourteen years (and we have on the Con-| » on 338,400 
tinent many lines of valuable income in thi: condition), iron — 
rails will be better than steel rails, even it steel rails have | 48 years 93,600 
an endless duration. a; aoe 

The above numbers are not absolute; should the steel’s | Expenditure in excess for steel for each year 
price be modified, they would also be modified; but for the| during first 48 years we oe 1,950 


moment it is certain that, Ist, iron rails should be used on 
every line where the iron rail’s duration is greater than 
twelve years and six months; 2nd, steel rails should be used 
on all lines where the iron rail’s duration is less than six or 
eight years. 
I pray you, Sir, to excuse me if I sign only, 
Your obedient Servant and Subscriber, 


Total expenditure for 


For steel 


for if the boy had not loitered, you would not have had my; 
two columns of nonsense, and, by a parity of reasoning, his 
(“ P. W. D.’s”) thirty-one lines of “sound wisdom.” Let 
me advise him in future to be careful how he relieves his 
“eccentricity,” then he will not add to the deprivation im- 
posed on your numerous readers ; however, he does not throw 
any additional light on this question. Indeed, Sir, I am 
utterly at a loss to make out where he has been reading, or 
where he has seen any figures; for he says, “that by calcu- 
“lating interest on the 54,000/., and none on the 69,200/., 


« *J. W.’ makes it a 
“ steel.” Will “P. We 


hi ] 
e neat Pl 


this, then he had better remain silent till he does. 
is really interested in the question of steel versus iron rails, 
then my advice is, let him read my letter again, and he will 
see that the first 16 years’ interest on steel is included in the 
item of interest for the 48 years. 
Sir, while agreeing with “F. F.,” that revenue should re- 
new, &c., the whole of both permanent and rolling stock, I 
took up his first mode of calculation, and finding that his 
figures were correct for the first 48 years, I simply extended 
the calculation for another 48 years, thus finding results at 
the end of 96 years not only in favour of steel for the second 
period of 48 years, but in amount so large as to not only 
make up the deficiency of the first period, but to leave also 


that capital account 


steel. I quite a with “F. F.,” 
The interests paid on 


should not be tasked with renewals. 


current working expenses are met, and renewals provided 
for. I should like to know if there is any railway authority 
who thinks differently. peepee ee | capital accounts are 
kept open after the lines are completed, and for necessary ex- 
tensions it is right to do so; but what are necessary exten- 
sions P 
I do not see that “ F. F.” has touched my extension of his 
own first method of calculation, and if it was of moment to 
use it for the first forty-eight years, it was for ninety-six 
years. Moreover, the Great Northern Company have made 
efforts to renew out of revenue, but charged two-thirds to 
capital. This policy the Daily News, the Pall Mall Gazette, 
and, I believe, every other first-class journal condemn, ‘ind 
admit the amount so charged to be lost, so far as the original 
shareholders are concerned. “ F. F.” seems to think there is no 
analogy between the Post Office and railways, but there is. 
The former, no doubt, is the best investment, and has been 
more successful under Government management. If the 
capital required is less than for railways, then they can 
lower their charges; or the Government, working the two 
services, could have maintained each in effective working 
condition, equalising the whole for the benefit of the people. 
Being Government profit, there is no call for the declaration 
of dividends. The two united would do well; even supposing 
that hitherto the railways have been managed from the begin- 
ning to the present time in the most judicious manner, which 
I think is, in at least many instances, open to doubt. 
Let us su pose that 100 miles of iron rails cost 96,000/., 
and upon this outlay must be paid a perpetual yearly in- 
terest of 5 per cent. I am not aware that, even if the value 
of money does greatly change its value in years hence, that 
there is any clause in the Acts of Parliament by which power 
is conferred on the railways to alter the rate of interest. 
At the end of six- 


Interest on first out- 
lay for the third 16 
years 


Interest on first out- 


76,800 lay for 48 years 432,000 








Total expenditure for 
a term of 48 years 338,400 a term of 48 years 432,000 
£ 


és owe eos 432,000 


which makes no allowance for the large sums which would 
be saved in rolling stock, accidents, &.—an amount which 
cannot be estimated, but which should, I submit, be remem- 
bered in comparisons of the merits of the two metals. 

For the yearly expenditure during a term of 48 years the 
account is really as follows, and Not 81751. for iron, and NoT 
11,000/. for steel, which gives a difference in fayour of iron 


disadvantage of steel. 

Sir, we will now, for simplicity, say the company determine 
to ¢ on for another period of years. The state 
of affairs ig this. The iron rails and the steel rails are 
both worn out. The resources of the company are tasked 
with a yearly expenditure of 4800/7. for the 96,0007. expended 
on iron rails, and with 9000/. per annum for interest on the 
first outlay of 180,000/. for stee/ rails. Neither of these items, 
it must be can be got rid of.. Then we have the 
subjoined for the second 48 years : 





ar that iron will cost more than 
D.” kindly inform me where he 
finds the item, 69,200/., for it is not in my letter—this item 
conjures up in the most ingenious but ignorant 
And let me tell him that compound interest has 
nothing to do with it at all; if he does not see — < 

ut if he 


a balance on the whole 96 years of 104,400/. to the credit of 


railway investments should be only paid after the whole of 


Tron Account. Steel Account. 


£ 
Renewal for first 16 96,000 
years of second 
period of 48 years 
Interest paid during 
first term of 16 
years in second 
period of 48 years 
for first outlay ... 
Renewal for second 
16 years of second 
period of 48 years 
Interest for second 
16 years of second 
period of 48 years 
Renewal for third 
16 years of second 
period of 48 years 
Interest for third 16 
years of second 
period of 48 years 


Renewal for 48 years 


54,000 
Interest on first out- 
lay for second 
period of 48 years 432,000 


76,000 
64,000 
76,600 
54,000 


76,000 
Total expenditure on 
steel for second 48 


years ++» 528,000 





Total for second 48 

years --- 390,000 eee 
£ 

528,000 

390,000 


Steel ... 
Iron ... 
Years, 48)138,000 


2,875 yearly excess of steel for second 











period of 48 years. 
£ £ 
1950 2875 
48 years. 48 years. 
15600 23000 
7 11600 
93600 138000 
138000 





231600 total excess for steel in 96 years. 

So it seems that, on the whole, as in the first mode of cal- 
culation, where all is charged to capital, the apparent balance 
is in favour of steel. But when, after first outlay, the whole 
renewals are charged to revenue, which is the proper course, 
the expense is least for iron, when steel is only taken as being 
three times as durable as iron. The questions then are: 
1. Would there be a sufficient saving in rolling stock? 2. Is 
the comparison fair, by reason of steel rails being stated as 
lasting six times as long asiron? I think, Sir, I have now 
done justice to “F. F.,” and he will excuse the liberty I 
took in carrying his first method of comparison forward from 
the end of 48 years to a more extended period. I am of 
opinion that it was carried out correctly ; and I am equally 
of opinion that the durability of steel is greatly underrated 
when taken only at three times that of iron. 

I am, Sir, yours obediently, 
March 3, 1868. J. W. 


KAUFMANN’S AERIAL MACHINE. 

To tHE Eprtor oF ENGINEERING. 
Srr,—In your description of my invention on the 6th inst., 
I noticed a small mistake, and as it would convey a wrong 
meaning, I hasten to correct it. The machine as designed 
with one tank car and three carriages, is to carry 3+-1+36= 
40 persons ; it is of 80001b. weight and 120 horse power, 
nominal. The one now making will carry only two persons 
in the tender, and will be of three horse power and 80 lb. 
weight. The larger machine is expected to indicate rather 
more than 300 horse power, giving an average 1} horse 
power per 40 lb. I am inclined to think that this omission 
is my fault. 








Yours very obediently, 
Glasgow, March 8, 1868. J. M. KaurMany. 








Money Marrers tn Austr1a.—Advices from Berlin state 
that, according to information received in that city from 
Vienna, the Austrian Cabinet have arranged to propose an 
income tax of 10 per cent., to be deducted from the coupons 
of all Government loans, even including those which were 
contracted under an express guarantee against such an 
impost. Also that a tax of 4 per cent. is to be placed on the 
capital of finance companies. Industrial undertakings, such 
as railways, railway bonds, shares, &e., are to be excepted. 
At the same time a commission is to be appointed for the 
revision and augmentation of the general income tax, the 
house taxes, and the taxes on capital and land. “ In fact, 

it is observed, “money is to be scraped both at home and 
from abroad to do away with the deficit. It would, however, 
be considered more honest to reduce the expenditure instead 
of reducing the coupons. Such proceedings are called in 
private life bankruptcy and compromises; in the language 





of 2825/., instead of 1950/. 





Paris, March 9, 1868, An ENGINEER. 





of Governments they are simply measures and necessities.” 
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ENGINEERING, Mazcu 13, 1868. 
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SOCIETY OF ENGINEERS. 
17th Fi , 1868. ‘, 
win Latnam, Fsq., President, in the Chair. 

“ON THE ISTHMUS OF ‘BARIEN AND THE SHIP- 
CANAL.” By Dr. CoLLEN. (Continued from page 214.) 
Tue Darren Suip CANnAt. 

History of the Project. 

As the project of a ship canal across the Isthmus of Darien 
was brought before the public fifteen years ago, and then 
dropped, the first question that will be asked is, why has it lain 
in abeyance since then? It must be premised, then, that, on 
his return from a journey to the Sierra Nevada of California, in 
1849, Dr. Cullen examined the shores of the Gulf of Panama 
and the Gulf of San Miguel with the object of finding a practi- 
cable entrance for a ship canal, and continuing his researches, 
entered the river Savana, and discovered the route about to be 
described. In spite of most formidable and appalling difficulties, 
he made a more particular examination of it in each of the three 
following years. In 1852, a short reconaissance was made at 
each side by Messrs. Gisborne and Forde, whom Messrs. Fox 
and Henderson and Mr. Thomas Brassey had sent out. In 
1853, in consequence of their favourable report, the Atlantic 
and Pacific Junction Company of ‘London was formed. The 
directors were: Lord Wharncliffe, chairman; J. Pemberton 
Heywood, Esq., deputy-chairman; J. S. Brownrigg, Ch. 
Brownell, T. R. Crampton, E. Cro pers J. C, Ewart, G. D’Olier 
Gowan, W. I. Hamilton, Lewis i. Haslewood, H. T. Hope, 
Hugh Hornby, Admiral C. R. Moorsom, Captain Mackinnon, 
R.N., A. Montoya, his Excellency Francisco de Riveiro, his Ex- 
cellency Ezequiel Rojas, Melvil Wilson, Alexander Wilson, 
Milner Gibson, M.P., and Baron Antoine Rothschild. The 
bankers were, Messrs. Heywood, Kennards, and Co.; the solici- 
tors, Messrs. J. C. and H. Freshtield; the official auditor, J. E. 
Coleman, Esq.; the secretary, Dr. Black; and the engineer-in- 
chief, Lionel Gisborne, C.E. ~ The offices ere at 36, Moorgate- 
street, and 8, New-street, Spring-gardens. 

Soon after the formation of the company, Dr. Cullen applied 
for permission to go out to Darien three months before the engi- 
neers, in order to clear a bush-path along the line, so that they 
might have room to carry their instruments ; but his request 
was refused. He then applied on two occasions, but with equal ill 
success, for authority to act as guide to the exploring party, 
and to negotiate a treaty of friendship with the Indians. 

In December, 1853, a large staff of engineers, most amply 
provided with money, instruments, and necessaries of all kinds, 
was sent out by the company to survey the line; and three 
British, a French, and an American ship-of-war were stationed 
in the harbours to assist them. However, ver, unfortunately 
for all concerned, six weeks before their arrival on the coast of 
Darien, Commander J. C. Provost landed on the Pacific side, 
and made an unsuccessful attempt te reach the Atlantic ; and, 
two days before their arrival, Lieutenant Strain, U.S.N., landed 
in Caledonia Bay, on the Atlantic side, with the intention of 
crossing over to the Pacific, Thus, instead of a single well- 
arranged plan for making an impartial and thorough examina- 
tion of the route, there were three unconnected explorations 
mn different and wrong directions, of which two were conducted 
without the use of compasses! or even bush-knives!! and not 
one was brought to a conclusion. In each case, moreover, the 
commanders were guided by “volunteers,” who were agents 
sent to offer their gratuitous services by the opposition com- 
pany, namely, the Atlantic and Pacific Ship Canal Company, 
of New York, the promoters of which—F. M. Kelley, Esq., 
George Law, Vanderbilt, &c.—proposed to cut a canal by the 
Atrato route, which Humboldt had recommended on the 
authority of the Biscayan pilot, Gogueneche, 

Thus Commander Prevost was guided by Messrs. Kinnish 
and Nelson,* and Lieutenant Strain by Messrs. Avery and 
Boggs, of the Atrato Company, and also by Messrs. Holcomb, 
Winthrop, Forster and Bird, of the Panama Railway Company.+ 
Mr. Holcomb was the station-master at Aspinwall, Mr. Winthro: 
Was nephew to Aspinwall, one of the contractors, and Mr. 
Forster was the editor of the Aspinwall Courier—a news aper 
supported by the Railroad Company. Lastly, Mr. Gisborne 
placed himself under the guidance of Colonel Augustin Codazzi, 

; i Granada Government, 
as chief of the Chorographic Commission, was also father-in-law 
Gonzales, a doctor of law, who, since the unfortu- 
nate fate of Setior Cardenas in the Amazon, was sole concession- 
aire of the Atrato route. Codazzi was likewise an engineer of 
the Atrato Company, and had just sent to New York a most 
favourable report of their line. 

Although not one of the above gentlemen had ever before set 
foot on the Isthmus of Darien, and although Dr. Cullen accom- 
— Mr. Gisborne, yet, as the directors had refused to give 

im any authority or position in the conduct of the ex edition 
which had been sent out to promote a project that had originated 
With him, he was not permitted to j ( 
ever, and not only were his offers 
the course taken was 
Pointed out. 

The result was that the engineer-in-chief, in his Report§ to 
Lord W harneliffe, dated Her Majesty’s ship Es iegle, Caledonia 
Harbour, April 4, 1854, stated that a tunnel 3 miles in length 
Would be necessary, although the same Report concluded as 
follows ; “Tam quite aware that, in now concluding my survey- 
ing operations, || there is a great deal of interesting information 
still wanting, and that my examination of the isthmus is not 
Dear so perfect as I had hoped to make it,” This, indeed, had 

2 so manifest, that Commander Parsons, of Her Majesty’s 


to act as 


i guide rejected, but 
directly opposite to 


that which he had 


ne 


* Ross, Dr., H.M.S 


Virago. Report of the Expediti 

“op te Tathions of fasion ~ WETS 
yt seadly, Mr. Narrative of Strain’s Expedition, in Harper’s 
New ¥ ork Magazine for March, April, and May, 1855. se 
aia Over Darien, _ Reports of the Mismanaged Darien Expe- 

tion, with Suggestions for a Survey by Competent Engineers, 
Ee 7 Exploration by Parties with Compasses.” London: 
Mase a Vilson, 1856. There 18 a copy in the British 

§This Report was never published. 


Sason de 


here was no survey, nor even an exploration, 


surveying ship Scorpion, in a letter to Dr. Cullen, dated San 
Juan de Nicaragua, Ma: 15, 1854, says, in allusion to Mr. 
Gisborne’s opinion as to the necessity for a tunnel: “ Of course 
I shall not consider the matter thoroughly settled until further 
search is made.”* 

The same opinion of the imperfect and partial character of 
the inspection of the country then made was expressed by Baron 
Humboldt, M. Malte-Brun, M. Michel Chevalier, and Mr. T, 
C. Vincent, of New Park-street, Southwark, who had spent 
several months in Bogota examining the archives there in search 
of the accounts of the attempts made by the Spaniards to open 
a road across Darien. 

More recently, I. Gerstenberg, Esq., F.R.G.S., in the diseus- 








sion on Mr. Laurence Oliphant’s paper “ On the Bayano River,” 
read before the Royal Geographical Society on the 24th of 
April, 1865, said: “The only route that I believe to be practi- 
cable is the; Darien route. . . . Dr. Cullen and Commander 
Parsons have stated that there is a valley running through the 
main ridge to Caledonia Harbour. The only point to be settled 
is the existence of this valle » which subsequent explorers 
failed to find, because they did not wish to it, owing, as I 
believe, to the jealousy of the Panama Railroad Company, and 
of the Concessionaires of the Atrato route, who had rival in- 
terests, and consequently did not desire that the transverse 
valley should be found. In the hypographical map of Parson’s 
“Survey of Galedonia Harbour and Port Escoces,” he gives 
several views of the Cordillera; and View 3 clearly shows that 
the Cordillera at that point is not an uninterrupted chain, but is 
broken into two separate and distinct ridges, between which a 
valley may naturally be expected.” 

The above-mentioned report, however, arriving just at the 
outbreak of the war in the Crimea, determined the directors to 
dissolve the company, returning the shareholders their deposits 
without any deduction. The project, in consequence, fell to the 
ground, and has lain in abeyance ever since. 

It will be found, nevertheless, upon a survey being made by 
competent engineers, sincerely desirous of the success of the pro- 
ject, that, by following the course laid down in this paper, the 
neccessity for a tunnel can be avoided. 

The Atlantic Harbours. 

As it would not be practicable at all times to sail into a canal 
direct from the open sea, safe anchorage must first be obtained 
very near its entrance, and that opening must itself be rfectly 
protected not only from injury from land floods, but from the 
effects of storms, from the surf and heavy swell of the sea, and 
from any accumulation of sand, mud, or shingle. Delays, 
dangers, difficulties, and expense would be the consequences of 
using a canal not provided with the adjunct of a good harbour 
at each end, and such a canal would not answer the requirements 
of commerce. For any line, therefore, by which it may be 
proposed to effect the junction of the two oceans, the sine qué 
non, the preliminary and indispensable requisite, is that it should 
have at each terminus a good harbour, capable of affording 
secure anchorage at all times, in both the ry and the rainy 
Season, safe and sheltered from all winds, having sufficient capa- 
city and depth of water, and easy of ingress and egress. ‘The 
following description will, perhaps, be sufficient to prove that 
the Darien route is adequately provided with secure harbours at 
each end. 

On the Atlantic coast a series of good anchorages extends 
continuously for 12 nautical miles from S.E. to N.W., namely, 
Port Escoces, 2}; Caledonia Bay, 3$ ; Caledonian Harbour, 2 $ 
and the Channel of Sassardi, 33 miles in length. All these 
have great depth of water, the least being 6 fathoms. They 
are so extensive and (with the exception of Caledonia Bay, 
which is an open roadstead) so perfectly sheltered that whole 
fleets might ride safely in them. 

Port Escoces is a noble harbour, with from 6 to 9 fathoms 
of water over a bottom of sand, except in its innermost part, 
where the water shoals to 3 fathoms. It extends inwards 24 
miles, with a breadth of from 4 to}a mile. It is very safe, 
being protected from the winds and waves by a promontory, on 
the inner side of which the Scotch colonists built the town of 
New Edinburgh and the fort of St. Andrew. The summit of 














the promontory is 580 ft. high, and the hill at its point 260 ft. 
Both are covered with forest. The latter was named Patterson 
Hill by Parsons, as it was from its top the colonists were accus- 
tomed to look over the sea in the evening, in the direction of 
Scotland. The author was the first to point out the site of the 
settlement, and in 1854 brought Dr. McDermott, of H.M.S. 
Espiegle, to search for the canal that the colonists dug round 
the fort, but it was dark when they reached the piace. Dr. 
McDermott afterwards returned with Commander Parsons, and 
they found the canal quite perfect. It is 130 paces in length, 
cut angularly as a fortification, and hasan embankment on the 
inner side. {ts north entry, 8 ft. deep and 12 ft. wide, is cut 
through rock. They dug into several mounds, having the 
appearance of graves, but could find nothing: these may have 
been heaps from the ruins of houses, and the cemetery may 
have been at some distance from the fort. They could find no 
guns; probably these were removed by the Spaniards, and now, 
perhaps, help to form the barrier round ort San José, at 
Carthagena. 

Several rivulets fall into Port Escoces, and offer facilities for 
watering. Their water, and that of the rivers of Darien in 
general, is clear, cool, sparkling, and delicious. 

The entrance into Caledonian Bay is between Point Escoces 
and Isla del Oro or Golden Island, which bears from the former 
N. 40° W., distant 4 miles. From this line it falls inward 
1} mile. It is clean, and has great depth of water. The greater 
part of its shore is a beach, near the middle of which disembogue 
the rivers Aglaseniquat and Aglatumati. 

Point Escoces is 7 miles N.W. 2 W. (N. 48° W.) of the point 
at the entrance of Carreto Harbour. 








i This can only be regarded as a grandiloquent euphuism, or | 


Golden Island is wooded to the summit, which is 470 ft. high, 
and has a cliffy appearance at the base and sides, It has a 
rivulet of clear water and a landing place at the south side, 
Lionel Wafer, the surgeon of the buccaneers, and Captain Barty 


Londou: Effingham, Wilson, 








* Letters on the Darien Canal. 
857. 
t Agia is the name of the mountain in which they rise; 
Y means “little,” and tumati “ big.” Agia signifies 
‘bones of men.” 








Sharp stopped on it for fifteen da in the 1680, About 
14 mile 8. oy Golden Island is py nh ibe telined San Au- 
gustin, or Ascension, on which there is a large space covered 
with a mass of bricks and tiles, the ruins of a magazine which 
the Spaniards built in 1785, and from which it derives its Indian 
name of Kinki ‘Topoo, or Gunpowder Island. It is interesting 
as being the end where the treaty of peace between the 
Spaniards and Indians was signed on June the 9th, 1787. It 
was cleared in 1854 by Captain Hollins, of the U.S. corvette 
Cyaue, to receive the jackasses which Lieutenant Strain, U.S.N., 
had brought down from New York, under the erroneous impres- 
sion that there was a road across Darien, by which his party 
could ride over to the Pacific! Rather more than a cable's 
length south of San Augustin is Piedras Islet, so named from 
the rocks close to its shores, 

In Caledonia Harbour, between San Au 
large Sassardi Islands, which are to the N. 
Espiegle, Cyane, and Chimere Islands, and Scorpion Cay. 
four last were named by Parsons after the vessels of war 
were engaged on the Darien expedition. 

The Aglatumati River has a course of about 12 miles from 
S.E. to N.W. Its mouth is about 50 ft. wide, and has a bar 
with very little water on it, but inside there is a depth of 8 ft. 
About 4 mile up it is shallow enough in the dry season for 
one to wade along it knee deep; but in the rainy season 
the depth is considerable and the current very strong, and 
during floods it rushes along with great impetuosity and a roar- 
ing noise. At its mouth there are five bamboo huts, in one of 
which an old Indian, whose adopted name was Robinson, 
resided in 1850. On the arrival of the expedition the Indians 
abandoned them, and they were occupied by some of the New 
Granadian soldiers and convicts brought from Carthagena by 
Colonel Codazzi, who kept them there in a state of total inaction. 
About three miles up, the Aglatumati reéeives a large tributary 
(the Chucurti) on the left hand side, and on the point between 
them there is a rancho or shed for Indians going to or from the 
Sucubti or the Chueti to rest at. About two miles higher up it 
is joined by a small stream on the right hand, on the further 
bank of which is the village of Agla, consisting of about eighteen 
huts, with a population of about sixty. It had just been 
abandoned when Mr. Gisborne and party arrived there, the 
Indians having fled through fear of the whitemen. The rin- 
cipal man of the place was Juan Seva, named after a Malaga 
man, who traded for twenty-eight years from Carthagena to 
the Darien coast, but was so much afraid of the Indians that he 
never once landed on it. On the lower bank of the above 
stream (Dos Bocas) there is a cacao plantation, from which a 
trail leads for about 300 yards to the foot of Mount Agla, which 
rises quite suddenly. Its summit is 926ft. high, and very 
narrow, and the ascent to it is rather steep. The descent is 
more gradual on the other side to its foot, where the Foreti 
unites with the Sucubti, the waters of which flow into the 
Pacific. This is the trail by which the Indians cross the 
Cordillera from Caledonia Bay to Sucubti village; by which 
they guided Vasco Nunez in 1513, the Buccaneers in 1680, and 
the Spanish Adjutant, Manuel de Milla Santa Ella, in 1788. 
It was by the same trail that Lieutenant Strain crossed on the 
28rd of January, and Mr. Gisborne, on the 7th of February, 
1854, and it was through Mount Agla that Mr. Gisborne re. 

orted that a tunnel would be necessary. But this is not the 

ine that had been proposed by Dr. Cullen, which, as will be ex- 
plained, is some miles to the x: W. of the trail. 

At the mouth of the Agiatumati, from whence Vasco Nunez 
had started on his memorable journey, the settlement of Acla 
or Agla was founded by Gabriel de Rojas in 1514. It was forti- 
fied in 1516 by the orders of Pedrarias Davila, but was aban- 
doned in 1532 for Nombre de Dios, whence the Spaniards 
opened a road through the bush to Panama. After Drake’s ex- 
pedition, the Atlantic terminus of the transit route was removed 
to Portobello, which was given up for Chagres, and that, in 
turn, for Aspinwall or Colon, the terminus of the Panama Rail- 
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road. The Buccaneers, in 1680, under Basil Ringrose, Barty 
Sharp, William Dampier, and Richard Sawkins, with whom was 
the surgeon, Lionel Wafer, of London, made the Aglatumati 
mouth* the starting point of their expedition to the South Sea. 
The same place was afterwards selected by General Arebalo for 
the erection of the fort of San Fernando de Carolina, built in 
1785 and abandoned in 1790, the site of which is indicated by 
4 grove of cocoa-nut trees and some tiles and bricks. A large 
quantity of the latter was once brought to Carthagena by Juan 
Seva, whose father-in-law built a house with them, 

The Aglaseniqua is 20 ft. wide at its mouth, which has a bar 
with only 2 ft. ot’ water on it. Inside, the depth is 8ft., and 
half a mile up 5 ft. Its course is from the mountain is short 
and direct, and it is totally uninhabited. Both this river and 
the Aglatumati were traced up to their sources by different 
parties, in the vain expectation of finding a low pass from them 
across the Cordillera. 

Caledonia Harbour, a most secure haven, extends from a 
line drawn between Golden Island, Piedras Islet, and San Ful- 
gencio Point to the Mangrove Cays to the west. Its S.E. 
entrance is off and on, with four cables’ length in extent from 
edge to edge, and with from 9 to 12 fathoms depth on oaze; and 
further in, from 8 to 10 fathoms. Between the turn of the 
bank off Piedras Islet and Caledonia Bay, the depth is from 
7 to 15 fathoms; and the piece of sea which intervenes between 
this harbour and Port Escoces is of a good depth; but at a short 
mile S.E. by E. 4 E. (S. 55° E.) from Piedras Islet the sea 
breaks when the breeze blows fresh. This harbour is sheltered 
from the winds and seas of both seasons, and has good depth 
throughout, It is 2 of a mile wide, and 2} miles in extent to a 
narrow bar which separates it from Sassardi Channel. 

The point of San Fulgencio is salient, scarped, and clean. 
Immediately behind it rises an isolated hill, 200 ft. high which 
Parsons named Mount Vernon. Just inland of it aptain 
Hollins bored a well through a stratum of dolomite or magnesian 
limestone, ybusis 

Immediately inside, or to the N.W. of San F ulgencio Point, 
is an indent or little bay whieh falls inwards half a mile from a 
line drawn between San Fulgencio and its western point, and is 
a mile’ in length from §.E. to N.W. Its western side is bordered 


* In 1764, some Frenchmen settled there, but were soon 
afterwards massacred by the Indians, 
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a mile from the shore, in which space it has ouly from 12 to 
Immediately westward of it, however, the 
close in shore is much ter. The inner part of its 
western extremity is in lat. 8° 53’ 45” N., lon. 77° 43’ 30” W. 

At the N.W. end of Caledonia Harbour, 24 miles N.W. of San 
and in a line with the bar which separates it 
i, a considerable river, with 8 ft. of 
water at its mouth, falls into the harbour. This river traverses 
the v. between Agla and Sassardi, the parallel mountains of 
which Cordillera, inland of Caledonia Harbour, consists. 
The water-shed between it and the Sucubti is the lowest summit 
level between the oceans, and, therefore, the careful examination 
of this river will be of the utmost importance in the survey 
about to be made. 
on Marivault, of the French frigate Lucifer, who visited 

ia Harbour in 1860, says of it: ‘‘ This harbour is mag- 

nificent, and no one could desire a better point for the entrance 
of aship canal. To the north of San Fulgencio Point the sea 
is perfectly calm.” 
o cane Gamet is tabeee 4» Pam wg sre the 

ree Sassardi islands, the aggregate of which is 3 miles. 
Its entrance, } of a mile wide, is between the point of the N.W. 
island and the Fronton of Sassardi. The latter is a round, 
scarped promontory surrounded by reefs close to the shore. The 
total length of the channel from the bar between it and Cale- 
donia Harbour to its N.W. end is 3} miles. Commander Par- 
sons says, in his “ Sailing Directions: “ Sassardi harbour is a 
fine sheet of water, being 1} mile long and 3 of a mile wide, 
with an average — of 5 fathoms throughout, excepting a few 
shoals nearly awash. It = to Caledonia Harbour by a 
narrow bar of 12ft. This Mr. Gisborne bored, and found. it 
could be easily removed, having penetrated into marl 15 ft. If 
cut through it would make a clear communication, with the 
advantage of a double entry to the harbour.” Into its N.W. 
extremity falls the small river Sassardi, at the mouth of which 
is the village of the same name, consisting of fifteen huts, with 
a population of about sixty Indians, the chief of whom was 
formerly a very old man, named John Bull, who was succeeded 
by Denis; the latter, as before stated, died in 1861. Between 
it and the river of Caledonia Harbour, the other streams fall 
into the channel, one of them being from 6 ft. to 10 ft. deep at 
its mouth, the water in which is salt. 

The engineer will have a wide —_ for selecting a locality 
for the entrance of the canal, which may open anywhere in 

ia Harbour or the channel of Sassardi. Parsons says: 

“ There are several points which are favourable for the entry of 
a ship canal, having deep water in close proximity to the shore, 
with protection outside.” That which Dr. Cullen recommends 
is the bight N.W. of San Fulgencio Point. In Caledonia Bay 
and Port Escoces, there are also several points with from 6 to 
9 fathoms, so near the shore that vessels might lie there as close 
to the land as they can in the Bosphorus; but they are out of 
the way and not sufficiently protected. 

The rise of tide in the Atlantic harbour is 1 ft. 6 in. springs, 
Gin. neaps. High water, full and change 11h. 40 min. 


Paciric Harsours. 
The Gulf of San Miguel. 

The harbours on the Pacific are even superior to those on the 
Atlantic side. The outer one is the magnificent Gulf of San 
Miguel, which is peculiarly adapted by its position and natural 
advan to afford a safe and noble approach to the future 
canal. lit runs far inland, has great depth, and capacity suffi- 
cient for a large fleet. Its entrance is just outside the Gulf of 
Panama, a great advantage, since = bound to or from the 
Pacific would entirely avoid the difficult and baffling navigation 
of that gulf, already alluded to. It is 15 miles across between 
the points at its entrance, and its extent inwards, or to the 
N.E., is 22 miles. The least depth is 6 fathoms, and through- 
out the greatest part of its extent the soundings vary from 8 to 
17 fathoms. The tide rises in it from 18 ft. to 24 ft., runs 5 
knots an hour, and ebbs and flows N.E.andS.W. It is bounded 
on the N. by a promontory 2 miles from E. to W., the inner 

int being Cape San Lorenzo, and the west or outer one, Punta 

rava, which is 78 miles S.E. by E. 4 E. of Panama. One mile 
S. of it is a shoal, called El v1! = = which is 14 mile 
broad and } a mile long, with 6 fathoms close to it. Though 
out of the track of vessels, this should be removed as soon as 
the works on the canal shall have commenced. The bound 
of the entrance on the S. is Cape Garachiné, a bold headlan 
easily distinguishable from sea. Inside of it there is a bay of 
the same name, which offers facilities for careening ; and behind 
it rises Mount Garachind, about 2500 ft. high, said to be rich in 
oro de veta, or gold in veins. The village of Garachind, inha- 
bited by 162 negroes, is at -he mouth of a little river in the bay. 
At the inner end of the latter the shores of the gulf approach, 
its width diminishing to 7 miles between Cape San Lorenzo and 
Morro Patino. It then increases to 12 miles, and again dimi- 
nishes as far as Boca Chica and Boca Grande, the mouths of 
the Tuyra, the principal river of Darien. These discharge them- 
selves, 22 miles from its entrance, into its eastern extremity, 
which is a bay formed by the islands of San Diego, and called 
Boca de Provincia, or da del Darien. There are some 
islands in the gulf, as Iguana, Cedros, San Diego, &c.; but they 
are all safe of approach, and have deep water all round them, 
The rivers Congo, and other tidal creeks, Cucunatd, 
Cupunati, Buenavista, Escudero, and San Miguel, fall into it on 
the N.; the Guaca, Taimita, Sambu, Pinuguilla, Garachini. 
and San Antonio, into Garachinté Bay; and the Moguey and 
Sosogana, into Playa Guadarra, a bay inside of Morro Patino, 
on the S.; whilst the Tuyra opens into it on the E. On the 
Sambu, at the sources of which gold has been found, there was 
a hacienda or eS Saas Smee & Panama. 
At Taimita mouth there lived some like a hermit, a 
= man from br ee ay om — < . These and 

arachina v’ are inhabited places. e Cup is 
the river hick Wolor ancerviod on his return in 1681. From 


‘ernando 


it Lacenta, the Indian chief, guided him to the Chepo, and 
thence across a very lofty range of the Cordillera to the mouth 
Concepcion, near San Blas Bay, and 60 miles N.W. of 


of the 





by Vasco 


Caledonia Harbour. This Dey yt ay 
har St. Michael’s day, the 29th 


Nunez, because he discovered it on 
of September, 1513. 
The Estuary of the Tuyra or Inner Harbour of Darien. 
Inside the mouths of the Tuyra is the estuary formed by the 


united streams of the Tuyra and the Savana, which falls into | h 


it from the N. It is 8 miles in length, 4 miles wide opposite the 
Savana mouth, and has a depth of 13 fathoms at low water. 
Boca Chica and Boca Grande, by which it we itself, 
have each a depth of 12 fathoms at low water. This inner 
harbour is perfectly landlocked. The Emperor of the French, 
at the author’s last audience with him, at the Palace of St. 
Cloud, on the 30th of October, 1859, was much struck with its 
advan position and security, and suggested that it should 
be named “ Port Interieur du jen.” Chica Island, 
which se es the mouths, is a round, conical hill, about 


250 ft. high, wooded to the summit, on which there are the | q 


ruins of a fort built about 1788. In 1849, Fernando, or 
Manchakala, a negro who left Pinogana in consequence of Mr. 
Hossack’s claiming all his services ir payment of a debt, settled 
on it with his sons and grandchildren, ~— there out of the 
reach of the corregidor. Onthe N. bank of the Tuyra, near the 
E. point of the Savana mouth, there was once a settlement 
called Escuchadero (the listening place or the sentinel’s post). 
The scenery of the banks of the estuary is magnificent. 

The above details will, perhaps, be sufficient to prove that the 
harbours at each end of the line have all the requisites of safe 
anchorages—security, depth of water, capacity, and facility of 
ingress and egress, and that they are admirably adapted for the 
termini of a grand interoceanic navigation. The soundings, 
bearings, &c., will be found in the “ Survey of Caledonia Har- 
bour and Port Escoces,”* with sailing directions accompanying, 
by Commander Parsons, of H.M. surveying ship, Scorpion ; 
and the “ Survey of the Gulf of San Miguel,” by Captain Kellet, 
of H.M.S. Herald, in Sheet 1, West Coast, Central America, 
cone published by the Hydrographic-office of the Admiralty, in 


The Savana River. 


Three miles above the mouths of the Tuyra is the W. point 
of the river Savana, or Chapurti, which opens into the estuary. 
From thence to Nisperalt the E. point, the width of its mouth 
is 2 miles. The depth there is 12 fathoms at low water, and 
the rise of tide is considerable ; the W. point, about 500 ft. high, 
is bold and bluff; the E. point is low. The Savana is a noble 
river, remarkable for the directness of its course from its mouth 
up to the confluence of the Lara with it, a distance of 16 English 
miles. Up to that point it is quite free from sand-banks, rocks, 
shoals, playas or sandy beaches, sinuosities, sudden bends, 
deep elbows, snags, or obstructions of any kind. Its banks, 
elevated several feet above the water, are never inundated or 
swampy. Theendemic remittent and intermittent fevers, whick 
are caused by the malarious miasmata from drowned lands, 
would, therefore, not be likely to occur in any settlements that 
may be established on its banks. It must not be inferred that 
the Isthmus of Darien is unhealthy, because Portobello, Chagres, 
and Aspinwall, the only frequented places on the Isthmus of 
Panama, are sickly. Those towns are built on swampy ground 
backed by mountains, in a most unfavourable situation in a 
sanitary point of view, their convenience for commerce havin, 
been exclusively considered in the selection of their sites. 
convincing and most agreeable proof of the freedom of the 
banks of the Savana from swamp is the total absence of mos- 
quitoes, insects which invariably swarm wherever the ground is 
marshy. 

A range of hills, about 500 ft. high, runs parallel to each 
bank for nearly 15 miles up. The plain on each side between 
the hills and the river is 2 or 3 miles wide, except near its 
mouth, where they approach the W. bank much nearer, and 
terminate a bluff behind the point; whilst on the E. side they 
recede farther off. Just below the mouth of the Lara, and 
above a wide part of the river, called Revesa de Piriaki, that 
near the E. bank terminates in Cerro Piriaki, an isolated conical 
hill, about 300 ft. high. Above it there is no hill near either 
bank. 

The country on both sides is totally uninhabited; neverthe- 
less, most of the places have Indian names: thus the Savana is 
called Chapurti, the W. Point, Pacomalica, &. 

The first reach, 7 miles in length, from its mouth to the 
unction of the Areti with it, has a width of 14 miles. Its 
direction is N. true. The depth in it gradually diminishes from 
12 to 7 fathoms. A little above the mouth, on the W. bank, is 
Punta Machete, which has the small shoal of Bajo Grande 
above it, and that of Bajo Chico below it. Both are quite close 
to the bank and have beds of oysters on them. Fresh water 
may be obtained in the’ driest season from the Quebradas La- 
— and La Monera, which open on the W. bank. The 

glesias falls into this reach from the E., and fresh water may 
be procured in both seasons from Quebrada de Tigre, one of its 
tributaries. Along the N. bank of the Iglesias there is a ridge 
of hills, the Cerro Fichichi, on the extremity of which, near 
the angle between the Tuyra and the Chuquanaqua, there was 
once a settlement, which was abandoned years ago; the last 
song of its former inhabitants was a negro named Mar- 
cellino. 

The second reach has several islands in it, which are all safe 
of approach. It extends from the Areti mouth to the most 
northern of the islands, 3 miles in a N.N.W. direction. Its 
average width is about 1 mile, and its de 6 fathoms. The 
Areti is a large stream, and rises in the Fichichi range. Op 
site its mouth, Zuniga, a n from Chapigana, squatted in 
1850, and called his place Gointin ; but the total absence of 
society soon obliged him to quit it. The principal branch of the 
Areti is the Tinti. 

The third, Calle Larga, or long reach, which extends from 
the most northern ialand to the mouth of the Lara, is 6 miles in 
length, and has a N.N.W. course. 


* To be had at Stanford’s, in Charing-cross; or Potter's, in 
the Poultry, price 2s. 6d. 

+ Nisperal signifies an orchard of nispero or sapodillo trees 
(Sapota achras, Sapotacee). The nispero, a ious fruit, 
although commonly called a medlar, is quite unlike the English 


It is very direct, not having 








the slightest bend. The water shoals in it are from six to five 
fathoms, which is the depth at the mouth of the Lara, where 
there is a rise of the tide of 12 ft. or 14ft. Corotu, an estero, 
or creek, into which the tide flows, Corredor, and other streams, 
open on its W. bank. The journey from the Savana mouth 
to the confluence of the Lara can be made with the tide in two 
ours. 

Two miles above the Lara, but on the W., or opposite bank, 
is the mouth of the Matumaganti. Half a mile above it a large 
yal ete y a icuous on the W. bank, —s above 

e adjacent forest. a mile higher up a patch of dense, 
scrubby brushwood, without trees, indicates the site of Fuerte 
del Principe, or Puerto Principe, a military post established by 
the Spaniards in 1785, with the object of making a road across 
the isthmus, from thence to the fort of Carolina, in Caledonia 
Bay. But the Indians of the Atlantic coast opposed the pro- 
ject, and the forts were abandoned in 1790, as appears from a 

lespatch from Don Francisco Ayala, Governor ad interim of 
Darien, dated Chapi Oct. 17, 1790, in which he says he 
left Principe the day before, having demolished the establish- 
ment, even the nails of which he took away, and brought off the 
artillery ammunition, cattle, &c. This —— was forwarded 
by Joseph Domas y Vallez, the Governor of Panama, to Antonio 
Caballero y Gongora, the Viceroy and Archbishop of New Gra- 
nada, at Bogota The fort was built on a tongue of land between 
the Ocubti and the Principe, which open on the W. bank of the 
Savana. The only remains to be found are some fragments of 
botijas, or water-jars. In 1851, there were at Yavisa three 
negroes, named Mascareno, Pedro Louriano Galvez, and Lere, 
who were born at Principe, where their fathers were soldiers. 
Mascareno was nearly five years old when it was abandoned. 
They said that the garrison, consisting of 150 men, went from 
thence to Yavisa, and that there were occasionally as many as 
400 men at Principe. They also stated that the evening gun 
fired at Carolina could, be heard at Principe. The only thing 
which the Spaniards effected during their stay was the opening 
of a bush-path from Ysquinti, the upper branch of the Savana, 
to Yzquinti, a branch of the Chuquanagua, which was done by 
Don Luis Carrera, Captain of Grenadiers of La Princesa, a 
regiment of European Spaniards, who was also commandant of 
the fort. He was assisted by Don Juan Ximenes Donoso, 
Captain of Engineers; and the work was done by the directions 
of Lieutenant-Colonel Don Andres de Ariza, Governor of 
Darien. It was by this path that Sergeant Gabriel Morales 
returned from his unsuccessful expedition in search of Indians, 
in 1786. The only Spaniard who crossed the isthmus during 
the occupation of the forts was the adjutant, Don Manuel d+ 
Milla Santa Ella, who went across in three days’ walk from Caro- 
lina to Principe, in 1788, guided by a Sucubti man, and under 
the safe pron hy of Suspani, or Urruchurchu, the Chief of 
Sucubti. Finding that he had been tracked by hostile Indians 
to the precincts of the fort, he did not deem it prudent to return 
the same way, but went back vid Panama and Portobello. No 
second attempt was made. 

From Lara mouth to Principe the course is nearly N., and the 
river becomes somewhat tortuous, with some islets separated by 
deep channels. At Principe the depth is 3 fathoms, and the 
rise of tide about 6 ft. The river is crossed there by a ledge of 
slate, visible when the water is low. Two miles above Principe, 
on the W. bank, is the mouth of La Villa. A little higher up, 
on the opposite bank, a rivulet falls into the Savana; by the 
side of it there was once a path, called Camino de Caobana 
(the road of the mahogany tree), which was probably made 
by the Spaniards for the purpose of hauling out mahogany. 
About half a mile higher up the river is obstructed by ledges of 
a slate or coarse argillaceous schist, called pizarro in Spain, and 
killas in Cornwall, which cross it diagonally at several points 
for a considerable distance up. Between these ledges there are 
reaches with great depth and a slack current. The tide reaches 
up to the first falls caused by them, or about 22 miles above the 
Savana mouth, but only flows for half an hour. About two miles 
above La Villa, also on the W. bank, is the mouth of the 
Canasas, so named from a thorny species of bamboo, of which 
there are 47> thickets in the vicinity. About a century 
ago, when the Indians were more numerous, there was a 
from thence to the Canasas, a branch of the upper Chepo, by 
which hunters used to pass in three I¢ Canoes can go up the 
Savana for two days’ journey to the N. of the Canasas. From 
its head stream, Yaquinti, to a river of the same name, which 
flows from S.W. to N.E. into the Chuquanaqua, the distance is 
only three miles. Ges 

In fine, there is an easy and pone rs navigation for 
vessels of the test draught of water all the way from the 
confluence of the Lara with the Savana to the Pacific Ocean. 
It is, then, into the Lara, at or above its mouth, that the Pacific 
entrance of the future canal should open. 

The Line. 

Premising that, as already stated, the whole isthmus 1s 
covered throughout with a dense primeval forest, extending 
from the summits of the highest mountains to the very edge of 
the sea, and broken only by the courses of the rivers, which are 
very numerous, the line from Caledonia Harbour to the mouth 
of the Lara may be divided into six parts, which, with the 
mean courses by compass and the distances in English miles 
between the principal points, are as follows: 

1. The line crosses a plain extending from the S.W. extre- 
mity of the bight in Caledonia Harbour to the entrance of @ 
valley between Agla Mountain on the S.E., and Sassardi Moun- 
tain on the N.W.—2 miles S. by W. ye (S.S.W. true.) 

2. Through the valley, 34 miles S.E. by S. 2 S. oa 
On the way the line strikes upon the head of the Sucubti. P 

3. Down the Sucubti to the site of the abandoned hamlet, 24 
miles S. } E. (S. true.) Canoes can come up to the t, 
and even a couple of miles above it, and can descend from 
thence to the Pacific, vid the Chuquanaqua and the Tuyra. 

4. From the hamlet down the bed of the river to the = 
fluence of the Asnati with it, 7-miles W.S.W. (W. by S. 2 5- 
true.) In this stage the Napsati falls into the Sucubti, 24 
above the Asnati. . the 

5. From the Asnati mouth the line continues to follow = 
Sucubti down to its confluence with the rrwia DY ¥ 
E. bank of which it opens—11} miles, W. 3 N. (W. by N. 4 ¥- 





true.) 
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the W. bank of the Chuq ua, opposite the 
ott wate and below the Artuganti and La Paz mouths, 
to the confluence of the Lara with the Savana, it traverses the 
forest for the distance of 154 miles S.W. by W. 3 W. (W.S.W. 


om length of the line is 42 English miles, from which at 
least 3 may be deducted for the windings of the Sucubti, which 
would be cut across. Itruns for 21} miles along the bed of 
that river, the lower 12 of which are —_ direct, and would 
admit of being canalised by means of dams and embankments, 
for a moderate outlay, leaving 27 miles for the length of canal 
required. The entire transit route from sea to sea will then 


ommae English Miles. 
Canal ... ov ave eve 27 
Canalised river ose we ose 12 
Navigation of the Savanna... .. 16 
Navigation of the Tuyra_... eee 3 
58 


This distance could be easily traversed in 24 hours, even oorting 
allowance for the time that would be occupied in the passage 
e locks. 
othe S.W. end of the bight being in Lat. 8° 53’ 45” and 
Long. 77° 43’ 30”, and the mouth of the Lara being in Lat. 
8 41’ 45" and Long. 78° 7’, the distance between them in a 
direct line is 26 geographical, or 30} English miles, and the 
course is S. 62° W. (S.W. by W. 4 W. true), or S.W. 3 W. 
by compass, allowing } of a point for the variation, which was 
80° 50’ E. in 1854. The variation is increasing at the rate of, 
ay" } of a minute each year, and may now be assumed to 
8° 53 E. 


. 

As the tide of the Pacific rises 6} ft. at the bifurcation of the 
Lara (33 miles above its mouth), and that point is less than 28 
English miles from Caledonia Harbour, the length of canal 

uired would be lessened by two miles by cutting into the river 
at its bifurcation, and dredging it from thence to the Savana. 

The following are the latitudes and longitudes of the prin- 


cipal points : 


Lat.N. Long. N. 

Escoces Point eee ove ove 8°51/22"” 77°38’30" 
Golden Island, N.E. Point ... 8 5420 77 40 50 
Fronton of Sassardi... eee oe 858 4 7745 0 
San Fulgencio Point nes ins 8 53 387 477 42 15 
§.W. end of the Bight of Caledonia 

Harbour, N.W. of St. Fulgnsio 853 45 77 43 30 

Point... ose oss ose 
Entrance of Valley ... ese ose 852 7 77 4415 
Sucubti Hamlet, site of eve 8 47 30 77 48 45 
Asnati mouth ove ove ° 846 0 7749 0 
Sucubti do. eee eee 8 48 80 77 57 45 
Lara do. eco eco eee 84145 78 7 0 
Savana do. (W. Point) ... - 82880 78 5 0 
Tuyra do. (BocaChica)... ... 82845 78 8 0 
Punta Brava (Gulf of San Miguel) 8 20 30 78 24 15 
Garrachiné Point do.) « 8 6 0 78 22 30 


Punta Brava is 78 miles S.E. by E. } E. of Panama; and San 
Fulgencio Point is 135 miles E. by S. of Aspinwall or Coldn, in 
Navy Bay, the Atlantic terminus of the Panama Railroad. The 
line is from 60 to 80 miles E. of the boundary line between the 
Isthmus of Darien and the Isthmus of Panama, which runs from 
the Chepo or Bayano, in the Gulf of Panama, to Mandinga or 
San Blas Bay, and along its shore to Cape San Blas, and cor- 
responds very nearly to the meridian of 79° W. 


Levels. 


The Cordillera, inland of that part of the coast between Sas- 
sardi Point and Carreto Harbour, consists of three distinct 
ranges, which run parallel to the coast, or S.E. and N.W. The 
first commences close to the shore of Port Escoces, and runs 
S.E. behind Carreto. The second, named Agla, begins at San 
Fulgencio Point, and becomes continuous with the first behind 
Carreto, forming, at the point of junction, an elevated rounded 
summit, called Loma Deseada. Between them is enclosed the 
deep and wide valley in which the Aglatumati and Aglaseniqua 
have their courses. This valley being closed up at its head by 
& fete of the two ranges, there is no pass from it, and a 
canal from it to the Sucubti, on the Pacific side of the Cordil- 
lera, would not be practicable, except by tunnelling through 
Mount Agla, the base of which is 3 miles broad. "Bis valley 
opens into Caledonia Bay, and not into Caledonia Harbour, and 
is 3 miles S.E. of the line: it should, therefore, be avoided. The 
third range is Sassardi Mountain, which commences inland of 
the N.W. extremity of the latter, and runs thence N.W., termi- 
nating abruptly a little west of Sassardi Point. Between its 
N.W. end and Navagandi Mountain there is a complete break in 
the Cordillera. Through this there may, perhaps, be a low 
from Sassardi River to the Moreti, which falls into the Chu- 
quanaqua 7 miles N. of the Sucubti. Its S.E. extremity being 
overlapped by the N.W. end of Agla, and both being covered 
With a dense forest, the two ranges appear as one to a careless 
observer ; but View 3 on Parson’s Chart shows very clearly that 
they are distinct and unconnected. 

_ The height of Sassardi, 3g miles W. by S. of San Fulgencio, 
is 1985 ft. It falls to 710 ft., 23 miles S.E. of that summit. In 
the next 2ths of » mile it rises to 1275 ft., and then suddenly 
sinks down to the level of the valley between it and Agia. The 
Peak of Agla, on the other side of the valley, is 926 ft. high; it 
bears from the 1275 ft. summit of Sassardi E., and the hori- 
zontal distance between them is ‘4 mile. 
o Between these two summits is. situated the valley to which 
t. Cullen directed attention in 1850, the existence of which is 
Placed beyond doubt by Commander Parsons, who has laid it 
down in his chart for the distance of 1} mile up from its en- 
yo He was able to see into it from the position in which 
e Scorpion was anchored in the N.W. end of the Channel of 
Sassardi, the obliquity of its direction preventing its being seen 
3 mi any other position. Half-way up this valley, which is 
a long, is a low and narrow ridge, forming the water-shed 
5 _s the river that falls into Caledonia Harbour,*—2? miles 
*W. of San Fulgencio Point, 34 from the Aglaseniqua, and 44 


* It might be called Caledonia River, but that Mr. Gisbo 
erroneously gave that name to the Aglatumati. ‘ y 











from the Aglatumati mouth—and the Sucubti, the waters of 
which flow into the Chuquanaqua, the Tuyra, and the Pacific. 
It is, therefore, the lowest summit level between the Atlantic 
and the Pacific, and is only 4 miles from the former. The 
height of this ridge is estimated by Dr. Cullen at from 180 to 
200 ft. On the Pacific side of it is the source of one of the head 
streams of the Sucubti, which is joined, about 1% mile lower 
down, at the foot of the 926 ft. summit, by the Foreti. The 
way across Agla from the valley of the Aglatumati leads to the 
junction of the two streams; but the necessity of crossing the 
mountain to reach the Sucubti may be entirely avoided by en- 
tering the valley between Sassardi and Agla, instead of that 
between Agla and the first range. Canoes can up to the 
point of junction, which is scarcely 6 miles from the Atlantic, 
and from thence there is uninterrupted water communication all 
the way to the Pacific; so that, by cutting for about a mile 
through the ridge, a passage for canoes could be opened from 
ocean to ocean. 

It would be quite practicable to open a canal for ships down 


the Sucubti and the Chuquanaqua to the Tuyra, which, at the | h 


confluence of the latter with it, isa t river, with water 
enough for the largest ships, and a considerable rise of tide; but 
such a line would be three times theSlength of that by way of 
the Savana. 

The elevation of the bed of the Sucubti falls from about 
180 ft. at its source to 70 ft. or 80 ft. at its mouth. From the 
bank of the ae y= opposite the Sucubti mouth, where the 
line crosses it, the land gradually rises from 70 ft. or 80 ft. to 
120 ft. or 130 ft. in a distance of 7 miles. It then falls for 
84 miles to the confluence of the Lara with the Savana, where 
there are 5 fathoms of water, and where the Pacific tide rises 
14 ft 


The most important elevation to be ascertained is that of the 
ridge, which is only 4 miles, or two hours’ walk, from Caledonia 
Harbour, and which will admit of being cut down to such a 
- as to reduce considerably the amount of lockage that would 
otherwise be required. 

Geology. 


The material to be excavated consists of alluvial deposit of 
very great depth—clay, gravel, and rock. ‘“ The shores and 
the sides of the smaller hills,” says Parsons,* ‘‘ are composed of 
an accumulation of coral deposit, forming, in some places, a loose 
kind of coralliue limestone, but in general being disconnected. 
This substance is found to some distance inland, on removing 
the substratum of alluvial deposit, rendering it probable that the 
low land from the base of the hills has been formed by drift or 
upheaval in no very remote age.” The soft material removed 
by Captain Hollins, of the United States’ corvette Cyane, in 
boring for a well near San Fulgencio Point, was dolomite (mag- 
nesia 48, lime 52). In the beds of the smaller rivers there are 
rounded pebbles, and some of the larger rivers are crossed, high 
up, by ledges of slate. Unfortunately, the boring instruments 
brought out in 1854 were not even landed. The same thing 
occurred in the abortive French expeditions of 1860 and 1861, 
the reports of which were published by M. Paul er, the 
administrator of La Société Civile du Canal du Darien, y 
which they were sent out, in a book entitled “ Percement de 
l’'Isthme Américain—Journal des Explorations dans le Darien.” 
In 1860 M. Feragus, M. Paquet, and others landed at the mouth 
of the Aglatumati—the wrong place as usual—but, being con- 
fronted there by six Indians, by whom they could not make 
themselves understood, and who seemed to assume a hostile 
attitude, they returned at once on board the French vessel of 
war, Lucifer, Captain Marivault, and sailed back for France re 
infectd. In 1861, MM. Bourdiol, Paquet, de Champville, de 
Puydt, and the Abbé Amodru, accompanied by a cook,t went, 
vid. Aspinwall and Panama, to the Gulf of San Miguel and the 
river Savana, and ascended the latter as far as the mouth of the 
Lara, from whence they penetrated some miles on foot; but, 
having chosen the time of the heaviest rains for their exploration, 
they found the country so inundated that, before reaching the 
Chuquanaqua, they were up to their shoulders (“ jusq’aux 
epaules”) in water! They, therefore, returned to Paris, and the 


Society dissolved. 
Work to be Done. 


There would be no work to be done in the harbours or the 
approaches to the canal, except the erection of light-houses, the 
pldiog of buoys, the deepening of the Bight of Sal Fulgéhcio 
for a quarter of a mile from its present depth—12 to 24 ft.—to 
a uniform depth of 30 ft., the removal of a few small shoals in 
Caledonia Harbour, of the shoals oy ego between Golden 
Island and Point Escoces, and of El Buey Shoal in the Gulf of 
San Miguel. Trollope Rock, 15 miles true W. of Garachind 
Point should also be removed by blasting. Should thedepth at 
Lara mouth be found to fall below 5 fathoms in the dry season, 
some dredging would be required in the Savana for « mile or so 
below that point. With these exceptions, the whole amount of 
work to be done would be to cut a canal 12 miles in length, from 
Caledonia Harbour to the mouth of the Asnati; to canalise the 
Sucubti from thence to the Chuquanaqua—a distance of 114 
miles—and to cut a canal, 15} miles long, from the Chuquanaqua 
to the Savana. A most abundant supply of water for the 
highest levels could be obtained from the head of the Sucubti, 
the Foreti, Moreti, Asnati, Napsati, Chueti, Tubuganti, Ar- 
tuganti, La Paz, and several other rivers, each of which pours 
forth, in the driest season, a volume of water far beyond what 
would be required for the canal. In this, as in other respects, 
the country offers every facility for the construction of a canal 
with locks. : 

The height of the summit levels, the number of cubic yards of 
earth and rock to be excavated, the nature of the latter, and the 
number of locks that will be required, have yet to be ascertained. 
The width of the canal will also be a point to be considered by 
the engineer, who will have to decide whether it would be better 
to make it wide enough for the passage of two ships abreast, or 

* “Sailing Directions for Part of the Isthmus of Darien,” 
accompanying his Chart. : 

+ This was M. Bastide, the highly-esteemed cocinero of the 
Western Hotel, at Panama. In 1865, M. de Puydt sent him up 
the Tuyra, with instructions to cross from thence to the Tarena ; 
but, on reaching Molineca, the people of that village refused to 
let him pass beyond it. 





of —_ only, with lie-by places at which ships might pass each 
other. 

However scanty and incomplete the information that can now 
be offered on this line may appear, it is yet sufficient to prove 
that, besides the pre-eminent recommendation of being provided 
with excellent harbours at each terminus, it has the additional 
advantages of shortness, low elevation, and healthiness. Dr, 
Cullen, therefore, considers hi justified in asserting it to 
be the most eligible route for interoceanic communication, and 
is confident that, when as admirable a survey shall have been 
made of it as those of the Panama, Nica a, and Atrato routes, 
by Garella, Childs, and Michler, it will found to require a 
lesser amount of excavation and fewer locks than any of the 
other pm pe routes. 

In fact, a go at the map will convince the most sceptical 
that nature has most unmistakably marked out this tract for the 
junction of the two and the breaking of the continuity 
of North and South America. Indeed, the line of division is so 
narrow and so low that it is likely the two seas did once meet 


ere. 
Considering the rapid strides that engineering science has 
made quite recently, and is still making, it would be waste of 
time to adduce any arguments to prove that there is nothing 
“ stupendous,” as the phrase used to be, in this undertaking. 
It is enough to allude to the Languedoc, Erie, ;Ganges, East 
Jumna, West Jumna, and Baree Doab Canals, and to the great 
canalisation and irrigation system in China. »In compari 
with any one of those great works, long “70 completed, the 
roposed canal in Darien seems quite a trifli § undertaking. 
t will be, after all, little more than 1} times the length, and 1 
times the depth, of the Caledonian Canal, which was com- 
pleted by Mr. Telford in 1822, the total cost having been 
05,2587.* 
Cost. 

There are, as yet, no data upon which an estimate of the 
cost of the work could be framed. A rough approximate cal- 
culation has, however, been made under the following circum- 
stances. The author having, in 1857, presented all the plans 
and documents bearing on the matter to the Emperor of the 
French, His Majesty, after examining them, forwarded them to 
Count Walewski, who appointed a commission of engineers of 
the Corps des Ponts et Chaussées to study the question. The 
result at which they arrived, after an investigation which occu- 
pied three weeks, was that the canal was practicable without a 
tunnel, and could be completed for 150,000,000 francs, or 
6,000,0002. sterling. The estimate drawn up in 1864, by M. 
Mougel Bey, the Chief ot the Corps, is as follows: 

Francs. oa 


Excavation of thecana ... ee 76,027,487 
Dredging of the Savana... = «=~ 8,080,000 as 
Aqueducts... ove eee see 490,000 ~ 
Turning the course of rivers +. 1,241,660 oo 
Machinery, locks, &c. ose ++» 83,176,080 ” 
Material, buildings, tools, clearing 
forest, and expenses of adminis- > 19,400,000 ” 
tration ° ove ove 
Contingencies ... ooo one ee» 39,584,822 75 





173,000,000, 
or, £6,920,000 

A considerable reduction might be made by ‘canalising 12 
miles of the Sucubti, as already suggested, but no data can be 

iven for the expense of such a work. The estimate made by 
it. Thomé de Gamondt for canalising the whole course of the 
San Juan de Nicaragua, 119 miles, amounted to 24,100,000 
francs, or 964,000/.; but the fall of the San Juan is little over 
1 ft. per mile, whilst that of the Sucubti is, perhaps, 5 ft. or 6 ft. 

r mile. A most abundant supply of material for the em- 

ankments could be obtained close at hand, from the excava- 
tions for the canal at either end of the canalised portion of the 
river. 

The whole work might, perhaps, be done by 15,000 men in 
four years. Allowing 80/ a year for the wages and food of 
each, the cost of the labour would be 4,800,000/. 


Seasons. 

“ The seasons in Darien are the dry and the rainy. The dry 
season, from December to May, is during the time of the strong 
trade-winds, which cause the vapours to pass over the moun- 
tains to the Pacific. These are arrested when the winds become 
lighter, and then the rainy season commences, which lasts till 
December, with fine weather at intervals. The breezes in the 
dry season are exceedingly strong, causing a heavy sea to prevail 
along this coast. Care must be taken, in standing in for the 
land, to aliow sufficient room for wearing, in the event of missing 
stays, a thing of frequent occurrence with us. 

“ The average temperature is about 82° Fahr. The atmo- 
sphere is exceedingly moist and hazy, by exhalation from the 
sea, and the land sometimes cannot be seen more than 5 miles.” { 


inds. 
Of the winds, Parsons says: “ The prevailing wind here is 
from N.N.W. to N.N.E. This is the trade wind, which, turned 


* The Caledonian Canal, 23 miles 8 chains long, 122 ft. 
wide at top, and 50 ft. at bottom, has a depth of 20 ft. in 
eneral, but in some parts not more than 17. There are 
3s locks, each of which, except the regulating or guard locks, 
has a lift of 7 or 8tt. It consists of several short canals, 
connecting together some locks, and thereby establishing a com- 
munication between the Atlantic Ocean and the German Sea. 
The main line of the Forth and Clyde Canal is 35 miles long, 
56 ft. wide at top, 27 at bottom, and 10 ft. deep. In 10} miles 
from Grangemouth it rises 156 ft. by 20 locks. The summit 
level continues 16 miles, and from it to the Clyde there is a 
descent of 156 ft. by 19 locks, It had to be carried through 
moss, quicksand, gravel, and rocks, over precipices, and across 
valleys, in the course of which, besides smaller ones, 18 draw- 
bridges, and 15 aqueducts, with several tunnels, had to be con- 
structed. It was commenced in 1768 by Mr. Smeaton, and 
completed in 1790, at a cost of 200,000/. 
¢ Gamond, Thomé de. Carte d’Etude pour le tracd et le 
profil du Canal de Nicaragua. Paris, 1858. 
t Parsons’ “Sailing Directions.” 
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from its direction by the high land of the continent, and finding 
a void in the Gulf of Darien, rushes in to fill it. From January 
to April we had it constantly blowing in this direction, with an 
approach to calm at night. In the rainy season, the wind ceases 
at night, and a land wind blows from the mountains, with occa- 
sional squalls with rain from the S.W.; but I think it would 
seldom blow with any force from the S.E. or E. 

“ Hurricanes are unheard of in this quarter, it being sheltered 
by the land to the eastward; and these gales never pass over 
large continents, confining themselves principally to the open 
sea, or only passing over smal! islands. 

“ Earthquakes must be rare, as the Indians do not recollect 
the ground shaking at any time. This fact would be favourable 
to the permanency of a ship canal when once established.* 


Climate. 


From the total absence of swamp, marsh, or fen along the 
line, and the great number of rivers and rivulets (quebradas) 
with rapid currents, which drain the adjacent country, and pre- 
vent the lodgment of stagnant water in its vicinity, the climate 
may be considered healthy, and the occurrence of malarious 
fevers amongst European labourers, if well cared for, and of tem- 
perate habits, need scarcely be apprehended. 

The reports of Dr. McDermott, of H.M.S. Espiégle, Dr. 
Brownlow, of the U.S. corvette Cyane, Dr. Rondat, of the 
French war steamer Chimére (avis), and Dr. Ross, of H.M.S. 
Virago, show that, amongst 900 men who composed the crews 
of the vessels Which lay at anchor in Caledonia Harbour, and 
250 men of the Virago, which was stationed in the river Savana, 
in 1854, not a single case of sickness occurred during the three 
months of their stay; whilst the convalescence of those who 
were sick on the arrival of the vessels there was unusually 


= 

r. McDermott says, in a letter in the Medical Times of 
January 17, 1857: “ It results from the experience of Dr. Ross, 
Dr. Brownlow, and myself, that the popular idea of the un- 
healthiness of Darien is quite erroneous. Not a single case of 
sickness occurred amongst any of the parties sent on shore from 
the Espiégle, Cyane, and Chimére, whilst the patients who were 
on the sick lists of those vessels, on their arrival in Darien, 
rapidly convalesced. Indeed, it was remarked by all the medi- 
cal officers that the crews of the vessels were in better condition 
on leaving Darien than when we arrived there. From all the 
inquiries that I made among the natives, I could not ascertain 
that any particular form of fever or other disease prevailed 
among them, and, from their appearance, I would say they are 
a very healthy race.” 

Commander Parsons also says: “ During our stay, from 
January to April, we found the climate to be healthy, having 
had no cases of fever, although the men were greatly,exposed.” 
Lastly, Mr. Gibsorne, in his report to Lord Wharncliffe, says: 
** There have been altogether in this surveying expedition 9u0 
persons subject to climatic influences, some along the coast, and 
some in the interior, and I believe 1 am correct in stating that 
not a single case of illness occurred during the whole period of 
our stay.” 

The opinion which the author had previously expressed of 
the healthiness of the climate, founded upon a consideration of 
the physical aspect of the tract of country, has thus been cor- 
roborated, and receives further confirmation froin a document 
which he found in the course of his researches in the Archives 
of Bogota. This was the diary of Sergeant Gabriel Morales, who, 
with Serjeants Miguel Antonio Delgado and Miguel Quintana, 
commanded a detachment of 150 soldiers of La Princesa Re- 
giment, who had arrived from Spain only a short time before, 
and were sent to search for and capture Indians by Lieutenant- 
Colonel Don Andres de Arisa, the Governor of Darien. They 
started from the fort of Principe, on the Savana, proceeded to 
the Moreti, went across the hills to the Sucubti, and returned 
after an absence of fifteen days in the height of the rainy season, 
without having seen any sign or trace of an Indian, but in 
perfect health, The diary concludes thus: “July the 25th, at 
noon, we entered Principe, and presented ourselves to the go- 
vernor, informing him that the whole of the troops had returned 
in perfect health, notwithstanding the terribly unfavourable 
weather they had unceasingly encountered, there not having 
been one fine day; and that all had used their best endeavours 
to fallin with the enemy, and returned disconsolate at not 
having succeeded therein, Puerto Principe, July 25, 1786— 
Gabriel Morales.” 

In conclusion, the author begs to refer to the fact that, 
although the entire Indian population of Darien does not amount 
to 3000 souls, there were living, and personally known to him, a 
few years ago, six chiefs, each of whom was 100 years of age or 
more, viz., Caldgwa, John Bull, Shephard, Campbell, and two 
others whose names he did not learn; whilst the air of Darien 
would seem to be conducive to longevity even in the case of 
Europeans, for the late Captain John Shephard, a Scotchman, 
who spent most of his life on the Darien coast trading with the 
Indians, was a centenarian when he died, in 1853, at San Juan 
de Nicaragua. 

Mean Level of the Oceans. 

It was formerly supposed that a great difference of level 
existed between the two oceans, as well as between the Mediter- 
ranean and the Red Sea; but, in both cases, accurate investiga- 

* The exemption of Darien frem volcanic disturbance is 
remarkable. It appears to be on of those limited districts 
sometimes found in voleanic regions, on each side of which earth- 

uakes and eruptions occur without affecting the central district. 

Reasoning upon the causes why cer‘ain intermediate points at 
the surface of the earth, and in the direction traversed by earth- 
quakes, are unaffected by their influence, Humboldt, as if to 
bear out the assertion of the Panamenians that. their province 
is not troubled by them, observes: ‘This phenomenon is fre- 
quently remarked at Peru and Mexico in earthquakes which 
have followed during ages a determinate direction. The inhabi- 
tants of the Andes say, with simplicity, speaking of an inter- 
mediate ground, which is not affected by the generai motion, 





that it forms a bridge (hace puenie), as if they meant to indi- 
cate by this expression that the undulations are propagated at 
an immense depth under an inert rock.” It does not appear 
that there have been eruptions or earthquakes during the last 
few centuries in any part of the Isthmus of Darien.” 








tions have proved the belief to have been unfounded. In 1855, 
a series of observations made by Colonel Totten, the superin- 
tendent of the Panama Railroad, on the height of the tides and 
the levels of the two oceans—in Navy Bay, on the Atlantic, and 
in Playa Prieta, a bight in the Bay of Panama, on the Pacitic— 
established the fact that the difference of mean level, if any, is 
very trifling. The following were the results: 














PAcIFIC ATLANTIC. 
| on | = saat 
an 
June. Dec. | September. 
Feet. Feet. Feet. 
Greatest rise of tide ... 17.72 | 21.30 1.60 
Least ... ooo «Some 9.70 0.63 
Average oe ne | 12.08 | 14.10 1.16 
Mean tide of Pacific above) | 5 
mean tide of Atlantic } brazed arent 
High spring tide of Pacific 
above high spring tide at 9.40 10,12 
Atlantic eee eee 
Low spring tide of Pacific 
below low spring tide at 6.55 9.40 
Atlantic ... eee 
Mean high tide of Pacific 
above mean high tide at 6.25 6.73 | 
Atlantic eee | 
Mean low tide of Pacific 
below mean tide of At- 4.73 5.26 | 


lantic oe) ae 
Average rise of spring tides ...) 14.08 17.30 
Average rise of neap tides 9.60 12,40 


Colonel Totten thus concludes his report: “Although my 
observations make the mean level of the Pacifie from 0.140 to 
0.759 ft. higher than the mean level of the Atlantic, this is 
probably owing to local circumstances alone. We may, there- 
fore, decide that there is no difference in the mean level of the 
Atlantic and Pacific Oceans.” Colonel Totten, it must be ob- 
served, was able to test the accuracy of his levelling across the 
isthmus upon the finished bed of the railroad, an advantage not 
possessed by previous observers. The result of the difference 
of the rise of tide is, that there is a perpetual oscillation— 
sometimes the one and sometimes the other sea being the higher 
—except at mid-tide, when both are on a level. At high water 
the Pacific is from 6.25 to 10.12 ft. higher, and at low water 
from 4.73 to 9.40 ft. lower than the Atlantic. The timeof high 
water in Navy Bay and Panama Bay is nearly the same, viz., at 
3h. 20 m, at fulland change. In Caledonia Harbour it is high 
water, at full and change, at 11 h. 40m. The rise of tide there 
is 1 ft. 6 in. springs; 0 ft. 6in. neaps. The rise and fall of tide 
in the Gulf p San Miguel is from 18 to 24 ft. 

As the canal must have a few locks, the difference in the rise 
of tide in the two oceans would have no bearing whatever on 
the question of its practicability. 





Population. 

The only inhabited place on the line was the village of 
Sucubti, population about 70, which was set fire to by the in- 
habitants, and abandoned upon the approach of Lieutenant 
Strain, on the 25th of January, 1854. When Mr. Gisborne 
arrived there on the 8th of February, he found nothing there 
but the fragments of some canoes, which had been smashed up 
to render them useless. The people probably removed to 
Asnati; and it is likely the place will never be re-occupied, as 
it was formerly the custom of the Indians to quit for ever any 
place that had been visited by Spaniards. The only places 
within 10 miles of the line are—Agla, on the Aglatumati, 3 
miles from its mouth in Caledonia Bay, with about 60 inhabit- 
ants; and Sassardi, Asnati, and Moreti, with 50 or 60 inhabit- 
ants each. Agla and Sassardi were abandoned in 1854. It is 
very probable that the Indians would give up their claim to 
that part of the country in exchange for a part of the coast 
from Cape San Blas to Portobello, which fs now, in an 
extent of 45 miles, only the hamlets of Culebra, Palenque, 
and Nombre de Dios, with an aggregate population of about 
150, negroes, who are descendants of Cimarrones or Spanish 
maroons. 


Memoranda for future Engineers and Surveyors. 


No “volunteer,” soé-disant guide, engineer, or agent of any 
company should be allowed, on any pretext whatsoever, to ac- 
company the engineers and surveyors to be sent out by the 
company that may undertake the cutting of the Darien Canal. 
The intrusion of “ volunteers” from the Atrato Ship Canal Com- 
pany and the Panama Railroad Company caused the failure of 
the expedition of 1854. 

Before any attempt be made to land in Darien the consent 
of the Indians should be obtained. It was the neglect of 
this precaution that led to the unfortunate result of Com- 
mander Prevost’s ill-advised and misguided attempt to cross the 
isthmus. 

If treated in a friendly, frank, and conciliatory spirit and 
assured that their sovereignty over the Atlantic portion of the 
line is not disputed, they will offer no opposition. Some of the 
Sassardi people should be sent for Robinson, who was secretary 
to Caldgwa, the late chief of the San Blas Indians, and who 
resides at Carti, or Cedar River, in San Blas Bay. This man 
lived for twelve years in Washington, viz., from 1841 to 1853, 
and was educated there at the expense of the late Daniel Web- 
ster. He is very intelligent and speaks English fluently. He 
should be requested to invite the old men or chiefs of Sucubti, 
Asnati, Moreti. Sassdi, and Carreto villages to a conference, at 
which a treaty of friendship should be concluded with them, and 
their consent obtained to the making of a survey, and the 
cutting of the canal. If properly treated, they might provide 
guides through the forest, and furnish canoes for navigating the 
Sucubti, and hunters for killing game. A large number of 
Indians should be induced to accompany the explorers, as guides 
and hunters, since they would answer as hostages to secure the 
peaceable behaviour of the others. 

The party from Caledonia Harbour should find, on their 
arrival at the mouth of the Lara, another party stationed there 








and well supplied with provisions, surveying and boring instru- 
ments, &c. The latter should be sent out, vid Aspinwall and 
Panama to the Gulf of San Miguel and the Savana, a month 
before the former. 

The exploring party should be preceded by a sailor, having a 
ship’s compass suspended in front of his breast by straps. 
Another sailor, with a ship’s compass secured in the same way, 
should bring up the rear. 

Every member of the party should have a pocket-compass 
and know or be taught how to use = , a 

Every one of the y, except the sailors with the compasses 
who should have ad rn a of tee about them, should have a 
machete or bush-cutlass, with which he should notch the barks 
of the trees in going along, so as tomake a picadura or blazing. 
By taking this precaution stragglers will escape the danger of 
being lost in the bush; and, in case of difficulty, the party can 
at any time find their way back.. Had Lieutenant Strain’s party 
adopted this plan, they would have avoided the dreadful suffer- 
ings they endured through neglect of it. 

The distance should be measured by a chain, and every hour’s 
course and distance logged. Observations for latitude and 
longitude should be taken at every important point, to serve as 
astronomical bases. Frequent barometrical observations should 
also be taken with the view of ascertaining the heights and find- 
ing the lowest levels. 

anchos or sheds, made of poles stuck in the ground and 
thatched with palm leaves, should be builé at convenient 
distances. One of them can be made in an hour, as guagaras 
or fan-leaved palms are everywhere abundant. The bush and 
timber felled in making the paths should be burned as soon as 
possible. 

Negroes accustomed to work with the machete (macheteros) 
can be engaged at CartHagena, Portobello, or Aspinwall. They 
are the best men for clearing bush and cutting paths; but per- 
mission for them to land should be obtained from the Indians, as 
they havea great aversion to negroes, at least, Spanish negroes; 
possibly they might not object to Jamaica men. 

The only right place to start from is the western extremity of 
the bight NW. of San Fulgencio Point, in lat. 8° 53’ 45”, 
long. 77° 43’ 30”.. By proceeding from thence, a little more 
than 4 a mile tothe W., and then 2 English miles, S. true, the 
entrance of the valley will be reached. The chief engineer, in 
1854, landed in Caledonia Bay, 3 miles S.E. of the above point, 
and went up the Aglatumati, although Dr. Cullen had adviand 
him to land at Caledonia Harbour, and told him that there was 
no pass from the Aglatumati. 

A light elongating ladder for ascending the trees on the summit 
of the Cordillera, and a stationary-balloon, would be useful for 
the purpose of obtaining an uninterrupted view over the country. 

A light boat should be carried across to the Sucubti, as it is 
probable’ that the hamlet has not'-been re-occupied, in which 
case a canoe could not be gotthere. Rafts should be constructed 
of the wood of the balsas, or other light- timber, to convey the 
party down the Sucubti. 

The path from the Chuquanaqua to the Savana should com- 
mence either opposite the mouth of the Sucubti, or anywhere 
within a distance of 4 or 5 miles below that point. The sur- 
veyors can alone determine the line of lowest elevation. 

The exploration being ended, and the line to be surveyed 
marked out, the engineers can commence the survey. Until 
that time, the conduct of the affair should be entrusted to some 
persons experienced in exploring forests in the tropics. 

The best time for exploring the isthmus is from the beginning 
of December to the beginning of April; that being the dry 
season the rivers are then low, and the heat is tempered by a 
N.E. sea breeze. The party would arrive in Darien on or 
before the 1st of December. 

(To be continued.) 








SOLAR HEAT. 
To THe Eprror or ENGINEERING. 


Srr,—As the employment of solar heat in the production 
of motive power does not seem to have received the conside- 
ration of the engineering profession, I hope you will permit 
me, through the medium of your journal, to offer a few re- 
marks on this subject. 

The rays of heat proceeding directly from the sun are not 
sufficiently powerful to produce steam pressure available for 
practical purposes, but the effects attending the reflection, 
transmission, and radiation of heat afford abundant means of 
accumulating solar heat, and of increasing its intensity. For 
example, the well-known effect of a convex lense, constructed 
of glass, rock salt, or other diathermanous substance, in con- 
centrating solar rays, the heat in the focus of a convex lense 
of any magnitude is intense, and increases in proportion to 
the dimensions of the lense. r 

Ifthe solar heat concentrated by means of a lense be applied 
to a vessel containing water, steam power can be produced 
sufficient to work a small engine. By using a lense of greater 
dimensions, in proportion to the boiler, the steam pressure 1s 
increased, evidently resulting from the increased intensity of 
the heat. 

The solar heat is concentrated with —_ effect by a 
concave reflector than by a lense; and where a regular heat 
is required it is supplied more effectually by the absorption 
and radiation of the heat derived from the sun than when 
accumulated either by reflection or refraction. __ 

The quantity of heat and of motive power which may be 
obtained from the sun is only limited by the dimensions of 
the apparatus employed in utilising it. 

I would be glad to give any information as to the manner 
in which snedels for testing the efficacy of solar heat in pro- 
ducing steam power may be constructed. : 

I am, Sir, yours obediently, 

Liverpool, March 3, 1868. GrorGE MENIE. 








A Prowisrve Scueme !—A San Franciscoan has invented 
a means of propelling vessels without steam or sails. He 
connects three boats together in a line, and expects the two 
on the ends, by the rise and fall of the waves, to move the 
machinery in the central vessel, which shall propel all three. 
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PUBLISHER’S ANNOUNCEMENT. 








The permanent circulation of ENGINEERING is 
greater than that, collectively, of all the weekly en- 
gineering journals published in London, at the same or 
a higher price, and it is very rapidly increasing. 








Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W god 


ENGINEERING is registered for transmission abroad. 


Le bureau @ ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
pes CuoEeMINS DE FER may be obtained, price 91. 


MEETINGS NEXT WEEK. 


Tue InstTITUTION oF Crvit ENGINEERS.— Tuesday, March 
17, at 8 p.m. Continued Discussion upon Mr. Sandberg’s 
Paper “ On the Manufacture and Wear of Rails.” 

Society or Enarneers.—Monday, March 16, at 7} P.M. 
Paper to be read “On Engineering in India.” By F.C. 
Danvers. 
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BREWING AND BREWERIES. 

A series of articles, illustrated with upwards of one 
hundred engravings, will be commenced in our next 
number, giving the best and latest practice in malting, 
brewing, and brewery engineering. The series has 
been prepared with the kind co-operation of many 
practical brewers and brewers’ engineers, occupying 
positions which will be sufficiently recognised as 
their names appear. We this week give two out 
of four large engravings of Messrs. Allsopp’s brewery 
at Burton-on-Trent. In order that those interested 
in these articles may not be disappointed in ob- 
taining the complete series, we ian added five 
hundred copies to the number of EncineErine printed 
last week, but as this increase is less than the 
present monthly rise in our circulation, it will be well 
for those for whom the articles are intended to secure 
the first as early as possible. With the beginning of 
the present volume we added one thousand copies to 
the edition of the previous week, but we regret to an- 
nounce that numbers 105 and 106 are already ex- 
hausted, with the exception of the one hundred copies 
reserved for binding. 








THE STEEL RAIL DISCUSSION. 


_Wuen, between fifteen and twenty years ago, en- 
gimeers began to adopt wrought iron in place of cast 
iron in the construction of railway bridges, they did 
So in. view of the results of experiments which left no 
doubt of the great superiority of the first named 
material over the latter. These experiments extended 
over no long period of time—two or three years at the 
sangest— yet their results were not the less accepted 
as perfectly conclusive, and notwithstanding that the 
structures to which they were thus applied were ex- 
pected to last for ages. Important as was the change 
from cast to wrought iron, it afforded but little 
opportunity for discussion, beyond that as to the form 
im which the latter would be best applied. As to the 
general question of the relative merits of cast and 
wrought iron, we greatly doubt if it would have been 
possible to have gathered together a large number of 
members of the Institution of Civil Engineers to discuss 
it. No one would have thought of inviting iron- 
founders on the one hand, and makers of plate and bar 
iron on the other, to dispute the point, between them- 
selves, at the Institution, as a question bearing upon 
their respective trade interests. 





The facts which prove the superiority of steel rails 
over iron rails are now as well settled as those which, 
even so long as eighteen years ago, were then held to 
have proved the superiority of wrought iron over cast 
iron in bridge construction. Among railway engineers, 
these facts afford but little opportunity for discussion. 
Of those who have adopted steel rails, each could only 
tell the other how much stronger, tougher, and more 
durable they are than iron rails. And those who 
have not adopted them could not support, by proof, 
any possible ground of objection against them, beyond 
that of their higher price, ton for ton, than that of iron. 
Curiously, however, a discussion of apparently great 
interest, and which, having already occupied two even- 
ings, promises to extend to three or four more, is going 
on upon the question of steel v. iron rails, at the In- 
stitution of Civil Engineers, the lecture theatre being 
each night filled to overflowing. The same subject 
was discussed two years ago, when much less was 
really known than at present respecting the behaviour 
of steel, and the facts then adduced were so strongly 
in its favour as to have taken some engineers by sur- 
prise. Now, however, they are further confirmed in 
a manner to remove all doubt, and the wonder is that 
there is anything respecting them to discuss. - Profes- 
sionally, or as bearing upon railway economy, there is 
now hardly more room for the discussion of this ques- 
tion than for that of the relative merits of cast and 
wrought iron bridges, broad and narrow gauges, 
wooden sleepers and stone blocks, or any one of a 
dozen like questions, practically settled ten, twenty, 
or thirty years ago. 

The explanation of the unusual interest now con- 
centrated upon this question is, however, simple 
enough. In proportion as steel proved itself better 
than iron, the ironmasters began to be alarmed. The 
majority of British irons, as all our readers know, are 
wholly unfit for making steel; so that the ironmasters 
generally could not enter the steel trade even were 
they ready to embark in it the necessary capital, and 
sacrifice their existing works. Again, a ton of steel 
rails has been proved to be from five to twenty times 
more durable than a ton of iron rails; so that for a 
given amount of traffic on.lines once laid in steel, the 
renewals for a series of years—a thousand, if we like 
to look so far ahead—would require an almost incom- 
parebly less quantity of rails yearly than at present. 

n any case, the increasing success of steel must tend 
to bring down the price of the inferior material— 
iron. 

Now, the discussion going on at the Institution is 
one not between railway engineers themselves, but 
between them and the ironmasters, many of whom are 
members of the body, while others have been invited 
as visitors to take part in the discussion. Fancy 
Robert Stephenson, living, and presiding at the In- 
stitution, while twenty iron-founders, who had pre- 
viously prospered as large contractors for cast-Iron 
girders and arches, were lecturing the railway en- 
gineers upon the economy of such castings anc the 
uncertainty or positive insecurity of tubular and plate- 
girder bridges! Yet, just as Mr. Gladstone received 
and conferred, the other day, with the trades’ unionists, 
the Institution of Civil Engineers now gives the iron- 
masters a hearing, and not only the ironmasters, but 
the iron commission agents as well—everybody, in- 
deed, who believes that there is ‘‘ nothing like leather.” 
We must not here mention names, but the leading 
men of several important iron districts have spoken, 
and they have told the engineers how the supply of steel 
must soon run out, because there is so little iron of 
the quality suitable for its manufacture; they have 
told the engineers how little they really know of the 
essential qualities of a rail, and how they ought never 
to.think of interfering with the ironmaster by bindin 
him down to arbitrary specifications, but they should 

ay him a long price, and trust implicitly to his 
lioneaty and skill. Those ironmasters whose iron 
happens to be highly contaminated with phosphorus, 
have told the engineers what a wholesome and de- 
sirable ingredient in a rail is phosphorus, how there 
can hardly be too much of it; that 4 per cent. is.an 
excellent proportion, and that broken phosphorised 
rails which, to ordinary eyes, show a very bad fracture, 
are, in reality, excellent in quality; and these iron- 
masters, making such rails, have very pradently told 
the engineers how they should never test them by a 
falling weight, inasmuch as this might possibly break 
them! Never were tradesmen more disinterested’; 
never were professional men so completely shown how 
useless they are; nay, how mischievous is their inter- 
meddling, and how much better it would be were the 
Institution of Civil Engineers simply an association 
of ironmasters under that name, the. members acting 
professionally, and, of course, disinterestedly, as the 





advisers of railway boards! There was a protest, 
also, against the system of tenders, and the pernicious 
tendencies of competition. And -never, with all this 
patronage, was there such brotherly loye. ‘Come 
** over to us, dear sirs,” one could almost hear; “let 
“us work together in confidence, and, although our 
=f we sagt gives ws the advantage of superior know- 
“ledge, yet we shall ever be gratified if, by deferring 
“to your position, we can secure the best interests, in 
“the matter of rails, of the companies you repre- 
“sent.” 

But there was one manager of. large ironworks, 
although not a rail-maker, who frankly admitted that , 
all rails not homogeneous, but, from the mode of their 
manufacture, laminated, as are all iron rails, must wear 
out, or rather crush out far more rapidly than a homo- 
geneous rail, even were the mere hardness the same. 
And there were the managers of the two largest iron- 
works in the kingdom, one. of which has made 2500 
tons and the other 2000 tons of iron. rails, weekly. 
Steel works of far less productive capacity have been 
erected at each of these establishments ; but although 
the trade interests of both concerns would appear to 
lie in the full employment of the iron rather than the 
steel department, both managers .spoke strongly, and 
apparently in the light of the best knowledge, in favour 
of steel. 

But the real evidence as to steel lies not with iron- 
masters whose products it is certain to displace and 
render obsolete, but with railway engineers, and the 
former gentlemen may rest assured that the latter hold 
their advice at its exact value, that they are quite able 
to judge of the relative merits of homogeneous and 
fagotted rails, of steel and iron, and of rails which 
possess great durability along with great toughness as 
yrs with rails which, if durable are brittle, or if 
not brittle are not durable. 

As far as the discussion has yet gone the railway 
engineers have, with hardly an exception, testified to 
the superior value of steel, their adoption of it in their 
practice being only a question of first cost and of the 
amount of traffic. And we know that there are en- , 
gineers attending the discussion who will yet speak 
still more strongly and circumstantially in its favour. 
It is to be regretted that the “ editing” and printing 
of the discussions requires so much time, and that 
although gentlemen, taking part in the discussions, 
speak, practically, jn public in the presence of 
hundreds, and these often representing opposing in- 
terests, the ames of speakers must, for six months or 
a year, but no longer than the publication of the 
“edited” report, be withheld dy the press from the 
outside world, although conversation may freely spread 
them to all corners of the kingdom. It is only in 
deference to this almost needless restriction that we do 
not report the observations of each speaker, giving his 
name. Those in the Institution already know how 
completely the case of the ironmasters, as distinguished 
from the steelmasters, has been answered by perfectly 
disinterested testimony, and we shall in time be at 
liberty to quote this testimony with names. It 
abundantly proved that steel was stronger, tougher, 
and almost immeasureably more durable than iron. 

Thus far, however, the speakers have not recognised , 
the single measure of the durability of rails which is 
trafic and not years. To say that a rail has lasted ten 
or twenty years is to say no more than that a bottle of 
wine has lasted the same time. Let it alone, and it 
will last almost for ever. 

Nor should any question of compound interest be 
again allowed to be mixed up with that of the first cost 
of rails, inasmuch as railway companies neither borrow 
nor invest money at compound interest, but at simple 
interest only. The greatest oversight of all—for it 
seems to have been overlooked in nearly all discussions 
as to steel rails—is that a road of given strength 
and stability, although of far greater durability, may 
be laid in steel of 50 1b. to the yard than in iron of 
80 lb. Steel rails have almost exactly twice the tensile 
and compressive strength of iron rails, and it,is unfair 
to give steel no credit for this increased strength, when 
contrasting its cost with thatof iron. We fully admit 
the reasons opposed to laying down light steel, in- 
tended to last twenty, forty, or sixty years, under 
traflic constantly increasing in weight and speed, but 
if, to discount this increase, we at once lay down steel 
rails as heavy as those before employed of iron, we 
certainly obtain the great advantage of a much stronger 
way, and increased strength means increased truth of 
surface, trath of line, and truth of gauge. The steel 
laid line; properly laid, offers less,resistance to traction, 
and,therefore secures greater economy in locomotive 
expenses than an-iton-line, and may in this way, much 
een Oe for its somewhat greater first 
cost, one , 
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THE PORT OF CALCUTTA. | 


Mr. Lronanrp’s plans for the improvement of the | 
port of Calcutta are described in the Calcutta Gazette | 
—a floating wharf, a quay wall, and jetties. For 
loading on unloading in the river, the first affords 
most facility, remaining at the same relative height 
to the vessel through all stages of the tide. Its other 
advantages are the ease with which it can be changed 
from place to place, the quickness and comparative 
cheapness with which it could be erected, the cost | 
being very little more than that of decent jetties, and 
considerably less than that of a quay wall. The diffi- 
culty of mooring in the Hooghly current vanishes 
when the success of the floating wharves in the 
Mersey is considered, where the current is as rapid as 
inthe Hooghly. ‘The success of the two wharves, now 
being erected by the East Indian Railway Company, 
will show how far this scheme is practicable, and in 
time these may probably be transferred to the river 


trust. A quay wall is condemned on account of its 
cost. The strong argument in its favour is, that it 


forms a better line for the current, and does not allow 


: s not allow | 
offensive matter to remain along the bank. The jetties, | 
| 


however, are Mr. Leonard’s favourites. The point 
most suitable for their erection is from the north end 
of the bonded warehouse to the railway ghaut. 

Owing to the failure of the recently constituted | 
Port Trust to carry out any of the works for which it 
was constituted, the Government has determined on 
executing the necessary works for the accomodation 
of trade, through the agency of its own Public Works 
Department. Sanction has accordingly been given for 
the execution of four screw-pile jetties—two for the ac- 
commodation of native craft, and two for the aecommo- 
dation of shipping, together with the necessary sheds, 
officer’s residence, sloping and paving the bank, &c., 
at a total estimated cost of 58,6007. For these, as we 
have on a previous occasion stated, tenders have been 
invited by public advertisement in Calcutta, and it is 
not at all improbable that one of the large iron 
merchants there will obtain the contract. Even with 
the construction of these piers, however, much will 
still remain to be done before the present demands for 
accommodation are fully met; and we shall anxiously | 
look forward for some further sign of action on the | 
part of the Government towards supplying the want. 


—— = 

PURIFICATION OF IRON ORES. | 

To remove sulphur and phosphorus from iron ores | 

is the great supelet problem of the day. The great | 
success of the Bessemer process, and the well-known 
fact that the presence of sulphur and phosphorus in 
the pig iron are virtually the only limiting influences | 
to the spread of this invention, causes inventors to 
look upon this one achievement as a certain source 
of enormous wealth. The premium thus apparently | 
held out being large, the competition for the price is 
naturally very great, and ingenuity is spent and mis- 
spent in countless numbers of methods now under 
consideration, investigation, and experiment, or in the 
patent lists of this and of other countries. Although | 
inventors are perhaps over-estimating the probable 
amount of royalties or other gains which the achieve- 
ment of the desired result would finally produce in 
this instance, there can be no doubt that the inven- 
tion of an effective mode of purifying iron from sulphur 
and phosphorus would be highly benelicial. We con- 
sider it necessary, therefore, to watch all attempts 
and proposals aiming at that result with great care 
and attention, and to give space to the notice of in- 
ventions which do not perhaps bear the stamp of prac- 
tical knowledge or the character of plausibility at first 
sight. An invention of this kind is that patented by 
Mr. Edward Young, of Oughtybridge, near Sheffield. 
Mr. Young proposes to calcine the phosphoric ores | 
ina Siemen’s gas furnace, and to employ sw/phur as | 
a component of the fuel. The gases from the gene- 
rator are to be led into the furnace, and the access of | 
air is to be regulated so as to effect an incomplete 
combustion. 








| current of gases. 


It is well known that phosphorus 
dissolves in bisulphide of carbon very freely, and the 
presence of that substance may therefore stimulate the 
reductive action of the flame upon the phosphates in 
the ore. In this case the removal of the phosphorus 
by the vapour of bisulphide of carbon would at least 
appear possible; but there would be no necessity for 
a displacement of the phosphorus by sulphur. 

sulphur does combine with the ore under such circum- 
stances, this would appear to be an accidental and not 
a necessary result. It is true that sulphur is easier 
removed from ore than phosphorus, but the removal is 
by no means so very easy that it could tempt an iron- 
master to contaminate his ore with sulphur in order to 
remove the phosphorus. It is difficult in judging of a 
new process, by a specification drawn up in the style 
of Mr. Young’s, to distinguish between a badly de- 


scribed and between an absurd proposition ; and unless | 


Mr. Young knows more about his new process than 
he has given the world the benefit of in his specifica- 
tion, we cannot predict any great success to his in- 
vention, 


A NEW KIND OF STEEL. 

| A very curious specification was published at the 
} Great Seal Patent Office a short time ago, viz., the 
patent of Andrew L. Dowie, of Glasgow, for “ treating 
iron to obtain metallic compounds.” The patentee 
apparently has put together a few pages of a chemical 
dictionary, and claimed the application of all the sub- 
stances named there for the manufacture of iron alloys 
or steel. The ordinary pig iron is to be treated with 
oyster shells, with rock salt and borax, with tin, with 
iodine, bromine, manganese, and so on through a 
whole list of similar names, apparently, and really 
without the least mutual connexion. At first sight 
this specification would appear to be made in utter 
ignorance of all theory and practice of steel manu- 
facture. The idea of treating pig iron with oyster shells, 
which could have no other effect but to contaminate 
the iron with phosphorus, would alone justify such a 
conclusion. Yet upon inquiry, we find that Mr. Dowie 
has made steel of quite extraordinary qualities. Some 
of his steel showed a remarkable hardness, and was 
successfully applied for making cutting tools, although 
some other specimens have, as may easily be expected 
from any new material the manufacture of which is 
still in the stage of the first experimemts, been found 
unfit for use. It is not improbable that Mr. Dowie 
has “found out” a mode of making a kind of steel of 
very remarkable properties, and that he has deseribed 
his mode of manufacture as fully as the process was 
known and understood by himself. But that does not 
say much towards explaining what Mr. Dowie’s curious 
new metal may be in reality. Looking over the long 
list of ingredients, from which we must make our 
choice for finding those which are likely to be the 
causes of the practical result arrived at, we find only 
two substances worthy of attention, viz., borax and 
tin. All the others are perfectly harmless witnesses 
of the changes that may be effected in their presence 


| by the action of either tin or borax upon the iron, or 


in some instances they may be worse than harmless, 
and must then be held accountable for Mr Dowie’s 
rotten specimens of metal. The application of molten 
tin to molten iron has a very curious effect. The tin 
drives the carbon and the silicon out of the iron by a 
kind of quiet but instantaneous action, and alloys 
itself with the iron, forming a very hard substance of 
white crystalline fracture. The carbon rises to the 
| surface of the liquid alloy, and can be skimmed off in 
flakes of graphite. The silicon appears at the surface 
after the carbon, it forms amorphous silica, which 
floats upon the surface of the metal, and if allowed to 
remain there, accumulates and forms a creamy efflo- 
rescence of considerable thickness. ‘The alloying of 


/iron and tin may therefore produce a material such as 


Mr. Dowie has produced. Hard steel may also be 
|produced by combining iron with boron, and this, 


Mr. Young expects bisulphide of carbon | the element contained in borax, named in Mr. Dowie’s 


to be formed under these conditions, and then the | specification, is possibly another effective agent in his 


sulphur is expected to replace the phosphorus in the | 
ore. The sulphur is to be removed afterwards by a 
second calcination in open air. After overcoming the 
first shock to the “ feelings,” or perhaps “ prejudices,” 
which every metallurgist will probably experience 
when first reading Mr. Young’s proposals, we desire 
to discuss the merits and demerits of the case 
as calmly as circumstances will permit. We will 
substitute the idea of a closed calcining kiln com- 
municating with a gas producer, in lieu of the re- 
generative gas furnace, and this will perhaps remove 
the idea of an enormous outlay for the plant required. 
We will further assume the formation of bisulphide of 
carbon in the presence of a reductive flame or heated 


steel-making process. Which of the two, or if a com- 

| bination of both, brings about the most favourable 
results, we are unable to say, and we believe it will be 
| necessary to give to the inventor a sufficiency of time 
|to find out what the real principle and essence con- 
|tained in his patent may be in reality. It is quite 
certain, however, that some of the alloys made of iron 
| and tin, with and without the addition of borax, have 
shown an extraordinary degree of ‘hardness, and have 
made very valuable cutting tools for lathes and boring 
machines. The subject appears therefore to be worthy 
of a careful investigation, carefully excluding, however, 
the influence of oyster shells, of iodine, bromine, and 
all similar substances. 





| LITERATURE, 


——_@——_ 

A Treatise on Frictional Electricity, in Theory and Practice. 
By Str Wit114m Syow Harris, F.R.S. Edited, with a 
Memoir of the Author, by Coar.tes Tomutnson, F.R.S. 

A coop treatise on electricity, a work in which 
| obsolete theories are not repeated, with old woodcuts 
reproduced to illustrate them, a work which shall 
| impart the views of electricians of the present day, is 
| sadly wanted, but it appears that we can scarcely hope 

to obtain this at present. For although several works 
on electricity have appeared within the last few years, 
they have all been unsatisfactory. Sir W. 8. Harris’s 

| posthumous work on Frictional Electricity forms no 
|exception, although there are certainly some good 
| points about the book. There can be no doubt that 
Sir William experimented with frictional electricity as 
much as—perhaps more than—any other electrician of 
his time—a time, too, during which frictional electricity 
was more experimented with than it has been since 
voltaic and magneto-electricity have become of so much 
greater interest and importance than electricity pro- 
duced by the more ancient method of rubbing. Still, ex- 
perimenting and philosophising are two widely different 
things. Sir William made a happy hit in his time in in- 
troducing lightning conductors, and was well rewarded. 
His success naturally made him turn his attention 
almost entirely to the study of electricity; but we 
never could discover anything of great interest, still 
less of great importance, in any of the experiments 
performed and published by Sir William. Some of 
his deductions from experiments have been proved to 
be positively incorrect, whilst his ideas of quantity, 
tension, and density have always appeared to us un- 
necessarily confused when not entirely unintelligible. 

The first part of the work under review, however, 
appears to be confined principally to descriptions of 
apparatus and experiments, and contains very little 
theory. Thus, in describing the ordinary electrical 
machines, no attempt is made to explain the action 
that takes place as regards the appearance of one kind 
of electricity, only when the rubber is connected to the 
surrounding conductors or “ to earth,” or vice versd. 
It is true that the old mode of explaining the pheno- 
mena, by supposing the negative electricity, when the 
rubber is connected to earth, to be distributed over 
the earth, and thus become “ virtually annihilated,” is 
wisely suppressed, and so far we see some regard for the 
exposures and condemnation of the old theories which 
have been made within the last six or seven years. 

There is no attempt made to deal with the question 
of the production of electricity when the rubber 
and the conductor are both insulated from the earth, 
and connected to insulated conductors or to Leyden 
jars. The whole series of problems which can thus be 
proposed, and which illustrate some of the most 
important laws of electricity, are entirely ignored. 

As a statement of facts relating to electrical phe- 
nomena, Chapters I. and II. are good, although 
oreng the latter portion of the second chapter is 

iable to lead the student into the author’s confused 
ideas as regards “intensity,” (? tension) quantity, and 
density. Chapter III. is principally devoted to the 
description of instruments, and seems to contain very 
complete descriptions of the instruments used by Sur 

William. The fifth chapter, on “ electrical manipula- 

tion,” we have little doubt must contain many valuable 

practical hints and recipes as regards the construction 
of electrical apparatus, insulating varnishes, amalgums, 

&c., for so careful and earnest an experimenter as Sir 

William must, during his long devotion to the ex- 

perimental study of frictional electricity, have gained 

immense experience in such matters. 

The second portion of the work consists of Sir 
William’s theories as regards electrical force. Some 
of them have appeared before in the Philosophical 
Magazine. We cannot agree with all that is set forth 
in them; but to argue these questions would be 
beyond the limits of a review. 

The biographical notice of the author by Mr. 
Tomlinson is very interesting, and whoever differs 
from Sir William’s views will certainly, after reading 
Mr. Tomlinson’s notice, hold in esteem the memory of a 
man of such amiable disposition and honesty of pur- 
pose, even in spite of the author’s bitter invective in 
his preface against those who place their faith in 
mathematical laws rather than in Sir William’s in- 
terpretations of the results of his experiments. The 
work is well illustrated, or at least as well as most 
English works on the subject, and altogether contain- 
ing, as it does, so much original writing from the pen 
of such a veteran in électrical manipulation and ex- 
periment, should be possessed by every electrician, 
although, we repeat, that the views set forth should 
not be all received without due caution. 
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CANADIAN ENGINEERING. 
To THE Epitor orf ENGINEERING. 

Sir,—The next design of bridge I propose to bring 
under your notice is that known as the “ M‘Callum 
Truss.” This truss differs from the one mentioned 
in my last, in haying both its ties and braces of 
timber, and, instead of a horizontal upper chord, its 
upper timbers ar@gpassed in the form of a flat arch. 
It thus avoids th®:rregularities in expansion and con- 
traction whicli thé Howe truss is subject to, and the 
upper boom is aWays im uniform compression. In 
large spans there,age usually added spur braces, which 
are laid at a flatter angle and outside the main braces, 
these spurs abutting against a straining piece imme- 
diately underneath the upper arch, and through them 
a greater proportion of the strain is thrown upon the 
abutments. Bridges built upon this principle are pro- 
bably the most rigid of any timber structures erected 
on the American continent; although Captain Tyler, 
in his recent report on the Grand Trunk Railway of 
Canada, does not approve of their construction ; he 
does not, however, allege specific objections to their 
design, and Iam somewhat at a loss to understand 
upon what grounds he gives the preference to the 
“ Howe truss,” it being notorious that all who are 
practically acquainted with working the various lines 
of railways in the United States have found these 
trusses to retain their form better, and last longer, 
than those built upon “ Howe’s” principle. They do, 
however, require heavier and better-built abutments. 

These bridges are found to be quite safe in practice 
up to 200ft. span; and, indeed, appear to me to be 
applicable up to 250 ft. span, although I am not aware 
of any of such an extent being at present in use. In 
a span of 200 ft. it is usual to make the height of the 
truss about 25 ft. at the centre and 20 ft. deep at the 
ends, and to camber the lower chord 6 or 8 in.; and it 
is rarely found that with this slight camber they 
ever deflect below the straight line, even after being 
subjected to many years of traffic. 

The next type of bridges to be considered are those 
of the laminated arches, which, for convenience sake, 
we may divide into two classes, viz., those which have 
asuspended roadway similar to the “ bow-and-string ” 
iron Sidon and those with insistent roadways, as the 
arched rib and braced spandrels. Of these classes the 
first is the most commonly used, affording, as it does, 
the greatest height of clear headway and the least 
wind draft when enclosed and covered in. 

The arched rib in these bridges, which constitutes 
the carrying power, is usually formed of about six 
pieces of timber, about 20 in. wide and 4 in. thick, and 
in lengths of from 30 to 45 ft., bent to the required 
curve, and laid close together flat way in concentric 
rings, the several layers breaking joint with each other, 
and the whole well bolted and pinned together; the 
feet of these arched ribs, in the bridges with suspended 
roadways, are firmly secured to the ties or lower booms, 
upon which the roadway beams rest, by strong iron 
straps or shores, the bow and tie being strongly 
bound together at uniform distances with iron rods, 
and a series of braces and counterbraces inserted to 

yreserve the arch from changing its form from irregu- 

arity in loading. 

In that class of bridge where the roadway is insis- 
tent, the feet of the arched rib are secured to the 
springing and upright beams by means of iron shores 
or straps; from:these uprights a continuous upper 
chord, formed of half timbers in lengths of from 40 
to 50 ft., and about 15 in. deep by 6 in. breaking 
joint, and thoroughly boited together throughout, well 
secured by bolts and straps at the ends to the uprights 
before mentioned, and to the arched rib in the centre, 
the spandrels between this upper chord and the arch 
being filled with bracing and counterbracing, and care- 
fully tied together throughout, thus forming a rigid 
girder. 

Bridges of this design are very numerous, and fre- 
quently of spans up to 200 ft., and in some cases 
beyond this. ‘There was some years ago a fine example 
of one over the Skyulkill, near Philadelphia, for a 
public road, with a ‘single span of 340 ft., but it has 
been unfortunately destroyed by fire. 

__L have recently seen a design for a bridge of about 
300 ft. span where the laminated arch is in two dis- 
tinct parts, the upper portion being a flatter segment 
than the lower portion, having a spread of about 20 ft. 
at the springing and laying close together at the 
crown, the feet of the ares being bound to a con- 
tinuous beam hy shoes or straps, and the space be- 
tween the two ares filled with laminated tracery, the 
upper portion of spandrel and the top chord being 
formed in the usual manner. ‘The advantages of this 
design appear to consist in giving increased depth to 





the arch at the haunches, and in diminishing the 
height of the vertical spandrel filling over the upper 
arch, while at the same time it affords additional 
facilities for intermediate cross bracing. I do not 
know if this form of girder has been in any instance 
adopted in actual practice up to the present time. 

This class of bridges, partaking as they so clearly 
do of the flat arch, require more solid abutments than 
those which have been heretofore reviewed—a circum- 
stance which will necessarily have to be considered in 
calculating what design would be most economical in 
any given case. 

Hitherto nothing has been said as to the number of 
trusses or girders used, or of their distances apart, or 
the manner of their connexion, the remarks now to be 
made on these matters being common to each of the 
several types. 

Generally, then, it may be observed that, for public 
roads, two girders are used at a distance of 24 or 
25 ft. apart, the roadway running between them. 
Single lines of railway have also two girders, the rails 
being laid between, requiring them, therefore, to be 
about 12 ft. apart. In double lines of railway there 
are usually three girders, the centre one being made 
proportionately stronger (having additional duty to 
perform), a line of rails being laid between the central 
and each outside girder. All these girders, both at 
their top and bottom booms, have a continuous series 
of diagonal bracing inserted, and slightly notched and 
tightly screwed up with iron rods passing through 
horizontally from out to out, securing perfect lateral 
stiffness. 

It is usual to close-board the outsides and roof in 
the top, giving one or more coats of paint to preserve 
the entire work from the weather. This mode of 
finishing gives the appearance to passengers in going 
over some of the long viaducts of passing through a 
tunnel. 

_In regard to prices, there must, of course, consider- 
able latitude be allowed; but, as a rule, the span will 
generally govern the cost : consequently, where the 
difficulties of founding intermediate piers are not of a 
formidable character, it will be found more economical 
to diminish the spans by increasing the number of 
intermediate points of support; while, on the contrary, 
if by reason of deep water or other difficulties inter- 
posing, numerous intervening piers would be costly, 
then it will be found. more economical to adopt the 
more extended spans, at an increased cost of super- 
structure. 

The prices which I propose to give below will be 
founded upon single lines of railway, and for super- 
structure only. Twenty per cent. added thereto will 
give a fair approximate estimate for a public road 
bridge, and sixty per cent. added thereto would give 
an equally fair estimate for a double-track railway. 

Bearing in mind these remarks, I observe that the 
following approximate estimates will be found to: be 
very nearly correct, viz. : lor the “ queen-post-girder” 
principle, from thirty-five to sixty spans, the costs 
would be from about 5 dols. to 8 dols. per lineal foot. 
For the “ lattice girder,” from spans of 50 ft. to 100 ft., 
the cost’ would range from 7 dols. to 15 dols. per 
lineal foot. Bridges upon the “ Howe truss” principle, 
and for spans from 80 ft. to 150 ft., would cost from 
12 dols. to 20 dols. per lineal foot, Bridges upon the 
“ M‘Callum truss” principle, and of spans from 80 ft. 
to 200ft,, would cost from 10 dols. to 28 dols. per 
lineal foot. Bridges upon the principle of the “ lami- 
nated arch,” for spans from 80 ft. to 200 [t., would cost 
from 10 dols. to 24 dols. per lineal foot. 

It may here be observed that the dollar is equal 
to about four shillings and twopence sterling, and 
to give your English readers another means of 
checking these estimates, I may state that sawn tim- 
ber (or lumber, as it is generally called in Canada 
and the United States) is always bought and 
sold by the “thousand superficial feet of one inch 
thick,” equal to eighty-three and one-third cubic feet. 
The price usually ranges, for this lumber delivered on 
the works in or near any of the timber districts, for 
pine timber (sawn to scantlings and up to 24 ft. 
lengths) from 8 dols. to 12 dols. per thousand, say 
average of 10dols., which just amounts to forty-one 
shillings and eightpence for eighty-three and one-third 
cubic feet—exactly sixpence sterling per cube foot. 
Long lengths are charged at a higher rate. 

From the above comparative estimates and rates of 
value, and from the known fact that iron bridges will 
cost on the Continent of America from 59 to 100 per 
cent. more than they usually cost on the Continent of 
Europe, it will be seen that if in this country we ask 
for iron structures, we must look to expend from three 
to five times the amount we now expend upon our 
timber ones. Ina country, therefore, where capital is 








scarce and dear, this cannot be done, nor does it appear 
desirable that it should be attempted. 

It is therefore a very important desideratum, that 
some means should be devised whereby these timber 
structures should liave their /ives materially prolonged, 
and at the same time their liability to destruction by 
fire reduced to a minimum, if not rendered impossible. 
Surely in these days, when the attention of our savans 
is so much devoted to subjects of practical importance, 
it only needs to be made known to them what are our 
needs. Chemistry has attained a name and a position 
as a science, so intimately blended with the “arts” in 
use in daily life, that we feel almost justified in looking 
to it for help in all matters of this sort. Certainly it 
appears to me, that from some of the enlightened 
disciples of this noble branch of natural philosophy we 
may look for a practical solution of this important 
problem of the day and the place. 

I am, Sir, yours obediently, 
S #* * 








Tne Controversy Enpep at Last.—We trust that 
we are not premature in stating that engineering ques- 
tions, and even those relating to steel rails, donkey 
pumps, wood working machinery, &c., may at last be 
honestly discussed in professional journals without their 
conductors being exposed to charges ofvenality, untruth- 
fulness, &e. A contemporary, under exclusively Irish 
management, has for some time past attacked us upon 
these grounds, and at last we felt ourselves pieet = 
to make answer by photographing the small group of 
young men engaged in these attacks. Those of our 
readers who have seen the attempt at a reply, will 
concur with us in the opinion that such consternation 
in a newspaper office was never before created by so 
few statements of plain facts. Of these, not one of 
the least importance is denied, otherwise than by a 
loose and irresponsible contradiction, the hollowness 
of which needs but the trouble of reply on our part 
for its thorough exposure. Those of possibly no im- 
portance at all, are, however, denied with all the 
vehemence of epistolary rhetoric. Mr. Nursey, the 
acting editor of the Mechanics’ Magazine, writes a 
letter to his employer, the proprietor of The Engineer, 
to say that he did zo¢ have to choose, a fortnight ago, 
between dismissal and allowing the vulgar abuse, 
directed at the person who obtained for him his 
present appointment, to appear in his paper. Mr. 
Nursey should have sent also for publication a copy of 
the letter he addressed last week to Mr. Healey, con- 
taining his protest against this abuse, and his. declara- 
tion that he could not continue to occupy his post if it 
was to be repeated. Mr. Paget denies nothing of the 
least importance, and needs noanswer. The contribu- 
tion, the offer of which to us he now so energetically 
denies, and fathers upon somebody in Heidelberg, was 
in his own handwriting. As for the great Clerkenwell- 
green orator, Mr. Passmore Edwards, Ais letter is 
disproved by two or three others, from his own pen, 
now before us. Here is one: 

December 8, 1864, 

ZERAH CoLBURN, Esq. Dear Str,—I beg to thank you for 
suggesting Mr. Nursey’s name. I have seen him to-day and 
arranged with him to come on a three months trial to edit 
the M. M. I hope he will turn out as well as Mr. Pendred. 
If so, I shall be under an additional amount of obligation to 
you. I consider Mr. Pendred proved on trial better than 
you promised. Yours very truly, 

J. PassmorE Epwarps. 

The other letters in the series admit of as easy 
answer, but the facts upon which their contradiction 
would rest are of no interest to our readers, beyond 
that of explaining the why and the wherefore of the 
imputations and abuse heaped upon us for discussing 
certain questions, of professional interest, in the light 
of attested experience. , 

Our Navy.—There were on the 1st of February, 1868, 
330 screw steam vessels of all kinds afloat and 32 building, 
73 paddle vessels afloat and two building, and 29 effective 
sailing vessels afloat, chiefly mortar floats, making a total of 
403 steam vessels afloat and 29 effective sailing vessels, and 
34 steam vessels building. Of the vessels afloat, 35 are 
armour-plated ships, gunboats, or batteries, and there are 7 
armour-plated ships building. 320 ships, small vessels, and 
tenders were in commission on the Ist of December, 1867— 
viz., 234 steam and 86 sailing. 160 are sea-going steam 
vessels for general service—viz., one line-of-battle ship, 19 
armour-plated ships, 31 frigates and corvettes, and 99 pte 
and small vessels. 

Exports or Macutnery.—The current year has not 
opened very brilliantly as regards exports of machinery. 
The total value of the steam engines exported in January 
was 97,6071., as compared with 113,839/. in January, 1867, 
and 91,469/. in January, 1866. The falling off observable in 
January as compared with January, 1867, would have been 
more marked but for the increased number of locomotives 
shipped to British India. Of general machinery, the exports 
were valued at 162,476/. in January, as compared with 
168,544/, in January, 1867, and 193,321/, in January, 1866, 
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KURRACHEE HARBOUR. 

Ow 24th January last, Sir Seymour Fitzgerald, the 
governor of Bombay, arrived at Kurrachee, and on 
his way towards the landing place made certain ob- 
servations of the entrance of the harbour. This is 
an event which has been anxiously looked forward to 
for some time past, for it was generally well known 
that return to active operations for the improvement 
of Kurrachee harbour, in carrying out the works so 
ably designed by the late Mr. Walker and by Mr. 
Parkes, would not be sanctioned until after the long- 
expected visit of the Governor to Sind. As we have 
already informed our readers, a telegram was sent out 
to Bombay a short time since, authorising Mr. Price, 
the superintendent of the harbour works, to commence 
dredging over the shoal in-front of the entrance to the 
harbour. So far as we are yet informed, scarcely suffi- 
cient time had elapsed for the attainment of any con- 
clusive and definite results from dredging, but some 
benefit was expected to be obtained in cutting a chan- 
nel through the bar. This has already been partially 
effected, but it has been found that the silt disturbed 
by the dredgers has been carried further out and again 
deposited, with a tendency to form a shoal more to 
seaward, 

Colonel Tremenhere, the great opponent to Mr. 
Walker’s project, was there to meet Sir Seymour 
Fitzgerald on the spot, but we learn that His Excel- 
lency failed to be convinced of the correctness of the 
gallant colonel’s views, but on the contrary expressed 
his concurrence in most of the various parts com- 
prised in the original project. Thus, he is of opinion 
that the Manora breakwater should be at once con- 
structed, and that the eastern pier should be extended. 
Of course it is impossible at present to state how far 
those works should be extended to seaward, since that 
is a question which can only be settled after observing 
the effects produced upon the bar as the works progress. 
His Excellency seemed to doubt somewhat the use of 
dredging, and was opposed to the closing of the 
Chinna Creek, 

These were the views expressed on the spot, and we 
can scarcely doubt that they will speedily be put into 
some practicable shape. If the Supreme Government 
can only be induced to alter its previously expressed 
views on the subject so far as to support any recom- 
mendation for the continuance of the works which the 
Government of Bombay may, as no doubt it will, sub- 
mit to the Secretary of State, there can be little doubt 
that they will speedily be resumed with vigour. 

It is impossible to estimate the results that may 
follow upon the improvement of Kurrachee harbour to 
the full extent originally contemplated; but should 
the Indus Valley Railway ever be constructed—which 
we consider is only a question of time—the port of 
Kurrachee would probably become one of the most 
a commercial centres throughout the whole of 

ndia, 


A Broken Rait.—We find in an American paper the fol- 
lowing paragraph :—‘ Chicago, Feb. 12—A train from 
Omaha, for Chicago, at midnight, after passing Marshall, 
Iowa, had three cars thrown from the track and precipitated 
over an embankment. Two cars took fire and one was 
wholly consumed. There were but few passengers, but most 
of them sustained slight injuries. A broken rail was the 
cause of the disaster.” 

Tue Larerst GasnotpeR.—The new gasholder at the 
Fulham Station of the Imperial Gas Company is 230 feet in 
diameter, 64 feet deep, and has a capacity of 3,000,000 cubic 
feet. There are gasholders of greater depth, but none of so 
great diameter or capacity. This holder was designed and 
constructed under the directions of the engineer of the works, 
T. N. Kirkham, Esq., to whom we are indebted for the loan 
of the working drawings and specifications. We shall soon 
publish illustrations and a full cescription of the work. The 
columns and entablature of the holder are of unusually fine 
design. 

AGRICULTURAL Exoines.—It is gratifying to be able to 
record any instance of unusual activity in the present con- 
dition of trade; but we may state that the manufacture of 
Agricultural Engines was never proceeding so briskly as now. 
Messrs. Clayton, Shuttleworth, and Co., are making no less 
than eighteen weekly, largely for export. 

Sreet Borers.@The evidence in favour of steel boilers 
has greatly accumulated during the last year, and we shal 
before long be in a position to give it in full detail. One 
firm of steel makers has made upwards of 2,000 tons of 

Bessemer boiler plates, which have been all made into boilers 
now working. 

Tue Brinpist Roure.—The Delhi Gazette contains some 
observations on the Brindisi route. A traveller, even in the 
absence of express trains, managed to reach London by this 
route a day before the mail steamer arrived at Marseilles. 
While this ronte is the most expeditious it is the cheapest. 
The actual cost of the journey from Bombay to London, vid 
Brindisi, Turin, and Paris, exclusive of incidental hotel expenses, 
amounted to 83/. 18s, 9d. The journey from Bombay was 


CHIMNEY AT THE SOUTH 


Tae chimney shaft re- 

presented in the annexed 

engravings was erected at 

the works of the South 

Metropolitan Gas Com- 

pany, in 1862, by Mr. 

George Livesey, the en- 

gineer to the company, 

and its design is a some- 

what peculiar one. The 

shaft was erected in con- = 
nexion with a new retort - 
house, and the object 
aimed at was to obtain a = 
parallel flue from bottom = 
to top. In fact it may be 
said that this flue, which 
is 5ft. square inside, and 
is of 14 in. brickwork, 
forms the chimney, the 
buttresses, the arrange- 
ment of which will be seen 
from the figures, giving 
the necessary stability. 
The interior of the flue = 
is lined with firebricks — 
throughout its height, the 4E : 
firebricks being built in = = 
with the stocks in English = 

bond in alternate layers 
of headers and stretchers, 
so that courses of firebrick 
are alternately 9in. and 
44 in. thick. The quantity = 
ot bricks used was about 
80,000, and the weight of 
the cast iron cap 2 tons. 
The total height of the 
chimney above the ground St 
level is 108 ft., and its cost 
was 5301. 

The number of furnaces 
working into the shaft 
during the past winter 
has been fifty-four ; but it 
will ultimately be con- 
nected to twenty more. 
At the present time only E 
forty-four furnaces are in = 
action, and from the other 

ten a quantity of air enters : 
through dampers which = 
ought to be: kept closed ; 

but under these cireum- 

stances the vacuum at 

the bottom of the shaft 

is equal to 0.95 in. of 

water, and the quantity 

of heated air and gases 

discharged through it is = 
about 470 cubic feet per 

second. 
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N ORTH AM PTONSHIRE 
Iron Ore.— The vast 
deposits of ironstone to 
be found in nearly all 
parts of Northampton- 
shire are being more and 
more opened out. Near 
the Twywell Station, on 
the Kettering, Thrapston, 
and Huntingdon Rail- 
way, the estate of General 
Arbuthnot is being broken 
into, while the neigh- 
bouring properties of 
Sir G. Robimson and 
the present Chancellor of 
the Exchequer (Mr. 
Ward Haunt). are also 
to be divested of their 
ore. 

















CRAVEL 


Tue Berar Exurpition.—At the recent exhibition held 
at Berar two medals were awarded to Messrs. John and 
Henry Gwynne, of the Hammersmith Ironworks, for pump- 
ing machinery, &c. Messrs. Ransomes and Sims also re- 
ceived a medal; and prizes were also, we believe, awarded 
to Messrs. Shand, Mason, and Co., and other English firms. 

Sourn YorxsHrre.—There is little alteration to note in 
the iron trade of South Yorkshire. To Lancashire the de- 
liveries of coal are scarcely up to the average, the qualities 
most in request being engine fuel and slack. To Grimsby 
there has ‘heen a shght improvement in the deliveries of 
ey coal, and there has also been a little more doing to 

Tull. 

New Armovur-ctap Ram For THE DutcH GovVERN- 
MENT.—On Tuesday afternoon last there was launched from 
the shipbuilding yard of Messrs. R. Napier and Sons, at 
Govan, near Glasgow, an armour-clad twin-screw turret ram 
named the De Buffel, designed and built for the Dutch Go- 
vernment. This new war ship is of about 1473 tons builders’ 
measurement. She is 205 ft. in length by 40ft. beam, and 
24 ft. deep. . Her'sides are plated with armour 6 in. thick, 
backed with 10in: of teak on an inner skin, right forward 
and aft, extending 3ft. below and 2 ft. above the water-line, 





accomplished in 21 days 6 hours, 


METROPOLITAN 


MR. GEORGE LIVESEY, ENGINEER. 





GAS-WORKS. 


Ye 
COPPER RIM THice 





CAST jRON 


SSS 
' 


TILE TTT 


FIic.2, 


Li ii iii 





A.B 


SANSSY / gS 


i 
i 
aertum yoni pore 


ia 
7 


a 
@ 
i 
Y] 
H 
3 


sss 


WN 


and thus protecting the most vulnerable part of the vessel. 
The main deck consists of 6in. of teak on a lin. plate. The 
wall on the main deck round the based of the turret, which 
is constructed on Captain Coles’s principle, is composed of 
8 in. armour backed by 12 in. teak on an inch inner skin. The 
armour and backing on the turret are similar to those on 
the wall. The De Buffel is to carry two 300-pounder 12}- 
ton Armstrong guns in the turret, and four smaller broad- 
side guns on the main deck. Her guns train right round 
the circle, with the exception of a few degrees on each side of 
the keel aft, the funnel preventing the circle from being 
completed. The turret may be worked by steam under the 
eare of one man. Accommodation is provided on the main 
deck for the officers and crew, whose comfort has been con- 
sidered in every respect in the construction of the vessel. It 
is expected that the De Buffel will attain to a speed of about 
13) knots an hour. Her engines, also constructed by the 
Messrs. Napier, are of 400 nominal horse power, fitted with 
surface condensers, superheaters, &e. The De Buffel is the 
second ironclad for the Dutch Government which has issued 
from the works of Messrs. Napier within the last three 
weeks, the D Tijger, a monitor, having been launched within 
that period. 
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ARRANGEMENT FOR DISCHARGING EXHAUST STEAM BELOW WATER, 
MESSRS. WILLIAM SIMONS AND CO., ENGINEERS, RENFREW. 
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In a recent number we published illustrations of a steam 
bridge lately constructed by Messrs. William Simons and Co., 
of Renfrew, for the ferry over the Clyde at Govan; and in the 
course of our description we mentioned that an arrangement 
had been provided for discharging the exhaust steam from the 
engines below the water line. We are now enabled, through 
the courtesy of Messrs. Simons, to publish details of this ar- 
rangement, which will, no doubt, be of interest to many of our 
readers. Referring to the annexed engravings, it will be seen 
that the exhaust pipe from the engines: terminates in a long 
tapered nozzle, this nozzle, which is perforated on all sides 
throughout its length, being enclosed in a casting fixed to the 
skin of the vessel. The side of the vessel is perforated with 
small holes over the space enclosed by the bell mouth of this 
casting; and there is also made in it a larger aperture, which 
is fitted with a short tapered mouthpiece, as shown in 
Fig. 1. Into this mouthpiece the end of the exhaust nozzle 
already mentioned enters, and the effect is that an outward cur- 
rent is caused through the mouthpiece, a fresh supply of water 
constantly entering the casting through the smaller perfora- 
tions in the skin of the vessel. An air-valve is placed on the 
exhaust pipe a short distance above the condensing nozzle, so 
as to prevent the formation of a vacuum in the pipe. The 
whole arrangement is exceedingly well carried out, and we 
understand that it answers its purpose admirably, Messrs. 
Simons having employed it with success on a steamer running 
at the rate of 21} miles per hour. 


THE THAMES EMBANKMENT. 

Iv his last report Mr. Bazalgette states that on the north side 
of the river the whole of the dams have been completed, and con- 
siderable portions have been subsequently removed from the face 
of such of the works as were sufficiently advanced to admit of the 
removal; 3750 ft. of the lower level sewer and subway; 3019 ft. 
of the 4 ft. by 2 ft. 8 in. intercepting sewer, for taking the smaller 
drains hitherto discharging on the foreshore; and 284 ft. of the 
flushing culvert are also completed. The Westminster steam 
boat pier and 670 ft. of the adjoining river wall are complete, 
and a further length of 50 ft. of the latter is constructed toa 
height of 33 ft. above the Trinity high-water mark; 100 ft. of 
the York-gate substructure and 390ft. of the wall ad- 
Joming are also constructed to that height, and a further length 
of 333 ft. of the latter is coinplete. The Victoria and 
Regent-street sewer outlets are also complete, and in the 
Neorthumberland-street sewer outlet connexion two lengths, 
136 ft. each, of 3ft. Qin. cast iron pipes, have been 
laid down, and 220 ft. of 5ft. 3in. and Sft. brick sewer 
constructed in continuation thereof. The Charing-cross steam 
boat pier has been brought to levels varying from 4 ft. 4 in. to 
below to 3} ft. above Trinity high-water mark, and of the ad- 
joining wail 200 ft. are constructed to 3§ ft. above high-water 




















mark, and a further length of 196 ft. is complete. The Adelphi 
landing stairs are constructed to a height of 33 ft. above Trinity 
datum, 50 ft. of the outer capping are fixed, a length of 154 ft. 
of the river wall adjoining is constructed to heights varying 
from 3} ft. to 5} ft. above that datum, and a further length of 
244 ft. of the wall is complete. In the Waterloo steam boat pier 
the works have been commenced up to levels varying from 1 ft. 
below to 33 ft. above Trinity high-water mark, and the junction 
with the No. 2 contract has been made. Filling in earth, &c., 
behind the embankment walls, and in the works generally, has 
been carried out to the extent of upwards of half a million cubic 
yards. For the purposes of the Waterloo and Whitehall Railway 
the lower portion of the Victoria-street and Regent-street sewers 
from Scotland-yard to the Thames have been diverted, and a 
part of the railway tube has also been formed. The approximate 
cost of the whole of the works, including 19,006/. for the ma- 
terials upon the ground, is 443,000/., of which the sum of 
50002. represents the past month’s progress. Contract No. 2, 
between Waterloo bridge and Temple-gardens. The whole 
length, nearly 2000 ft. of the river wall, sewer, and subway con- 
tained in this contract is now complete, and the only works re- 
maining to be executed tofinish the contractare the laying of about 
1900 ft. super of York landings, and the levelling of the surface 
of the intended roadway. There have been used in these works 
about 180,000 cubic feet of granite; 7000 superficial feet of York 
stone; 33,000 cubic yards of concrete; 276,000 cubic yards of 
timber ; and 280 tons of iron; 38,000 cubic yards of earth have 
been excavated ; and 1780 rods of brickwork laid. The approxi- 
mate value of the whole of the completed works is 230,0002, of 
which the sum of 3000/. is due to the past month’s progress. 
On the south side of the river, of the 2370 ft. of dam and 
staging that had been constructed between Westminster and 
Lambeth bridges a length of 1100 ft. has been removed, and 
about 730 ft. of the single-pile dam and staging have been con- 
structed above the latter bridge. In the formation of these 
dams about 237,000 cubic feet of timber, 130,000 yards of clay 
puddle, and 185 tons of iron have been used, and 3000 cubic 
yards of earth dredged. Within the completed dams a length of 
about 2800 ft. of the river wall has been brought to heights 
varying from 7} ft. ubove to 17; ft. below Trinity high-water 
mark. In the construction of this wall and other permanent 
works in connexion therewith about 111,000 cubic yards of 
earth have been excavated, and 37,500 yards have been filled 
in, 24,700 yards of concrete deposited, 601 rods of brickwork 
laid, and 149,000 cubic feet of stone bedded. ‘The approximate 
value of the whole completed works, including 20,5002. for 
materials upon the ground, is 156,000/., of which the sum of 
30007. is due to the progress made therewith in the past month. 





SHEFFIELD.—Orders in the iron trade of Sheffield and dis- 
trict are stated to be becoming a little more numerous. For 
most descriptions of railway matériel there is a fair demand. 
There is more doing in cutlery, saw shears, and edge tools. 


DESENS’S SAFETY-LAMP. 

Dvurine the past few years a number of arrangements 
have been devised for extinguishing the light in a eafety- 
lamp in the event of the latter being opened by a miner ; 
and amongst the most recent contrivance of this kind 
is that designed by M. L. Desens, which. we illustrate 
below. This apparatus is so arranged, that on an attempt 
being made to open the lamp, the wick is at once drawn 
down into the oil, and the light consequently put out, 
the arrangement employed for obtaining this object being 
as follows:— Around the wick - holder, 1, is coiled a 
light spring, 1’, which bears against a collar at the bottom of 
the wick-holder, and has a constant tendency to draw the 
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latter downwards. Fig. 1 shows the whole of the base of the 
lamp with the various parts in their proper positions, and 
from this fignre it will be seen that, under ordinary circum- 
stances, the pulling down of the wick-holder by the spring is 
prevented by the worm, 5, which gears into a rack, 1”, fixed 
to the side of the wick-holder. The worm, 6 (shown sepa- 
rately in Fig. 5), is carried by a spindle which passes 
through the base of the lamp, and is furnished at its lower 
end with a milled head, 5’, by which the height of the wick 
can be adjusted. The wick-holder, spring, &c., are contained 
within the sleeve, or tube, 2, the bar, 3, at the bottom of this pre- 
venting the wick-holder from being forced down too far. The 
whole is carried by the arms of the piece, 4, which take into 
grooves in the ring, 6, fixed to the base of the lamp. To the 
upper part of the lamp is attached the ring shown in Fig. 2, 
this pm Seem. provided with a detent, 7, which, when the 
base is being screwed into its place, bends back and allows 
the rack on the wick-holder to pass by. If it is attempted to 
unscrew the base, however, this detent catches the rack, and 
prevents the wick-holder from moving round, the con- 
sequence being that, as the base continues to be turned, the 
worm is thrown out of gear with the rack, and the wick- 
holder, being released, is at once forced down into the oil by 
the action of the spring. The arrangement appears to be a 
simple and effective one. 








Tue P. anv O. Company.—It is expected that the Penin- 
sular and Oriental Company will run a weekly line of steamers 
between Marseilles and Malta; and this will, it is believed, 
enable the communication between England and Malta, vid 
Marseilles, which is abolished by the new Indian mail 
contract, to be carried on. Communication between London 
and Malta vid Southampton, occupies ten days, and vid 
Marseilles, five days. 

Baipee-Pizr Founpations—The Boston and Providence 
Railroad Company are constructing a bridge from India 
Point, over the Seekonk river, on a plan which embraces 
some new features. The whole length of the bridge is 876 ft., 
and the supports in the river are iron cylinders filled with 
wooden piles and concrete. Six of these cylinders are 6 ft. 
in diameter, and contain each twelve piles, which were driven 
into the mud 40ft., the cylinders being sunk 10ft. Iron 
cylinders filled with concrete have been often used before, but 
driving piles within them, and the combining of wood and 








concrete is a new experiment. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

State of the Pig-iron Market.—The same favourable upward 
tendeucy of prices noticed last week still continues. This day 
week 52s. 9d. cash, and 52s, 11d. one month, were asked and 
given, and since then the prices have risen to 52s. 11d. and 
58s. cash, and 53s. 1}d.one month, which were the prevailing 
prices yesterday, when the market was firm and a large busi- 
ness done. To-day the market has been somewhat flatter. 
No. 1 Coltness was quoted at 59s. yesterday, and No, 1 Gart- 
sherrie remains stationary at 57s. 6d. It is satisfactory to 
know that the shipments of pig iron for foreign ports are begin- 
ning to increase a little. They are still much below what they 
were 4 year ago. 

Association of Assistant Engineers.—The usual monthly 
meeting of this association was held last week, when the atten- 
tion of members present was directed by Mr. J. M. Kaufinann 
to his patent aérial machine, a large and beautifuliy executed 
Model of which he exhibited and explained. _Mr. Kaufmann, in 
his address, entered very minutely into the principles of aerial 
locomotion, drawing his conclusions from the construction and 
movements of the wings of birds of flight, explaining the cause 
of propulsion and the means of buoyancy. The address, which 
occupied the whole evening,'was received with applause, and the 
discussion of the subject was adjourned till next meeting. 

Kirkaldy and Dysart Waterworks.—At a meeting of the 
Water Commissioners of Kirkcaldy and Dysart, held on Monday 
last, the tenders for the construction of the new waterworks 
were opened and decided upon. There were thirty-two tenders, 
the lowest and successful tender being that of Mr. Kenneth 
Mathieson, Dunfermline, and the amount 19,3572 ‘This amount 
is under the sum originally estimated by the engineer to the 
commissioners, Mr. Sang, C.E. 

Royal Scottish Society of Arts.—On Monday night, the 
seventh meeting of the present session of the Royal Scottish 
Society of Arts was held. A paper by Mr. RB. W. Thomson, 
C.E., descriptive of that gentleman’s pot steam boiler was 
read. The invention was highly commended by different 
gentlemen, and the paper referred to a committee. (It may 
be remembered that the pot boiler was illustrated and de- 
scribed in ENGINEERING some time since.) Mr. D. Stevenson, 
C.E., read a paper on “ Aseizmatic Arrangements Designed for 
Structures in Countries Subject to barthquakes.” The secretary 
gave in the report of the committee appointed to consider Mr. 
T. Stevenson's paper descriptive of ‘‘Some Arrangements for 
Lighthouse I}lumination.” In these arrangements the com- 
mittee report improvements partly already in practical operation 
and others only projected. The committee, in the report, said 
that the improvements appeared to them to be of great practical 
value, and likely to prove as effective in operation as those 
already in use. The committee, in conclusion, strongly ex- 
pressed their sense of the merits of Mr. Stevenson’s communica- 
tion, in respect not only of the importance of the problems 
which it discussed, but also of the ingenious and satisfactory 
solution which it gave to them. The same committee gave in 
a report on two papers recently read before the Society by Pro- 
fessor Swah, St. Andrews, on “ New Forms of Lighthouse 
Apparatus.” On account of the extreme ingeniousness of the 
ideas, the completeness of the investigations, and of the import- 
ance as well as the difficulty of the subject, they strongly re- 
commended the papers to the favourable consideration of the 
Society. : , 

The Caledonitih Railway.—The meeting for resolving on the 
chairman's proposal to raise 520,000/. of stock was held on 
Thursday last, when the proposal was discussed and met by an 
amendment to delay the consideration of it till after the ac- 
counts for the current half year are in the hands of the share- 
holders. Proxies were brought forward on both sides, and the 
vote was taken; but as a scrutiny was demanded by the mover 
of the amendment, an adjournment was made till yesterday, 
when the result of the scrutiny was found to be in favour of 
the chairman's motion (or rather, motions, for he had two) by 
a large majority. For some days, it has been stated that 
Colonel Salkeld was willing to resign his position as chairman 
of the company, as a sort of peace-oflering to the opposition, to 
restore harmony and promote the interests of the company, and 
that another director, Sir Alexander Gibson-Maitland, would 
succeed him in that post. At the adjourned meeting yesterday 
no mention of this matter was made, and it is now said to be 
postponed till the half-yearly meeting of the shareholders, which 
is to be held un the 3ist instant. 

The Glasgow and Souwh-Western Railway Company.—This 
company’s half-yearly report is just issued. A great deal of in- 
terest attaches to it, not only fro1a the keen discussions regard- 
ing the proper distribution of charges to capital and revenue 
accounts, but also from the fact that it is the first document of 
the kind issued in the altered form which has been agreed to by 
each of the three great Scotch companies, and is intended to be 
followed by them all in future. A diviaend, at the rate of five 
per cent., has been declared for the last half year, after the 
most severe charging to revenue, of which there has yet probably 
been any example. The whole maintenance and renewal of way, 
including enhanced cost of improved material, such as steel for 
iron, and the whole maintenance and renewal of rolling stock, 
have been charged to revenues. The way has cost 40,7801, or 
7,08d. per train mile; and the rolling tock 24,6922. or 4.29d. 
per train mile; this is an increase under these two heads of 
18,0411. over the expenditure of the previons half year. Not- 
withstanding the great dulness of trade the traffic receipts have 
increased to the extent of 14,966 over the corresponding period 
of last year. 

New Railway between Coatbridge and Glasgow.—Ano aa- 
journed meeting of persons favourable to the construction «f a 
new railway between Coatbridge and Glasgow, authorised by 
the North British Railway Acts, was held a few days ago in 
Glasgow—J. Stirling, Esq., of Kippendavie, in the chair. It 
was intimated that, since last meeting, held on the 24th ult., 
additional sums, to the extent of 13,0001, had been subscribed 
to the undertaking, making the ‘total amount subscribed about 
75,0002. Several parties in the district, who, it was believed, 
would give their names, had not yet been called upon or seen, 
but the most of them, it was thought, might be gone over in the 
course of a week or a fortnight. A further adjournment took 











place, to enable the lists to be completed, so that the result 
might be stated in the half-yearly report of the directors of the 
North British Railway. 

Refusing Shipbuilding Contracts.—A Greenock newspaper 
says that a shipbuilding firm in that town have refused to con- 
tract for the building of two large ships, in consequence of a 
demand for an increase of wages, to the extent of two shillings 
per week, being made by the joiners. ‘lhe vessels are to be 
built in the nerth of Scotland. 

Smart Work.—It is not unworthy of mention that so soon as 
the Holsatia, was launched from the yard of Messrs. Caird and 
Ce. on Monday last (12.45 p.m.), another keel was laid down in 
the same place fur a screw steamer of the same size as the 
Holsatia, and by five o'clock the same afternoon it was pro- 
nounced finished—the work only occupying about four hours. 


A CONTRIBUTION TO THE HISTORY OF 
STEEL-MAKING. 
(By Samuel Weller, Esquire, C.E.) 
To THe Eptror oF ENGINEERING. 

Str,—Steel ain’t by no means an unpeculiar metal. It 
vos inwented in the year 187} (Freemason’s kernology), by 
Tubal Cain, C.E., ironmonger and inspector of smoke 
nuisances at Enoch, in Nodshire. The steel-works of Tubal 
Cain and Co., Limited (werry limited), went into liquidation 
for want of capital, and the ingots in stock came under the 
hammer, every one on ’em; but although the auctioneer 
hammered full tilt, it was Tubal and not the ingots that got 
tilted. He tilted clean over, vent through the court, and the 
estate didn’t pay fourteen-pence in the pound. The patent 
for the Cain steel process lapsed likewise from non-payment 
of stamp duty, and the specification did not come ashore from 
the Ark, a melancholy circumstance, showing the great 
adwantage of printed copies vich Mr. Bennet Vooderoft 
hadn't interduced so early. Tubal employed a “rabble,” not 
a tubular one either, for that was before gas-pipes and tube- 
drawing, and the Richardson process hadn’t been inwented, 
and we have no call to mix up the tubular rabble with Tubal 
or Tubular Cain. The rabble was a friendly gathering of the 
trades unions of Nodshire, and lively it was uv a Saturday 
afternoon when there was the rabble to pay and no cash hot. 

With so many dokyments missing from the arkives of 
the Nodshire Harkeelogical Society, it is safe to con- 
clude that Tubal Cain did not inwent iron ore, oxygen, 
black oxide of manganese, ganister, nor spiegeleisen. There 
is nothing to show, either, that he went in for plumbago 
crucibles, nor that he patronised the spectroscope. It has 
been held by certain gents that Cain was never in the steel 
way at all, and only took orders for iron, but my late guvnor, 
Mr. Pickvick, Esquire, and I, satisfied ourselves to the con- 
terwary.* Like the elder brethren of China, the free and in- 
dependent citizens of Nodshire must have had chop-sticks to 
chop their steaks with, and iron carving knives were con- 
sciwentiously tested, and proved failures in the P. Club; 
consekwently said chop-sticks must have been steel or they 
wouldn’t chop. If this reason won’t do I have another 
perfectly ready for action, and it is just this, my metallurgical 
friends. In conwertin pig iron by bilin—not referring to 
bilin pig and pease pudding—you always gets to steel afore 
you gets to wrought iron. It’s the carbon as makes the 
difference. Wrought iron is iron and carbon; steel is iron a 
little carboner, and pig iron is the carbonest of all. Only 
mind where you're driving to, and you can pull up either at 
steel or wrought iron, just as you might at a slap bang 
public, or at a temperance hotel next door, and belongin’ to 
the same proprietor. Tubal Cain must have hit the steely 
stage now and then when balling up for wrought iron, and I 
therefore adheres to the broad assertion of the patent and 
the tardy, but exhaustive, proceedings of the official liqui- 
dator, and the wenerable works knocked down under the 
hammer at 12 for 1 precisely, at the Grinning Horse Collar 
(Mrs. Zillah Lamach’s), at Enoch. 

The reader will now observe that aninterwal of 5680 years 
takes place, giving time for conwersation and refreshment. 
At this end ef the interwal he will find March 6th, 1868, on 
which day the last great discovery in steel making was given 
to the world by F. A. Paget, C.E. The discovery is that 
melted cast iron containing no graphitic carbon not only 
cannot be conwerted into steel by blowing air through it, but 
not enough heat will be generated to prewent the iron from 
cooling down! On the conterwary, Henry Horne wrote a 
book nearly a hundred years ago, and it is in the Patent 
Office now, in which he told his noble patrons and subscribers 
how he had burnt up a lump of soft wrought iron—no graphitic 
carbon there—-by blowing hard upon it, after giving it a 
preliminary and encouraging heat, from a forge bellows. I 
once enjoyed the adwantage of an inwigoratin set-to with a 
healthy and remarkably active blacksmith at Rochester in 
connexion with this identical experiment. I had dissipated 
one of his horse shoes in this manner, and he got home to 
me, hitting “ straight from the shoulder.’ The circumstance 
made a lasting impression on my mind and a temporary one 
under my left eye. Cast steel contains no graphitic carbon ; 
but if once melted, and a blast of air be turned through it, 
it won’t cool until all its carbon is burnt out, and if the 
gentleman at the blast valve don’t look sharp he will boil a 
considerable quantity of iron into fireworks, as would be a 
caution to Wauxhall, were that resort of my childhood still 
in the maps. Besides, my friend, Mr. Kohn, has informed 
me, as werry likely he will inform you, that Bessemer steel has 
actiwilly been made from white iron, several furriners ‘avin’ 
been an’ gone an’ done it. 

Another discovery by the same gent, or, rayther, an 
inwention as does him credit, is that Anthony Hill’s scheme 
of fifty years ago for dropping melted iron down an air shaft 
had anything to do with steel-making. Hill proposed to 
prepare iron tor puddling by straining it, in a melted state, 


through a colander, with a fall thence of 8 ft. into a well of 


water. According to Cocker a body should fall, in wakkyo, 
8 ft. in 0.71 second ; but we won't hurry the iron, and parties 





* Wide Psalms, xviii., 34. 





will mutually consent to a whole second, this being about the 
tésoth part of the time occupied in boiling iron down into 
steel by the quickest dodge now known. Says the gent, 
Paget, “we see that he (Hill) distinctly speaks of the air 
“* passing up into the iron through the holes in the colander.” 
Now as I once had occasion to observe in court (Bardell v. 
Pickwick), “ If my eyes was a pair of patent double million 
“ gas microscopes of hextra power, p’raps I might be able to 
“see through” this “ distinctness” of speech, “but bein 
“ only eyes, you see, my wision’s limited.” Neither Hill nor 
his patent agent speaks or spoke, writes or wrote, thinks or 
thought, of any such a thing. If the air did go up through 
the holes in the colander then the iron wouldn’t come down, 
that’s all, and the air-shaft and well of water would be a 
mockery a delusion and a snare, as the poet has justly observed. 
The pillar of blast of 1} Ib. to the inch was merely to keep 
enough air in motion for the process, and had nothing to do 
with “ ferrostatic heads,” a term borrowed by the gent from 
ENGINEERING, of March 1, 1867 (article “In the Con- 
“ verter’). William Clay, of the Mersey Steel Works, re- 
patented Hill’s process in 1856, and recorded the dodge of 
generating oxygen from “ salts of potass,” now going by 
the name of the “‘ nitrate steel process.” , 

The gent has further discovered that, in 1833, there were 
blast furnaces in which the blast was turned down directly 
upon the surface of the iron, or, if that were. possible, so as 
to plunge into it. This, too, has been done.in refinery fires 
possibly ever since such fires were first used, but at any rate 
long before 1833, or 1825 either, for by a patént invention of 
the gent’s, called a pocket anachronism, a ‘printed account 
first published in 1833, is said to have been copied into 
another work in 1825, or just before I went into my late 
governor’s service. The use of down jets of air in the 
puddling furnace is very old, and all the good that comes of 
it is the making of white iron. There are several old French 
patents for it ; Madame de Wendel patented it years ago ; and, 
in England, Powell and Ellis in 1841, Detmold in 1843, 
Newton in 1848, and Mackay in 1853, have patented the 
same thing. 

Then there is M. Galy-Cazalat, the Frenchman, who, after 
nearly thirteen years, has gaily and cas’ally discovered that a 
“fad” which he then abandoned because of its impracticability 
—for nobody has ever heard of it until now~is after all little or 
no less than the Bessemer process itself... The Frenchman pro- 
posed to set up his “ converter” on the hearth of a cupola, and 
to blow air into the bottom of the melted iron as it accumulated 
by dropping from the charge above. The blowing would 
thus be continued for at least the whole period of melting, 
and in any case the different portions of the charge would 
not be blown for the same space of time. Wouldn’t this just 
make a “bear!” Ishalllook forward to a wenerable old age 
if I am to sojourn in this wale until the Frenchman has found 
out that his scheme will work. And if it won’t work, where’s 
the inwention ?* 

Paget's programme of what he would show is, widelicit : 

“We shall now proceed to show—(1) that Mr. Bessemer 
was not the first to invent blowing air into molten cast 
iron in order to decarbonise it; (2) that he was not the first 
to show the value, as what may be termed a metallurgical 
fuel, of graphite in cast iron; (3) that he did not discover 
the use of ganister in steel making ; (4) that he neither dis- 
covered the use of manganese in steel making in general 
nor in the Bessemer process in particular; and, further, we 
believe that we shall also be able to prove, by next to un- 
deniable evidence, that Mr. Bessemer was not the first to 
cast the first Bessemer ingot, and that this first Bessemer 
ingot was not cast in Great Britain.” 

To his, firstly, nothing has been proved of any prior blow- 
ing of air into and through melted iron to decarburise it. 
Air may have been blown down upon the surface of melted 
iron, so as to displace it in hollows, or against falling drops of 
melted iron, but not into and through it as a perfectly liquid 
mass, with carbon to be removed from all parts alike. No 
application of air to melted iron in either of these ways has 
ever been proposed, or is possible, for its direct conversion 
into wrought iron or steel, but only as a preparation for 
puddling. Secondly, there was no need that Mr. Bessemer 
should show any specific heating value in graphite as distin- 
guished from that of other carbon in cast iron, nor does it in 
the slightest degree affect his position, legally or morally, 
that a// kinds of iron are, from their impurities, not avail- 
able for his process. It is enough to know that he has found 
irons with which he is successful, and that there is plenty of 
these irons to be had. Thirdly, there was no pretence of any 
discovery of ganister. Any one was free to use it, and Dinas 
sand is also now successfully used at Dowlais in place of 
ganister. Nor was there any pretence of the discovery of the 
use of manganese in steel making. Thompson was aware of 
the virtues of manganese in 1819, Schafhautl in 1835, and 
Bourjot in 1838, and, after these, Heath. The discovery had 
to be made of its use in the form of spiegeleisen; but there 
is now no dispute as to this discovery. Fifthly, not a word 
of proof is given to show that the first Bessemer ingot was 
not cast by Mr. Bessemer himself. 

There, now! I’ve done the concludin remarks in No. 1 
style for your paper. My private sekertary, a skoolmaster, 
fortunately (for me) laid up with the rheumatiz, has helped 
me through the big words; and if you'll jest send up the 
prooves by any conwenient conweyance, rl take care that 
no ungrammaticals escape my spectacles. 

Yours perfessionally, 
Sam Wetter, C.E. 





Mancuester Steam Borter AssociaTion.—One of the 
large colliery companies, appreciating the value of an in- 
dependent periodical inspection, has enrolled the whole of 
its boilers—150 in number—on the books of this association. 
A similar policy has been pursued with regard to boilers in 
use at Woolwich Arsenal and other places. 

* The Frenchman was shut up the other day in the French 
courts, in his Case wersus Bessemer, and is likely to be still 
further shut up by Dodson and Fogg on a cognovit for costs. 
—S8. W., C.E. 
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THE TALLEST CHIMNEY. 
To tHE Epitor oF ENGINEERING. 

Srr.—The description of the “Tallest Chimney” in your 
last number but one, induces me to send you the following 
memoranda and formule for caleulating the proportions of 
such builings. It may interest your readers, and as I will 
condense my observations, I shall not occupy much of your 
P The diameter of the top of the chimney is of course deter- 
mined by the practical consideration of draft, &e. ,This being 
settled, put Ag=area of same; A=area of any other section 
at a distance, 2, from the top. Let k equal working strength 
of material, and #=weight per ‘cubic foot of the chimney. 
Then will bs 

1 

x @A)=F— 2) 
be the differential equation of equilibrium ; integrating which 
and observing that when «=O A=A,, then : 
be 


k 
BAS 2 ons ew «, ee Oe 
Or if do=diameter of top of chimney, and 2 y=diameter of 
the section A, then 
fae. 
2k 
pe rere ier 


from which all the requisite calculations are easily made. 
This is on the supposition that the only load on the structure 
is its superincumbent weight, and that it is not subjected to 
the pressuré of wind. The weight and strength of the mate- 
rials are the only quantities effecting the problem. When 
the action of the wind has to be considered, it becomes more 
complicated ; for though y=/ (2), it is very difficult to deter- 
mine the exact value of y in terms of x. It may, however, 
be readily approximated to any required degree of accuracy. 
Let the notation stand as before, and put (p)=pressure of 
wind on a square foot, measured on the diameter, then will, 


yrk= e ( y+do ) very nearly, or 


dp we 
yaar]? s+5) hit (8), 
from which the value of (y) can be obtained by substitution. 
The following numerical example will illustrate the fore- 
going formule. The total height of chimney=500 ft. 
x2=100, 200,.&e. &e., do=10 ft. 
(4=45 lb., k=11,000 Ib. per square foot. 
=80 Ib. per square foot. . , 
The values of k and / are naturally averaged by the vacant 
space within the chimney which I have here taken at three- 
fifths of the full size. ‘ 














No. Distance in Diameter A. | Diameter B. 
feet from top. 

0 0 10.’ 0 

1 100 12.26/ 9.6 
2 200 15.05 16.3 
3 300 18.42 22.5 
4 400 22.61 28.2 
5 500 27.8 34.1 








' 
\ 
| 


| BA 
P Column A shows calculated diameter for chimney unin- 
uenced by wind. Column B shows diameter required to 
resist the action of the wind. The curve AA A in the sub- 
Joined sketch shows the former and BBB the latter. From 
bay it may be demonstrated that the curve line C D shows 
the form required. The sketch is drawn to a scale of 100 ft. 
vertical and 10 ft. horizontal to the inch. 


The weight, and consequently the quantities of materia! 
employed, is readily obtained, for W = Ack - -—1)= 
€ 
2570 tons for the one, and W,=y2rk = 4540 tons for the 
other, which is reduced to cubic yards, becomes 1892 and 
3363 cubic yards respectively. “aa 
Faithfully yours, : 
Ww 


London, March 4, 1868. 





SURFACE CONDENSATION, 
To THE Eprror or ENGINEERING. 
Srr,—It gives me + pleasure to know that my attempt 


} to promote a discussion on “surface condensation” has not 


failed, and I hope to see more letters upon this subject. 
Your correspondent, “ W. C.,” I think, slightly misunder- 
stands a portion of my letter. I refer to that part in which 
I compare the respective volumes of surface and jet conden- 
sers. I did not assert that the volume of a surface condenser 
is made large because of the advantages which accrue from 
the use of a large condenser (as I agree with him that the 
large volume is a direct consequence of the use of a large 
tube surface); but I pater that, as practice has been 
gradually increasing the capacities of jet condensers, with 
more beneficial cate, so the advasitages obtained by the use 
of surface condensers might in some part be ascribed to the 
larger volume, as compared with the best jet condensers. 
And then, I argued, if jet condensers were made 34 times as 
large as they now are, that there would be obtained almost if 
not quite as efficient results as with surface condensers. I 
will go farther than this; and though what I am about to 
assert will perhaps be attributed to youthful enthusiasm, I 
do so after much consideration, and am ready to do battle to 
endeavour to prove its truth. 

Let the Admiralty take out all the tubes of the surface 
condensers which have latterly ween made for the Royal Navy, 
and use the large vessels which held them as jet condensers, 
then I contend that there will be no diminution im the 
efficiency of those engines. With this, however, I would pro- 
pose a better action of the injection water than is at present 
used. It is customary to spread the injection water, either 
by drilling in an internal a number of holes, usually about 
in. diameter, or else cutting a number of slots in the pipe 
by a circular saw, these being about 4 in. wide, and 4 or 5 in. 
in length. Now, although this mode does in some measure 
cause the water to permeate the steam, yet I hold it does not 
supply the water in small enough particles. 

The improvement I would use would be to cause the in- 
jection water to flow into the condenser through a number of 
very small holes, say 3; in. diameter, but smaller than this, if 
the span could be obtained requisite for so large a number 
(and Ido not see why an internal pipe cannot be used in the 
form of a worm), so that the water would be admitted as very 
fine spray rather than in a body, as at present. As an in- 
stance, suppose a small ideal condenser, the water supplied 
through a small pipe, say }in. diameter, and another con- 
denser of the same dimensions, and under the same circum- 
stances, but the injection supplied through, say, 64 holes, 
each ,', in. diameter, then I do not think there can be much 
doubt that less injection water will be required in the latter 
than in the former condenser; and if I increased the num- 
ber of holes and decreased their diameter, in the latter con- 
denser, that less water still will be required. And this 
will hold in a large just as well as ina small condenser. 
Indeed, it will be seen that as water is a bad conductor of 
heat, and suppose the water to be supplied in a solid jet, 
that it is only the outside of this jet which is effected, so, in 
decreasing the size of the jet, you increase the effective sur- 
face of the jet. 

In the case of the engines of the Hercules, by taking out 
the tubes, the volume of cendenser would be 3214, or nearly 
24 times the volume of cylinder; and in the engine of 300 
horse power, by Messrs, Napier, the volume of condenser 
would be 2.46, or nearly 2} times that of cylinders, and this 
without taking up the space not actually occupied by the 
tubes. 

There seems to be something very mysterious in the action 
of distilled water on iron plates. Some affirm that it holds 
in suspension some particles of copper, obtained in its passage 
through the tubes, which form with the iron of the boiler a 
voltaic element ; I am not, however, aware that any similar 
action has been observed on the plates of those tanks used 
on board ship to hold the distilled water. Does the act of 
boiling produce such disastrous effects on the plates? I 
referred to this hypothesis (of the water holding copper in 
suspension) in my letter on Surface Condensation, and in it 
showed, if this hypothesis be true, it might also be inferred 
that a similar action would have been observed in boilers 
fed from a jet condenser, the water taking copper from the 
feed pipe; but as no such action has been observed, then the 
hypothesis of water holding particles of copper in suspension, 
obtained in its passage through a pipe, is simply absurd. 
Another hypothesis is, that the tubes of the condensor, the 
plates of the boiler, and the water in the feed pipe, &c., 
cause a galvanic action, resulting in the oxidation of the 
boiler. No doubt this is correct, but it cannot be considered 
as satisfactary in explaining the very great action found in 
the boiler for the same reason as above, because no such 
effect has been found in boilers fed from a jet condenser. 

Sir, I hope the above remarks may lead toa more extended 
discussion on this subject, and then, perhaps, there may be 
explained the causes of some of the great disadvantages 
attending “ surface condensation.” 

I am, Sir, your obedient Servant, 


Feb. 27, 1868. YounxKER. 








Tue Frencu Inon Trapr.—A few current orders had 
induced hopes of a general revival in business, but the 
markets have generally remained quiet. The iron-masters 
are endeavouring to obtain a contract for rails for German 
railways, but nothing definite has yet transpired on the 





THE COUPLING OF BORING RODS. 
To THE Ep1toR oF ENGINEERING. 

Srr,—We noticed in your issue of the 28th ultimo, the 
letter of Mr. W. J. Cockburn Muir, alluding to an expedient 
he had adopted many years ago to cure the failure of the 
couplings of “boring rods,” and as Mr. Muir expresses the 
hope that his memoranda may fall under the eye of makers 
of boring tools, we will thank you to afford us space in your 
journal to state that we have made our couplings for many 
years in the precise manner he describes; and although we 

ave made tools for boring to depths over 1000 ft., we have 
never known an instance where a joint has failed. 

Asa proof of the superiority of the couplings Mr. Muir 
advocates over those commonly made, we may mention that, 
in a bore hole in the coal measures in Leicestershire, 800 ft 
of din. rods accidentally fell 90 ft., and when recovered not a 
single coupling was injured. : 

The identical couplings Mr. Muir mentions that he used 
were made by us for Messrs. Peto and Betts, to a specifica- 
tion, we believe, prepared by himself. 

We are, Sir, your obedient Servants, 

London, March 12, 1868. 8. Owens anv Co. 


= 


“THE DONKEY INJECTOR.” 
To rue Epiror oF ENGINEERING. 

Srr,—The remarks appended to my letter in your paper of 
March 6th respecting my injector are as incorrect as those of 
February 21st (with the exception of its being fixed by a 
workman named Brown). The injector was not sold me by 
Mr. Holman, I had it direct from the makers, Brown and 
Wilson; the connecting rod was not twice or once bent, 
neither has the brickwork been considerably or at all shaken 
or damaged in any part; on the contrary, is now, as then at 
starting, as sound as ever. I feel you have been much mis- 
informed on this subject, otherwise I certainly should con- 
sider the observation made, that you happen to know more 
of my injector than I profess to do, presumptuous on your 
part. Iwas present on several occasions during the time it 
was being put up, and immediately when set to work; I 
believe it impossible for any accident to have happened to it 
without my being aware of it at the time. I am sorry to 
trouble you, but your remarks, if uncontradicted by me, 
would go far to imply that my statement was incorrect. I 
will therefore thank you to insert this in your next. 

[ am, Sir, yours, &c., 
Grorce Brrr. 








Canterbury, March 10, 1868. 


| We cannot refuse insertion to Mr. Beer's letter, which, 
too, is most courteous in tone. We wish also todo every jus- 
tice to the firm named, of whom personally we know nothing 
whatever. Butwe are astonished at Mr. Beer’s statements. 
The failure of the pump was stated to us upon what we re- 
garded as esineneealilila and perfectly disinterested evidence, 
and we had the less reason to doubt it because we personally 
knew of several instances of failure of the same apparatus. 
A number of cases in which the pump has done very badly 
have been reported to us within the last few days, but if Mr. 
Beer’s is indeed an exception, we are content.—Ep. E.] 








A New Overtanp Rovtrr.—A proposed new route by 
land and water from Canada to the Pacific is attracting some 
attention. The suggestion is that it should start from Coll- 
ingwood, on Georgian Bay, and consist of river and lake 
navigation for about 2400 miles out of the entire 3200 to 
Vancouver’s Island. The Canada Government, it is said, 
have agreed to open the portion between Lake Superior and 
Fort Garry, a distance of about 500 miles, of which 300 are 
navigable, and the Government of British Columbia are ex- 
pected by grants of land to facilitate the work through their 
territory. It is affirmed that the expense would be com- 
paratively light, and that the undertaking might be com- 
pleted in less than two years, when passengers would be 
enabled to make the transit in about eighteen days. Mr. 
Alfred Waddington, of Victoria, Vancouver's Island, has 
been the most prominent advocate of the enterprise, and he 
described its features in detail, especially as regards the pass 
by the Rocky Mountains, at the Geographical Society on 
Monday last. 

Tue Nine-1nch PaLuiser Rirrep Gun.—The trial of 
Major Palliser’s 9in. gun, which was exhibited last year at 
the Paris Exhibition, was concluded on Monday last at Wool- 
wich. Its test was as follows: 420 rounds of 43]b. of 
powder, 87 of 451b., and 4 of 55 1b. of powder, with 260 lb. 
shot throughout, in all 511 rounds. The vent remained ser- 
viceable to the end. The great mass of this gun is composed 
of cast iron, which is lined with two barrels of coiled wrought 
iron, one inside the other. A crack appeared at the muzzle 
— of the inner barrel shortly after firing 200 rounds. 

his, however, produced no ill effect whatever. It was 
caused by the vibration of the barrel, which was accidentally 
loose in the muzzle. The gun was manufactered by the 
Elswick Ordnance Company, and remains practically unin- 
jured. The successful result of this trial has created much 
surprise, and proves the soundness of the advice of the Ord- 
nance Select Committee in having recommended Government 
to incur the expenditure upon it. 

Tue Rocky Movuytarns.—Attention is being attracted to 
the subject of ditches and canals in the arid regions of the 
Rocky Mountains. Thousands of acres of superior land lie 
barren for want of water, and hundreds of miles of country 
have to be travelled without water, unless it is carried in 
tanks to supply the escorts and travellers. These lands can 
be made available, and the want of water obviated, it is said, 
by the construction of ditches. A company of citizens of 
New Mexico, organised under the general incorporation law 
authorised by Congress, have the right of way to make such 
a ditch for seventy miles at the place, where, some years ago, 
the company expended several thousands of dollars to 
an artesian well, and failed. This company proposes to take 
water from a river where it is abundant, and’carry it through 





subject. 





a country that is now barren, 
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ELASTICITY OF IRON AND STEEL. 


Is a recent number (vide page 48 of the present 
volume) we described some experiments, on the 
elasticity of iron and steel, which had been carried 
out by M. Knut Styffe, the director of the Polytech- 
nie College, at Stockholm. The experiments hitherto 
referred to relate to simple and gradually in- 
creasing strains only, such as are usually employed 
in testing the strength of materials; but M. Knut 
Styffe has also investigated the subject of repeated 
strains, and the influences of temperature and of 
certain impurities of the iron and steel. With regard 
to repeated strains M. Styffe arrived at the same 
ject ce results which have been found by M. 
Stummer’s tests, executed on a much larger scale 
with railway axles, and described by us on page 
497 of our last volume. M. Styffe strained a bar 
of puddled steel with a load of about 45 tons to 
the square inch, and measured its permanent set, 
after which the same bar was released and strained 
by the application of the same load ten times in 
succession. There was a permanent set at each of 
these ten operations, but the set was smaller for each 
following strain compared with the preceding tests. 
In constructing the curves for all these different 
results, the position of the limit of elasticity was 
therefore found different as well, and the general 
conclusions to which a long series of similar experi- 
ments has led M. Styffe are, that repeated strains, 
exceeding the elastic limit, act in a similar manner upon 
a bar of iron or steel, as the mechanical operations of 
hammering, rolling, or pressing when in the cold state, 
viz., they raise the limit of elasticity, but they diminish 
the flexibility or softness of the material. The opposite 
effect is due to the operation of annealing or heating 
and gradual cooling, and the result of such an anneal- 
ing process is proportionate, toa certain extent, to the 
degree of heat applied. The addition of carbon in the 
steel up to the limit of 1.2 per cent. increases the 
stvengih and hardness; above that proportion the 
strength commences to decrease with a further addition 
of calien Phosphoric iron, although brittle when cold, 
has been found very strong at a red heat, and particu- 
larly when containing some slag, even at a white heat. 
The tensile strength of iron and steel is very nearly 
the same at temperatures down to 30° centigrade 
below the freezing point, as they are at the ordinary 
temperatures (15° Celsius). Between 100° and 200°C., 
i.c., above the boiling point of water, the strength of 
steel is the same as at ordinary temperatures ; the 
strength of iron is greater at that heat than at 15° C., 
and this increase of strength occasionally amounts to 
20 per cent. The pliabilityor “ softness” of steel re- 
mains about the same in the cold and in the heat, up 
to 200° C. The softness of iron, on the contrary, de- 
comes less as the temperature increases. The limit of 
elasticity, both of iron and steel, is greater in extreme 
cold. In the heated state, steel keeps about the same 
limit of elasticity (up to 140° C.), while that of 
iron decreases about 10 per cent. With regard to 
flexibility of girders, the influence of temperature has 
shown similar results, viz., iron can sustam a greater 
load in the cold than at ordinary temperatures with- 
out showing any permanent set ; the modulus of elas- 
ticity, both of steel and iron, decreases gradually with an 
increase of temperature. Under all circumstances the 
influence of the changes of temperature is greater upon 
iron than upon steel, but the effect of great cold has 
not been found by M. Styffe’s experiments to be the 
same as is popularly supposed. On the contrary, 

reat cold, instead of mak:ng iron and steel weak and 

rittle, seems to have the very opposite effect. The | 
breakages observed in very cold weather, particu- 
larly in railway practice, seem to be due to secondary 
causes, such as the freezing and hardening of the bal- | 
last and wooden sleepers, the unequal contraction of | 
parts shrunk or riveted upon others, and to the direct | 
action of ice formed within the joints and crevices | 
of iron structures exposed to the influences of the | 
weather. 





Woopen Rattway Bripers.—The North-Eastern Com- 
pany have set resolutely about the replacement of the whole 
of their numerous wooden viaducts with stone and iron, and 
in some places with solid embankments. Upwards of 67,0007. 
have been spent in this way during the past five years, and 
it is estimated that the work yet to be done will cost 110,0002. 
more in the next six years. The Hutton, Malton, and Whitby 
viaducts have been completed, the Ripon is in progress, and 
the Norton is being filled up. The Ouseburn viaduct will be 
next taken, after which the remaining works of magnitude 
will be the Esk Valley viaducts (two), and the Scotswood, 
Willington, Cassop, and Bradbury viaducts. The whole of 
the wooden bridges, however, cannot be finished till six years 
hence, and it is pro d to expend yearly a sum of about 
20,000/. until completion. These renewals are done at the 


SIX-SPINDLE NUT-TAPPING MACHINE. 


MESSRS. SMITH AND COVENTRY, ENGINEERS, GRESLEY FOUNDRY, SALFORD. 


Ta 
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We give, in the annexed en- 
gravings, a perspective view and 
transverse section of a six-spindle 
nut-tapping machine constructed 
by Messrs. Smith and Coventry, of 
the Gresley Ironworks, Salford. 
The arrangement of this machine 
is very simple, and will be readily 
understood by reference to the 
figures without much explanation. 
To tap a nut by it one of the lon 
hand levers is pressed down, an 
the nut blank placed in the bolster 

rovided to receive it, this bolster 

ing attached to a carrier which 
slides on a pair of round guide-rods, 
and which is coupled to the hand 
lever, as shown in the engravings. 
Next, the tap is placed in the chuck 
in the end of the corresponding 
spindle, this chuck fitting the 
square end of the tap easily. The 
hand lever is then released, and, 
being loaded at its hind end, it 
raises the carrier and nut blank 
until the latter is entered by the 
point of the tap. The hanging 
weight at the meter end of the 
lever starts the tap working, and 
as soon as the latter is fairly at 
work the pressure is relieved by the 
weight coming to rest on the 
ground. The tap then draws the 
nut up until the operation of = 
ping is complete, when the tap falls 
through into the trough below, the 
blow it receives in falling serving 
to shake off cuttings, and as it re- 
mains in the lubricating material 
for a short period between each 
operation it is effectually cooled. 

It will be seen from the trans- 
verse section that the upper portion 
of the frame is cast hollow, and 
forms an oil tank from which the 
oil is conducted to the taps by pipes 
each furnished with a cock to 
regulate the supply. The waste oil 
from the taps is prevented from 
running down the Band levers, by 
collars formed on the latter, as 
shown in the section ; these collars 
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causing the oil to drip off into the 
trough below, from which it is.again pumped up into the 
oil-tank by the small pump at the. end of the machine. 

The machine we have described is well-designed through- 
out, the taps being thoroughly lubricated, an important 
point in saving wear and tear. When run at a moderate 
speed the machine is capable of tapping 2000 j in. nuts per 
day, the attendance of one man only being required. 











Epvucation 1n Hottany.—Of secondary schools organised 
under the law of 2nd May, 1863, there were in 1865, 22, with 
1467 students, of whom five were educated at the expense of 


schools are established specially for the improvement of 
artisans and workmen. ey serve at the same time as 

reparatory schools for the Ecole Polytechnique, founded at 
Delft on the Ist July, 1864. This college, which is intended 


to educate civil engineers and others, architects, manufac- 





cost of revenue. 


turers, &c., numbered in 1865 154 students. 


the State and 14 subsidised by their communes. These } P 





Tue Appey Mitis Pumpine Sration.—The buildings 
and works of this station are actively progressing. The iron 
work is fixed in its place for a height of 12ft. The two 
chimney shafts are, with the exception of the lightning con- 
ductors in connexion therewith, complete in every respect. 
The superintendent’s house and the workmen’s cottages are 
all roofed in and slated, and the plasterers’, joiners’, and car- 

nters’ works therein are fast progressing. The reservoirs 

‘or the water supply are near completion, and the tunnel 
under the northern outfall, for the passage of the water 
therefrom to the boilers, is steadily pi The ap- 
roximate value of the whole of the completed works 1s 
171,760/., of which the sum of 39501. is due to the progress 
made in the past month. ue 

Warer at Liverroor.—The Liverpool town council is 
expending 130,000/. in new works in connexion = 
waterworks at Rivington. The obtaining an additio 
supply from Bala sppears to stand over for the present. 
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LOCOMOTIVE FOR THE GRAND TRUNK RAILWAY OF CANADA. 


CONSTRUCTED BY MESSRS. NEILSON AND CO., GLASGOW, FROM THE DESIGNS OF MR. RICHARD EATON. 


ed 


es 


a 





Tx locomotive of which we this week publish a two-page 
engraving, as well as a side elevation on the present page, is one 
of twenty-five engines which are now being built by Messrs. 
Neilson and Co, of the Hyde Park Locomotive Works, Glas- 

ow, for the Grand Trunk Railway of Canada—a line which 
is laid to the 5ft. Gin. gauge. The engines are being 
constructed from the designs of Mr. Richard Eaton, 
the locomotive superintendent of the above line, Messrs. 
Neilson — been supplied from Canada with drawings 
of every detal, and also templates of the more important 
parts. The general construction of the engines is so clearly 
shown by our illustrations, that it will be necessary for us to 
do little more here than to give the principal dimensions. 
These are as follows : 


ft. in. 
Diameter of cylinders 1 4 
Stroke ... oes ooo ron ie “i io’: = 
Transverse distance between centres of cylinders 6 9% 
Inclination of cylinders, 1 ft. OZin. in 13 ft. 9fin. 
Diameter of coupled wheels ... aaa des wa 
» » bogie —— -_ me 2 6 
Distance between centres of coupled wheels : © 
” ~~ a bogie aa um & 
. from centre of driving axle to front of 
firebox casing ... ike wn a 2. 
ve from centre of driving axle to centre of 
bogie ° ‘ ove oe 10 6} 
Total wheel base ‘ dis — i) 20 7 
Length of connecting rod between centres it 


Depth of frame between hornplates 
Thickness of frame ove ” 
Distance between frames .. oad ee 
Total length between buffer beams oon ee 
Diameter of barrel of boiler outside smallest plate 
Thickness of barrel plates oe one ese 
Distance between tube plates 
Diameter of steam dome inside 
— ” ” ” 

ngth of firebox casin, i 
Width g outside 


to 


_ 
opeRAWWOORRROOD 
-) 
ake 


Depth of firebox casing below centre line of barrel 
Height of firebox inside .. im pa o 
Heating surface of firebox 98 square feet. 

” ” tubes 934 ” ” 


Total ... 1032 

Area of firegrate 16} square feet. 
“— firebox is of _Wrought iron and the tubes are of brass. 
reac tyres, crank-pins, piston-rods, and motion bars are of 
Th » the latter, which are round, being 2}in. in diameter. 
th e pistons are of cast-iron, with cast iron packing rings, and 
steam pipes, exhaust pipes, axle boxes, eccentrics, and 
eccentric straps, are of the same material. The bogie framing 
simply consists of a light wrought-iron frame on each side, 
a by a transverse wooden beam 15 in. wide, by 104 in. 
in depth, and strengthened by truss rods. This beam carries a 
casting which surrounds the ends of the centre pin, this latter 
vee a casting, and being secured to the cast iron saddle 
beleed the smoke-box. _The axle boxes of the bogie are 
ted to the bars of the side frames as shown, there being no 
spmngs at the leading end of the engine, except a block of 
a om én. in diameter and 7 in. thick, placed directly 
and oth sverse beam, between it and the centre pin casting, 
an india-rubber sprin placed near the ends of the 
pe ween it and the saddle casting. The springs of the 
mi axles are connected by compensating beams with 
_— the spring links rey fitted with auxiliary india- 
ee dodges as shown in the longitudinal section. There 
ing epri e” about the arrangement of the driving and trail- 
springs which is worth mentioning. In order to enable 





the auxiliary springs at the ends of the compensating beams 
to clear the firebox casing, the steel springs are not placed 
arallel to the centre line of the engine, but are inclined to 
it, so that the ends, which are coupled to the compensating 
beams, are further from the centre line than the other ends. 
The springs are, however, so arranged that their centre lines 
pass directly over the centres of their respective bearings. 

The chimney, with its spark-arrester, presents a somewhat 
peculiar appearance to English engineers. It is 1 ft. 4in. in 
diameter for the lower 4 ft. 7} in. of its height, and it then 
expands in a height of 1 ft. 8$ in. to 6 ft. in diameter outside, 
this diameter being continued for a further height of 9 in. 
The casing then closes in again, terminating in an aperture 
2 ft. 94in. in diameter. The total height of the chimney 
above rail level is 14 ft. 104in. 

The valve chests are placed above the cylinders, the slide 
valves being worked through rocking shafts arranged as 
shown. The link motion is of the ordinary shifting link kind, 
and is counterbalanced by a spring coiled round the weigh 
shaft. The boiler is fed by long stroke pumps worked from 
the crosshead. The leading al of the engine is fitted with 
a cow-catcher, the frame and bars of this being of wood 
strapped with iron. The bogie is provided with chilled cast- 
iron wheels, but the coupled wheels are of wrought iron, and 
are of the usual pattern. 

The tenders for the engines above described are also being 
constructed by Messrs. Neilson. They have wooden frames, 
and are carried on a pair of four-wheeled bogies with chilled 
cast-iron wheels 2 ft. 9in. in diameter. India-rubber springs 
only are provided, and, indeed, the tenders are throughout of 
a class which could be constructed very cheaply. The tender 
tanks carry 1700 gallons of water. In conclusion, we should 
state that our engravings of the engines which we have 
described have been prepared from tracings kindly furnished 
to us by Mr. James iA, the managing partner of the Hyde 
Park Locomotive Works. 
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Cortoy Grixs.—The annval production of cotton in India 
is now about 1,750,000 bales. A Macarthy gin, 40in. wide, 
and driven by steam or water power, will turn out 30 1b. of 
clean cotton per hour, or 3001b. in 10 hours. As it is 
requisite, in order to take full advantage of the markets, that 
the cotton should be ginned as quickly as possible after it is 
gathered, we shall not be greatly out of the way in estimating 
the work done by a gin as but 30 days of 10 hours each, in 
each season, the gin necessarily lying idle for the rest of the 
year. At this rate, one gin, doing the work we have estimated, 
would be required for every twenty bales of cotton, supposing 
them to weigh 450 1b. each, or 87,500 gins for the entire 
Indian crop. It is stated that, for the last four years, 
Messrs. Platt Brothers, of Oldham, have exported nearly 
1000 gins monthly, or upwards of 40,000 in all. Whether 
these figures are in excess of the fact or not, it is certain that 
ba | great numbers of Macarthy gins have been sent to 
India, and that the very marked improvement in the quality 
of Indian cotton, especially that from Surat, is in a great 
measure due to their use. In the worst time of the cotton 
famine, when many of the Lancashire workpeople met nightly 
in their chapels and prayed for cotton, the petition was often 

ualified by the addition, “but, Lord, don’t send Surats.” 
ihe however, Surats are so much better in quality, and 
spinning machinery has been so adapted to them, that they 
are used without difficulty or objection for all numbers, from 
16’s to 60's. 

Lzxrps.—The engine builders continue slack, as do also the 
tool and machine makers. Rather a better demand is ex- 
perienced for railway plant ; but, upon the whole, the iron and 
mechanical trades of the district can scarcely be said to be 
in an active state. 
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AVELING AND PORTER’S ROAD ROLLER. 
Ar the commencement of the present week it was an- 
nounced, by letter in the Times, that Park-lane, which has 
recently been widened, and fresh metalled throughout, would 
be reduced to a proper condition for traffic by being rolled 
with a 25 ton steam roller which has recently been completed 
by Messrs. Aveling and Porter, of Rochester, for the Sheffield 
Local Board of Health. The roller was to have commenced 
its work on Wednesday morning, but owing to its havin 
stuck fast on Shooter’s-hill when passing over some 80) 

round, the business of rolling Park-lane was necessarily 
Scesed until the following Thursday morning. Its destina- 
tion was reached about six o’clock yesterday morning, but 
all was not yet destined to go smoothly, for on drawing up 
to one of the street hydrants to take in water, it had to pass 
on to a part of the newly made ground on the side on which 
the street has been widened, and coming, unhappily, just 
over the service pipe, which gave way under the great weight 
of the machine, the whole thing went down some inches into 
the ground, and it was just nine o’clock before it was got out 
and began to work. 

We have so often alluded to the necessity of rolling newly 
macadamised roads, and to the wise economy of so doing, 
that it is not necessary to do more than refer to the subject 
on the present occasion. Notwithstanding the recognised 
truth of all we have advanced in their favour, there is not 
even now, so far as we are aware, one single parish through- 
out the whole of London that possesses a steam road roller ; 
but the local authorities seem ever ready to take advantage 
of any opportunity that may present itself to make use of 
somebody else's roller to improve their roads. It is time that 
they were convinced of the efficacy of such machines, and the 
sooner they are set —— to work on all newly made roads 
the better it will be for the owners of horses and carriages, 
and the pockets of the local ratepayers. 

The present steam road roller differs somewhat from any 
previously constructed by Messrs. Aveling and Porter, whose 
object appears to be to reduce as much as possible the num- 
ber of parts in their machines, and to produce useful and 
working rollers at the lowest possible price. The roller itself 
consists of the four wheels on which the engine is mounted, 
the two front wheels being 3ft. 6in. apart, and the hinder 
wheels running close together. All the wheels are of the 
same size, viz., 6ft. in diameter and 2ft. broad. Thus it will 
be seen the hinder wheels overlap the front ones by 3in., and 
the total width covered by the roller is 7 ft. 6in. The whole 
machine weighs 265 tons, which is evenly distributed over the 
fore and hind wheels or rollers. By withdrawing a pin, 
either of the front rollers is made to run free on its axle, in 
order to facilitate turning when necessary. Motion is com- 
municated to the front axle by means of a pitch-wheel and 
chain from the driving-shaft, which is placed above the 
boiler. The boiler is an ordinary locomotive boiler, having 
thirty 2 in. tubes, but in order to reduce as much as possible 
the total length of the machine, the furnace is fired from one 
side, and not from the rear. The engine consists of a single 
cylinder, 9 in. in diameter and 12 in. stroke, with link motion, 
which is placed on the top of the boiler in the usual manner. 
Instead of the water tank being carried over the hind rollers, 
as has been formerly done, Messrs. Aveling and Porter have, 
in the present instance, placed the tank under the boiler, and 
it hangs down below the footplate between the two sets of 
rollers. So far as we were able to judge, the roller is like} 
to do its work very efficiently, but when we were present it 
had scarcely commenced in earnest. We may, however, sin- 
cerely congratulate that portion of the public most interested 
on the happy accident which has temporarily placed at the 
disposal of the Metropolitan Board of Wor $ such very 
necessary assistance towards the completion of the Park-lane 
improvements. 
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THE STRENGTH OF BEAMS.—No. VIL. | sular and Oriental Company’s screw steamship Jeddo, | ner in which the several stresses were sustained could 
On THE TRANSVERSE STRENGTH OF STEEL Rats manufactured by Krupp, at Essen. ; not have been surpassed. The experiments afford 
AND OTHER ANALOGOUS Beams. Referring to Figs. 6 and 7, it will be seen that a — evidence that the shaft could not have broken 
We are indebted to A. Longsdon, Esq., for the fol- length of the broken end of the shaft was sliced up | under any exigency of fair workin - We understand 
lowing tabular results of the very interesting and | into specimens, which were subjected to pulling, | that it was due to the culpable negligence of the engi- 
unique series of experiments, carried out by Mr. | thrusting, bending, and twisting stresses. A more | neers who first allowed the bearings to heat, and then 
Kirkaldy at his Testing-works in Southwark, on a/| severe test of the quality and uniformity of the steel | attempted to mend matters by throwing water upon 
piece of the broken cast-steel crank shaft of the Penin- could not have been devised, and the admirable man- | them. 
f] Results of Kirkaldy’s Experiments to ascertain the Mechanical Properties, &ec., of Pieces Cut out of Broken Cast-steel Crank Shaft of the Peninsular and Oriental Company 
Serew Steam Ship Jeddo, Manufactured by Friep. Krurp, Essen, Prussia. 
TaB_e A.—Resistance to Extension, Set, and Rupture under Tensile or Pulling Stress. 

The relative Position of the Specimens is represented in Fig. 7, the Shape, §c., of Specimens im Fig. 6. 
































| .Seress ox Pounps rer Square Incu.—LeENGTH OF SpecIMENS FOR EXTENSIONS =|, a . Pa 
Onranise.:| “598808 Pouxps ras a — pe Ser ice. ULTIMATE denen! FRACTURED. Srress. | Exrensioy, a 
penne - ——~—~ | » 2 . bore: , 
, | ml | & | ate! a! =| a] @] w2|] 2] oe] ©] s/s | Fer Sq. Difference. |Per Square 
Nol Din, Aven, |S, BLS (PPB) Spe) Sie) 2) 2) 8) 2) 8] 2) S| S| Tota. | Inch of | Dia.| Area. a | Inch of Total, | Per / 
= = = = 4 = = = = — = = = Sis = S | Original Area. | Per | Fractured Cent. 
= S/F; S| Sp Si s/s| S| S| S| S|] S| S$] S|] S|] S | Area. | * lCent} Area. : 
es ee ee ee | | | | | | a | S| |e | ce | sew ee } Eas — 
inch. sq inch. d ? am aes . Ib. | Ib. | in. | sq. in. sq. in. Ib. in. 
748 (1.25 1.2271 |.043 049/069 ,100 .128 154 .188 .217 |.250 |.288 |.830 .877 |.485 .505 |.590 '.715 .913  128,420| 104,642 |—— Broke at the head B. ——! 0.78 99 
Set 013 .080 .049 |.078 |.091 .120|.148 |.182 |.218 .253 .312 .364|.451 |.568 .740 aad ; 
789 (125 1.2271 .047 |.051|.07) .102 |.180 |.160 |.190 .228 .268 |.310 |.864 .417 .482 .570 |.700 |.895).... | 126,940 | 103,447 |1.11| 0.9677 -2594 (21.1; 131,177 | 1.36 | 169 
Set 017 |.040 |.062 088 |.111 '.140 |.174 |.213 |.262 .310 |.370 |.453 |.574 |.770 | | | 
741 (1.25 1.2271 |.046 |.050] 068 | 104 |.182 |.162 /.194 .286 |.276 |.316 .871 426.494 |,586 |.709 .896) ... 126,680| 103,235 |1.12| 0.9852 | .2419 |19.7) 128,583 | 1.26) 148 
Ser | 014 .044 061. 179 |.241 |.266 |.816 |.874 |.458 |.572 |.764 } | 
755 11.25 1.2271 |.044|.069].097 126 |.158 |.192 .820 | 373 |.482 |.508 |.600 |.730 | 924) ... | ... | 121,080} 98,671 |1.13| 1.0029 -2242 |11.3| 120,729 | 1.16 | 136 
Set -019 |.041 065 .091 |.1% 280 |.275 .833 |.398 .490 .612 |.810 
760 |0.75 0.4417 |.041 |.078}.100 /.181 |.160 .19% 2 |.827 |.878 .450 |.530 |.6 2/1.386) ... | .. | 42,576] 96,391/0.66| 0.3421 -0996 /22.5| 124,455 | 1.29) 152 
Set |  |.029].050 '.077 |.092 |.127 |.158 .193 |.244 |.291 .860 |.435 .552 .733 | Se | 
BB |1.25) 1.2271 | ov | soo | coe | coe | soe | soe | coe | coe | ose | coe! soe | onss | ose | ooo b oo fr ant | ove | 117,340 95,624 |1.12 | 0.9852 -2419 |19.7| 119,102 | “L16 | 13.6 
761 | 0.75, 0.4417 |.082 .067|.091 |,.122 163 .185 |.222 .264 |.320 |.870 '.455 |.540 |.660).907) 2°) ... |... | 41,748] 94,516 /0.66| 0.3421 | .0996 |22.5| 122,034 | 123 144 
Set .024 |.048 .070 '.093 .120 |.153 .189 |.237 |.283 .866 |.449 | 568 |.805 | | 
G47 | 1.25) 1.2271 |.041 |.070 }.095 |.126 .164 199 .241 .382 |.334 |.403 |.465 |.560 -710 |.967 | ... | ose | eee | 115,096] 93,795/1.11) 0.9677 2594 |21.1| 118,939 1.03 | 121 
Set .027 |.044 |.070 095 .180 |.165 208 |.247 |.305 |.368 |.463 |.603 |.869 ‘ | | 
PBZ 11.25) 1.2271 |. | soe | ese | coe | coe. | coe | coe | coe | ene | see | ase | soe | soe | soe | cee | ove | ove | 114,880} 93,619 /1.09/ 0.9332 | .2989 |24.0/ 123,103 | 1.26] 148 
759 |0.75| 0.4417 |.044|.085|.108 |.138 .168 |.202 .245 .287 |.340 |.411 |.470 |.573 |.715 |.980) ... |. | o. | 41,004] 92,830 /0.65| 0.8318 1099 /24.9| 123,580 | 1.17 | 138 


' | | Set 010 |.040 |.061 |.085 .110 .141 .180 .216 |.267 |.830 -391 |.483 |.618 890 | | | 
762 |0.75| 0.4417 |.046 |.078|.107 |.134 |.165 .198 |.243 .287 |.340 |.400 482 .582 |.780 1.08 | ase | 000 | ace 40,848} 92,479 0.65; 0.3318 1099 |24.9| 123,110 | 1.20 14,1 
| Set O11 |.088 |.060 .082 .105 .137 .174 .218 .262 |.326 |.400 |.495 |.651 (0.95 | j 








ay BG PH 5-5 ve | coe | eee | one | 112,210] 91,442/—— — Broke at the headB. ——| 0.87/ 109 
418 |.495 600 772)... |. | ce | ase | ese | 107,896] 87,928 /1.08| 0.9161 ) .3110 )25.3) 117,788 | 1.39 | 164 


761 | 1.25) 1.2271 |.064 .094|.125 .160 .192 .24 
-330 |.409 .505 .670 | 






















































































Set 028 .045|.073 .101 .135 . 5 | 
735 |1.25| 1.2271 |.065 .098|.130 .164 .203 .25 448 |.544 |.700 |.103 | 2... | see | eee | soe | eee | 103,656) 84,472 /1.07| 0.8992 -3279 |26.7; 115,276 | 1.47 17.8 
Set |.024 |.048|.075 .105 .140 |.182 .230 .291 |.366 |.450 |.602 |.094 | ’ 
Mean 95,221 | Mean |22.6| 122,322 | Mean! 14.0 
787 | 1.25| 1.2271 |.046 |.073 }.100 |.127 |.163 |.195 .235 |.288] ... | sce | soe | coe | soe | coe | coe | coe | ove | 88,240] 71,909|—— Broke at the head B. —! 0.32] 38 
Set .020 1.041 .065 .093 |.124 .153 .195 | Previously cracked in connexion with the | 
} a breakage. 
OD 11.961) 2.98711. coe | coc | coo |. 008 | c0v | cee. | coo | coe | cco | coe | cco | ove | coe | ose | ooo | eco | cre | 86,820) 70,752 |—— Broke at the head B. ——/ 0.17 | 2.0 
| | Mean |.046 |.072 |.097 |.128 |.160 |.194 .234 .279 .331 |.891 465 |.574 Mean | 92,235 | l Mean /22.6| 122,322 | 12.6 | 12.6 
|Mean Set |.005 |.024 |,044 '.069 '.093 |.124 .157 +196 |.244 1.298 |.370 |.474 | a ae Sa n a x ae a, | sy 
Taste B.—Resistance to Torsion, Set, and Rupture under a Twisting Stress, Length for Torsion=Two Diameters. 
The relative Position of the Specimens is represented in Fig. 7, the Shape, §c., of Specimens in Fig. 6. 
se ‘ i “ee oa Ee Ultimate | 
Original Lenora or Lever, 12 Incues,—Srress 1n PouNDs ON EACH END.—Torston, ONE TuRN=1000. Sines é 
Test were. | Ultimate 
x l 7 a a TC Bl l i te) BA ps | | | On i2in. lever, Torsion Remarks. 
*ipelacn| wi ale! SIE Si si&£isi & n| 2); S/8/8/8/28/8/ 8/8) 8] 8] Sle Per . 
= sis = = = >| ¢ - S| ¢ ~ -|e@!ie!eie!ie! ei éi e¢4 Ssicsc/|¢ otal. | : 
| Ss| si sé e|isié Ssi;sié s|'s/es/é& sis sis|és = Ssis!is/isisés square in. 
| | ma | | Wee lb. | 1b | Turn. | 
742 | 1.25) 1.2271) .001] .002| .008 .005| .007| .010/ .013) 018 .024 .030) .035} .040) .046 .055 .070, .080} .086] .096) .116, .140) .173| 221] 282) .371) 3006 2449 reo) —- —- 
Set | | | 004) .006/ .010! .015, 019 .023 030) .035 .041 .049 “ y 
| Cra 
788 | 1.25| 1.2271) .001 ,002| .002| 003! .005! .008) .011| .015! .019| .025] .029| .036] .041' .050 .064| .078 091} .112) .127 .145) 206] 254] .345) ... | 2928 | 2386 vy oo —— peers 
Set | | | 002! .004' .007 .012) .015) .020) .024) .030) .034 .046 | | | } | ‘ 
| | | . a9 | 
746 | 1.25] 1.2271] 000] 001] .002 .004) 006) .008) .012) 017, .028 .029) .088| 046) .050 .067, 080 .098) 122) 145.170 214) .250) 345) | .. | 2891 | 2356 { 0468 ep pana 
| ” ’ 
Set | | .008' .005) .009) .014 .020 .025 .033) .041) .044 .061 | 
| | P KR ite J 
750 | 1,25] 1.2271! 000) .001|.002 .003 .010, .015) .021) .029 .035 .041) .052| .064) .084 .100 .122 .151) .198) .250 .360 472) ... | | ox» | 2628 | 2142 { Obes a per 
| Set | .008 .013) 019 .025 .081 .037) .048) .060 .077 .094 } ’ 
| Mean | .000).001|.002 .004/ .007 .010) .014 .020 .025 .081) .088) 046) .055 .068, 084, .102) .124).151 .193) 0. | oe | cee | eee | ove | Mean | 2333 0.441 
Mean .004 007.011) 016.021 .026) .034) 041) 049 .062 


Tasie C.—Resistance, Deflection, Set, and Rupture, under a Trausverse or Bending Stress. Distance, Ten Inches. 


The relative Position of the Specimens is represented in Fig. 7, the Shape, §c., of Specimens in Fig. 6. 
































Srress In Pounps rer B D?2.—Der.ections AND Sets, INCHEs. ULtimAte. | V — 
Test or 8. 
Dimensions. | BD? |— ae 8 KE ' 
No. | fom} ml wi ol ei ele; ele/e¢leelzia elel/si/fleiz S| © 18 g | seress,| Street] o_ LW 
Ssisis Sissi sisi sisi sia sli =|2/ 2/8] 8!] &/ 8! =\a* | BD 4 BD. 
oak De Me A Re io 
Breadth. Depth. | 4 
740 37 x L776 4.2437'.019 |.024 .029 .033/.038 .043 |.048 .054 .061 |.080 |.104 .132 .170 .209 .253 .307 | 376 441 |.518 -603 | -711 |.853 1.09 1.16 51,668 12,175 30,438 
Set .030 087 171 | | 
744 do. x do. 4.2437 |.022 .028 .086 .042 049 |.052 |.057 .067 .081 '.104 |.133 .164 |.198 .239 .280 |.341 |.392 .450 |.529 |.610 | .729 |.889) ... [1.26 50,792 |11,969 29,922 
Set 017 2062 -116 187 : 
754 do x do. 4.2437'.023 .026 .031 .086 | .041'.045 '|.050 .060 .082 .110 .146 .184 .225 .272 .322 |.879 |.442 |.527 -660 |.752 | -913 |1.17! ... |1.46 50,288 11,850 29,625 ° 
Se 016 074 »” | 
736 do xX do. 4.2487 017 021 .025 .032 0.39 |.044 |.050 |.068 .090 124.166 .3 30 |.435 |.520 .618 |.762 |.961 1.45 | ... | oe (1.63 47,460 11,183 27,958 
Set 023 092 -156 -255 | | | 2 
752 do. X do. 4,2437|.021 .026 .031 .088 0.46 |.050 |.054 .078 .11Q .150 193 .240 |.288 1343 .407 |.471 |.578 .692 |.850 |1.05| 1.61 | ... | ... [1.73 47,812/11,149| 27,872 
| Set 047 -120 -201 310 | | | net 
756 | do. x do. 4.2437 |.017 |.024 .081 |.035 |.040 |.045 |.050 |.073 .106 .147 |.190 .238 .297 .350 .418 |.502 |.602 .740 |.892 1.10} 1.66 | ... | ... |1.77 47,028 11,082 27,705 
| Set 042 112 205 315 = 
748) 137 x L771 | 4.0460 .015 |.021 027 .030 .035 |,041 |.050 070 |.102 .143 |.194 |.249 |.810 .365 .460 |.540 |.660 .828 |1.02 |L.41] ... |... | 4. [158 42,872/10,702) 26,750 
Set 040 118 -217 353 | 
758 1.37 x 176 4.2437 .015 |.021 .027 .082 .037 |.052 .075 .108 .153 .200 .250 .313 .373 455 .545 .657 |.799 .974 1.27] ... ese | ose | ove |L.41 44,376 10,457 26,142 
| Set | 022 | 085 177 282 448 | | 4 2 
| Mean |.019 |.024 0.29 035 '.041 |.047 |.054'.072 |.098 | .132'.172 |.216 |.264 .318 .381 |.454 |.546 .659 |.810 |.927 |1.179 | ... | ae [1-49 47,725 11,821 | 28,302 
i | Mean &. | | |.034]) * 1.098} 175 | 288; | 
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TasiEe D.—Comparative Summary of the Results of Experiments on Pieces cut out of one of the Crank Spaces of Two New Wrought-Iron Shafts, made at Glasgow, for the Serew Steamship 











Jed:o, and on Pieces cut out of the Broken Crank of Cast Steel Shaft, made at Essen, Prussia. 


















































IRON SHAFTS. | CAST STEEL SHAFT. 
Diiasiinigiile PULLING STaRkss. | PuLutne Stress. BENDING STRESS. | THRUSTING STRESS" TwistTine Stress. 
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Wote.—The Experiments on the Iron Shafts were made by Mr. 


It appears from the preceding experiments that the 
average ultimate tensile resistance of the steel in the 
shaft, excluding the specimens previously injured by 
the fracture, was 95,221 lb. (424 tons) per square inch 
—a resistance, as we have already shown, practically 
the same as that offered by Bessemer steel rails. 
But the rate of elongation of the steel in the shaft 
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averaged 12.6 per cent.; and if we exclude, as 
we may fairly do, the specimens which broke at the 
head before the full stra came upon the metal, the 
mean elongation would be 14.7 per cent., whilst, it 
4 be remembered, for steel rails we found the rate 
to be 9§ per cent.; hence, with the same ultimate 
strength in both instances, the steel in the shaft had the 
advantage of additional toughness, and, consequently, 
greater capability of resisting rough usage. The élastic 
resistance to tension, as indicated by these experiments, 
averaged 19 tons per square - which is a rather 
ow fraction of its ultimate resistance, as compared 
with that obtained in other experiments on various 
makes of steel; but the fact is, the exact point at 


Kirkaldy, and the above Results are from his published “ Experiments on Wrought Iron and Steel,” pages 116, 117, 134, 135, 


which the increments of extension cease to become 
regular is so difficult to determine that, unless the 
appliances at hand are of the same refined nature as 
those Mr. Kirkaldy has at his disposal, the results of 
such delicate tests are not to be implicitly relied upon. 
The experiments on the resistance to compression 
support the conclusions, already drawn from previous 
ones, as to the practically unlimited extent to which 
weight may be piled upon a’ short column of steel 
without effecting its positive destruction. Thus, in 
in these experiments the enormous stress of 98 tons 
per square inch merely entailed a depression of 36.1 
per cent. in the specimens, and no doubt, as the area 
resisting the thrusting would have increased with the 
depression, a very much greater load might have been 
brought to bear had if been considered necessary. 








ABYSSINIA. 

Ong of the principal events recorded in our latest 
advices from Abyssinia is the opening of the Zoula and 
Koomayloo railway on the morning of Sunday, the 
19th January last. The line, so far as it was com- 
pleted, has been for some time in use for the transport 
of stores from the pier at Annesley Bay, the trucks 
being pushed along by a crowd of sepoys; the speed 
attained by that power, was, however, apparently but 
small assistance in the great object of transport, and it 
is hardly a question whether the stores and packages 
could not have been carried with greater ease and 
despatch by the sepoys themselves without the aid of 
the rail. Some anxiety was felt, on first starting the 
locomotive, as to the sufficiency of the permanent way, 
as the rails are only spiked down to the sleepers and do 
not rest on chairs; but thus far everything would appear 
to have gone on satisfactorily. The wonder of the 
Shohoes at seeing this ponderous machine, whicl was 
landed with so much difficulty, moving along by itself, 
impelled by some unknown and unseen agency, may be 
easier imagined than described, and if they attribute 
its locomotive power to the invocation of some spirit 
of evil, it is not to be wondered at. For the first time 
in the world’s history there is now a Zoula railway, 
Commissariat junction, and Koomayloo extension to 
be found on the arid plains of Lower Abyssinia. The 
regular progress of railway laying has latterly been 
about two miles per week, and probably the Koomayloo 
extension has been finished before now. Some of the 
professional railway workmen, and a first instalment 
of the Army Works Corps, having arrived, the men of 
the various regiments who have hitherto been em- 
ployed in connexion with the railway and other works, 
will be relieved from much of their fatigue duties. 

We have already reported the completion of the 
telegraph to Koomayloo, and the Lower Sooroo office 
was opened on the 20th January. It was being con- 
structed also downwards from Senafé at a rate of speed 
which promised to ensure a junction between the 
two parties by about the first week in February. There 
are, however, not unfrequent interruptions on the line, 
owing principally to two causes; the first being that 
stray animals find the posts convenient for rubbing 
purposes, but they, not having been constructed with 
a view to sustaining much lateral pressure, give way 
under the operation, and down the whole thing goes ; 








the other obstruction is caused by the too great appre- 





ciation by the Shohoes of Hooper’s patent telegraph 
core, which they find very useful to bind their spear- 
heads. Patrols are to be posted along the line to pre- 
vent similar interferences for the future. 

’ At Zoula, a high tide on the 12th January last rose 
six to eight inches higher than any of its predecessors 
had done. All round the depdt was one sheet of water, 
in some places several feet in depth, and separated 
from the sea merely by the Sedlenkensid, which pre- 
vented a general inundation. Work was speedily com- 
menced in throwing up an embankment to keep the 
water in the river bed in future. 

We hope shortly to give a map of the country, 
exhibiting the roads noticed in former numbers of 
ENGINEERING, the different camps ‘or stations along 
the line of route, and such other ‘particulars as can 
conveniently be shown in a small sketch map. 








Aw Unrversat Genrus.—“Colin Pullinger, Selsey, near 
Chichester, contractor, inventor, fisherman, and mechanic, fol- 
lowing the various trades and professions of a builder, 
carpenter, joiner, sawyer, undertaker, turner, cooper, painter, 

lazier, sign painter, wooden pump maker, paper ger, 
Bell hanger, boat builder, clock cleaner, locks repaired and 
keys fitted, repairer of umbrellas and parasols, mender of 
china and glass, net knitter, wire worker, grocer, baker, 
farmer, stuffer and preserver of the skins of birds and in- 
sects, copying clerk, letter writer, accountant, surveyor, en- 
gineer, land measurer, house agent, vestry clerk, assistant 
overseer, clerk to the Selsey Sparrow Club, clerk to the Selsey 
police, assessor and collector of land tax and property and 
income tax, collector of church and highway rates; has 
served at sea in the four quarters of the world, as seaman, 
sail maker, cook, steward, mate, and navigator. The maker 
and inventor of the following: An improved horse hoe, an 
improved scarifier, a tr een couch grass rake, a 
machine to tar ropes, model of a vessel to cut asunder chains 
put across the mouth of harbours, a curious mouse-trap, 
made on a scientific principle, where each mouse caught re- 
sets the trap to catch the next, requires no fresh baiting, and 
will catch them by dozens. Also a mouse-trap on a most 
novel, ingenious, and simple construction, being perpetually 
set, the bait will last for months; every mouse enters the 
trap through the same opening, and is most effectually 
secured, first on one side, the next on the other, and so in suc- 
cession, catching any number; both traps being equally 
good, he leaves the public to decide which they consider 
best. A rat-trap on a peculiar construction, that will catch 
and put them into the trap. An improved mole-trap, model 
of a steamboat on quite a new and very improved construc- 
tion, 4 ft. long, and challenged to beat any boat of the same 
length in the world. Crabs, lobsters, and prawns sent to any 
part of the world. Mouse and rat-traps let on hire at one 
penny per week. If you doubt me, try me.” 

Tue Merropouitan District RatLway.—Subscriptions 
are invited at par for 400,000/. debenture stock of the Metro- 
politan District Railway, to bear a perpetual interest of 6 
per cent. from the 1st of January last, being the remainin 
portion of the total authorised issue of 760,0007. The instal- 
ments extend to the Ist of July, when the first half-year’s 
interest will become due, and 5 per cent. will be allowed for 
prepayment. The line at present consists of five miles from 
a junction with the Metropolitan Railway at Kensington, 
through Brompton and Pimlico to Victoria-street and West- 
minster-bridge, whence it is to be carried along the Thames 
Embankment to Cannon-street. The ordi share capital 
which ranks after this 750,0007. debenture stock is 2,250,0001., 
of which 2,000,000/. has been paid up and expended on the 
works, and the opening from a to Westminster- 
bridge is arranged by the contractors, Messrs. Kelk, Waring, 
and Lucas, to take place within six months. The amount 
required for interest on the whole authorised debenture issue 
is 45,000/. per annum, and if the nett earnings per mile equal 
those of the Metropolitan Railway, in conjunction with which 
the Metropolitan District is to be wor the sum avail- 
able for that liability will be 200,000/. per annum. 
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WE give, on the present and opposite pages, engravings of 
a set of coal-washing apparatus and coke ovens at one of the 
establishments of the Wigan Coal and Iron Company 
(Limited), Wigan. The washing machinery, which is con- 
tained in a building 48 ft. long by 24 ft. wide, consists of four 
iron chambers, each of which is in free communication with a 
cylinder placed at one end of it, as shown in the plan. These 
cylinders are each 3 ft. in diameter, and the pistons working in 
them have a stroke of 3}in., and are driven at 150 strokes 
per minute, so as to keep the water within the chambers in 
a state of constant agitation. 

The coal to be washed is discharged from the railway 
wagons into a large hopper outside the building, and it is 
lifted from this hopper by the elevator shown in the section, 
this elevator delivering it to the crushing rollers, by which it 
is reduced to an uniform size. After passing the crushing 
rollers, it is taken up by a second set of elevators and de- 
livered to the washing c bers, or “ bashes,” down a trough 
laid at an easy gradient, this trough having four compart- 
ments, down which the coal is wosked by a small stream of 
water. The coal, during the process of washing, is placed on 
perforated copper screens or sieves slightly submerged in the 
water contained in the “bashes,” and the pulsation of the 
water, occasioned by the action of the pistons, causes the 

coal, which is the lightest, to be washed over into the 

with which the chambers are provided. The pyrites, 

on the other hand, being heavier, fall down and lie on the 
perforated sieves ; and at regular intervals the sluices at A are 
opened, and the pyrites allowed to fall into the chamber 
below. At the bottom of each chamber there is another 








WASHING MACHINERY; WIGAN COAL AND IRON COMPANY. 
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sluice, which is opened occasionally to allow the refuse to be 
discharged into wagons placed to receive it. The good coal 
from the shoots of the “ bashes” is also delivered directly into 
wagons. 

e washing machinery, elevations, &., are driven by a 
beam engine with 14 in. cylinder, and 2 ft. 6in. stroke, 
arranged as shown in the plan. The loss by washing is about 
10 per cent., by weight, of the gross quantity of coal passed 
pk ae the machine. Several machines of the kind we have 
described are in use at the Wigan Coal and Iron Company’s 
works ; and they turn out from 300 to 350 tons of coal 


r day. 
ya arrangement of the coal washing machinery 
and coke ovens, will be understood from the general plan and 
section on the opposite page. From this it will be seen that 
the ovens, which are each 11 ft. in diameter, and 8 ft. 6in. 
high, are arranged in two parallel double rows, a chimney 
being provided for every eight ovens. The charging is 
performed by the aid of a tramway laid over the tops of the 
ovens, the coal dust being brought from the washing ap- 
paratus in 25-cwt. ray ns along this tramway, and 
dropped through holes left in the crown of the ovens for this 
P . The charge of each oven is 8 tons, and this charge 
is allowed to burn five days or 120 hours. This, when burnt, 
is cooled by the aid of a water-pipe inserted in the oven, and 
is afterwards drawn out by on in the usual way. The 
whole of the plant which we have described—and for the 
particulars of which we are indebted to Mr. Joshua Richard- 
son, of the Wigan Coal and Iron Company—is well laid out for 


its work, and it is being used with very successful results. 








| advance being such as to prohibit the forwardi 


Borter Insrgction.—The clientéle of the Manchester 
Association for the Prevention of Steam Boiler Explosions 
appears to be steadily extending. At the close of 1864 the 
association had 1416 boilers on its books: at the close of 1865, 
1481; at the close of 1866, 1553; and at the close of 1867, 
1871. 

ForzigN Mecuanicat Inpusrry.— The Northern of 
France Railway Company has ordered 30 turntables, each of 
16 ft. diameter, at 9/. 7s. 6d. per ton. Orders for rails have 
been received during the last fortnight by various 
works to the amount of 30,000 tons. Chatillon and 
Commentry Forges Company will supply the plates required 
for two armour-plated frigates for the French aor. 

Rattways in America.—The extension of the Erie broad 

uge track to Chicago is mo longer doubtful. The contract 
or the building of the intermediate connexion of the Great 
Western with the Toledo has been already made. This move 
has been demanded by the Western freight interest, on ac- 
count of the high rates of the New York Central, the late 
of freight 
further than Toledo. If the Erie directors refused to 
meet the views of the railroad West, a junction would have 
been made with the Pennsylvania Central and the Baltimore 
and Ohio. The new West Shore Hudson-river Railroad is 
advancing with commendable energy, and the contracts for 
the first sixty miles will be closed this week. The 
tions for the purchase of the Northern New J - 
by this company have been successful, and the | will 
enter upon possession shortly. The new road will connect 
with the proposed Midland line to Oswego and the Lakes. 
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Fic wt, 





























or 


Fic.3. 
INCLINATION J iN. 40, 


RAMS 


ON MAIN LINE 








BREWING AND BREWERIES.—No. I.* 


THERE are but comparatively few arts practised at 
the present time of greater antiquity than that of 
brewing. More than two thousand years ago the 
Egyptians manufactured beverages nore or less 
resembling our modern malt liquors, and the town of 
Pelusium, situated on one of the mouths of the Nile, 
was a kind of Burton of its day, being especially 
celebrated for its productions. These were of two 
kinds ; the one, zythum, seeming to have been some- 
what analogous to the beer now brewed, and the 
other, carmi, being sweet, and resembling our sweeter 
and more glutinous ales. The earlier Greek writers 
all agree in ascribing the first production of beer to 
the Egyptians, who were probably led to the manu- 
facture of a fermented liquor from barley, by the fact 
that the soil of Egypt is not of a character favourable 
for the culture of the vine, and by the necessity which 
consequently arose for a beverage produced from some 
other source than the juice of the grape. Herodotus, 
who wrote about 450 B.C., mentions a liquor prepared 
from barley as being the common drink of the 
ptians of his time, and Xenophon, when describing 
the retreat of the 10,000 Greeks in the year 400 B.c., 
after the death of Cyrus at the battle of Cunaxa, states 
that a fermented drink made from barley was used by 
- Armenians. Shortly before the commencement of 
the Christian era it is recorded by Diodorus, in his 

Universal History,” of which but'a portion now re- 
mains, that a liquor made from bar ey, and named 
a | was drank by the natives both of Britain and 

reland; and it is remarked by Eumenes, in his 
panegyric on Constantine, in a.p. 296, that “ Britain 
,, Produced such abundance of corn, that it was 
;, Sufficient to supply not only bread, but a liquor 
— with wine.” As for the processes of 

_ ture followed by the ancient Britons and other 
— > nations, we have the statements of Isidorus 
«. -rsius, who describe them as follows: “The 
‘ ape 1s steeped in water and made to germinate, 
x i, which its _— are excited and set at liberty ; 

tis then dried and ground, after which it is infused 


* We publish this week two lar i essrs. 
} ge engravings of M 
pe snew brewery at Burton-on-Trent, ia engravings, 


we ee given in our last number, having been pre- 





wings kindly lent to us by Mr. Robert Davison, 
f and under 
entirely carried out. The 


of the work was designed, 
it was i 


“in a certain quantity of water, which, being fer- 
** mented, becomes a pleasant, warming, strengthen- 
. ing and intoxicating liquor.” This brief description 
would really apply very fairly to the brewing processes 
of the present day. 

Further evidence of the extensive use at an early 
eriod of liquors prepared from barley is afforded by 
liny the elder, who flourished between the years 

A.D. 23 and a.D. 79, and who relates that such a liquor 
was used in Spain, under the names celia and ceria, 
and in Gaul under that of cerevisia, a name which lexico- 
graphers have sometimes written cererisia, as it is 
evidently derived from Ceres, the goddess of corn. 
Pliny likewise explains that almost every species of 
corn was used for the manufacture of a fermented 
liquor. Tacitus also, in his account of the manners 
of the Germans, written about the end of the first 
century of the present era, mentions beer as heing the 
favourite beverage of the Anglo-Saxons and Danes, as 
it had previously been of the Germans, and, indeed, 
before the conversion of the Danes to Christianity, it 
was believed by them that large and frequent drauglits 
of fermented liquors formed one af the chief pleasures 
of heroes admitted to the halls of Odin. 

As early as the year 694 ale was mentioned in laws 
enacted by Ina, king of Wessex. Ina, whose laws 
served as the foundation of the code formed by Alfred, 
imposed a tax, according to the extent of land farmed, 
of so many ambers (containing seven gallons each) of 
Welsh ale. At the time of which we are speaking 
there were two kinds of ale, common ale and spiced 
ale, aud even the common ale was an article of such 
luxury amongst the Welsh that it could only be ob- 
tained by the wealthier classes. The value of a cask 
of the spiced ale, nine palms in height and eighteen in 
diameter, was 7/. 10s. in our present money, a similar 
cask of common ale being valued at 3/.15s. In the 
law just mentioned, it is stated, “1fa farmer hath no 
“mead he shall pay two casks of spiced ale or four 
“ of common ale for one of mead.” A little later, in 
728, booths for the sale of ale were established in 
England, and laws were made for their regulation. 
Ale is particularly specified amongst the drinks pro- 
vided at a royal banquet in the time of Edward the 
Confessor; and during the reign of Henry III., who 
occupied the throne from 1216 to 1272, its manu- 
facture was one of considerable importance, and the 
price at which the liquor was sold was regulated ac- 
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cording to that of corn. 








become men of substance, and we may read in Stow 
that in 1414, “One William Murle, a rich maltman 
“ or bruer, of Dunstable, had two horses all trapped 
“ with gold.” It was soon after this last-mentioned 
date, in February, 1427, that the London Company of 
Brewers was incorporated. This company hore for a 
time their coat of arms empaled with that of Thomas 
& Beckett, but the corporation does not appear to have 
attained any great importance until it obtained a 
charter in July, 1559. Although Chaucer, who 
flourished towards the end of the fourteenth century, 
became eloquent on the subject of “a draught of 
“moist and corny ale,” and Skelton, who lived about 
a hundred years later, has also sung its praises, it is 

robable that the malt liquor then brewed would find 
bat little favour now-a-days. Instead of hops being 
employed, the decoction of malt was bittered by bay- 
berries, ivy-berries, or broom, and the ale was almost 
certain to became “eager” before it was ripe. Ac- 
cording to Holinshed, also, whose “Chronicles” were 
published in 1577, unmalted oats were liberally mixed 
with the malt proper, and, from the trial of Beau Field- 
ing, it appears that an inferior liquor, called oat ale, 
was alsoinuse. Itisno wonder then that Shakespeare 
speaks compassionately of that “ poor creature small 
beer.” 

Sir Richard Baker, in his “Chronicle of the Kings 
“of England,” gives the following proverbial distich : 


“ Turkey, carps, hoppes, piccarel, and Leer, 
Came into England all in one year,” 


and this has led to the impression that hops were not 
introduced into this country until the reign of Henry 
VIII., or about the year 1524. Like many old say- 
ings, however, the above distich contains misstate- 
ments, and, so far as hops are concerned, it is certain 
that they were known in England—even if they were 
not gewerally used —at least a century earlier. In fact, 
in 1428, in the reign of Henry VI., the hop was 
petitioned against as a “wicked weed;” but at that 
time the wild plant only appears to have existed in 
this country, as the culture of the hop was not com- 
menced until near the middle of the sixteenth ogy 
when it was introduced from the Low Countries. It 
is said that the term “beer” came in with the hops, 
and was employed to distinguish the liquor brewed 
with them from the old-fashioned ale. i 

Hops are first noticed in the statute book in 1552, 
in the Act 5, Edward VI., chap. 5, where lands “ set 





Even in these early times brewers appear to have 





“with saffron, or hops” are mentioned, amongst ex- 
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ceptions, to the operation of the statute. This was 
about a year after the same king had passed laws for 
the regulation of ale houses. At first, the culture of 
hops does not appear to have spread very rapidly, and 
even during the reign of Elizabeth they were brought 
from the pes Countries in considerable quantities ; 
but from an act passed in 1603, in the reign of James 
L., it seems that by that time hops were grown to a 
large extent; and in the third edition, published in 
1652, of a work which originally appeared in 1649, 
entitled, “The English Improver, or a New Survey of 
“ Husbandry, by Walter Blith, a Lover of Ingenuity,” 
the author speaks of hops as “ a national commodity.” 
He also says: “ But it was not many years since the 
“famous city of London petitioned the Parliament of 
“England against two anusancies, or offensive com- 
“‘modities, that were likely to come into great use or 
“esteem, and that was Newcastle coal in regard of 
“their stench, &c., and hops in regard that they would 
“spoyl the taste of drink, and endanger the people, 
“and from some other reasons I do not well remem- 
“ber, but petition they did to suppress them ; and 
“had the parliament been no wiser than they, we had 
“been in a measure pined, and in a greater measure 
“starved.” In 1690, in the reign of William and 
Mary, a protecting duty of 20s. per ewt. was’ levied 
upon all hops imported, over and above all other 
charges, and in 1710, 9th Anne, a duty of 1d. per 
pound was laid on all hops grown in this country, and 
3d. per pound on all foreign hops. 

To return, however, to the brewers. In the reign 
of Elizabeth beer began to rise in favour, and the ale- 
houses increased in number to such an extent that 
the authorities became alarmed, and the Lord Mayor, 
aided by the magistrates of Southwark and Lambeth, 
suppressed more than two hundred of these houses 
within their jurisdiction. It is stated by Stow that in 
the year 1585, there were in the city, suburbs, and 
Westminster about twenty-six brewers, ‘‘ whereof the 
* one half of them were strangers and the other Eng- 
“lish.” These brewers brewed in the year 1585 
648,960 barrels of beer, which were delivered to their 
customers in open cdsks before the fermentation was 
completed, a mode of transmission which is said to 
have occasioned the enormous loss during the transfer 
of one gallon in every nine. It was in the year last 
mentioned that Thaddeus Hagecius ab Hayck, a 
Bohemian writer, published his treatise entitled “ De 
* Cerevisia ejusque conficiendi ratione, natura viribus 
“et facultatibus,” a work of about fifty pages con- 
taining a wonderfully accurate account of the process 
of brewing. A still earlier work on the same subject 
was published by Basil Valentine, an alchemist and 
chemical author of the sixteenth century, whose treatise 
is believed to have been the first of its kind. In 1591 
there was brewed by the “twenty great brewhouses 
** situate on the Thames side from Milford Stairs, in 
“ Fleet-street, till below St. Catherine’s” the yearly 
quantity of seven or eight brewings of strong or sweet 
beer for exportation to the Low Countries, Embden, 
Dieppe, &c., the total of these brewings averaging 
annually to about 26,400 barrels. In 1610 the first 
brewery was established at Burton-on-Trent. 

In the year 1643 an excise duty was imposed on ale 
by Parliament, and it was continued by an act passed 
in the reign of Charles [I., in 1660. Seventy years 
later, in 1730, porter was first sold in London at the 
“Blue Last,” in the Curtain-road, a fact which is 
recorded by an inscription borne by the house at the 
present day. In‘the Annual Register for 1760, an 
anonymous writer mentions the names of fifty-two 
Leoion breweries, and states, very exactly, that their 
combined productions between Midsummer 1759 and 
1760 amounted to 975,217 barrels 3 firkins. The list 
is headed by Messrs. Calvert and Stewart, with a pro- 
duction during the year above mentioned of 74,734 
barrels 3 firkins ; next comes Messrs. Whitbread, with 
a production of 63,408 barrels, and third are Messrs. 
Truman, who manufactured 60,140 barrels 2 firkins 
during the year. ‘The fifth brewery on the list was 
Thrale’s, a brewery which, on the death of Mrs. Thrale 
(Madame Piazzi), was sold for 135,000/., and which 
has since grown into the v:.st establishment of Messrs. 
Barclay, Perkins, and Co. The writer, abovereferred to, 
speaks as follows of the beer trade. He says, “In the be- 
“ ginning of the reign of William, brown ale, which was 
“ a heavy sweet liquor, was sold for sixteen shillingsthe 
“ barrel, and small beerfor six shillings the barrel, which 
“ the customers paid for in ready money, and fetched 
“ from the brewery themselves. A change came over 
“ the character of London beer in the reign of Queen 
* Anne, owing to two different causes ; the duty im- 
“ posed upon malt and hops, and taxes, on acc8unt o! 
** the war with Fraace, on the one hand, and the more 
“ frequent residence of the gentry in London on the 











other. The duty on malt exceeding that on hops, 
“ the brewers endeavoured at a liquor in which more 
“ of the latter should be used: The people, not easily 
weaned from the sweet clammy drink to which they 
“ had been accustomed, drank ale mixed with the new- 
“fashioned bitter beer, which they got from the 
“ victualler. This is the earliest trace our antiquarian 
“ searches have enabled us to detect of the very 
palatable beverage ‘half and half.’ The gentry in- 
“troduced the palé ale, and pale small beer, which 
“ prevailed in the country, and either engaged some of 
* their friends or some of the London trade to brew 
“their liquors for them. The pale beers being 
“ originally intended for a more affluent and luxurious 
* class, the brewers who engaged in this new branch 
“ of business paid more attention to the condition in 
“ which it was delivered, increased their store of casks, 
“and kept them in better order. The pale ale was 
“more expensive than the London beers; its price 
“ was thirty shillings a barrel, whilst the brown ale 
was selling at nineteen shillings and twenty shillings, 
* and the bitter beer at twenty-two shillings a barrel. 
“ But the spreading of a taste for the new drink, and 
“the establishment of ‘ pale-ale houses,’ stimulated 
“the brown beer trade to produce a better article 
“ than they had originally made. They began to hop 
“their mild beer more; and the publican started 
“ three, four, and sometimes six butts at a time; but 
* so little idea had the brewer or his customers of 
“ being at the charge of large stocks of beer, that it 
* gave room to a set of moneyed people to make a 
“ trade by buying these beers from the brewers, keep- 
“them some time, and selling them, when stale, to 
* publicans for twenty-five shillings or twenty-six 
“shillings a butt. Our tastes but slowly alter or 
* reform; some drank mild beer and stale, others, 
“ what was then called three threads, at threepence a 
‘quart; but many used all stale at fourpence a 
** quart.” 

The practice which existed of drinking “three 
threads ”’ or a mixture of one-third each of ale, beer 
and “twopenny,” was an inconvenient one for the 
publican, as he had to draw from three butts to make 
up a single tankard of the liquor. To remedy this in- 
convenience the idea was conceived, by a brewer 
named Harwood, of brewing a liquor which shou!d com- 
bine the flavours of the three varieties then in use. 
This he succeeded in doing, and he named the new 
liquor, which soon gained favour, “entire butt” or 
“entire.” Shortly after, other brewers commenced 
making a well-brewed liquor, of a quality which was a 
medium between the varieties in use and this “ porter,” 
as it became afterwards called, they kept a proper time 
so that it might become mellow, without being stale. 
This porter was, as we have already stated, first 
sold in 1730, and being supplied by the brewers at 
twenty-three shillings a barrel, so that it might be re- 
tailed at threepence a quart, it at first coulis and 
afterwards rapidly made its way into public favour. 
At first the porter could not be made fine and bright, 
and it was considered that it should not be drank 
until it was four or five months old. Early in the 
present century, when “good hard beer’ was the 
great desideratum, it was customary for the London 
porter brewers to keep large stocks of it for eighteen 
months or two years. The vats used for storage were 
very large, and in 1814 one of them at Meux’s, capable 
of holding three thousand five hundred barrels, burst 
when full, and its contents overturned the walls of an 
adjoining house, causing the death of some of the in- 
mates and injury of others. At the present time 
porter is kept in stock by the London brewers but a 
few weeks, and sometimes but a few days, only. 

Gradually and steadily the importance of the 
brewing trade has increased, until now our largest 
breweries, such as Messrs. Bass’s and Messrs. All- 
sopp’s, at Burton, and Messrs. Truman’s, Messrs. 
Barclay, Perkins, and Co.’s, and others in London, 
rank amongst the leading manufacturing establish- 
ments in the country. The inland revenue returns 
for the financial year 1865-6 show during that year 
licences were taken out by 5821 maltsters, and no 
less than 38,125 brewers; but of this last number a 
large eg Hae nine-tenths, probably—were 
victuallers who brewed their own beer. The produce 
of our breweries is sent to all parts of the globe, and 
it is probable that none of our exports are more 
widely and favourably known than the stouts of 
London and of Dublin, the “ bitter” of Burton, and 
the ales of the celebrated Scotch breweries. 

Nor is it only in Great Britain that the art of brew- 
ing is an important one. On the Continent, and 
especially in en brewing is largely carried on. 
Even at the present day, also, liquors greatly resem- 





bling those produced by the Egyptians two thousand 


years ago are produced in the less civilised countries, 
‘The Abyssinians, Arabians, and several African tribes, 
prepare a fermented liquor called dousa from the flour 
of “ teff”’ (Poa Abyssinica) ; and the same beverage, 
which is of a sour, muddy character, is also made from 
the “ durrha,” or millet (Sorghum Vulgare), and even 
occasionally from barley itself. In Russia, also, a 
sharp, acid, muddy drink, called “ kvass,” or “ quass,” 
is largely used, this liquor, which greatly resembles 
“bousa,” both in taste and appearance, being pre- 
pared by fermenting a mixture of rye bread or flour— 
or sometimes barley flour—and water. 

We have now given a general outline of the rise 
and progress of the brewing trade in this country, and 
we must in our succeeding articles proceed to consider 
the various brewing processes as they are at present 
carried on. Before treating on brewing proper, how- 
ever, we ses we to say something respecting the 
materials employed by the brewer, and on the methods 
of preparing them for his use. We shall then describe 
the general process of brewing, and afterwards its 
details separately, together with the various me- 
chanical contrivances employed ; and, finally, we pro- 
pose to consider the various plans on which breweries 
are arranged, noticing, at the same time, some of the 
continental systems. 








PERMANENT WAY ECONOMY. 
To THE Ep1tor oF ENGINEERING. 

Srz,—The weight of traffic on the line of which I have 
the engineering charge has more than doubled within the 
last five years, and as the life of rails is, ceteris paribus, as 
the weight of traflic, my rails, which, but for this increase, 
might have been expected to last, say fifteen years after 
being put down in 1863, could not, when put down in 1868, 
be counted upon for more than seven and a half. The traffic 
is still increasing, and is likely to still further increase ; and 
should it again double, even by 1875 or 1876, my rails must 
suffer in proportion. This increase ought to be constantly 
going on upon all railways. Upon most lines it fortunatel 
is, even in the present depressed condition of trade; an 
when trade revives the increase will be much more rapid 
than now. The growth of British railways and of railway 
traffic since 1849 is indicated in the following statement of 
mileage and gross receipts : 


Miles open. Gross receipts. 


1849 5,5794 11} millions. 
1852 7,113 153 ” 
1856 8,502 23 * 
1865 13,289 35} “i 


Even this great progressive increase gives but an imper- 
fect idea of the increase in the weight of traffic. The third 
class, season ticket and excursion ‘traffic has very greatly in- 
creased, and the goods, and especially the mineral traffic, has 
increased enormously, and thus a million of gross receipts 
represents a far larger tonnage now than it did ten years ge, 
and consequently a far greater wear and tear of rails. Like 
most permanent way engineers, I prefer to measure the life 
of rails rather by tonnage than by years, but I think it ad- 
mits of little doubt that we are rapidly reaching the time 
when, what may be reckoned a fair main-line traffic, will 
knock an average iron rail to pieces in from four to six 
years, while on lines with exceptionally heavy traffic they 
may give out in as many months. ; 

I have given very close attention to the comparative merits 
of iron and steel. I have satisfied myself that the fifty odd 
steel rails put down at Camden Station six years ago have 
already outworn, according to the positions in which they 
were put down in the various lines and sidings, from six to 
twenty-two faces of iron rails laid next to them, and that 
without having been themselves turned. Many of these rails 
have worn out ten faces and upwards of iron. I have seen 
steel rails on the North London Railway which have out- 
worn nineteen faces of iron, a steel rai! at Derby, which has 
outworn ten faces of iron in the same line, and steel crossings 
on the North British line which have already worn out 
twelve iron crossings placed in like positions. I have ‘steel 
rails in my own line, as yet but moderately worn, which have 
nevertheless worn out six faces of good iron rails subjected to 
precisely the same traffic. I am quite satisfied that from the 
inherent want of homogeneity, and the necessarily fagotted 
structure of iron rails, they cannot, even when of the best 
makes, be relied upon for more, at the utmost, than one-sixth 
the tonnage duty of steel rails, and I adopt this ratio of the 
six-fold durability of steel, as compared with iron, with 
entire confidence. I have seen a few broken steel rails, and 
have heard of others, some indeed having been broken in un- 
loading from wagons, just as I have seen iron rails break. 
An engineer in charge of one of the Russian railways—® 
gentleman upon whose statements I have long had the best 
reason to rely—assures me that of his rails (iron) made under 
a single contract with a large English firm, two hundred broke 
during the past winter ! I am aware that steel rails may be 
made too hard, and thus be liable to break, but I consider 
that this point rests as much with the engineer as with the 
maker. I lose no opportunity of impressing upon =o 
making firms, working to my specifications, that the perfec 
homogeneity of steel rails insures their durability >a 
when the steel is not itself greatly harder than 
iron. So far from being more brittle than good iron 
steel rails made with the same relative care have prov 
themselves, on the line under my own care, to be in every 
way tougher and more trustworthy under all circum 

employ steel of the same weight as the iron rails swt = 
they replace. I do this as a provision against & thes 
increase in the weights of engines within the next 4 





twenty, or thirty years, during which the steel rails are €X- 
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ected to last, and partly, also, because of the better way 
Sich strong rails secure—a point in respect of which not 
ps arly enough has been said. Steel rails, once accurately 
weet need, distribute their load more effectively over a 
number of sleepers and fastenings than do iron rails; they 
may be laid to a slightly narrower gauge ; and with rolling 
stock having tyres in good order, they offer less resistance to 
traction, a fact which, although I have fully satisfied myself 
upon it, I state rather to suggest its verification by other 
engineers. I am satisfied that the improvement thus effected 
on a line of large traflic is alone sufficient to compensate for 
the increased cost of steel, even were it no more durable than 


"I believe that but few railways, and those of moderate 
traffic, can longer affi rd to use iron rails. They are too costly in 
maintenance, besides involving a far too frequent interruption 
of the line in relaying. If, under heavy and increasing 
traffic, iron rails will last five years steel will last thirty. If 
iron, laid down, costs 8/. per ton, and its interest at 5 per 
cent. be 8s. per ton yearly, it will have cost 10/. at the end of 
five years, or 2l. yearly. Taking steel, laid down, at 14/. per 
ton (although I can buy plenty at from 11d. 10s. to 127 10s.) 
and its interest at 14s. yearly, its total cost for thirty years 
would be 36/., 1. 3s. 4d. yearly. At the end of five years, 
when the iron would be worn out, the steel would have 
cost 51. 16s. 8d., giving a saving of 4/. 3s. 4d. per ton, and 
the total saving in thirty years would be 262, or nearly 
twice the original cost of the steel. I do not allow for the 
difference in price between new iron and old iron in re- 
newing, since old iron merely represents so much cash, 
and its barter does not affect the real price of new iron rails. 

I have long hoped, however, that steel rails would yet be 
cheaper than now. But I see very little prospect of this 
even when the whole or part of the present royalty of 1/. per 
ton is taken off next year. In the present depressed con- 
dition of trade, and with the reductions which have been 
made in the rate of wages, I think steel is as low in price as 
it is likely to be until some further improvement is made in 
its manufacture. A revived demand will have the inevitable 
effect of stiffening prices, and thus I look to the maintenance 
of nearly the present prices even with the royalty off. But 
rails must always be had when they are wanted, and renewals 
are being constantly required. If 1 want 100 or 500 tons for 
renewals this year, my Board cannot delay their orders for 
these until the end of next year, nor could they afford to 
saddle upon revenue, for five years to come, the heavy annual 
cost of iron as compared with the much less annual charge 
for steel. 

I am, Sir, your obedient Servant, 
March 18, 1868. A PERMANENT Way ENGINEER. 








KAUFMANN’S AERIAL MACHINE. 
To rue Epiror oF ENGINEERING. 

Srr,—In the interesting description you gave of the 
aérial steam machine ingeniously designed by Mr. Joseph M. 
Kaufmann, C.E., of Glasgow, in your journal of March 6th, 
you mentioned that when the working model was experi- 
mented upon, the wings of the machine, after steam at a 
pressure of 150 lb. had been turned on, “ made a short series 
“of furious flaps; but, through imperfect workmanship, the 
“left wing suddenly gave way about 2 ft. from its base, when 
“the other wing, being subjected to extra strain, failed also,” 
and “ Mr. Kaufmann states that these accidents were in a 
“great measure caused by the wings having been lengthened 
“3ft. previous to the trial, and being thus exposed to a 
“greater strain than they were constructed to resist.” 
Doubtless, therefore, Mr. Kaufmann will be easily able to 
prevent a repetition of the above mishap in the next ex- 
periment; but supposing at any time when experiments are 
being made with the actual machine, any part of the 
machinery through unforseen circumstances should fail to 
act properly, or from accident of some kind that one of the 
wings “should suddenly give way,” then I presume that 
not only will the propelling power be destroyed, but the 
whole machine, with the enterprising aéronauts in the 
tender, will at once yield to the laws of attraction of gravita- 
tion with an accelerating velocity. 

In order to prevent such a catastrophe, it appears to me 
that it would be quite feasible to connect an ordinary balloon 
to the machine without interfering with the working of its 
mechanism. 

Ido not mean in the case of the larger machine of 120 
horse power, with one tank-car and three carriages, weighing 
8000 Ib. ; for if it is to carry forty persons, supposing them 
to weigh 5600]b., an average of 10 stone each, making 
altogether 13,6001b., it would be impossible to manage a 
balloon of sufficient contents to carry the load. But in the case 
of the smaller one, mentioned in Mr. Kaufmann’s letter, 
published in the last number of ENGINEERING (March 13th) 
of 3 horse power, and weighing 801b., which is to carry only 
two persons in the tender, and which is now being made, and 
1s to be exhibited at the exhibition of the Aéronautical 
Society, there would apparently be no difficulty in attaching 
a balloon, as one of about 8180 ft. contents, or about 25ft. in dia- 
meter, would be sufficiently large, if filled with - pure 
hydrogen, to carry the machine, taking the men as weighing 
about 10 stone each; or if not in the way of the machine, a 


larger balloon, filled i i i 
rger bs ed in the ordinary manner with coal-gas, 
might be used. , . 


mere, this may be no suggestion after all, as Mr. 
aulmann may have himself*eontemplated combining the 


two powers, and found it impracticable. 

It seems a most clever invention, and if it succeeds, Mr. 
Kaufmann will deserve the greatest credit. I am looking 
forward with very great pleasure to the Aéronautical 


Society’s exhibition, which is to be held at the Crystal Palace 
next June, to see it worked, and I cordially join with you in 
Kaufmann all the success which his labours 
Yours, &c., 
G. J.C. D. 


wishing Mr. 
deserve. 


Euston Station, March 18, 1868. 





WHITE IRON AND THE BESSEMER 
PROCESS. 
To Tue Epiror oF ENGINEERING. 


Srr,—It appears from some so-called “Contributions to 
the History of Steel Making,” recently published in The 
Engineer, and referred to in your last number, that the pre- 
judice which at one time existed against the application of 
white iron for the Bessemer process has still maintained a 
strong hold upon the minds of some historians who, in their 
zeal to oe the past, are probably more than others in- 
clined to overlook what actually takes place at present. 

There is no difference with regard to the working of pig 
iron in the converter between combined and uncombined 
carbon, and all that is wanted for successful working is that 
the percentage of carbon in the pig iron shall not be too 
small. It is immaterial whether the carbon in the pig iron 
is all carbonised, or all graphitic, or partly combined and 
partly graphitic, and it is equally immaterial whether the 
pig iron employed is white, or grey, or mottled. All these 
differences, in fact, refer to the mode of crystallisation much 
more than to chemical changes, and it is not known whether 
earbon in molten iron is combined or uncombined. ‘The fact 
that the effect of chilling produces white crystalline iron from 
the same material which will show a grey fracture when 
allowed to cool, slowly seems to support the hypothesis that 
in liquid iron all the carbon is in the combined state, and 
that the carbon is liberated and formed into crystals of 
graphite when the iron cools slowly and gradually, while the 
process of rapid solidification or “ chilling” does not allow 
the carbon sufficient time for its separation, and the combi- 
nation of carbon and iron then crystallises without decom- 
position. Whether combined or uncombined, however, it is 
obviously incorrect to speak of “ graphitic” carbon in liquid 
iron, since the carbon cannot be called graphitic until it is 
crystallised and assumes the allotropic form of graphite. 
The conversion of white iron into Bessemer steel is a 
matter of everyday practice. The best marks of Swedish 
iron used in the Bessemer Steel Works in Sheffield are white 
or mottled ; the iron used in Sweden and in Styria for being 
run into the converter direct from the blast furnaces is made 
rich in carbon, but not grey, only when such iron is required 
for remelting in an air furnace it is preferred to produce 
grey pig iron. It is well known that spiegeleisen, which has 
no graphitic carbon, can be converted into steel by the Bes- 
semer process, and the peculiarity of its working is very far 
from making a “ coldcharge.” The action is so violent that 
a great quantity of iron is thrown out of the converter along 
with the slag. This is caused by the manganese combining 
with the oxygen of the air with such rapidity as to produce 
a series of small explosions following each other in quick 
succession. It is possible, however, by mixing spiegeleisen 
with a small proportion of white silicious charcoal iron, to 
produce a mixture containing xo uncombined carbon what- 
ever, which will work with facility in the converter. In the 
course of some trials of foreign pig iron in the Bessemer 
Steel Works, in Sheffield, I have seen several brands of white 
iron which were perfectly suited for the process. The Italian 
licensees of Mr. Bessemer sent three kinds of pigs, viz., grey, 
mottled, and white, and, each kind having been tried by 
itself, the result was equally favourable with all three marks. 
Some white iron from Hungarian charcoal furnaces has been 
tried in Sheffield with equal success, and similar results have 
been obtained on the Continent in very numerous instances. 
The British hematite irons are always of a grey colour, and 
in this instance a light grey fracture indicates absolute 
poverty in carbon. With regard to white iron, however, the 
case is different. There are white irons which contain 5 per 
cent. of carbon, while there are other kinds of white iron 
which contain scarcely more than 2 per cent. The appear- 
ance of the fractures, however, show no difference in colour 
or structure, and for this reason the selection of white iron 
for the Bessemer process presents greater difficulties than is 
the case with regard to grey pigs. When the fracture of 
the pig iron is perfectly white, nothing except a chemical 
analysis can afford a trustworthy indication of its quality ; 
but in the case of charcoal iron, a slightly mottled appearance 
is sufficient to indicate a high percentage of carbon. This 
is the reason why Swedish pigs for the Bessemer process are 
preferred mottled, while at the same time it makes no difference 
whether they are strongly or slightly mottled. The mottled 
appearance saves the trouble of an analysis by proving a 
high percentage of carbon; but in every other respect it is 
immaterial how much of the carbon is in the combined and 
how much in the graphitic state, and therefore the quantity 
or amount of grey portions appearing upon the white ame. 
line fracture of a charcoal pig of that kind has no signifi- 
cance for practical purposes. 


Paris, March 16, 1868. Frerprvanp Koun. 








THE COUPLING OF BORING-RODS. 
To THe Epiror oF ENGINEERING. 

Srr,—We shall feel obliged if you will allow us space to 
correct an error committed by the printer in our letter which 
appeared in your last issue. If you will kindly refer to the 
original you will find that we stated the size of the rods to be 
liin., not half inch. 

Your obedient Servants, 
8S. Owens anv Co. 
Whitefriars-strect, Fleet-street, March 19, 1868. 


Coat 1n AtaBpama.—The coal fields of Alabama are at- 
tracting attention. They are three in number; the Coosa 
River district, covering about two thousand square miles, the 
Cahawba River district, covering some five thousand square 
miles, and the Warrior River district, which is said to em- 
brace no less than fifty thousand square miles. The quality 
of the coal produced from the first two is very fine; the third 
is rather inferior and less accessible. <A very little has 





hitherto been done in developing these districts. 


THE BERAR EXHIBITION, 

“Tue next department in the prize list is that of the 
‘machinery.’ Among the exhibitors under this head are 
Ransomes and Sims, Shand, Mason, and Co., John and 
Henry Gwynne,* George Kent, Platt Bros., J. Macdowall 
and Sons, 8. Worssam and Co., Newton and Co. Too much 
praise cannot be given to Messrs. Nicol and Co. for the 
trouble they must have had in bringing up such a large 
assortment of machinery, and it must have cost the com- 
mittee a large sum to have paid all the expenses to Akola. 
However, let us hope it will repay them. A gold medal is 
awarded to Messrs. Ransomes and Sims for the best portable 
steam engine of 12 horse power. A prize of 100 rs. to 
Messrs. Shand, Mason, and Co. for the best pump worked by 
cattle, and a similar reward to John and Henry Gwynne* for 
the best pump worked by steam, which has been bought by 
Captain Foord for the use of the Akola Municipality. Messrs. 
Shand, Mason, and Co. obtain a silver medal for the best 
hand pump adopted for native use, and Messrs. Ransomes 
and Sims a silver medal for a machine for winnowing grain. 
Best churn, a silver medal to George Kent; best cotton gin, 
asiver medal to Platt Bros. And the following machinery 
obtained silver medals: best oil mill, J. and H. Gwynne ; 
best chaff cutter, best grain bruiser, Messrs. Ransomes and 
Sims; best circular band and vertical saws, J. Macdowall and 
Sons. Special gold medal to Messrs. Shand, Mason, and Co. 
for combination of patent portable litt and foree pump for 
wells or carriage with fire engines. A gold medal was also 
awarded to 8. Worssam and Co., for “best, best, best” 
planing and moulding machine. Messrs. Newton and Co. 
obtained a silver medal for a collection of electrical and 
pneumatie apparatus.” —Times of India. 


A HINT TO BANKRUPT COMPANIES. 
To rue Epiror oF ENGINEERING. 

Sir,—I have once or twice thought of writing to you to 
expose a fallacy frequently indulged in by some of your 
correspondents, viz., that interest torms an element in the 
cost of railway plant. I have the honour of being con- 
nected with an important railway company which for 
years has paid neither interest, principal, or dividends, and 
[ am in a position to assure you that the condition of our 
line is always excellent. If you require proof, look at the 
London, Chatham, and Dover. Hopelessly bankrupt as it is, 
there is hardly a better line (unless it be the Great Northern) 
in the kingdom, so far as fitness for fast first-class traffic is 
concerned, On our line, which pays neither shareholders 
nor bondholders, but only account-current creditors, we find 
steel rails far cheaper than iron, and we employ the former 
so far as our directors can obtain credit for them. They cost 
nearly twice as much asiron at the beginning, but they last 
from eight to twenty times as long, and as we are not 
troubled with considerations of interest, steel is thus at 
least four times, if not ten times, cheaper than iron, We 
don’t have to borrow the money to buy them. We take it 
out of revenue, and it makes but little difference in the ac- 
counts of the year, for we are always borrowing and never 
paying. The ingenious calculations of some ot your corre- 
spondents as to the accumulated compound interest of steel 
rails, expected to wear forty or fifty years, have given our 
treasurer great amusement. The interest upon our credit 
accounts being practically ni/, he cannot make out how the 
interest upon the cost of rails can be estimated at an accumu- 
lating rate. As itis uncertain how many companies ma 
yet find themselves in the same category as that with whic 
I have the honour to be connected, { have thrown these ob- 
servations together, as much, or more, for the advantage of 
railway officials as for railway shareholders, to say nothing 
of railway creditors. 

Basinghall-street, Thursday. 





JEREMY DIDDLER. 








THE FASTENING OF RAILWAY CHAIRS. 
To THE Epiror oF ENGINEERING. 

Srr,—On the construction of permanent ways will you 
kindly allow me space to say a few words. Your able corre- 
spondent, “An Old Platelayer,” has brought this subject 
before the public in a highly creditable way, based on sound 
practical principles, and all who are interested in the con- 
struction of railways must read his letters with great interest. 
So far as he has treated the subject many existing defects 
have been lucidly pointed out, and I believe, as he does, that 
it is only a matter of time for his views to be realised and 
carried into practice. 

The mode of fastening securely the chair to the sleeper 
has long been a question occupying my attention. The 
twisted spikes soon become loose, and any casual observer will 
perceive they are not adapted for such a purpose, having 
very slight holding power, while the effect of driving them 
is to split the sleeper, and render them worse than useless— 
even dangerous. I have been a manufacturer for many 
years of such wood screws as “ An Old Platelayer ” advocates, 
and have recently patented a screw in all respects calculated, 
as I believe, to answer the purpose. I am forwarding you, 
by rail, samples of them for your own inspection. 1 think 
their superiority over the old cut or chased screw will be 
readily seen, and with this assurance I leave them in your 
hands to be inspected and tested by any practical person. 

I remain Sir, yours respectfully, 
Henry P. Boyp. 
Low Walker, Patent Bolt Works, 
near Newcastle-on-Tyne, March 18, 1868, 








Tue Spanisx Marts.—The Spanish Minister of the 
Colonies has been authorised, by a royal decree, to make 
arrangements for the continuation of a service of steamers 
between Havannah and Vera Cruz, with a stoppage at Sisal, 
and between Havannah and Porto Rico, with stoppages at 
Nuevitas, Gibara, Baracoa, Santiago de Cuba, and Mayaguez. 





* Incorrectly given in the Times of India as “ Gwynne and Co,,” 








another firm engaged in the same branch of trade,—Ep, E, 


ENGINEERING. 


[Marcu 20, 1868, 











ENGINES OF 


THE STEAM TUG 


“JAMES 


N. THOMPSON.” 


CONSTRUCTED BY THE NATIONAL IRON ARMOR AND SHIPBUILDINGS COMPANY, KAIGHNS POINT, NEW JERSEY, U.S, 


We give above engravings of the engines of the steam tugs, 
“Jas. N. Thompson” and “S. P. Christian,” built by the 
National Iron Armor and Shipbuilding Company, Kaighns 
Point, New Jersey, U.S., these being single engines, such as 
are almost universally employed in America for tug boats for 
harbour service. Such engines give no trouble, as when a 
man has had a little practice with them he has no difficulty 
in keeping them off the centre ; they are generally made non- 
condensing when the cylinder does not exceed 22 in. or 24 in. 
in diameter. 
diameter of the cylinder is 18 in., and the stroke is also 18 in. 
The cylinder has its lower end cast in, and it is securely 
bolted down to the standards. The standards are bolted 
down to the bed-plate, which carries the bearings, &., by 
twelve bolts, and the bed-plate is in its turn fastened down 
to the keelsons by separate bolts. The cross-head guides are 


formed in the standards, and the cross-head is of a pattern | 


which permits the use of a single ended connecting-rod. 

The engine is fitted with link motion, and the cut-off is effected 
by a valve working on the back of the main valve on Meyer's 
plan, this valve being adjusted by the hand-wheel and gauge 
on the top of the steam chest. The pumps are worked by an 
eccentric placed on a prolongation of the crank shaft beyond 
the valve eccentrics. The wheel shown on the shaft answers 
the triple os oe of a counter-balance, a wheel for enabling 
the engine to be pinched off the centres, and a shaft coupling. 
The engines are worked with steam at a pressure of 76 lb. 
per square inch, and are driven at from 96 to 100 revolutions 
per minute. The screw is 6 ft. 4in. in diameter. The boats 
to which the engines are appliec are employed in towing on 
the Delaware river for a distance of 28 miles. Ona tide they 
will each take four or five barges of 260 tons each. Our 
engravings of the engines we have described have been pre- 
pared from drawings for which we are indebted to Mr. Snow- 
den Bell, of Philadelphia. 


Crevsot.—In 1867, the Creusot group made 122,129 tons | 


of pig iron, against 116,090 tons in 1866. In spite, too, of 
the dulness of the times, the quantity of iron made in the 
group last year was maintained at 100,222 tons, as compared 
with 100,102 tons in 1866. The Creusot works have just 
shared with certain Loire forges an order for 15,000 tons of 
iron rails to be delivered at ‘Trieste. 


In the particular engine represented, the | 














THE USELESSNESS OF ENGINEERS. 
THE ironmasters have expressed themselves very frankly in 
the discussion going on at the Institution of Civil Engineers. 
They want no specifications for, and no tests of rails, and they 


wish to have no competition. All they ask is carte blanche, and 
a long price. ‘We will, of course, — our rails for so 
many years,” they add, but those railway boards who have had 


| experience of the guarantee system know how badly it works, 


and how it is made to serve mainly as an excuse for demanding 
an extravagant price. Says the Jron Trade Review, a thoroughly 


| “ trade” organ: 


“With reference to iron rails, the opinion of nearly all 


| practical iron manufacturers is against the existing method of 


making and testing rails. Each of the leading engineers has a 
pet specification of his own, and his particular tests, though 
trom a lack of actual knowledge as to the different qualities of 
the various kinds of pig iron, these specifications and tests, how- 
ever elaborate, are not, as a general rule, calculated to ensure 
the best wearing rails. The iron manufacturer himself may be 
presumed to know best what mixtures would produce the most 
lasting har, but engineers appear to think differently, and hence 
they endeavour to determine in a theoretical manner what 
the structures of rails ought to be; and as a consequence most 
signal failures are now turning up, which failures are generally 
ascribed to defective materials and workmanship, instead of to 
blundering and impracticable specifications and testing. If rail- 
way companies would put these pet engineering specifications 
aside, aud would leave the manufacture of rails to competent 
ironmasters, requiring a stringeut guarantee and paying a good 
price, allowing each firm to follow its own method of manufac- 
ture, there is every reason to believe that much more satisfac- 
tory results would be obtained, than under the existing 
system. We could mention a railway company where this 
plan has been adopted, with very great success. When half a 
dozen leading firms of a district are pitted against each other, 
with the knowledge that if they supply bad rails they will 
not only have to pay heavy damages in making good their 
guarantee, but will also stand a fair chance of losing the 
favour of the directors in future, each firm will take care to 
furnish the best possible material. Of course these views, though 


| ably advocated by some of the most eminent manufacturers, are 


very coolly received by the engineering profession; but in all 
probability railway directors will learn eventually to look into 











this question for themselves; and if they will only try the 
plan alluded to, they will doubtless be agreeably surprised at the 


results obtained.” 








Havre Maritime InrsrnationaL Exursrtion.—This 
special exhibition, which is to open on the 1st June, under 
the auspices of the. Emperor of the French and the several 
ministers of State, bids fair to prove a most interesting 
useful gathering. The first group, devoted to all that relates 
to shipbuilding, navigation, and engineering works, com- 
prises, under twenty-t. classes, much of interest to engi- 
neers, as will be evident from the titles of many of the classes. 
Sailing ships of all kinds—their construction and = 
steam vessels, vessels of iron and wood combined, na’ 
eonstructions and engineering works in iron, boats of all 
kinds, masts, rigging, sails, interior fittings of ships, preser- 
vation of iron ships, cabin fittings and other arrangements 
for steamers, yachts, and passenger — instruments of 
navigation, signals, lighthouses, buoys, &c., shears, cranes, 
screw-presses, and other apparatus for loading and unload- 
ing cargoes, &¢., engines and apparatus for sa life, 
models, &c. of screws and paddle-wheels, heating and pro- 
pelling apparatus, and all kinds of fuel, pumps, 
works in ports, harbours, and for the repair of v woods, 
metals, and materials of all kinds. These are the mere out- 
lines of heads which embrace a multitude of objects largely 
manufactured in our ship-yards and workshops, and in the 
excellence and — of which we can compete success- 
fully with the world. The port of Havre is within easy 
reach, and being the centre of a large foreign shipping trade, 
will be much resorted to this aytumn, more especially as, m 
order to render the Exhibition more attractive, various fétes, 
regattas, sham-fights, and competitive combats are to be 
held. Early application for space should be made to Messrs. 
J. M. Johnson and Sons, of London, who are appointed the 
concessionaires for the United Kingdom. 

AxorHsr TuRRET SHIP.—In addition to the Sultan, the 
new ironclad war ship of the Hercules class ordered to be 
laid down at Chatham dockyard, a powerful armour 


| to be named the Triumph is directed by an Admiralty i 
| just received, to be constructed at that establishment, the 


designs for both vessels having been prepared at the Admiralty, 
where the drawings and plans are now being made. 
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SOCIETY OF ENGINEERS. 
17th February, 1868. 
Batpwin Latuam, £sq., President, in the Chair. 
«“QN THE ISTHMUS OF DARIEN AND THE SHIP- 
CANAL.” By Dr. CuLLEN. (Concluded from page 230.) 
Tue Darien Sure CANAL. 
Advantages of a Ship Canal. 


Nor only would all the commerce of the western shores of 
North and South America pass through the canal, but, after its 
opening, no voyages would be made round the Cape of Good 
Hope to China and Australia, as they would be much more 
accessible by the Darien Canal than by the present, circuitous 
route, and the voyage could be made within one tropic, whilst at 
present a vessel must pass four times through each tropiciin a 
single voyage out and home. 

As regards passages to and from the west coast of North and 
South America, it is sufficient to say that to sail, for instance, 
from Aspinwall, the Atlantic terminus of the Panama Railroad, 
to Panama, a distance of 46 miles by land, it would be necessary 
to sail from 9° N. to 55° S. latitude, in order to weather the 
stormy Cape Horn, and to return ri the west coast to 9° N. on 
the Pacific side. The ship would thus have to sail over 64° of 
latitude on each ocean, or 7680 nautical, equal to8896 English 
miles, on a single passage, or 17,792 miles on a voyage to and 
from. Besides this enormous distance in latitude to be traversed, 
it must also be taken into account that on such a passage a 
vessel would have to run off to the eastward as -far as 30° W. 
longitude, in order to avoid the coast. of Brazil; and to. make 
back the same distance to the westward. She would also be 
obliged to beat to windward both in the Atlantic and Pacific, 
against the S.E. trade-wind in the former, when bound from 
Aspinwall te Panama; in the latter, when bound from Panama 
to Aspinwall. 

Moreover, the terrific storms from the W., often experienced 
off Cape Horn, might delay her entrance into the Pacific for 
weeks, 

Vessels bound either to or from China and Australia would, 
by the Darien route, have such fair, steady, regular winds, that 
their arrival might be calculated upon with precision and ac- 
curacy. 

In a passage to China by the canal, a vessel, having cleared 
its Pacific terminus, would at once enter into the track of the 
N.E. trade-wind, which blows between the parallels of 10° and 
25° N., and, her course being W., she would be carried with a 
fair and steady breeze directly to her distination. 

On the return voyage from China to the entrance of the 
canal, a ship would at once run up to between 80° and 40° N., 
so as to be clear of the region of the N.E. trade-wind, and avail 
herself of the strong W. winds that prevail between those pa- 
rallels to steer an E. course to the coast of Mexico. ‘There she 
would meet the N. land-wind, which would carry her with a 
flowing sheet down to the isthmus. 

On a passage out to Australia a ship would, after leaving the 
canal, enter a narrow track extending from’ 10° to 4°. N., in 
which the winds are variable. Having crossed this, she would 
enter the region of the S.E. trade-wind, which would be a fair 
wind, her course being W.S.W. Having passed the southern 
limit of this wind, in 23° S. latitude, she would enter the region 
of the N.W. wind, which would also be favourable to her 
course. 

On her return from Australia she might at once run up into 
the S.E, trade, in lat. 23° S., from whence, her course being 
about E.N.E., she would have a perfectly fair wind all the way. 
Or she might run down part of her easting within the limits of 
the N.W. wind, and then run up into the S.E. trade, by doing 
which she would have the wind a couple of points more free. 


The vast saving of time by the adoption of this passage, which 
will enable ships to make two or three voyages in the same 
period that they now take to make one, the suving of expense 
in their navigation, of wear and tear, of interest on the value of 
ship and cargo, of insurance of ship, cargo, and freight, and the 
great diminution of shipwreck and loss of life by sea, will effect 
a complete but beneficial revolution in commerce. 

_ Not only will a great saving of time be effected by the direct 
diminution of distance to be traversed between Europe and the 
E. coast of America, on the one side, and the W. coast of 
America, China, Japan, Australia, &c., on the other, and vice 
tersd, but also by the avoidance of the loss of time occasioned 
by calms in the low latitudes, hard gales off the capes, and the 
very long tacks to the eastward and westward which vessels are 
now obliged to make, in beating against the S.E. trade in the 
South Atlantic, or the N.E. or S.W. monsoon in the China seas. 
By the proposed canal all those causes of delay will be obviated, 
and fair, steady winds, smooth seas, and pleasant weather 
throughout the voyage—both out and home—may be fairly cal- 
culated upon. 

Nor are the benefits resulting from increased intercourse and 
proximity the only advantages which may be hoped for. The 
safety of life and property will be greatly increased, the hard- 
ships of thousands of mariners will be lessened to an incalculable 
extent, and the facilities for. benefiting our fellow-creatures will 
be greatly multiplied. 

The gold discoveries in California and Australia have imparted 
an a to ocean navigation, to the results of which it is im- 
possible to assign any limits; nor, uatil.the Darien, Canal is 
completed, can we estimate the effect it will have in diverting 
the commerce between the E..and, W. hemispheres from the old 
routes. That by Cape Horn will be totally'abandoned, and that 
by the Cape of Good Hope will be preferred only by vessels 
bound to the other ‘side of the Straits of Malacca. To al! 
countries lying farther east—to China, Japan, Australia, &¢.— 
the most comtortable, safe, speedy, and least expensive route will 
be through the Isthmus of Darien Ship Canal. 


Saving of Time and Money. 
The saving that would be: effected by the adoption of this 
passage may be illustrated by the following comparison of the 
expenditure of titie‘and inouey on the passage of a ship, with 
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Vid Cape Horn, Hi _ Vid Canal. ~ 


The Dimes of October 15, 1850,. states; “+The traffic that 


would through tlie canal, estimated now on the basis 





Time, 150 days. 
Salaries, and finding of officers 
and crew, for five months, 
5880 dollars. 
Insurance on 90,000 dollars 
- (value of ship) for 5 months, 
3600 dollars, 
Wear, tear, and depreciation, at 
10 per cent. per annum, for| 1125 dollars. 
5 months, 3750 dollars. 
Total,..13,230 dollars. Total...3969 dollars. 
Difference in favour of the canal, 105 days and 9261: dollars. 
From England to California the saving would be somewhat 
reater. 
. Supposing the value of the cargo to be 100,000 dollars, the 
saving on it would be as follows: 
Vid Cape Horn. | 


Time, 45 days. 


1764 dollars. 
dollars. 


Wear, tear, &., for 1} month, 





Vid Canal. 
Interest at 7 per cent. per| Interest at 7 per cent. per 
annum, for 5 months, 2916| annum, for 14 month, 874 
dollars. dollars. 
Insurance, at 4 per cent., 4000 |, Insurance at 2 per cent., 2000 
dollars. dollars. 
Total,..6916 dollars. Total...2874 dollars. 
Difference in favour of canal 4042 dollars. 


The total gains of ship and cargo would therefore be 13,303 
dollars, or about 6 per cent. on the value of both’. 

With respect to the cargo, it would avoid the damage of goods 
going round Cape Horn—at present a very heavy percentage on 
their value. ' 

Rear-Admiral Davis calculates, from the incomplete returns 
for 1857, that the saving to the trade of the United States, 
England, and France by the canal route, if thén opén, would 
have amounted, for that year, to $48,130,208, or 10,529,2961, 16s. 
He calculates the value of the ships and cargoes which would 
have taper through the canal that year at $467,831,130, or 
105,262,0041. 5s. 

The field for enterprise which will open itself, once there is a 
passage for the ships of all nations through the narrow strip 
which divides the oceans, appears almost unlimited. ‘The re- 
moval of this barrier would be the mightiest event in favour of 
the peaceful intercourse of nations which the physical circum- 
stances of the globe present to the enterprise of inan, and would 
effect a complete revolution in the commercial relations of the 
world. Incalculable as would be its advantages in the present 
state of commerce, these benefits would be multiplied by the 
effect which such increased facilities of communication and ex- 
change would exert to stimulate the immense masses of the 
human race thus acted upon to new efforts of industry in the 
development of the resources of the richest portion of the globe, 
and thereby to increase their wealth and material coniforts, 
whilst, in the eye of the philanthropist, the moral influence upon 
all that section of the globe of a closer and more intimate com- 
munication with the civilisation and institutions of the more 
favoured countries of the North Atlantic will constitute a motive 
not inferior to the aggregate of all the material advantages enu- 
merated above. The Emperor of France has said, “A ship 
canal would raise immediately to a prodigious degree of pros- 
pe. those countries which such an enterprise wou!d cause to 

traversed every year by thousands of merchant vessels, would 
open new marts for produce, and hasten by several centuries the 
march of Christianity and civilisation over half the globe.” 

It is the great political, commercial, financial, scientific, moral, 
and religious problem of the age, which, when accomplished, 
will do more to Christianise and civilise mankind than any other 
en This cosmopolitan work, once completed, will endure 
or all ages a monument of man’s enterprise and ability, surpass- 
ing all others ever accomplished. ‘Inthe words of the Times, 
“« Tt is the grandest physical work the world can witness: the past 
has seen nothing like it, and any similar fame must be denied to 
the future, since there will be no more, hemispheres to join.” 
The Sun has said, “Ere long Darien will be the great inter- 
oceanic portal, the door of the seas, the entrep6t of the world, 
the store-house of nations, the grand highway of commerce.” 
And its execution will confer upon mankind greater Ulessings 
than mere monetary ones, All the commercial nations in the 
world will join in guaranteeing the. neutrality not only of the 
territory through which it will pass, as has ‘already been ‘done 
by England and America in the Bulwer and Clayton Treaty, but 
pe of the seas for 1000 miles or-more from either terminus. 
The coasts will become common ground’ where war shall not 
approach. This is the way towards securing Universal Peace. 
The Greeks had their,games so that they might meet-on common 
ground once ayear. ‘The Isthmus of Darien will be common 
ground every day in every year, where all the nations ot the 
earth will meet in peace. Ofc) 

As a mercantile investment, there is no doubt that this inter- 
oceanic navigation will be one of great pecuniary advantage. 
When we consider the fleets of ships of all nations that will 
desire to save the thousands of miles of distance which this canal 
will enable them todo, the magnitude of the undertaking is 
met by the certainty of the enormous profits which’ must result 
to the proprietors. No project has ever been before the public 
which embraces anything like the objects to be attained by this 
canal. All other. propositions have but local importance, and 
seek their profits from local trade; but this one js adapted to 
every ship afloat, and seeks a return from the trade ot every 
country. Every maritime nation has an interest in its success ; 
and, as a railway makes its own traffic, so will this work most 
certainly greatly increase the commerce between, the distantly 
separated countries. which steam power is only now beginning to 
teach, . 

In such a case statistics are almost superfluous; it is safer to 
consult the history of the progress of commerce, and argue from 
it, than to calculate the profits from the existing state of things. 
But even on this limited ground it can be shown that the capital 
invested will meet with a good return by; charging for tollage 
only a little more than the amount saved in the insurance, 





Salaries, and finding of officers 
and crew, for 1} month, 


Insurance for 14 month, 1080 


adopted-in 1843, would amount to 1,700,0002.. In the hands of 
the most timid this calculation could scarcely be reduced to any 
point that would leave the enterprise other than a legitimate 
and attractive one, But the great feature qlways,to be: borne 
in mind with regard to it is, that it wonld be ao identified, with 
the progress of the world, that ity returns at any.one, period 
could never be taken to limit our ideas of what they would be- 
come hereafter. At the presemt moment, for instance, the cal- 
culations would be based on the existing tonnages of the various 
maritime powers, and the present position..of ‘the, channels. of 
general commerce; but when,we consider that, the shipping of 
the United States doubles itself every 15 years, and that of 
England still increases rapidly, the prospects of the changes 
to be weyeae dor dive undertaking, wilh a astill r be- 
yond th Brasprot “any of the common ¢urtceptiohs> of- past ex- 


perienge.” 2, Lien al errey 
Togive as roe idba of the traffic that will be likely 
give ana { @ traffic that wi to 
ae through. the i the fullowing list has been drawn tp 
rom’ the“ Statistical Tables’ relating to Foreign Countries, 
Compiled’ from the Official Returns of the respective Countries, 
Part 10,” and from the “ Statistical Tables relating to Colonial 
and other Possessions ofthe United Kingdom, presented to both 
Houses of Parliament by command of Her Majesty,” 1866, 
It represents the nu™ber and aggregate tonnage of vessels 
entered inwards and cleared outwards at Pacific ports, from and 
to Atlantic ports, \’ \ Its 














mae. ae ee 
Number of |» 
vessels entered 
inwards and*} Tons, 
cleated out- 
owitrds. 
Aspinwall or Coldn, Navy Bay, 1864 533 483,805 
These vessels would have passed 
through, if the canal had been i 
open. | 
Pahamaj 1864... 9. ss 276 364,416 
Punta ‘Arenas, Costa Rica, 186% 140 112,530 
Guatemala... 99% "8" 000 ..| No'returns 
Sun Salvador so. cose. ase ae Do. ‘ 
Mexico, west coust ais Do. 
San Francisco, California, 1864 —... 2 675,481 
[In 1853, the number of vessels Pe / 
was 2683, and the tonnage was 
1,198,827 tons. } ‘ 
sas . eturns 
British Columbia, 1863 “+ +1 7 incomplete. 
Vancouver's Island, 1863 __,.. eee Al71 223,676 
Honolulu, &c., Sandwich Islands, 186 151 67,068 
[Entered only. Entered and) 
cleared, in 1865, 640 vessels and 
455,790 tons. } f 
Sitka and Russian America °... «| No returns. 
Kamtschatka ...0 Gs ase oe Yo. 
Ecuador, Guayaquil oply, 1864 —... 406 104,771 
Peru, 1865, . Islay only ge eee 74 53,952 
[In 1855, 404,688 tons of guano 
were exported. In 1858, the total 
* tonnage was 830,000 tons... 
Chili, 1863 >... eos ode asd 2650 1,558,650 
Tahiti, Society Islands, Port of Pa- 
peste, 1064 or, ve isp. -véve 206 21,861 
Hong Kong, 1863... ong ove 294 214,138 
Total tonnage of Hong ° Kong, 
1,806,881 tons. } 
Nagasaki and Hakudadi, Jupan, 1865 479 160,484 
Labuan, 1863 ... We oe 3 1,670 
' Lientered only..J 
Siam, Bangkok, 1865... ss. 5 ate 146 62,197 
Philippine Islands, Manilla, &c., 1864] No feturhs. 
Java’ and’ Madura, 1863 be F 655 358,880 
Australia and New Zealand, 1863 928 655,586 
[Total tonuage, 3,834,772. tons, }. aT aa | 
8929 —|,088,165 





The tonnage of China should be added to the above; but, of 
the 16,684 British, European, and United States. vessels, ‘with 
an aggregate tonnage of 6,458,515 tons, which entered and 
cleared from the ports of China (exclusive of Hong Kong) in 
1864, the statistics do not state what number sailed from and 
to ports on the Atlantic., * °'" ' the £5 
n 1854, the commerce between the United States and the 
Pacific (exclusive of California) amounted to 957,599 tons, in 
1856 vesses;, the value was 33,953,466 dollars. ae 
In 1858, 1,0Q0,000 tons,of freight were carried to.Australia in 
American ships. rege 


My . £ 
In 1863, the value of thé imports into Australia was 34,264,597 
Exports 1.00 ws 28,378,355 


Total wh we £62,642,962 
The export of hnJlion and specie included in the above 
amounted to 12,677,319/. J 
The export ‘of gold from Australia from 1851 to 1866 
amounted to 140,000,000. ‘ This'qhantity of gold would form 
a pyramid 50 fr. 10%in. high,and 10 ft. square at the base; its 
cubic measure would be 1994ft., and it would represent a 
weight 1071 tons 3 qrs. 12 lb, ‘The population of Australia, in 
1863 was 1,439,050. 
The value of the cargoes that would pass through annually 
would amount to 150,000,0002. 
, TPindinee. 
The profits that wauld be derived from the canal would con- 


‘sist of the tolls on ships passing through it. If-we add to the 
5,088,165 tons, given above, 500,000 for placés'ftom which’ the 


one ove eee one 








4 crew of 36 men, from New York to California, vid Cape Horn 
with what it would be by: way of the canal; ¥: poe 





without reference to all the other advantages which the canal 
will offer. ’ ’ i 


returns are wanting or incomplete, and 2,500,000 for China; the 
total will be upwards of #.000,000 of tons, whieh, at ‘bs. per ton 
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for tollage, would yield a revenue of upwards of 2,000,0002 per 
annum. 

Besides this, a large income would be derived from the sale or 
renting of lots of land, which would be required for building on, 
as a “ Magic City” would soon spring up at either terminus, and, 
at a later period, land would be in demand for tillage and grazing 
farms, for raising vegetables, and rearing cattle for the re- 
victualling of vessels* passing through. 

The canal once cut, the expense of its maintenance would be 

trifling. . 

t may, then, be assumed that the profits of the canal will pay 
an interest of 33 per cent. on 6,000,0002, its probable cost; and 
this would be always increasing pari passu with the increase of 
the population and commerce of the world. 
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Any company that may undertake the construction of the 
canal will find it necessary to devise means for the payment of a 
sufficient rate of interest on the capital whilst the work is in 

rogress. This will be a matter of little difficulty, for, consider- 
ing that the company will have a legitimate claim upon the 
governments of the principal maritime nations for aid in the in- 
ception of a work fraught with such beneficial results to the 
commerce of the world, doubtless an application to them will be 
at once responded to by the discharge of this obligation to the 
shareholders. 

Estimating the time that will elapse before the canal can be 
opened, and Gefore any revenue can be derived from it, at four 
years, and the cost of construction at 6 millions sterling, and sup- 
posing that the Governments of England, France, Russia, Prussia, 
Austria, Italy, Spain, and the United States, should pay between 
them 5 per cent. on the stock issued, the following would be the 
sums to be advanced by each of them: 


cA BAD pin 


\ij 
\ 





* This would render a larger part of their space available for 
the stowage of cargo. 





5 per cent. on Ist issue of 14 million for 4 years £37,500 

2nd 3 28,125 
2 ws 18,750 
= 9,375 


” ” 


” 


” 
” 


8rd 
4th 


” 
—_—_—- 


Total subscription from each nation £93,750 


At the audience which the deputation from the Atlantic and 
Pacific Junction Company had with the Emperor of the French, 
on the 29th of March, 1853, His Majesty declared his willing- 
ness to pay all the capital that would be required for the work 
over and above 6,000,000/.; and also to join England and 
America in guaranteeing 3 per cent. interest, and 1 per cent. for 
a sinking fund. 

A proposition was made by the author several years ago to 
Lord Palmerston, the basis of which was, that the different 
governments should cut the canal at their joint expense, and 
then throw it open to the shipping of the world free of tolls ; but 
the answer he received was, that the work must be done by 
private | The resources ot each of the contributing 
states would be drawn upon very lightly to make up a total of 
6,000,0002., which all be 500,000/. each for England, 
France, Russia, and the United States; 400,0002 each for 
Austria, Prussia, Italy, Spain, and Portugal ; 150,000. each for 
nine other maritime nations of Europe; and 46,500/. each for 
the fourteen South and Central American States. 


Political Considerations. 


The political considerations that will arise upon the execution 
of this work are exceedingly simple. The canal must not be 
under the control of any one or two of the great powers. It 
must belong to the world, like the oceans which it will connect. 
It must be the world’s highway, open to the commerce of every 
nation. The neutrality of the isthmus must be guaranteed by 
all the powers, as also that of both oceans, to the distance of 
at least 2000 miles from each end of the canal. The first point 
has been already agreed upon, and the principle of the second 
has been admitted by the Governments ot Great Britain and tne 
United States, in the 2nd Article of the Bulwer and Clayton 
Treaty of 1850,* which runs thus: “ Vessels of Great Britain 
or the United States traversing the said canal shall, in case of 
war between the contracting parties, be exempted from blockade, 
detention, or capture by either of the belligerents; and this pro- 
vision shall extend to such a distance from the two ends of said 
canal as it may hereafter be found expedient to establish.” 
The Times of December 10, 1856, in an editorial on Dr. M‘Der- 
mott’s letter on the Darien line, says: ‘*This work affects the 
common interests of mankind, and the more numerous the 
nations which are concerned in it, the fewer are the chances 
that the free passage will be interrupted by the contingencies of 
future warfare.” 

The sovereignty of New Granada over the isthmus was 
guaranteed by the United States, by the Treaty of December 12, 
1846. The Smo thereupon abolished the Custom-houses, and 
agreed to admit all foreign imports into the isthmus free of duty, 
with the exception of a small municipal tax. 


The Desideratum. 


The immediate desideratum is a detailed survey of the line. 
Its entire length being only 39 miles, this may be accomplishea 
by a few engineers in three months; but it would be better to 
devote six months, or an entire dry season, to a thorough ex- 
amination of the line and the adjacent country. The salaries 
and maivtenance of the engineers tor three or six months would 
constitute the whole expense, as the Emperor Napoleon long 
ago promised the author the assistance of a vessel of war from 
Martinique, and of an officer of the Corps des Ponts et Chaus- 
sees, and, doubtless, the British Government will fulfil the 
promise made to him by the late Lord Palmerston, that, when- 
ever he should be prepared to survey the line, he would order a 
ship and an officer of the Royal Engineers to accompany him 
from Port Royal, Jamaica, to Darieu. The United States 
Government will also, ot course, send a vessel and an engineer. 
With the aid of the Goyernment engineers, and parties of sailors 
from the ships, and also of a large number of convicts under a 
guard of soldiers, who will be sent from Carthagena by the 
Government of Colombia, the engineers of the future association 
or company will have no difficulty in completing a thorough 
survey in six months. But, befure they commence the survey, 
it will be absolutely necessary that the line should be marked out 
and cleared by a party of macheteros under the direction of a 
competent person. 

The Concession. 

A privilege for cutting a canal by this line, and levying tolls, 
together with a concession of all lands necessary, and of 100,000 
fanegadas, or 200,000 acres, in addition, was granted by the 
Government of New Granada, at Bogota, on the 1st of June, 
1852, to Edward Cullen, Charles tox, John Henderson, and 
ae Brassey. ‘This privilege, which was for 99 years, 

ed. 

Tn 1859, upon the author’s application at Bogota, the Congress 
gave authority to the President to renew the above concession. 
The latter delegated his powers to Don Juan de Francisco 
Martin, the Minister at Paris, by whom a concession was 
granted to Edward Cullen, MM. Paignon and Vandavux, and 
Paul Roger. But this also having become null and void, the 
concessiva was successively applied for by M. Paul Roger, one 
part of the Société Civile du Canal du Darien, by Messrs. Page 
and Dewsbury, by Admiral Elliott, MM. Carion and Vander- 
best, and M. Lucien de Puydt. 

But the reply of the Congress to all applicants was that the 
concession would only be granted to such individuals, or com- 
pany, as should have caused a detailed survey of the line to be 
made, and forwarded copies of the plans of the engineers to the 
Government at Bogota. 

Thus, any association that may undertake to survey the line 
will be amply remunerated by the privilege of cutting a canal 
and the concession of the valuable tract ot country which it will 
traverse. The survey and concession will constitute a basis 
upon which it will not be difficult to form a company for the 


* Signed at Washington, April 19; ratifications exchanged at 
Washington, July 4, 1850. 








ee of raising the capital necessary for the execution of the 
work. 


In conclusion, it is confidently expected that this society, 
which reckons gst its bers some hundreds of scientific 
and practical engineers, will be able, ere long, to give satisfac- 
tory replies to the following questions: 

‘Shall a narrow strip of land, not 40 miles across, be allowed 
any longer to remain a barrier on the highway of nations? 

Shall the engineering genius of the most civilised nation, 
even with the aids that chemistry places at its service, in gun- 
cotton and nitro-glycerine, confess itself baffled by the notivn of 
cutting a canal 39 miles long? 





THE AERONAUTICAL SOCIETY. 

THE proposition to hold an exhibition in London, of objects 
of an aéronautical character, having met with encouragement, 
the Council of this Society have determined to act upon the 
proposition, with the hope that the guarantee and prize fund 
will be materially increased. 

The objects hitherto d b 8 for exhibition 
promise interesting features for the engineer and mechanic, and 
there will not be wanting experiments of a practical character, 
which can scarcely fail to interest the general public. 

The objects are classified as 

1. Light engines and machinery. 
2. Complete working aérial apparatus. 
8. Models. 
4. Ditto—working. 
5. 
6. 





. Plans and illustrative drawings. 

. Separate articles connected with aéronautics, including 
objects of interest illustrative and commemorative of 
previous experiments. 

- Kites, or other similar apparatus, proposed to be used in 
cases of shipwreck, traction, or in the attainment of 
other useful ends. 

Painting and drawing of clond scenery and landscape as 
seen from a balloon. 

The exhibition will be opened on Thursday, the 25th of June, 
at the Crystal Palace. 

Arrangements have been made, by order of the Treasury, for 
facilitating the passing of goods intended for the Aéronautical 
Exhibition, through the Custom House upon the production of 
a ducument specifying the mark, number, and contents of each 
package. It would be advisable that all packages should be 
shipped direct to London, where practicable. They will be re- 
ceived at the Crystal Palace on and after the Ist of June, until 
the day of opening. It may be observed that there is no duty 
upon philosophical instruments or machinery of any kind. 

The fund out of which prizes will be apportioned has not 
attained that amount which will allow of complete specification ; 
but the Council are gratified in being able to state that the 
Shipwreck d Mariners’ Society have devoted 50/. as a prize for 
“ The best form of kite or other aérial arrangement, or modifi- 
* cation thereof, for establishing a communication from a wreck 
“ on shore, or between two vessels at sea.” 

The Crystal Pslace oad have also declared their inten- 
tion of giving a prize of 50/. to the exhibitor of a machine to 
carry and be worked by a steam engine or other motive power, 
which shall sustain and move itself in the air, ata height of not 
less than 10 ft. from the ground, for a period of not less than 
twenty minutes. 

The Duke cf Sutherland offers a prize of 1002. to the inven- 
tor of a machine which, not being of the nature of a kite or 
balloon, shall ascend with a man to the height of 120 ft. 

The Aéronautical Society offers a prize of 502, aided by the 
contributions of several members, to the exhibitor of the lightest 
engine in proportion to its power, from whatever source the 
power may be derived. 

Daring the Exhibition it is proposed that daily experiments 
and partial ascents be made in a captive balloon, upon the plan 
lately pursued in Paris by Mons. Giffard. ‘This gentleman’s 
meteorological experiments, confined to an altitude of 1000 ft., 
were greatly appreciated by the higher classes, whu crowded to 
take advantage of the opportunity to ascend to that height. Of 
the repetition now contemplated, Mr. Glaisher will probably 
largely avail himself. 

During the nine days that the Exhibition remains open under 
the auspices of the Socjety, arrangements will be made for 
evening meetings of members and their friends, for explanation 
and discussion relative to the merits of the various objects ex- 
hibited. It is believed that those gentlemen who are to be 
appointed as adjudicators of the prizes will receive much assist- 
ance from these discussions. ‘Throughout this period members 
of the society will be admitted to the Exhibition without pay- 
ment. Tne honorary secretary will attend each Monday and 
Tuesday at the Crystal Palace (secretary’s office) from two to 
four o'clock. 

The honorary secretary is Mr. Frederick W. Brearey, Maiden- 
stone Hill, Blackheath, S.E. 


8. 


Rattways in Mexico.—The proposed Mexican Central 
Railroad, if built, will prove of the greatest benefit to that 
Republic. The design is to construct a line from the city of 
Mexico, 450 miles, to Matamoras. From the Rio Grande to 
the Mississippi, supposing Vicksburg to be the objective 

int, is a distance of 640 miles. There is a line now running 
trom Vicksburg west to Monroe, aiming at Shreveport, while 
another is in progress from Houston eastward, aiming to 
touch both New Orleans and Baton Rouge. With the entire 
business of the best part of Mexico as a prize, both these rail- 
=— would soon be completed. 

New Pacrric Rovurr.—General Palmer, the Treasurer 
of the Kansas Pacific Railway, has been exploring a route to 
the Pacific by the thirty-tifth parallel of latitude. He reports 
that rarely have they been obliged to resort to the maximum 
grade permitted by Congress, and on the highest summit on 
the route there will never be as much snow as on the 
Alleghanies ; and for a summer and late autumn resort, there 
is not a finer spot on the Continent than “ President’s Park, 
at that summit. If the company obtain the subsidy next 
spring, the road can be completed in four years’ time. 
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MACHINE FOR 


BORING GUN BARRELS. 


CONSTRUCTED BY MESSRS. GREENWOOD AND BATLEY, ENGINEERS, LEEDS. 


WE illustrate, in the annexed engravings, a new arrangement 
of boring machine designed and patented by Mr. Thomas 
Greenwood, of the firm of Messrs. Greenwood and Batley, of 

ds. This machine is specially intended for boring gun- 
barrels, shafting, or other articles in which a deep hole is required 
to be formed, the arrangement being such as to prevent the ac- 
cumulation of the borings, and ensure the perfect lubrication of 
the drills. To these ends the work to be bored is mounted 
above a tank containing lubricating material, and in this tank 
the drills are placed, the work being bored upwards from its 
lower end. In our engravings, Fig. 1 shows in side elevation a 
drilling machine of this kind arranged for boring gun barrels; 
Fig. 2 18 a central vertical section; Fig. 3 is a plan; Fig. 4 is a 
Sectional plan taken in the line, 1 2, of Fig. 1; and Fig. 5 is a 
plan, partly in section, of the tank and its fittings. 

In these figures, A is a cylindrical tank, to the bottom of 
which is bolted a central standard cast with a broad flange or 
base plate. This standard is composed of four flat-sided verti- 
cal members, A+, disposed radially around a short pillar, A? 
and united together at top, as shown at Fig. 1. On the top of 
- standard is fixed a casting, B, which forms the bearing for a 

riving shaft, C, this shaft being fitted with loose and fast belt 
pulleys, and also with a bevel pinion which gears into a bevel 








wheel keyed on to a vertical spindle, D. The foot of this 
spindle is stepped into the top of the pillar, A%, which also 
carries a bearing for it to run in, and the upper end of the 
— is likewise fitted with a bearing. Carried by the top of 
the standard keyed to the spindle, D, is an elongated spur 
pinion, E, into the teeth of which gear spur pinions, ee ee, tor 
the purpose to be presently explained. F F are four slides fitted 
to the standard, as shown best at Fig. 4, and capable of sliding 
up and down it independently in guides provided for them; 
these slides, F, each carry a vertical spindle, f, on whieh the 
— e, before mentioned are severally mounted loosely. 

ach spindle is provided with a clutch, g, which slides on a 
feather on the spindle, and is caused to engage with the boss of 
the pinion, e, when the rotary motion of the pinion is required to 
be communicated to the spindle. An eccentric stud projecting 
from a short rock shaft, h, and, operated by a handle enters an 
annular groove in the clutch, and thus lifts it or depresses it as 





required. These spindles, 7; are intended to rotate the barrels 
or other work submitted to the action of the drills, and for this 
purpose they are severally fitted at their lower end with an ec- 
centric stud, which, when the spindle is rotating, bears against a 
oy or ee the barrel, and drives it round under the action 
of the drill. 


_ The barrels to be drilled are shown at G. They are dropped 
into and steadied by bearings, 77,* carried by the slides, F, and 
by means of rings clamped to their upper ends, they are sus- 
pended from the upper bearings, 7. The bearings, ¢ ¢,* are 
carried by their several slides, F. The upper bearings are fix- 
tures, but the lower bearings, **, are adjustable in guides, to 
which they are clamped to suit different lengths of work, These 
guides are formed at the lower end of theslides, F, and in them 
are also fixed adjustable bearings, k, for steadying the cutting 
edge of the drills, H, which stand up from the bottom of the 
tanks. These drills are stationary, and they rest upon fixed 
coned seats, being provided with coned heads to rest in those 
seats. This arrangement allows of the drills being readily re- 
moved for grinding, or of being replaced by others to suit a 
different kind of work. 

The work will in general be allowed to descend by its own 

weight, and slide over the drill until the slide which carries it 
is arrested by a stop, but in order to raise the work the provi- 
sion shown best in Fig. 1 is made. This consists of a vertical 
rack, a, cast on the slide, F, into which gears a spur pinion, }, 
mounted on a short spindle, 41, which carries at its outer end a 
second spur pinion, 6%. In gear with this is a spur pinion 
keyed to the boss of a hand wheel, c, which is carried by a stud 
axle, c’, supported on a bracket attached to the tank, A. 
When, therefore, it is required to lift the work clear of the drill, 
it is only necessary to turn the hand-wheel, c, and the pinion, 
b, will raise the slide, F, and the work with it. To retain the 
slide in the elevated position, a ratchet wheel, d, and paw] are 
provided, and to prevent the drill rising out of the tank with 
the work a forked arm, I, is made to embrace the drill, and 
offer au obstruction to the coned head of the drill passing up- 
wards. This forked arm is keyed to a rock shaft, I', which is 
turned by a handle (see Fig. 5) to disengage the arm from the 
drill when the drill is required to be moved. 
The tank Mr. Greenwood proposes to charge with water or 
other lubricant, keeping the level of the liquid above the cutting 
edge of the drills, and the work will therefore be lowered down 
into the lubricant as the operation proceds. When boring gun 
barrels or other light work three, four, or more slides or carriers 
for receiving the work may be conveniently arranged around the 
central standard. The carriers being capable of sliding in the 
vertical guides will descend as the Sor proceeds, or a self- 
acting motion may be applied to regulate the descent of the 
carriers when the machine is adapted for heavy work. It will 
now be understood that rotary motion being given to the central 
elongated pinion, E, the pinions around and gearing into it will 
be driven, and they will thus rotate the work suspended below 
their respective spindles, As, therefore, the work is fed to the 
drills, the steady boring of the barrels wili be ensured. This 
operation may be continued without interruption until the 
boring is completed, as the chips or borings will fall by their own 
outy while the lubricant will have constant access to the 
rill. 








THE COUPLINGS OF BORING-RODS. 
To tHe Epitor or ENGINEERING. 


Srr,—The letter of Messrs. Owens, in your issue of the 13th 
instant, seems to imply that they had been in the habit of 
making the couplings of boring rods on the plan I suggested, 
previously to their being furnished by me with a copy of m 
design. The identical tools which gave me so much trouble 
in South America by failure of the couplings, and which 
showed me the necessity for an improved form, were made 
by their firm (then Fowler and Owens) after their own—the 
common—pattern. I may remark, however, that the failure 
was due to defective principle only. The material was 
splendid, or it could not Lave stood the strain which it sup- 
ported before fracture. 
The “ identical couplings,” made by them according to my 
drawing and special instructions, I never used at all. They 
were indeed never intended for my own use. It was, I be- 
lieve, to Mr. Owens himself that I explained the design (four 
and a half years ago), when he gave me to understand that 
they had never made their couplings in that manner 
previously. His firm have had the free use of my design, to 
which they are quite welcome. Let that content them. 
Their fame as manfacturers is sufficiently established without 
their claiming a merit which does not belong to them. 
Since my first communication to you on this subject, the 
beautiful invention of Mr. Tilley has come under my notice. 
The male screw is made as a loose nipple, screwing into both 
rods. The immense advantage of this is obvious; but it 
would be useful to those interested in such matters, if Mr. 
Tilley would contribute to your valuable journal a detailed 
description of his method. 

I have the honour to be, Sir, &c., 

W. J. Cocxsury Murr. 

Westminster, March 16, 1868. 








Heavy Biast1ne 1x Limestonz.—A blast, estimated to 
have brought down 25,000 cubic yards, or about 60,000 tons 
of limestone, was lately fired in Mr. Savin’s quarry at Llany- 
mynech. Preparations for the blast were made as long ago as 
September last. A level twelve yards in length was driven 
into the vertical face of the rock at a height of a few yards 
above the floor of the quarry. At the end of this level a 
cross level was driven right and left, and at each end a vertical 
shaft was sunk, besides a third at an intermediate point, 
these shafts reaching down to the level of the floor of the 
q . Chambers were formed at the bottom of the shafts, 
dnd 6000 Ib., 4000 Ib. and 3000 Ib., respectively, of powder 
were placed in them, or nearly 6 tons in all. This large 
quantity of powder was not so great as has been used in 
single blasts at Holyhead, where as much as 11 tons have 
been fired. The blast was successfully fired by a 
the wires being connected with a Grove’s battery of 28 cells. 
The limestone brought down will be carried into Shropshire 
and South Staffordshire to be used as flux in the blast furnaces 
of those districts. 
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RECENT PATENTS, 


Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 1511, 6d.) William Frederick Henson, of 
New Cavendish-street, patents making double headed 
rails with flanges on each'side about the middle of 
their depth, these rails beimg laid in sleepers with 
longitudinal grooves, and secured ‘by bolts passing 
down through the flanges and sleepers. The flanges, 
which are not continuous, are in some eases to be 
rolled on the rails, and in some cases formed by T irons 
rivetted to them. Such rails would bé very expensive 
to make, and we cannot see that’ they possess aiy 
peculiar advantages. 

(No. 1513, 10d.) Andrew Barclay, of Kilmarnock, 
patents methods of applyimg metallic packing to the 
moving or sliding joints of injectors and similar instru- 
ments, The construction of the different kinds of 
packing included in this patent could not be described 
without reference to drawings. 

(No. 1517, 1s. 4d.) Daniel. Adamson, of the 
Newton Moor Ironworks, near Manchester, ‘patents 
various methods of constracting furnaces for blast- 
heating stoves and steam boilers. In these furnaces 
the fire-bars are steeply inclined, and are in some cases 
made to oscillate. Tie fuel, is supplied to the upper 
end of them through a hopper, and at their lower end is 
a swing-plate or grid, which*can be lowered for the 
purpose of discharging storia, &c. Methods of 
utilising the products of combustion passing off from 
ait-heating stoves are also included in the patent. 

(No. 1520, 8d.) James Hargreaves, of Appleton- 
within-Widnes, and Thomas Robinson, of Widnes, 
patent the employment, in ‘the manufucture of soft 
iron or steel from cast iron, of oxydising salts mixed 
or in combination with oxides of iron or manganese, 
or other granular or powdery substances, which will 
have the effect of retarding the evolution of the oxygen 
from the salts under the influence of heat. It is 
proposed in some eases to form the converting agents 
mto solid bricks or blocks, and to tamp them down 
tightly into the bottom of the converting vessel. 

(No. 1532, 1s. 4d.) Charles William’ Siemens, of 
3, Great George-street, ‘patents, partly as a communi- 
cation from Dr. Werner Siemens, of Berlin, a system 
of pneumatic apparatus for conveying — telegraphic 
despatches and other light, articles, through sabée. 
We shall probably describe this apparatus in detail in 
a future number. 

(No. 1540, 1s. 8d.) Louis Stuckenschmidt, of 
Seething-lane, patents an apparatus for uriloading grain 
from vessels, moving grain in granaries, taking samples 
&c. This patent includes a convenient form of portable 
elevator for unloading vessels, in which the “ leg” 
carrying the Jacob’s-ladder, by which the grain is 
raised, can be adjusted in every direction. 

(No. 1547, 1s. 2d.) Alexander Melville Clarke, of 
53, Chancery-lane, patents, ‘as the agent of Richard 
Joseph Nunn, of Savannah, U.S.,' arrangements of 
water-tube boilers, These boilers are formed entirely 
of water-tubes, and their eoustruction could not be 
clearly explained without. reference to drawings. 

(No. 1549, 4d.) Charles Sanderson, of Worksop, 
patents, melting cast steel by first submitting the 
metal to a preliminary heating in erucibles in a gas- 
furnace, so.as to bring it imto,a, soft pasty state, by 
the combustion of heated air and gases in a closed 
chamber, and then completing the melting in’ another 
furnace. 

(No. 1550, 10d.) Thomas Greenwood, of Leeds, 
patents an arrangement of boring-machine, applicable 
for boring guns and similar articles. We publish illus- 
trations of this machine on another page, so that it is 
unnecessary that we should describe it here. 

(No. 1559, 10d.) William Price Struvé, of Cwm 
Avon, Taibach, South Weles, patents a form of fur- 
nace for calcining copper and other ores. In this 
furnace the ores: to: be calgined:are enclosed in a 
chamber, which is heated by: flues passing below and 
above it. ‘The roasting chamber is charged through 
shoots, which are capable of being closed air-tight, 
and the matters volatised ate conducted through a 
suitable passage to a condensing chamber, 
ore has been roasted, it is removed from the roasting 
chamber by raking it through openings leading into a 
vault under the furnace, 

(No. 1566, 1s, 4d.) _ William Snell, of 16,.Clements- 
inn, Strand, patents, as.the agent of Richard Channing. 
more Lovell, of Covington, U.S,, machines for dressing 
stone, and for mining and tunnelling. . The con- 


When the: 





struction of these machines could not be described 
without reference to drawings. 

(No. 1567, 8d.) William Henry Whettem, of 
Portsmouth, and’ Edmund Walker, of Poplar,: patent 
enclosing a screw-propeller in a barrel or cylindrical 
casing open at both ends. ‘“The patentees state that it 
is important that the’ inside diameter of the tubular 
casing in inches showld'he equal to the diameter of the 
screw in inches, multiplied. b 014 (we presume that 
they really mean that ats-inside! diameter should equal 
the diameter of the screw, multiplied by 1.014); and 
that the length of the casing should be one-half greater 
than that of the srg ts also consider it im- 
portant that the fron at the casing should be 
nearly flush with the frat of the screw. ae 

(No. 1574, 8d.) ‘W¥iifias® Coulson, of Shamrock 
House, near Durham" Patents making the doors” of 
forge, puddling, and other furnaces; hollow and water- 
tight, these doors heing fitted with inlet and outlet 
pipes which connect them to & cistern from which 
they are supplied with*water, ‘Phe inlet and outlet 
pipes are fitted with suitable gliding joints so that they 
do not interfere with’ théyopéning and closing of the 
doors. wk: 

(No. 1575, 1s. 4d.)*"Higmri Adrien Bonneville, of 
38, Porchester-terrace,’ Baygwater, patents an arrange- 
ment of motive power @ngitie, intended to be worked 
by a mixture of air and ste heated in a closed fire- 
box. The peculiar feattind#Of this engine could not be 
described in a brief me@tacél: i). 

(No. 1578, 6d.) > Hetty: Cockey and Francis 
Christopher Coekey, of the fitm'of Henry Cockey and 
Sons, of Frét nt'a method of atranging the dip 
or seal pipes Of ga§ retorts so that they may be sealed 
before the opie ofthe retort and unsealed after the 
retort is cl ‘or this purpose it is preferred to 
make the dip & telescopic, so that they may be slid 
up or down ‘the-eover of the hydraulic main. 

(No. 1585, 6da)* (William James Burgess, of Brent- 
wood, patents>making the fingers of mowing machines 
of cast and ht tron in combination. According 
to this plan, its are made of wrought iron, and 
the other partsqrhich rapidly wear when made of 
wrought iron,-angueast. The points of each finger has 
a shank formed omit, around which the other portion 


is cast. 


"48.¥*Tean Francois Nicholas Biesman 
; ofweg, Frankfort-on-the-Maine, 
bof preventing incrustations in steam 
40 this plan, the eliarcoal of a fine- 
“pérolis wood, is reduced to a fine 

a imixed with a small quantity of 
érial, Such as tar, so as to enable it 
by heavy pressure into dises or other 
The dises are then 


Simons, of 


grained, light,' 
powder, and 38 
agglupipatiug: 
to be mioulde 

forms exposing a large surface. 
exposed, in a closed.vessel, to a heat sufficient to 
decompose the tar 6r'other agglutinating matter, and 


they are then to be used by introdt them into the 
boiler, and allowing them to, float on the surface of the 
water ; ‘when it is stated by the patentee that the in- 
crustation will either be deposited on’ them in pre- 
ferenee to the plates of. the boiler, or will"be preci- 
pitated in a pulverulet state. ; 

(No. 1594, 2s.) Thomas. Edmund Passee, of 
Russéll-square, patehts a ridiéulous perpetual-motion 
machine. The inventor describes his mvention as 
consisting “in a method of procuring perfect vacua in 
“ cylinders of any giver diameter, and of giving volume 
“or content by pistons moying and fitted air-tight and 
“ freely: within iim: and in the application to un- 
“limited extent of the atmdspherie Yacuum motive 
“ principle ‘to ‘produee..rectilineal action, which, ad- 
“justed to alternate vemiecipmpcate by suitable me- 
“chanical contrivantesand-then started, results in 
‘continuous movement.” Why are such patents 
granted ? 

(No. 1595, 10d.) William Barry Ritchie, of Mount 
Pottinger, Belfast, and Jacob Geoghagan, of St. 
Stephen’s-crescent, patent arrangements for drying peat 
by passing vertical currents of heated air through it. 
It is proposed to use the waste heat of blast or other 
furnaces, worked by peat fuel, for drying peat in this 
way. 

(No. 1596, 1s. 8d.) Henry Turner, of the Thames 
Ironworks, Orchard-yard, Blackwall, patents an 
arrangement of compound (high and low pressure) 
marine engines, which could not be clearly described 
without reference to drawings. 

(No. 1600, 2s. 4d.) ‘Thomas Greenwood, of Leeds, 
patents the arrangement of a milling machine, which 
we illustrated and described on page 80 of the 
present volume. 

(No. 1606, 8d.) James Astbury, of the Smethwick 
Foundry, Birmingham, patents arrangements for heat- 


ing the moulds into which Bessemer steel and other 
metals are poured, this arrangement being such that 
it enables the moulds to be heated previous to the 
pouring of the metal, and then to be gradually cooled 
from the bottom upwards. 

(No. 1610, 10d.) ‘l'ony Petitjean, of 4, Brydges- 
street, patents arrangements for obtaining the more 
perfect comb tof (fuel, Tee@*principal feature in 
these plans is’ lication to the chimney flue of a 
furnace, of a c r @gied a “re-producer.” This 
“re-producer” is to be’ Képticonstantly charged with 
fuel, and the heated waste’ gases are to be caused to 
pass up through this fael 80 that the carbonic acid 
contained in them may take up a further quantity of 
carbon, and be converted into carbonic oxide. ‘This 
carbonic oxide is to be afterwards utilised by con- 
suming it in a separate furnace. The inventor states 
that “the amount of heat given out by any fuel is 
“always doubled by my process, however perfect may 
“be the mode of combustion used hitherto.” We are 
very far from being so sanguine. 

No. 1614, 1s. 4d.) John Scott, of Oxford-street, 
patents an apparatus for extinguishing fires, which he 
names @ “fire-gun.” This apparatus consists of a 
cylindrical vessel which ‘is charged with compressed 
air at a pressure of about.15,lb. per square inch, and 
into which water is theft foreéd until a pressure of 
fourteen or fifteen atmospheres’ is attained. The 
cylinder is fitted with a pipe and nozzle through which 
the water can be delivered ‘oi the fire at pleasure. It 
is stated also that the eylinder may be charged with 
carbonic acid gas, or other 'elastie fluid, which will not 
support combustion. “'Apjatatus for ‘charging tle 
cylinder is included in the patent. 

(No. 1621, 1s: 6d.) “Rees ‘Reece, of Llandilo, 
patents an arrangement of refrigerating ‘apparatus, in 
which cold is produeed by the alternate condensation 
and re-evaporation 6f ammoniacal gas, The details of 
the apparatus could not be clearly déscribed without 
reference to drawings. 

(No. 1629, 1s. 4d.) Frederick Burnett Houghton, 
of Grove House, West Reading, patents arrangements 
of steam boilers and evaporating pans.’ According to 
these plans, the boiler or pan to be? lieated is fitted 
with a coil of pipes,which coil is filled with water and 
sealed up. A portion of the coil is within the boiler 
or pan, and the other portion is exposed.to'the action 
of the fire. As the patentee states, this method of 
heating boilers is tot new; but lie claims employing 
pipes of larger sizé than have hitherto ‘beén used, and 
fe also fits the boiler with another:series of pipes, 
which are led from the bottom'of the boiler, passed 
through the furnace, and again united-to the boiler 
near the water level. The*objéct-of the second series 
of pipes is to promote the circulation of the water in 
the boiler. 

(No. 1635, 4d.) William Haden Richardson, of 
Glasgow, patents.thé'so-talled * Riehardson process,” 
of which several notices have appeared in this journal. 
The use of a.tubular “rabble,” for introducing a blast 
of air into iron during the process of puddling, in the 
manner adopted by Mr. Richardson, is anticipated by 
earlier patents. 

(No. 1648, 8d.) Joseph Waddington and Benjamin 
Longbottom, of Barrow-in-Furness,, patent making 
ingot-monlds, in which Bessemer steel or other metals 
are to be east, in two portions joined together. The 
object of anaking the moulds-in this way is to enable 
the lower ‘parts—which, in consequence of the action 
of the falling metal, are far more rapidly worn out 
than the upper.parts—to be easily renewed. 

(No. 1650, 2s. 6}. David Hanson, of Dukinfield, 
patents the apparatas“for constructing steam boilers, 
which we illustrated autdésoribedon page 126 of the 
present volume. 

(No. 1652, 4d.) Nicholas Rausch and Edmé Léon 
Darlet, of Brussels, patent an artificial fuel, composed 
of ordinary coal mixed with argillaceous, or any other 
earth possessing analogous properties, or, by preference 
with peat earth, together with chloride of sodium and 
mucilage. 

(No. 1661, 8d.) Edward Bland, of Bury, patents 
the application of ordinary gridiron valves for admitting 
steam to, and releasing it from, the cylinders of steam 
engines. Mr. Bland proposes to provide each cylinder 
with four valves—two for the admission and two for 
the release of steam—and to place these valves as 
close to the ends of the cylinders as possible. 

(No. 1671, 8d.) Augustus Lea Bricknell, of Strat- 
ford-on-Avon, patents a peculiar arrangement of rotary 
pump, which it would require the aid of drawings to 
describe. 

(No. 1678, 8d.) William Wilson Wood and John 





Wood, of the Don Boiler Works, Sheffield, patent a 
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method of fitting water-tubes to boiler-flues. Accord- 
ing to this plan, the water-tubes have. flanges formed 
on them at each end, the tube and flanges being so 
formed that the tube, when in place, does not stand at 
right angles to the centre line of the flue. The ob- 
ject of placing the water-tubes at an inclination to the 
centre line of the flue is stated to be to facilitate the 

utting of these tubes in place; but we greatly doubt 
if the plan is new. 

(No. 1680, 8d.) Alfred Barry, of Bromley-grove, 
Shortlands, patents the ap of guide-rollers for 
tightening or loosening the belt connecting an engine 
to the gearing of a crane, the object being to enable 
the crane to be stopped or started whilst the engine 
is running by loosening or tightening the belt. This 
is a very old plan. 

(No. 1691, 4d.) James Hargreaves, of Appleton- 
within- Widnes, patents methods of obtaining motive 
power by the use of the carbonic oxide which, mixed 
with other gases, is given off from blast and other 
furnaces. Mr. Hargreaves proposes to mix this car- 
bonic oxide gas with a sufficient quantity of oxygen 
or atmospheric air, and then to utilise the explosive 
mixture thus formed in a gas engine. 

(No. 1697, 6d.) Henry Rolle, of Boston, U.S., 
takes a patent for a many-times-patented propeller. 
This propeller consists of a series of blades carried by 
beams, the ends of which are coupled to cranks, so 
that the beams have a motion similar to that of the 
coupling-rods of a locomotive engine. Not many 
weeks ago we had occasion to notice the persistenc 
with which patents for this form of stenslien--aiieb 
possesses no practical value—are taken at intervals of 
a few months. 

(No. 1704, 2s. 4d.) Frederick Bernard Deering, 
of Duke-street, Westminster, patents improvements 
in his rock-boring machines, and in the carriage for sup- 
porting them. ‘These improvements could not be de- 
scribed without reference to drawings. 

(No. 1706, 8d.) ‘Thomas Holt, of Trieste, patents 
arrangements of steam boilers in which a series of flat- 
tened tubes or chambers placed parallel to each other 
form the flues through which the heated gases pass, the 
water circulating between the tubes. It would be 
difficult to describe clearly the peculiarities of construc- 
tion of these eset: far we fear would be very 
difficult to keep clean—without the aid of drawings. 

(No. 1713, 4d.) Henry Fletcher, of 39, Old Hall- 
street, Liverpool, patents making artificial fuel by 
cementing slack coal together with pitch or other ad- 
hesive substance. This is an old plan. 

(No, 1714 10d.) John Henry Johnson, of 47, 
Lincoln’s Inn Fields, patents, as the agent of Hip- 
polyte Ulysse Petin and Jean Marie Gaudet, of the 
firm of Petin, Gaudet and Co., of Rive-de-Gier, the 
arrangement of rolling-mill which we illustrated and 
described on page 118 of the present volume. 

(No. 1717, 10d.) Stephen Wells Wood, of Corn- 
wall, U.S., patents methods of moving or elevating 
grain through pipes by the aid of currents of air; 
these currents being produced either by exhausting 
the air from the pipes or forcing it into them, An 
arrangement for weighing grain is also included in the 
patent. 

(No. 1739, 1s. 4d.) Stephen Tuddenham, of Lower 
Marsh, Lambeth, patents the twisted bars which we 
illustrated and described on page 142 of the present 
volume. A machine for giving the bars the required 
twist is included in the patent, this machine, con- 
sisting merely of a bed provided with a head-stock and 
back-stock, resembling those of a lathe. The back- 
stock is provided with a grip, by which one end of the 
bar to be twisted is firmly held, whilst the mandril of 
the head-stock is hollow, and carries the revolving die 
through which the bar is passed, and which thus gives 
the required twist. No special appliances appear to 
be provided for ensuring regularity of twist. 

(No. 1742, 10d.) Sutton Edward Crow, of Strat- 
ford, patents a method of consuming creosote and 
similar liquids in steam boilers. According to this 
plan the creosote is conducted from an elevated cistern 
through a pipe which is inserted at the front of the 
furnace, the creosote flowing from the mouth of this 
pipe in a small stream. Immediately below the 
creosote pipe is another pipe through which a jet of 
steam is delivered, so that it strikes the stream of 
creosote and distributes it as spray throughout the 
furnace. This appears to be but a somewhat clumsy 
modification of the system of injecting hydrocarbon 
remy steam, patented by Messrs, Wise, Field, and 

n. 
TNo. 1747, 4d.) John Ouions, of Devon-place, 
Newport, patents methods of manufacturing wrought 
iron and steel by mixing crude pig or scrap cast iron 
with a certain proportion of wrought-iron scrap, to- 





gether with charcoal, ammonia, potash, salt, or other 
chemical ingredients containing one or more of the 


last-mentioned substances. The processes proposed 
would require more space to describe than we could 
devote to them. 

(No. 1748, 4d.) George M‘Kenzie, of Glasgow, 
patents improvements in the methods of manufactur- 
ing illuminating gas from a mixture of coal and oil 
patented by him in March, 1866, the object of these 
improvements being to overcome some difficulties 
which have been found to arise in carrying out the 
process practically. 

(No. 1755, 1s.) Cornelius Varley, of 337, Kentish- 
town-road, and Samuel Alfred Varley, of 66, Roman- 
road, Holloway, patent improvements in their method 
of generating electricity by mechanical force alone, or 
by mechanical force in combination with chemical 
action ; and also a method of constructing galvanic 
batteries, and an arrangement of telegraph apparatus. 
It would be impossible to describe briefly the various 
matters included in this patent. 

(No. 1762, 8d.) Charles Denton Abel, of 20, 
Southampton-buildings, patents, as a communication 
from Jules Péar, of Sillé le Guillaume, France, an 
arrangement of apparatus for retarding the motion of 
railway vehicles when descending inclines, and enabling 
them to store up power by compressing air in suitable 
reservoirs. This apparatus consists of a kind of air 
pump worked by a connecting rod coupled to a crank 
on one of the axles, this air pump, and its piston, &c., 
when supplied with compressed air, being also avail- 
able for giving motion to the vehicle. The idea isa 
very old one, and almost the only novelty in the pre- 
sent plan consists in an arrangement of disconnecting 
gear, which, if constructed as shown in the patent 
drawings, certainly would not work. 

(No. 1764, 8d.) William Robert Lake, of 8, South- 
ampton-buildings, patents, as the agent of Samuel 
Augustus Chase, of Boston, U.S., some details in the 
construction of railway carriages. According to these 
plans, the weight of the carriage, instead of being 
carried by the axles, is received by pairs of friction 
pulleys which bear against the upper portions of the 
circumferences of the ordinary wheels. ‘lhe corre- 
sponding pulleys on opposite sides of the carriage are 
carried by one axle, which extends across the vehicle, 
this axle being provided with a pulley, to which the 
brake is applied when required. We much doubt the 
practical merits of this system. 

(No. 1768, 10d.) Isaac Griffith Lloyd, of Blaina, 
near Newport, patents machinery for compressing air, 
the main feature of this machinery being that the 
gearing by which the motion is transmitted from the 
driving shaft of the engine to the reciprocating piston 
of the air-pump is so arranged that, whilst the driving 
shaft sovelies at a uniform rate, the piston of the 
pump moves at a quicker speed at the commencement 
than at the end of each stroke. 

(No. 1772, 2s. 4d.) Matthew Gray, of Binswood 
House, Highbury-hill, patents machinery for manu- 
facturing telegraph onbles. It would require the aid 
of drawings to describe the various machines included 
in this patent. 

(No. 1777, 10d.) William Fairley, of Loughor, 
near Llanelly, patents an arrangement for preventing 
over-winding in the shafts of mines, this apparatus 
consisting of a lever so placed that it is acted on by 
the cage near the end of the ascent of the latter, the 
motion of this lever being transmitted by a series of 
rods to the engine, the eccentric rod of which is thus 
thrown out of gear when the cage reaches a certain 

olnt. 

(No. 1781, 8d.) Job Edwards, of Wednesbury, 
patents methods of making the frames of mine lifts or 
cages and of tubs, of iron or steel tubing, the object 
being to secure a light but rigid system of construc- 
tion. 

(No. 1788, 1s. 8d.) James Grafton Jones, of 
Blaina, patents a kind of traverser for facilitating the 
moving of a coal-cutting machine in a heading, and 
also hydraulic apparatus for wedging down coal. 
These contrivances could not be clearly described 
without the aid of drawings. 

(No. 1793, 8d.) Henry Columbus Henry, of Here- 
ford, patents arrangements of stop blocks for railways. 
According to these plans the stop block is constructed 
so that it turns on an axis either formed by the rail 
itself or on an axis situated in the centre of the web 
of the rail, the stop block being connected to a disc 
signal, so that when the block is placed on the rail 
the disc is turned so as to show the flat side. 

(No. 1803, 4d.) Henry Kinnaird York, of Grange 
Town Ironworks, Cardiff, patents manufacturing steel 
by melting with spiegeleisen purified cast iron ob- 
tained by the process patented by him in May, 1866, 
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This process consisted in taking pig iron previously 
heated and tearing it to pieces by means of a number 
of circular saws mounted close together on the same 
axis, and driven at a high velocity, the particles of 
iron torn off by these saws being either exposed to 
the oxidising influence of a blast of air, or being re- 
ceived in a cistern containing water. 

(No. 1819, 8d.) George Dickie, of Kilwinning, 
atents manufacturing illuminating gas by admitting 
1ydrocarbon oils into retorts or tubes, which are 
maintained at such a temperature that the oil, so ad- 
mitted, is immediately vaporised. 

(No. 1822, 8d.) Emory McClintock, of the Lang- 
ham Hotel, patents a form of steam engine having a 
pair of cylinders in which deep pistons work, these 
pistons and the passages connected with the cylinders 

eing so constructed that each piston acts as a slide 
valve, and governs the admission of the steam to, and 
its egress from, the other cylinder. The principle of 
construction is somewhat the same as in the Hicks’ 
engine, which attracted so much attention at the late 
Paris Exhibition, and which was fully described by us 
on page 21 of our last volume; but in Mr. McClin- 
tock’s engine the cylinders are double-acting. The 
pistons of the two cylinders are connected in the 
a way to cranks at right angles to each 
other. 

(No. 1824, 1s.) Oliver Rice Chase, of 
Montague-street, Russell-square, patents an arrange- 
ment of feed water regulator and water gauge for steam 
boilers, which we illustrate and describe on another 
page in the present number. 

(No. 1827, 8d.) Stephen Holman, of 10, Laurence 
Pountney-laue, patents arrangements of pumps and 
pump valves, which we shall illustrate shortly. 

(No. 1828, 8d.) Thomas Wilson and William Hall, 
of Newcastle-on-Tyne, patent a form of rotary pump 
consisting of a cylindrical case through which a re- 
volving spindle passes eccentrically, this spindle being 
fitted with a number of sliding pistons, the outer edges 
of which are kept in contact with the inner surface of 
the case by means of pins fixed to the pistons, and 
arranged to work in annular grooves in the end covers 
of the casing. We much doubt whether there is any- 
thing new in this arrangement. 

(No. 1830, 1s. 6d.) Sydney Hall and William 
Henry Parsons, of Swansea, patent apparatus for 
moulding artificial fuel, which could not be described 
without reference to drawings. 

(No. 1834, 1s. 4d.) Thomas Rafferty and John 
Henry Storey, of Manchester, patent apparatus for 
facilitating the moving, laying, and jointing of gas 
and water pipes. This apparatus consists of a kind of 
travelling crane running on rails laid on each side of 
the trench in which the pipes are to be placed. The 
crane thus spans the trench, and it is fitted with the 
necessary hoisting gear, and with appliances for sling- 
ing the ‘‘tup,” which is employed to drive each pipe 
home in its socket. The traveller may be traversed 
by steam power or by a gas engine. 

(No. 1839, 1s. 6d.) William Edward Newton, of 
66, Chancery-lane, patents, as the agent of Messrs. 
Fareot and Sons, of Paris, various forms of marine 
engine governors; amongst them, that which we 
illustrated and described on page 511 of our third 
volume. 

(No. 1846, 8d.) Thomas Crow, of West Ham, 
patents a method of making illuminating gas from 
gas tar oil or gas tar. According to this plan, the oil 
is extracted from the tar in the usual way, and is 
placed in a reservoir, from which it is allowed to flow 
down in a continuous stream into a heated vessel or 
vaporiser, the quantity of oil thus admitted being re- 
gulated so that it is only just sufficient to flow over 
and wet the bottom of the vaporising chamber. In 
this chamber the oil is instantly converted into 
vapour, and this vapour is led into a superheater, 
which is maintained at a red or higher heat. The 
outlet for the escape of the vapour from this super- 
heater is so small that a high pressure is maintained 
within it, and the combined effect of this pressure and 
the heat is stated by the patentee to be the conversion 
of the vapour into permanent gas of high illuminating 

ower, 

(No. 1849, 10d.) Adam Aitchison, of 6, Park-terrace, 
Peckham, and Thomas South, of Bridge-street, South- 
wark, patent a method of mies J illuminating gas 
from hydrocarbon oils as follows: The hydrocarbon oil 
to be converted into gas is conducted from a reservoir 
into a cast-iron retort containing lumps of fireclay, 
this retort being sufficiently heated to convert the 
hydrocarbon into vapour. The vapour or gas thus 
generated is passed through numerous perforations in 
a highly heated surface of fireclay, and is thence con- 
veyed to the purifying apparatus. 
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DIFFUSION BATTERY FOR THE BEET-ROOT SUGAR MANUFACTURE (ROBERT'S SYSTEM), 


AS EMPLOYED AT THE BEET-ROOT SUGAR MANUFACTORY, GR. SCELOWITZ, AUSTRIA. 
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We illustrate, in the annexed figures, a sectional elevation 
and plan of a diffusion battery, as existing at the Beet-root 
Sugar-works in Gr. Scelowitz, in Austria, the works be- 
longing to Mr. Robert, the inventor of the diffusion process. 
The battery there used consists of eight vessels, and the 
figure shows two complete batteries, or sixteen vessels in all, 
as now in use at Mr. Robert’s works. This drawing shows 
the different vessels, with their connecting Pipes and valves, 
the pressure reservoir at a higher level, and the two plat- 
forms for the transport and discharge of the solid materials 
by means of small trucks. There is only one pump worked 
by steam power, and supplying the water to the pressure- 
reservoir, p, from which it is delivered in succession to any 
one of the vessels containing the poorest plants. The head or 
pressure thus produced in the first vessel being sufficient for 
making the liquor contained in it pass into the second vessel, 
and so on, the entire circulation is maintained throughout 
the battery. The temperature is kept at its proper point by 
the admission of steam into the vessels and into the pressure 
reservoir whenever required. There are at this moment 
twenty-five sugar factories in Germany, two in Poland, and 
one in Russia, working the diffusion process, and some are 
now in course of erection in France and in Belgium. This 
refers exclusively to beet-root sugar manufacture. The 
application of the process to sugar-cane has been confined 
exclusively to the Aska Sugar-works, the property of the 
firm of Messrs. Baring Brothers, who are, we believe, the prin- 
cipal proprietors of the Robert’s patents in this country and 
in the British colonies. At the Koka works the second cam- 
paign with the diffusion process is now at hand, and we ex- 
pect to publish the results as soon as reliable information can 
reach Europe. The interest taken in the success of the dif- 
fusion process, not only by the sugar-refiners and makers of 
sugar plant in this country, but also by the sugar-planters 
in every one of our sugar-growing colonies, is very great, and 
that from the obvious reason that this process, if successful, 
would revolutionise the whole sugar trade of the world. 


Austrian Rattways.—It seems Austrian railways, on 
which accidents with loss of life at any rate have hitherto 
been almost unheard of, are beginning to follow bad examples. 
The other day an accident occurred on the Northern line, 
then the falling of the bridge on the Lemberg-Czernowitz, 
and two nights ago a collision on the Staatsbahn, near Pres- 
burg, whick cost nine lives. Two goods trains ran into each 
other. Although the line had a greater income by 700,000/. 
last year than the year before, there is still but a single line, 
and one train left before the other arrived; they met on a 
bridge, where the ruins were so heaped up that the train 
from Pesth only arrived late last night. Me will not make 
the line more popular, but will be an additional motive to 
take in hand the direct line contemplated between Pesth and 
Oderberg, which will effectually relieve them of the traffic they 
have shown themselves so thoroughly incompetent to manage. 
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SNAKE POISON. 
To tHe Eprror oF ENGINEERING. 

Si1r,—lI have recently seen in the Lancet and other medical 
journals that the subject of organic poisons has been receiv- 
ing the attention of ecientific men, and that snake poisons in 
particular have been under investigation as a type of a class 
not generally met with in so tangible a form, and therefore 
not so convenient for experiment. 

On the subject of snake poisons, it may be of some use if 
I place before your readers my — while I was en- 
gaged as resident engineer on the East Indian Railway. 

mmediately after my arrival from England, in 1854, I 
was sent to my station, which was in the district of Beerh- 
boom, about 120 miles from Caleutta—the place is now 
ealled Cynthia—which I reached in the month of January. 
I had with me an European assistant, the only person with 
whom I could converse in English. I naturally endeavoured 
to obtain through him all the information , ont on the 
locality where I was to reside. Snakes, among other sub- 
jects, were specially named, and my assistant informed me 
that he had been in the habit of seeking for, catching, and 
handling them, and that it had been one of his amusements 
when stationed on another portion of the railway, then 
nearly completed, nearer Caleutta. He mentioned the places 
where snakes usually hide themselves, and that he had ex- 
pected the piles of railway sleepers would have proved to be 
favourite quarters with them; these he had often searched, 
but he never could find any there. I inquired as to the kind 
of sleeper to which he alluded, and found they were tri- 
angular fir sleepers imported from England, and that they 
were coated over with some strongly-smelling substance, 
which I knew to be creosote. 

I happened to have a small bottle of this substance with 
me, purchased at a chemist’s in Calcutta, and intended to re- 
lieve an anticipated toothache, containing not more than 
five or six thimblesful of the concentrated creosote, and I 
proposed, when a snake could be caught, to administer a drop 
or two. 

The opportunity occurred in a few days; a snake charmer 
made his appearance with some twenty or thirty cobras, 
which I then saw for the first time in my life. e man 
made them dance, i.e., writhe about on their tails with ex- 
panded hoods to the melody of his chant, accompanied by a 
tom-tom, keeping up the excitement by administrating an 
occasional smart tap to the reptiles as they became tired of 
the amusement, or endeavoured to escape. I inquired, 
through my assistant, if they had been , wall of their 
fangs ; he said yes, with one exception; from the others the 
had been broken out; but as he Fandled this snake (which 
had just been caught) with as much ap t indifference as 
the others, I expressed a doubt of the fact. He then said if 








the sahib would give him a chicken it would be easy to 
prove the snake’s power for mischief. A chicken was caught, 
which the snake was made to bite, and the result was that 
the chicken died in about two or three minutes. 





I then produced my little bottle, and requested to be 
allowed to drop two drops of creosote into the snake’s mouth, 
telling the man, through the Eurasian interpreter, that I 
could not say what would be the result, but that it was 
dewai, or medicine, I had brought to take myself. He said 
if the snake died it was of no consequence, he could find 
plenty more in the locality (a fact of which I afterwards had 
abundant evidence). The snake was caught, and I dropped 
into its mouth—kept open by the snake charmer, who 
squeezed him tightly just below the head for this purpose— 
two drops of the creosote The snake appeared immediately 
somewhat dull, and soon after the man put them up, and 
having received his buxes, went away. e returned, how- 
ever, on the following day, and wanted to know the name of 
the medicine which had been given to his snake, for, he said, 
having got about the distance of a mile from the bungalow 
he looked at it and found it dead. Two drops of the creosote 
had therefore been sufficient to destroy a full grown healthy 
cobra. 

During the hot season, which commenced very soon after, 
Ihad abundant opportunities of trying the effects of the 
creosote, and I have now in spirits in my possession some 
eight or nine specimens of snakes of various kinds, all killed 
with one or two drops of this substance. ) 

The plan adopted was, with the assistance of my Eurasian 
friend, to catch the snake, and while held by him I, with a 
pair of pliers, broke out the fangs, and thereby deprived him 
of the power of doing mischief; then, by oe the head 
tightly, about a teaspoonful of poison could usually be made 
to exude from the poison-sac, with which the fangs are in 
connexion. The snake in seizing its victim thrusts its curved 
and tubular fangs, which are about half an inch long, deep 
into the flesh, and in doing this presses upon the poison-sac, 
and causes the poison to be injected into the bottom of the 


wound. 

The poison is in appearance very like linseed oil, and when 
rubbed with the finger on the ot of the hand, produces a 
substance very like white paint. ; 

A drop of creosote added to the poison, pressed out from 
the cobra as above described, instantly produced a dirty 
white coagulum. A chicken innoculated with the poison 
before the creosote was added, died in five minutes; another 
chicken innoculated with the mixture lived twelve hours. 
These facts may be interesting to the medical profession to 
know, and in their hands the use of creosote, carbolic acid, 
and other analogous chemical compounds, may be found to 

ss curative properties. hed : 

To prevent the intrusion of these reptiles into dwelling 
houses, or other places where their presence would be a dan- 

erous nuisance, I am quite certain it is only n ary to 
Cech over these parts where they are likely to enter with oil 
of tar, which gives off the well-known pungent odour, 
and to renew it occasionally, and no snake will attempt to 


pass over it. 
I am, Sir, your obedient Servant, 
Kingsdowne Lodge, Surbiton. W. Cuark. 
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GODAVERY NAVIGATION WORKS. 

T'nese works have been undertaken with a view to 
improve the channel of the Godavery river, so as to 
make it navigable at all times of the year from the sea 
at Coconada to Chandah on the river Wurdah. Like 
many other great and important works in India; the 
improvement of the Godavery was commenced before 
any proper examination, or detailed estimates of its 
probable cost, had been made, and it has been conse- 
quently subjected to alternate vigorous prosecution 
and temporary suspension, such as generally attends 
works commenced prematurely, and for which revised 
estimates have constantly to be sent in for sanction, 
The river consists of three divisions, caused by three 
great rocky barriers, which fill up its bed: at. different 
places, and the works of improvement are principally 
directed to these barriers, with a view to making them 
passable, and this is effected partly by the construction 
of canals, avoiding the barriers wholly-or in: part, as 
the case may be, and partly in canalising the river bed 
by the construction of anicuts, and by blasting 
channels through the rock itself. Up to the present, 
attention has been principally direeted to the first and 
second barriers only. At the first barrier operations 
had, according to the last report, which was for the 
third quarter of 1867, been chiefly confined to the 
earthwork in the river embankments, in the excava- 
tion for the tail-locks at Gungole, and in the regulating 
tank on the drainage which there crosses the canal. 
In July last the head-lock for the canal, which has 
been constructed so as to avoid the worst part of this 
barrier, was completed, and in August, when the river 
rose to such a height as to stand back up the canal 
from its lower end to a depth sufficient for navigation, 
the whole of the boats, with stores to the amount of 
some 400 tons for the second barrier works, and three 
small steamers were passed through the canal and 
lock, the first instalment of the traffic which is yet 
to pass by the same route. The excavation for 
the upper of the two tail-locks for the same canal 
was completed in time to lay a small portion of the 
masonry of the floor before the rising of the river 
in August put a stop to works in the river bed. It 
was expected that work would be resumed on Ist 
November last. During this forced suspension of 
operations, the preparation of the cut stone for the 
sills, quoins, arches, and inverts of the side culverts 
was carried on, and experiments were made in the 
manufacture of artificial stone by Ransomes’ process, 
the materials for which, sufficient for a considerable 
quantity of stone, were sent out from this country last 
year. As the result of the experiments, it has been 
proved that excellent stone can be made by that pro- 
cess, but its cost is somewhat high. ‘ The principal 
“ advantage,” says Major Haig, “ sought to be de- 
‘rived from the substitution of artificial for natural 
* stone was, however, not cheapness, but the saving 
of labour, which is effected whenever an article 
made, or partly made, in England, or elsewhere, can 
be supplied in lieu of one made upon the spot. 
The want of labour, the difficulty of collecting it in 
sufficient quantity, and of retaining it, being the 
great difficulty we have to contend with upon this 
‘river, every substitute which machinery, steam or 
‘ art, can afford is a gain, and in this way I have no 
doubt that we shall derive valuable assistance from 
“the use of the patent stone.” 

The precise object of the regulating tank, near the 
tail locks, is to control the waters of a small stream 
which crosses the canal, and to obviate the necessity 
for an expensive culvert under the canal. In addition 
to its more immediate object, this tank will afford irri- 
gation to a small extent of land in Dumagudiem and 
its neighbourhood. 

As stated recently in our “ Notes from India,” the 
works at the first barrier have made such progress 
that it is anticipated the river will be open for navigas 
tion as far as the second barrier, 225 miles from the 
sea, before the next monsoon. 

The works at the second barrier have hitherto been 
principally of a preparatory nature, consisting ’ of 
clearing jungle, drainage, and housing the work} 
people and establishments, The station road connett 
ing the lines at Enchampilly with those at Neelui- 
pilly, the site of the work, a mile distant, was in pro- 
gress, and completed to half its intended width to thé 
formation level for half its length. At the*lime-kilns, 
operations had been confined to the preparation of 
lime sufficient only for the buildings under constrac 
tion, but they were capable of immediate expansion ag 
soon as the works in the river-bed could bé"¢tm- 
menced. A. quarry had been opened out at one 
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cess of what had been supposed, the thickness of the 
stratum being not less than 80 ft. 

This report, it must be remembered, treats only of 
the works.as they existed at the commencement of the 
present working season ; it may therefore be antieipated 
that considerable progress has since been made during 
the past four mouths. 
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°TRRIGATION IN INDIA. 


‘Tuts, the most-important subject in connexion with 
the administration of India, is; we are glad to find, 
likely to meet with some attention, at an early period 
of the present. session, in the Imperial Parliament. 
Two notices have already been given on the, subject, 
and it is not improbable that they may give rise to 
others. In the first place, we observe that. Mr. 
Smollett intends “ to. call the attention of the House 
“to the very unsatisfactory manner in which certain 
“joint stock companies have for the last eight years 
“performed the functions entrusted to them of sup- 
“ plying irrigation to public lands in India from their 
“own funds, so far as the pecuniary results of their 
“operations have been communicated to Parliament ; 
“and to move, that the system adopted by the late 
“« Secretary of State for India, Lord Halifax, and con- 
“ tinued by the present Secretary of State for India, 
“ of supporting in their present position these com- 
“ panies of adventurers in enterprises unsustained by 
“ privateieredit, through means of enormous grants of 
public money drawn from the Indian treasury, is im- 
“ politic, and should be discontinued.” The second 
notice, to which we have referred, has been given by 
Mr. Kinnaird, who desires to move for a “ select com- 
“ mittee to inquire into and report upon the causes 
“ which have hitherto prevented the full development 
“ of irrigation works in India, and upon the best 
** means to be adopted in the future for securing the 
“ rapid prosecution of works of that nature.” 

These two motions, evidently conceived in such 
very different spirits, and clearly directed towards the 
attainment of precisely opposite ends, ought to result 
in at least some good to the objects for which they 
both primarily advocate. Mr. Smollett, it is clear, 
would do away with private enterprise for the con- 
struction of irrigation works in India; and in that 
case it is to be presumed that he would have all such 
works carried out by Government, through the agency 
of its Public Works Department. He animadverts 
somewhat severely upon existing irrigation companies, 
but let us see precisely what their position in reality 
is. The Madras Irrigation and Canal Company com- 
menced operations upon a scheme estimated, at the 
time, to cost one million sterling, upon which amount 
of capital the Indian Government guaranteed a minimum 
rate of interest of 5 per cent. per annum. The capital, 
however, became all expended before the works were 
nearly finished. Had the Government treated this 
company in a manner similar to that which it has 
always adopted towards the guaranteed Indian railway 
companies, is would have extended the guarantee to 
such further sum as might be required to complete the 
scheme of works. Instead of doing this, however, 
they agreed to advance to the company, upon certain 
terms and conditions, such sums as they might from 
time to time require, up to, but not exceeding, a total 
of 600,0007., and with this extra capital they are now 
carrying on their works. 

After what has been so repeatedly asserted with 
reference to the remunerativeness of irrigation works 
in India, it might reasonably be expected that before 
this time the Madras Irrigation and Canal Company 
would have derived some substantial returns upon a 

ortion, at least, of their outlay; but this unfortunately 
ios not been the case. The question why no such 
returns have yet been realised, involves also, we should 
feel inclined to conclude, questions relative to the 
management of the company in the first instance, and 
to the efficiency of the executive engineering staff in 
India in the second. There is, however, also another 
point which must not be overlooked, and that is, as to 
the probability of completing the project for such a 
sum as to render it possible ever to give a fair return 
upon outlay. 

In estimating the returns from any irrigation scheme 
—stpposing the works to be already completed—two 
principal subjects have ‘to be dealt with, viz., the 
available amount of water for irrigation purposes, and 
the extentrof Jand requiring irrigation within reach of 
the canal’s distributory channels. If there is more 
water than the land in the neighbourhood can make 
tse of, a proper deduction must be made from the 
‘amount of available supplies; and if, on the other 








and the quantity of rock was found'to be fat inx- 


hand, the supply is not equal to the demand, no 





account can be taken of the land in excess. That the 
Madras Irrigation and Canal Company possess an 
abundant source of supply in the river Toombuddra 
cannot be denied,.and that a large area of country 
through whieh their canal’passes is capable of utilising 
that supply, or, at least, a great portion of it. 
Their scheme, we believe, originated with Sir 
Arthur Cotton, than whom few, if any, have 
done more ‘service to the Peninsula of India, 
by developing some of her most important irri- 
gation systems. Indirectly these woke are very 
remunerative to the State, but their direct re- 
turns in but rare instances, if calculated upon a 
correct system, yield a fair interest upon outlay, ex- 
cepting insuch cases where tley have consisted merely 
of a restoration of ancient native works. Is it, then, 
probable that. the project now under construction by 
the Madras Irrigation and Canal Company will prove 
remunerative?, We candidly confess that we fear it 
wili not. Not, however, on account of any fault of 
the company, themselves, but from a consideration of 
the returns from other similar works in the Madras 
Presideney, constructed more cheaply and economi- 
eally by Government than an independent company 
could even hope to construct them. Besides this, it 
cannot be denied that several grave crrors have been 
committed by the company’s engineers, all of which 
things are against them. 

In the case of the East India Irrigation and Canal 
Company, which started without any guarantee, 
although the situation and character of their works in 
Orissa would seem better calculated to achieve finan- 
cial success than those of the Madras Irrigation Com- 
pany. ‘Their works also have been better, and at the 
same time more economically conducted, and they have 
already received some returns in the shape of water 
rent. The money market has unfortunately been 
against their being able to raise their capital, and their 
works must consequently have been entirely stopped 
had it. net been: forthe Indian Government stepping in 
and aiding them by a loan. The time has not yet 
arrived when they can go into the market and raise 
more money, so their works must, for some time at 
least, continue to be carried on with Government aid. 

Now the question really intimated by Mr. Smollett 
appears to be, Is the Government justified in con- 
tinuing their aid to these companies with money taken 
from the Indian revenues? We should say, undoubt- 
edly they are. Ata time when the Government was 
not in a position greatly to extend its operations on 
irrigation works, these companies stepped in to supply 
a demand which was severely felt, and their only crime 
appears to have been that their works have not yet 
proved remunerative. The money advanced by Govern- 
ment for carrying on their works is just as much 
devoted to the good of the country as if they were 
being carried out by the Government itself ; and whilst 
it is thus being employed for the good of the land, 
with a view to ultimately increasing its productions, 
employment is also by its means afforded to thousands 
of natives, and it is therefore returned to, and not 
taken out of, the country whence it was derived. 

With reference to Mr. Kinnaird’s motion for a select 
committee, we regard it as a sort of reply, or counter 
proposition to Mr. Smollett. Mr. Kinnaird is, if we 
mistake not, a director. both of the Madras and of the 
Kast India Irrigation and Canal Companies, and we 
view his notice of motion as made with the intention 
of courting the strictest inquiries into the manner in 
which those companies have performed the duties they 
have undertaken. Whatever might be the result of 
those inquiries, it does not clearly appear how they 
can be expected to result in much good. ‘The forma- 
tion of a separate irrigation department under the 
Government in India, indicates the intention of Govern- 
ment to very greatly extend the construction of irri- 
gation works, and if sufficient funds can at all times 
be obtained for such purposes, there can be little doubt 
that for many years to come they will declare their 
independence of private enterprise for the prosecution 
of such works. 








TeLEGRAPHS IN New Sovrm Wates.—There are now 63 
telegraph-stations, and 3346 miles of wire, costing for con- 
struction on an average 45/. 9s. 9d. per mile. The revenue 
for 1866 amounted to 30,6987. In 1865 there were 138,780 
messages, which in 1866 had increased to 143,523. 

Inp1an Corton.—About two million acres of land in 
India are now under cotton cultivation. More than threc- 
eighths of this acreage grow cotton from exotic seed, chiefly 
American, while the remainder is occupied with the indigenous 
ornative plant. The growth of cotton per acre throughout 
India is estimated at as little as 60 Ib. or 70 Ib. of the cleaned 
fibre. The American cotton fields have often groyn from 
400 Ib. to 500 Ib. per acre, and in many instances much more, 
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The permanent circulation of ENGINEERING is 
greater than that, collectively, of all the weekly en- 
gineering journals published in London, at the same or 
a higher price, and it is very rapidly increasing. 
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ENGINEERING is registered for transmission abroad. 


Le bureau d@ ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the Novvzav PoRTEFEUILLE DE L’ INGENIEUR 
pgs CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
Sor this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tux InsTITUTION oF CIVIL ENGINEERS.—Tuesday, March 
24,at 8 p.m. Continued Discussion upon Mr. Sandberg’s 
Paper “ On the Manufacture and Wear of Rails.” 

Crvit aND MrecuANiIcaL EnGingERs’ Socrety.—Wednes- 
day, March 25, at 8 p.m. “On Landing St 
Estuaries.” By Mr. Benjamin Haughton, C 
of the Society. 

AERONAUTICAL SocreTy oF GREAT Britain.—Thursday, 
March 26, at 8 p.m., at the Hall of the Society of Arts, 
Adelphi. Meeting for the Reading and Discussion of Papers. 
His Grace the Duke of Argyll has consented to preside. 
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OUR LATENT WEALTH. 


Tue periods of our greatest national prosperity have, 
heretofore, been those in which the application of the 
more important mechanical inventions was being rapidly 
extended. By themselves the first steam engine, the 
first spinning frame, puddling furnace, rolling mill, 
power loom, iron railway, steamboat, vacuum pan, 
power printing press, locomotive engine, hot-blast fur- 
nace, self-acting mule, iron ship, ocean —— 
electric telegraph, reaping machine, photograph, sub- 
marine cable, Bessemer converter, steam plough— 
were hardly more than philosophical toys of a certain 
scientific interest ; but their practical introduction and 
use have added almost beyond the possibility of calcu- 
lation to our national wealth. Those who can remem- 
ber how the Scotch iron trade was looking up in 1832, 
the cotton manufacture in 1835, railways in 1840, and 
steamship undertakings in 1845; and how, again, 
these industries and the interests they represent ac- 
quired new life in the period from 1851 to 1864, may 

allowed to wonder what great invention—one so 
great as to cause a complete and welcome commercial 
revolution—may next be expected. But upon such a 
point it is wholly idle to speculate. We, literally, do 
not know what a day may bring forth, nor whether 
one-half, or even all, the great inventions of which we 
now boast may yet be superseded by others still more 
marvellous. But we do know that improvement is 
next in importance to invention, and that our past 
progress has but shown how great is the room for im- 
provement yet remaining. Could we now approach 
reasonably near to what theory indicates as possible 
in the oe roe f of engines, rar: Nem and railways, in 
the use of in the growth of corn, and in other 
mechanical, chemical, and agricultural arts, it would 
be found that new sources of abundant wealth were 





opened, of which even Watt, Davy, Stephenson, and 
the hundred others who have benefitted mankind by 
their inventions, could have hardly dreamed. 

The rude science of our time tolerates an enormous 
waste in the getting and consumption of coal, one of 
the prime necessaries of commercial, if not, indeed, of 
physical life. Our mode of sinking shafts is costly, 
and so is our mode of draining isolated mines where, 
in many cases, an extensive basin might be drained from 
a single point. We have not yet applied machinery 
as it ought to be applied to pit-sinking, well-boring, 
tunnelling, coal-cutting, and earthwork. The mechani- 
cal ventilation of coal mines should be carried out to 
an extent to render explosions impossible, and this 
would cheapen coal as well as save life. 

It is in the use of coal that we have long tolerated 
the greatest waste. It is wasted to an enormous ex- 
tent in its use for domestic purposes. We waste it, 
in a thousand applications of it, in smoke, and suffer 
all the nuisance of smoke besides. In many of the 
iron districts the waste in blast, puddling, and heatin 
furnaces has long been very great. More lately, oul 
especially in the Cleveland district, the gas is taken off, 
and a considerable saving made. The slack or coal 
dust was once altogether wasted; now it is turned to 
account either by being burnt as it is, or by being 
washed and coked. We have found, too, from our 
growing use of Siemens’s furnace, that all our previous 
notions of thermal economy were greatly short of 
the flimits of possibility. Its saving of heat, once 
wasted, is almost too great to be believed, more 
especially in processes requiring very high tempera 
tures, where the escaping gases were before turned to 
waste at a heat of wee ho 3000 degrees. Gjers’s 
puddling furnace, too, which we lately illustrated, has 
shown how great was the previous waste in the con- 
version of iron, and when we recollect that in many 
districts 30 ewt. of coal is still consumed in puddling 
a ton of bars, and that some three million tons of 
puddled bars are made yearly in the kingdom, the im- 
portance of saving from one-third to one-half of this 
coal can be understood. 

Science teaches us that, in our best steam engines, 
less than one-tenth of the real heating value of the 
fuel—and heat is power—is now utilised. It is for 
the science of. the future to recover this enormous 
waste, the waste of heat in the exhaust steam, whether 
turned direct into the air or condensed in water. 
Science points out that no steam pressure can be too 
high, no expansion too great, no final temperature of 
condensation too low. Fret us hope that practice may 
yet attain the fulfilment of theoretical possibility. 
True, inventors have burnt their fingers with great- 
pressure boilers, and have scorched the tallow in their 
cylinders with the gaseous and highly superheated pro- 
duct of these generators; but evéry good cause has its 
final triumph ; and we will trust that the leaven of the 
brains whereby man has already conquered so much 
of nature may yet work in his aid to conquer still 
more. 

The greatest room for improvement lies undoubtedly 
in the cultivation of the soil, and the future historian 
may excite the wonder of his readers by his descrip- 
tions of our rude agriculture, which may take a relative 
position with the food-producing science and art of 
A.D. 1900, only to be understood by comparing the 
barbarous tillage of the ancient Britons with the some- 
what advanced stage of modern English farming. 
Heretofore the farmer has sown his seed, trusted in 
Providence, and gathered what he could get. He will 
hereafter do more; not trusting the less in Providence, 
but knowing that the superior power helps those who 
help themselves. An arable field is a laboratory, a 

latform for chemical operations for the production of 
ood. Its strata and substrata of silica and clay are 
only so much standing ground for plants, and spade 
husbandry, garden tillage, and manuring prove that we 
may feed a given crop as well upon an acre as is 
commonly done upon two, four, or six acres. Nor do 
we know what may yet be done by underheating, the 
distribution of warmth in underground pipes, like 
drain pipes, but closed against the intrusion of water. 
It is the roots, the feet and toes, of plants that are 
most grateful for warmth, and we might thus attain 
an almost tropical vegetation, and grow crops in 
seasons which are now but those of ploughing and 
draining, to say nothing of the long weeks in which 
the soil is in every sense asleep. We are but just 
finding out how to prepare the soil by mechanical 
means, and it will all come in time that the word 
“plough” will mean “ steam plough ” as a matter of 
course, and be so understood without explanation or 
i Tilling the soil, putting the seed into the 
ground, taking off the crop and dressing it for market, 
will be but a round of simple mechanical operations 





for which steam will supply the power, and skilful 
agriculturists the best and most profitable science. 

Nor have we approached the ultimate results to be 
attained by the substitution of steel for iron. We 
may look forward with reasonable hope to some dis- 
covery which will render all irons available for the 
manufacture of steel or, at any rate, into homogeneous 
instead of, as now, fagotted, bars piled and but im- 
perfectly welded together. Whoever will dephos- 
phorise the cold short irons of this kingdom, and de- 
sulphurise the red-short qualities, will confer a boon 
hardly less than that oh Cort himself first gave to 
the world. The superiority of steel is too great to 
permit us to rest content until a// irons have been 
made available for its manufacture. 

Nor have the public, including architects and 
builders, yet Seo , to appreciate, as they ought, the 
merits of artificial stone, which is now made of a 
quality, and at a price to render natural building 
stones, with the trouble and cost of hewing and dress- 
ing them, a barbarism. As long as sharp sand is worth 
but two or three shillings a ton, and can be moulded, 
with the aid of a small quantity of two cheap chemical 
preparations, into an indestructible stone of any form, 
ee or ornamental, the use of natural stone, or its 

umbler substitute, bricks, is unworthy of the in- 
telligence, such as it is, of our age. 

One of the greatest improvements to be made is in 
the structure of our railways. They are most im- 
perfect, and the time must come when they will be, if 
not remembered, at least described in mechanical 
history, as of barbarous structure. A railway carriage 
should move upon a straight level ‘railway with a re- 
sistance of but 5 lb. or 61b. per ton, and it should do 
this at all speeds, just as a well fitted journal will re- 
volve in its bearing with a constant resistance at all 
speeds. The increase of resistance with speed was 
not foreseen by George Stephenson ; he did not believe 
in it; he denied it; he said, “I mean to make my 
“railway perfect.” But we have as yet hardly had an 
idea of what a “ perfect railway” is, and we still tole- 
rate resistances, at high speeds on a level, of from 
201lb. to 30lb. per ton, or from three to six times 
greater than they should be. This comes of our loose, 
inaccurate system of permanent way which has neither 
truth of surface, truth of line, nor truth of gauge. A 
line of railway should be as true as a lathe bed, and it 
should lie still under the passage of a train, instead 
of, as now, being all alive, and apparently on the 
point of going off bodily with the train. Some en- 
gineer must arise to accomplish for railways what Mr. 
Whitworth has done for mechanical precision in tools. 
It is solely the imperfections of our railways that en- 
courage us to tolerate the steep gradients to which 
railway construction is so rapidly tending, and which is 
likely to end with vertical railways and climbing loco- 
motives. It has become a sort of boast or boasting 
bravado with many engineers, that they can work a 
line with gradients of 1 in 40, 1 in 30, 1 in 20, or 1 
in 10. Steep gradients, however, would be far less 
tolerable, with anything like perfection in the perma- 
nent way, than they now are. George Stephenson 
shunned them, and wisely. What would be the cost 
of working the London and North-Western main line 
had it been laid out with gradients of 1 in 40, like so 
many of the railways in South Wales? Were the 
coustant resistances upon level railways but 6]b. per 
ton, as they should be, at al/ speeds, they would be 
increased to 34 lb. on an incline of 1 in 80, and to 62 lb. 
on one of 1 in 40. 

To attain anything like perfection in railways, and 
thus to reduce the cost of transport below anything 
within the power of coasting or canal competition, they 
must be wholly reconstructed. They must be per- 
manent works, with permanent foundations, thorough 
substructure, and a really permanent way. ‘The wheel 
and rail must work together like the truest gearing, 
or any other example of mechanism working by con- 
tact. There must no lunging, hammering, chatter- 
ing, or surging, no rising of rail ends as the spans 
between the sleepers go down—and none of this going 
down either. e wheels must be true cylinders, not 
cones, and must work within a very close distance of 
the edges of the rail. We can and should do with 
our railways what is essential to render them as 
perfect in their working as the truest forms of fric- 
tional gearing. 

We need not, however, enlarge further upon what, 
without any absolutely new invention of, a revolu- 
tionary character, may be attained by the rational 
improvement of existing works, processes, and ma- 
chinery. In this we have a mine of latent wealth, not 
less in value than all that past generations of inven- 
tors and engineers have so well secured to their 
posterity. 
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THE 3 Fr. 6In. GAUGE IN CANADA. 

Tue people of Toronto, Canada, are promoting 
line of railway intended to traverse the district to the 
north-west of that city, including the counties of Bruce 
and Gray, which border upon Lake Huron and the 
Georgian Bay. Mr. Charles Douglas Fox lately ad-| 
dressed a public meeting in Toronto, and gave an| 
account of 445 miles of 3 ft. 6 in. gauge railways already | 
constructed in Norway, Sweden, India and Australia, | 
and he recommended this gauge for the proposed line in 
Canada, the prevailing gauge there, being 5 ft. 6 in. | 
It is estimated that the narrow gauge line may be | 
made at a cost of 15,000 dollars, or, say, 3000/. per 
mile, and as the existing lines of 5 ft. Gin. gauge have 
cost very much more, it is argued that the cheaper line | 
now proposed will be cheaper ecause of its narrower 

uge. So far, however, as the mere question of gauge 
is concerned, and supposing loads of a given weiglit on 
each wheel to be moved at a given speed, in either 
case, the difference of cost will be but slightly in 
favour of the narrow gauge. If we suppose the line 
to be straight, or through a district which, at least, 
permits of easy curves for any gauge, the comparison 
will beas follows: the bridges, rails, stations, ditches, 
and fencing will be the same, whatever the gauge, as 
long as the load on each wheel and the speed of trains 
are the same. The difference in the width of earth- 
works, and of ballasting, and in the length of sleepers, 
will be, not iz proportion to the difference of gauge, 
but the embankment which would be 12 ft. 6 in. wide 
on the 3 ft. 6in. gauge, would be 14 ft. 6in. only on 
the 5 ft. Gin. gauge, and the 16 ft. cutting would, in 
like manner, be widened to 18 ft., and so would be the 
difference in the width of ballasting and length of cross 
sleepers, although, if longitudinal timbers were used, 
they would be the same for both gauges. In a cutting 
40 ft. deep, with slopes of 14 to 1, the width at bottom 
being 16 ft. for the 3 ft. 6in., and 18 ft. for the 5 ft. 
6in. gauge, the excess of material taken out for the 
wider gauge would be only 28 per cent, or about one- 
fortieth more than for the narrower one. 

The distinction already drawn, viz., that whatever 
the gauge, the load per wheel and the speed are to be 
the same, is to be kept clearly in mind. In ordinary 
practice a wide gauge would be adopted with the in- 
tention of employing heavy rolling stock and working 
a heavy traffic, while a narrow gauge would be put 
down with reference to a corresponding weight and 
speed of trains. Thus viewed, the width of cuttings 
and embankments, and thus the amount of earthworks, 
would be more nearly in direct proportion to the width 
of gauge. But we are now setting out with the object 
of constructing a cheap line to accommodate a small 
traffic, and in this case, and supposing no special 
difficulties of route requiring exceptionally short 
curves, it is easy to show that a ligkt railway of 5 ft. 
6 in. gauge would cost but very little more than one, 
equally light, of 3 ft. Gin. gauge. The same trains 
being drawn, the rolling stock would be the same on 
each, with the exception that the axles would be longer 
for the wider gauge, and would require, also, to be a 
little larger in diameter to withstand a given torsional 
strain. In this way a train which, on the narrow 
gauge, might weigh 60 or 70 tons, would, perhaps, 
weigh from 61 to 71 tons on the broad. The carriage 











and wagon bodies would be, or, at any rate, there | 
is no reason why they should not be, of the same | 


dimensions on both gauges, always supposing the in-| , * . : 3 
S t PE 7 |chains or 330 ft. radius worked daily on the North 


tended traffic to be the same on both. 

We have not considered the difference in the cost of 
land and “compensation.” A greater width and 
therefore a greater area of ground would necessarily 
be required for the wide than for the narrow gauge ; 
but in new countries, where extremely narrow gauges 
are adopted or proposed, land bears but a low value, 
and the difference of 2 ft. in width would amount to but 
10,560 square feet, or less than a quarter of an acre 
per mile. This would be the extreme amount of 
difference in the area of land required for a 5 ft. Gin. 
single line as compared with one of 3ft. 6 in., and 
constructed for precisely the same light traffic, for we 
are supposing a light traffic in both cases. The com- 
parision of light railways for a given I'ght traffic at 
slow speeds, but of 5 ft. 6 in. and 3 ft. 6m. gauge re- 
spectively, thus shows that the bridges, rails, stations, 
fences, and ditching would be identical for both, but 
that land, earthworks, ballasting, and sleepers would 
be a little greater for the wider gauge, while the 
weight and cost of rolling stock would be but very 
little more. The proportion of excess for the wider 
gauge is so little that where a 3 ft. Gin. gauge line 
could be made for 3000/. per mile, one of 5 ft. 6 in. 
gauge, for the same ak could in most cases be 
made for 3200/. The advantages of a wider gauge 
would be a greater stability of trains in motion, wider 


and therefore better ballasting and a greater bearing 
surface of sleepers, both tending to the maintenance 
of a better condition of way. A further advantage 
would be that without interrupting the traffic the line 
could be gradually strengthened when required, and, 
as the traflic increased, be thus placed in connexion 
with the established gauge of the country. 

The chief objection to the wider gauge is that 
curves of a given radius offer more resistance upon 
it than upon a narrower way. A certain amount of 
power is expended on curves in changing the direction 
of the train from a straight line and, for a given 
radius, measured to the centre of gravity of the train, 


|and a given speed, ¢his loss of power is necessarily 


the same on all widths of gauge. And this is always 
the chief source of loss of power, whatever the width of 
gauge may be, and in this important respect a 5 ft. 6 in. 
gauge would be at nodisadvantage whateveras compared 
with one of 3 ft. 6in., and having curves of the same 
radius and worked at the same speed. But in going 
round a curve, the wheels on the izuer (never on the 
outer) rail must slip, and there is a loss of power in 
this way, but this loss is easily calculable, and is very 
much less than is commonly supposed. If the gauge 
be 5 ft. Gin., the radius of curve (measured in this 
case to the inner rail) but five chains, or sixty times 
the width of gauge, and if we suppose the curve 
to be even a semicircle, or 180 degrees, and to be 
worked at twelve miles an hour, and if we further 
suppose the adhesion of the wheels, or resistance to 
slipping to be one-eighth of the weight upon them, 
then the power consumed in slipping, with a train 
of 80 tons, would be as follows : 

The circumference of the semicircular curve, at the 
inner rail, would be 1036.7 ft., and at the outer rail 
17.28 ft. more, and ¢his would be the distance through 
which the wheels on the inner rail would slip, with a 
frictional resistance of *£2=10 tons, or 22,400 lb., and 
22,400 lb. x 17.28 ft.=387,072 ft. lb. Now as the 
curve is worked at a speed of 12 miles an hour, it 
would require almost exactly one minute to pass 
around it, and, for this one minute only, the power 
consumed would be %¥s%’—=nearly 12 horse power. 
If one such curve were encountered every five minutes, 
i.e., once every mile, the average loss of power, per 
hour, would be less than 24 horse power. A 3 ft. 6 in. 
gauge, under the same circumstances, would consume 
7% horse power per minute, once in five minutes, on 
each semicircular curve, or 1} horse power, on the 
average per hour, if such an extreme curve was met 
every five minutes. The difference in the power lost 
in slipping on the respective gauges would be hardly 
worth considering. Put into a different form, that of 
the resistance to draught, the additional friction, due 
to slipping, would be 373 lb., or less than 5 lb. per 
ton, for the one minute occupied in passing round the 
curve, on the 5 ft. Gin. gauge, and 237 1b., or about 
3 lb. per ton on the 3 ft. Gin. gauge. Supposing one 
such extreme curve to be met with on every mile, or 
every five minutes at the speed assumed, the average 
difference of draught per ton, due to the difference in 
gauge, would be but 3ib. As we have already said, 
the loss of power in slipping the wheels, on the inner 
rail on curves, bears but a moderate proportion to the 
loss in changing the direction of motion, the latter 
being always the same on a given curve, and at a given 
speed, no matter what the gauge may be. 

As to working sharp curves there is one of five 


Woolwich line of 4 ft. 8$in. gauge. We shall, next 
week, give a view of an eight-coupled engine working 
on an incline of 1 in 18, and around a curve of 230 ft., 
or 3} chains radius, on a piece of temporary line on 
the Dom Pedro Il. Railway, of Brazil, a line of 
5 ft. 3im. gauge. This temporary line was success- 
fully worked for a considerable period with 30 ton 
engines of this class. 

In localities where the natural features of the district 
are so broken and rugged that even five or six chain 
curves are inadmissible, there may be urged some ob- 
jection to a wide gauge, but there is no such district 
in Canada, at least to the north-west of Toronto, in 
the counties bounded by Lake Huron and the 
Georgian Bay. If the Toronto people listen to the 
hollow sophistries which are being urged in favour of 
the 3 ft. 6in. gauge, they will secure only an inferior 
line for a given expenditure of money, and one which, 
as the traflic grows, can only be brought into con- 
nexion with the established railway system of the 
country at great cost and inconvenience. 








Suerrretp.—The American trade of Sheffield isdull. The 
steel trade is moderately active, and most of the Bessemer 
furnaces are fully employed. There is also a good demand 
for steel railway rails, and a fair order for locomotives has 
been received on Indian account. 








IMPROVED RAILWAYS. 


It has been unusual, in England, until very lately, 
to tolerate an inferior material in railway construction 
because a better was more costly. This, however, is 
now the sole argument against the adoption of rails of 
a material allowed, on all hands, to be greatly superior 
to that of the iron rails so long used. The improved 
rails are admitted, without dispute, to be very much 
more durable than iron, and to be stronger, stiffer, and 
safer, combining in fact all the qualities of rail which, 
if not theoretically perfect, are very nearly so. The im- 
proved rails from the first hopeful approach to some- 
thing like perfect railways, inasmuch as from their 
great stiffness they can be made to more nearly con- 
form to, and be maintained in, mathematical lines and 
planes, than can the crooked yielding bars so long em- 
ployed. With the latter their is only a rough approxi- 
mation to parallelism of way, to straightness of line, 
and toa plane surface. A thousand successive gaugings 
over as many feet of way, gauging foot by foot, would 
show constantly recurring points of tight and loose 
gauge, and we actually allow, indeed we are compelled 
to allow, nearly or quite 2in. “play” between the 
flanges of the wheels and the rail in its supposed 
position of 4ft. 8}in. from its: opposite neighbour, 
it really being anywhere from 4ft. 8in. to 4 ft. 9 in. 
off. In its power of support in a vertical direction 
the rail receives the blow of a driving wheel, loaded to 
say 5tons, and in some cases to 74 tons, and sinks 
under the wheel, and, in thus sinking, a wave is raised 
both in front of and behind the point of application 
of the pressure, the rail being lifted in each direction 
into the air, taking its substructure of chairs and 
sleepers with it. Every platelayer, standing near 
passing trains, knows what this is, and how the rails 
are hammered into and notched upon the chairs, and 
how the chairs are bedded into and driven half way 
through the sleepers, and how the sleepers are banged 
up and down in the ballast, to the great consolidation of 
that supporting substratum, the production of dust, 
and the increase of the resistance to traction, although 
upon the latter point the platelayer’s views may not be 
so definite as upon the others we have mentioned. 
Let a pile be driven close to the rail, and upon this 
pile place the fulcrum of a light lever whose arms are 
in the ratio of 10 to 1, or even 20 tol. Let the 
shorter end be in contact with the under side of the 
rail, midway between two sleepers, and the other will 
show, on the passage of the train, what the rail is 
doing and how uneasy it is. 

Nothing in the principles of mechanics is more cer- 
tain than that, as first ably maintained by George 
Stephenson, the resistances to traction, upon a perfect 
railway, would be constant at all speeds, and we know 
that these resistances may amount to so little as 6 lb. 
per ton moved on a level, this being about the mini- 
mum at slow speed. So far, however, from this being 
the measure of the resistance at 60 miles an hour, the 
draught then amounts to nearly 30 lb., if not, indeed, 
to more than that! Yet we tolerate imperfect rail- 
ways and submit to this enormous waste of power, 
with all its attendant wear and tear, danger and im- 
poverishment of railway capital. We ought to ride 
safely at 100 miles an hour, and attain that speed with 
engines of half the present weight. We say we ought, 
because if wheel and rail fitted each eas in the 
manner of first-class machinery for almost any other 
purpose, three-fourths of the present resistance at 
high speed would be avoided. 

Almost any expenditure would be justifiable if it 
effected such a saving as this. Rails of greater stiff- 
ness than those commonly used would certainly 
diminish the resistance, and so far they would be 
worth more per ton than the latter, even were not the 
former also more durable. Nothing would now be of 
more value to railway property than a series of careful 
experiments upon permanent way of improved quality ; 
and were these sufliciently continued we are convinced 
that they would lead toa totally new system of perma- 
nent way construction, one possessing a high degree 
of mechanical truth, thus securing an ease of traction 
and consequent economy of working of which engineers 
have heretofore hardly formed even a conception. 


NEWCASTLE-ON-TyNg.—After a severe contest, Mr. J. 
Fulton, town surveyor of Dundee, has obtained the appoint- 
ment of borough engineer of Newcastle-upon-Tyne. Mr. 
Fulton will leave Dundee for the scene of his future labours 
at the close of next month. 

Srret In France.—The production of steel in France 
would appear to be steadily extending. The make last year 
was 19,873 tons, as compared with 10,790 tons in 1866. of 
the 19,873 tons produced last year, no less than 10,967 tons 
were rails. The Western of France Railway Com — 
i ordered 3000 tens of Bessemer steel rails from the Terre 

oire Company. Altogether 32,000 tons of steel rails have 
ied to the Western of France system. 
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FAST SHIPS OF WAR. 

Iv we can trust the reports of a “ board” of Ameri- 
can naval engineers, our Yankee cousins have the 
fastest ship of war ever launched. It, or “she,” is 
named the Wampanoag, and it beats the Alabama by 
“long chalks.” The Wampanoag is a timber-built 
unarmoured ship, designed for very fast steaming. 
She is 342 ft. 8 in. long, 45 ft. 2 in. wide, 23 ft. 6 in. 
depth of hold, and draws (“armed and equipped”) but 
19 ft. of water. She has a pair of geared engines, 
10U in, cylinders, and 4 ft. stroke, driving a 19 ft. 
screw. ‘here are eight water-tube boilers, with 
30,578 square feet of heating surface, besides four 
“* superheating boilers.” The grate surface is 1128 
square feet. 

The hull is of very considerable length in propor- 
tion to its breadth of beam, and the draught is rather 
shallow than deep. So far the conditions are favour- 
able for high speed, but the reported speed is greater 
than we Englishmen like to believe. Ship rigged, the 
Wampanoag attained a maximum of 17? knots, or 
nearly 20} statute miles an hour, and on a trial of 
374 hours at sea, on the open Atlantic, it averaged 
16.97 knots, or 19,566 statute miles, hourly for 
twenty-four consecutive hours. The engines appear 
to have made the Quakerly speed of 314 revolutions, or 
252 ft. of piston per minute, and the geared screw, 
with a “ hunting tooth” in the cog wheels, went at 
64 revolutions. The pitch of the screw is not given, 
nor is the indicated horse power, but we have the 
average consumption of coal in pounds per hour as 
12,690 Ib., or about 5} tons. The engines worked with 
superheated steam of 32 lb. pressure, and were fitted 
with surface condensers, but we can hardly suppose 
them to have worked up to 5000 indicated horse 
power at the slow piston speed of 252 ft. per minute. 

The results we have quoted are from the report of 
a board of “chief engineers,” viz., Messrs. Zeller, 
Albert, and Long. We can only regret that these 
gentlemen did not take the trouble to indicate the 
power of the engines, and to give the mid-ship section, 
and the pitch, and slip of the screw. ‘Their report is, 
however, so circumstantial, that we cannot doubt that 
the Americans have now the fastest unarmoured war 
ship yet constructed. We lately despatched one of 
the principal members of our staff to New York, and 
we shall hope to present, in an early number, full 
a of the structure and performance of the 

ampanoag. 








ON THE FORMS AND PROPORTIONS OF 
IRON-CLADS. 

Abstract of a Paper read at the Royal Society ‘On the 
Relation of Form and Dimensions to Weight of Material 
in the Construction of Iron-clad Ships,” on Thursday, 
March 19, 1868. 

By E. J. Rep, Chief Constructor of the Navy. 

THE object of the paper is to show that the proportion of 
length to breadth in a ship, and the form of her water-lines, 
should be made in a very great degree dependent upon the weight 
of the material of which her hull is to be constructed—that an 
armour-plated ship, for example, should be made of very different 
proportions and form from those of a ship without armour, and 
that as the extent and thickness of the armour to be carried by 
a ship are increased, the proportion of length to breadth should 
be diminished, and the water lines increased in fullness. 

It is highly desirable that this subject should receive the 
attention of men of science, not only because it bears most 
directly upon both the cost and the efficiency of future iron-clad 
fleets, but also, because it opens up a theoretical question, which 
has hitherto, the author believes, received absolutely no con- 
sideration from scientific writers upon the forms and resistances 
of ships, viz., the manner in which the weight of the material 
composing the hull should influence the form. Prior to the 
design of the Bellerophon, the forms of ships were determined 
in complete disregard of this consideration, and even the most 
recent works upon the subject incite the naval architect to aim 
always at approacing the form of least resistance. The in- 
Vestigations given in the paper show, however, that the adop- 
tion of a form of least resistance, or of small comparative re- 
Sistance, may, in fact, lead to a lavish outlay upon our ships, 
and to a great sacritice of efficiency ; while, on the otker hand, 
the adoption of a form of greater resistance would contribute in 
certain classes of ships to great economy and to superior effi- 
ciency. 

In order to indicate clearly, but approximately only, the 
purpose in view, the auther first considers the hypothe- 
Ucal cases of a long and a shorter ship, both of which 
are prismatic in a vertical sense. The length of the long 
ship 18 seven times its breadth, and its horizontal sections 
consist of two triangles set base to base. The length of the 
short ship is five times its breadth, the middle portion being 
parallel for two-fifths of the length, and the ends being wedge- 
shaped. It is assumed also that at a speed of 14 kuots, the 
jong ship will give a constant of 600, and the short ship a 
constant of 500 in the Admiralty formula, 

Speeds x Mid. Section. 
Indicated Horse Power. 

dep She of water is in each case 25 ft., and the total 
t is taken for granted, that the form of the jong ship has 

been found satistactory tor a ship of such scantlings that we 








may consider her built of iron of a uniform thickness of 6 in., 
the top and bottom being weightless. 

Now let it be required to design a ship of equal speed, 
draught of water, aad depth, but of such increased scantlings 
(whether of hull proper, or of armour) that the weight shall be 
equivalent to an uniform thickness of 12 in. of iron, the top 
and bottom heing weightless as before. First the new ship has 
the — of the long ship given to her, and secondly those 
of the shorter ship. In each case the engines are supposed to 
oe seven times their nominal horse power, and to weigh 
(with boilers, water, &c.), 1 ton per nominal horse power. The 
coal supply in each case equals the weight of the engines, so 
that both ships will steam the same distance at the same speed. 
But as the equipment of the smaller ship will be less weighty 
than that of the larger ship, we will require the larger ship to 
carry 2000 tons, and the smaller 1500 tons additional weight. 

Assuming the breadth extreme in each case to be the un- 
known quantity, we can, from the Admiralty formula given 
above, deduce an expression for the indicated horsé power; 
thence, under the assumed conditions, the weights of engines 
and coals can be found; and these, being added to the weights 
of hull (calculated on the assumption that the sides are of 12 in. 
iron), and to the weights carried, give an expression for the 
total displacement, in tons, of each ship. Another expression 
is found for this displacement by finding the weight of water 
displaced. The two expressions are equated, and a quadratic 
equation is formed, from which the breadth extreme is deter- 
mined, and from it all the other values can be found. 

The accompanying Table shows the results obtained by this 
method for the two classes of ships: 


| Long Ship. |Shorter Ship. 





Length, extreme ... 581 feet 842 feet 
Breadth e 83 683 , 
Nominal horse power | 1,850 H.P.| 1,837 H.P 
Indicated | 9450 ,, | 9,859 ,, 
Weight of hull 12,570 tons | 7,576 tons 
» of engines... 1,350 ,, 3837 yy 
» Of coals 1,350 ,, 1,337 ,, 
+ carried 2,000 1,500 ,, 


” 
ose] UG tO 9 11,750 

It will therefore be seen that by adopting the proportions and 
form of the shorter ship, a ship of the required scantlings and 
speed will) be obtained, on a length of 342 ft. and a breadth of 
684 ft.; whereas if the proportions of the long ship are 
adopted, the ship, although of the same scantlings and speed 
only, will require to be 581 ft. long and 83 ft. broad, the 
steam power in both cases being as nearly as possible the 
same, 

Considerations of this character, worked out more fully, led 
the designer of the Bellerophon to depart so considerably from 
the form and proportions of the Minotaur. 

The next part of the investigation is based upon the official 
reports of the measured mile trials of the Minotaur and Belle- 
rophon, when fully rigged, and upon calculations made from 
the drawings of those ships. It is assumed that a prismatic 
vessel having the same mean draught as each of these ships, 
and having the same form and dimensions as the mean hori- 
zontal section—which equals the mean displacement in cubic 
feet, divided by the mean draught of water — will give 
the same constant as the ship herself at the assumed speed 
of 14 knots, which, as nearly as possible, equals the speed ob- 
tained by both the Minotaur and Bellerephon on the measured 
mile. For each, ship the weight of the armour and backing 
is supposed to be uniformly distributed over vertical prismatic 
sides of the dimensions of the armoured sides, and the weight of 
hull is similarly distributed over vertical prismatic sides of 
the dimensions below water of the mean horizontal section, 
and above water of the armoured side. The actual 
weights carried by the ships are thus transferred to what 
may be termed representative prismatic vessels, having the 
same constants of performance as the ships. The detailed cal- 
culations in the paper show that the weight per square foot of 
the material in the hulls of the two ships, when distributed over 
the sides of the representative prismatic vessels, is very nearly 
the same for both, and the same holds with respect to the weight 
- square foot of armour and backing. The Minotaur is rather 

eavier in both respects, but, for the reasons given in the paper, 
the means of the values found for the two ships are taken and 
are found to be, 

Weight per square foot of hull = .152 ton. 

me ie armour and backing = «11 ton. 

The questions next considered are these: presuming it to be 
necessary to build another ship which shall also steam 14 
knots, carry the same proportionate supply of coal to engine 
power, and proportionate quantities of stores, but shall have 
her armour and backing of double the weight of armour 
and backing of the Bellerophon and Minotaur, then, 1st, 
what will be the size, engine power, and cost of the new 
ship of the Minotaur type, and having the same mean 
draught and depth of armour; and, 2nd, what will be the size, 
engine power, &c., if built on the Bellerophon type, and having 
her mean draught and depth of armour? this condition imply- 
ing, of course, that the same constants of performance as before 
will be realised in each case. On account of the great diepro- 
portion in size between the two types of ship it is obvious that 
the smaller one will require much less weight of equipment. 
It is assumed, therefore, that the additional weights of the 
smaller ship (exclusive of engines, boilers, and coals) amount to 
700 tons, and those of the larger ship to 1000 tons. The 
developed power of the engines, proportionate supply of coal, 
and the weight of engines, &c., are taken exactly the same as 
in the hypothetical case first given. 

By proceeding with the investigation for each case in a 
way similar to that sketched for the hypothetical ships, 
only treating the breadth extreme of the mean hori- 
zontal sections of the new ships as the unknown, the 
following results are obtained. The new ship of the 
Minotaur type which fulfils the required conditions will be nearly 


Total displacement. 


placement of 10,950 tons. It thus becomes obvious that a 
correction is needed in the weight per square foot of hull in the 
new ship of the Minotaur type, as her length has been so 
greatly increased ; it is considered that an increase of at least 
10 per cent. is required, and this is the allowance made. On 
the other hand the new ship of the Bellerophon type is still 
shorter than the Minotaur herself, and the displacement is not 
much greater than the actual displacement of the Minotaur, so 
that no correction is needed in her weight per square foot of hull. 
When the correction has been made for the new ship of the 
Minotaur type, the final results in round numbers are as follows 
for the two classes of ship: 




















New Ship of | New Ship of 
Minotaur Bellerophon 
type. type. 
Length ... as ove ° 510 feet 380 feet 
Ns "eae an eae nae 75 y ” 
Tonnage ... alii 3 13,770 tons 8,620 tous 
Nominal horse power 1,080 H.P.| 1,080 H.P. 
Indicated pa > 7,560 ,, 7,560 ,, 
Weight of hull ... ooo «| 7,100 tons | 4,460 tons 
ys armour and backing...| 5,190 ,, 630 ,, 
y engines and coals ...j 2,160 ,, 2,160 ,, 
” stores carried ocol: ARO, 700 ,, 
Displacement... 15,450 ,, 10,950 ,, 





Taking the cost per ton at 552. (which is the average cost per 
ton of tonnage for the bulls of armour-clad ships), the eames 
made by adopting the new ship of the Bellerophon type woul 
amount to 283,250/., or considerably more than a quarter of a 
million sterling. 

It must also be considered that the ship of the Bellerophon 
type would cost less for maintenance and repair, and be much 
handier in action. 

The last investigation in the paper is purely theoretical, and 
consists of a determination of the dimensions which would be 
required in two ships, of which the horizontal sections are 
curves of sines, and which are prismatic vertically, if they 
were built with the same weight per square foot of hull 
(say .l ton) as the Bellerophon, but carried twice the 
weight of armour per square foot (say ,; ton). In these 
cases the bottom is taken to have weight as well as the 
sides, the speed for both is 14 knots, the draught of 
water is 25ft., and the depth of the armoured side 24 ft. 
One of the ships is seven times her breadth in length, and the 
other is five times. Professor Rankine’s rule for the calculation 
of horse power and speed is employed, and the same conditions 
of engines, &c., are assumed, us have been indicated previously. 
The larger ship carries 1,350 tons additional weights, and the 
smaller 900 tons. 

These results obtained for these ships are as follows, when 
expressed in round numbers: 

















Larger Ship. |Smaller Ship. 
Length ... ose eee 585 feet 425 feet 
Breadth ... aes os ogo 84 ,, 85 
Nominal horse power... — ase|--:1,267 HP. 980 H.P. 
Indicated 9 eee «| 8,890 ,, 6,860 ,, 
Weight of hull... ooo «| 7,586 tons | 5,540 tons 
», ofarmour and backing ... 124 ,, 4,470 ,, 
» Ofenginesandcoals .,.j 2,540 ,, 1,960 ,, 
» carried ... eee oe 1,350 ,, 900 ,, 
Displacement ... | 17,600 ,, 12,870 ,, 


These result are very different in detail from those obtained 

in the cases based on the actual trials of the Bellerophon and 
Minotaur, but not greater than might have been anticipated 
from the adoption of such a different form of ship, and mode of 
calculating resistance. ‘Ihe 2000 horse power which is needed 
by the larger ship above the power required by the smaller ship, 
is principally due to the difference between the immersed sur- 
faces of the two ships, and is spent in overcoming friction. The 
immersed midship sections, it will be remarked, only differ by a 
very small amount. 
This last investigation serves to show that the theoretical 
best form of ship being taken, and the most recent rule being 
applied in the calculations, the speed of 14 knots can be ob- 
tained in the short type of ship at a geen less cost and 
size than the long type requires, and this result agrees with 
tbat of the preceding investigation based on the actual trials. 








Pitz Founpations.—At a recent meeting of the Poly- 
technic Association of the American Institute, Mr. Hamilton 
E. Towle read a paper on “ Pile Foundations,” which enu- 
merated the results of some experiments made at the Dry- 
dock at Pensacola, Florida, in 1861, by the United States 
Navy Department. These experiments consisted in with- 
drawing wooden piles from the sand in which they had been 
driven. It was stated, one of the results deduced from these 
experiments was that a yellow pine pile could be driven into 
sea-sand 16 ft., with a 2-ton hammer falling 33 ft. Standing 
without driving, for some subsequent period, increased the 
resistance to the blow. To withdraw these piles, a lever of 
the first order was used, and a force of’ 40 tons was required ; 
and this force, acting as a fulcrum over the top of another 
ile, produced no effect upon it. <A pile, 30ft. long, 1 ft. 
meter, driven by a ram falling 36 t, the last blow con- 
tinuously sustained 2800 lb., and was calculated to have a 
bearing capacity four times as great. 
Soutrn Wates.—It is rumoured that the Blaina Ironworks 
will shortly be re-opened, the blast furnaces being now in 
course of preparation. The Pontypool Works of Ebbw 
Mn Company will in future be managed by Mr, A. Darby, 





490 ft. long, 72} ft. breadth extreme, and have a total disp 
ment of 14,253 tons; while the new ship of the Bellerophon 


having retired. Mr. Laybourne, late locomo- 
tive superintendent of the Moupethuhios Railway, has been 





type is 380 ft. long, 71 ft. breadth extreme, and has a total dis- 








appointed manager of the Rhymney Ironworks. 
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FORTIFICATION.—No. IL. 

Tue art of which we propose to treat, obviously 
had its origin and growth in a very sad necessity— 
the protection of the weaker from the stronger. 
The weaker or less offensive man when pursued by 
the stronger or more oppressive sought the nearest 
cover, from behind which he flung at his assailant 
the readiest missile he could find, and when he did so 
he applied the first principles of fortification—which 
is to economise the defensive force by covering the 
defender from the missiles and preventing the direct 
charges of the attacking force, and enable them, with 
steady aim and rapid action, to direct the full sweep 
of their most effective fire against the assailant. 
The art grew with all the useful arts, and continued 
to be most anxiously regarded and cultivated by the 
leading geniuses of every age, but it is to the 
Italians we owe all we know of its highest develop- 
ments. To Albert Durer, the celebrated painter and 
engraver, we Owe some most important inventions. 
But in no art or science has the fertility of Italian 
genius been more conspicuously fertile. Among its 
devotees, Castriotta stands very high, but all have been 
surpassed by Marchi, who invented one hundred and 
sixty-two systems. All the possible inventive faculties 
that could have been placed in other men seems to have 
been possessed by him. For every possible position 
he had a system. To his inventions may be traced 
nearly, if not all, the “new systems” that have, well 
applied, built up the reputation of many engineers 
that history delights, and justly delights, to honour— 
skilful use stands next in merit to invention. 

The name of Vauban has been so associated with 


the art, that many in England believe him to have been | & 


one of the greatest, if not the greatest, of its inventors. 
This idea is in a great degree derived from English 
school and college treutises, which give “Vauban’s first 
system,” “ Vauban’s second system,” and “ Vauban’s 
third system ;” but the truth is—he never invented 
“a system,” nor did he ever pretend to have done so. 
He was a military engineer of a very high order of 
talent, and modest as he was brave and talented. In 
the construction of new fortresses, repairing and 
—s others, he applied principles, applied or 
suggested by Marchi and others of his school, with a 
degree of skill that marked hiya as a genius. But in 
the attack, in his siege operations, was shown his 
greatest power. Before his time this branch of the 
art of war was without order or method ; he reduced 
it to rules as clear, simple, and certain as the solution 
of the simplest problem in Euclid. It was he who 
invented and first adopted—and that with pre-eminent 
success—parallels in sieges. He organised the first 
corps of sappers, invented ricochet fire and traverses. 
His greatest success, and what he prized the most, 
was in—what should be the most anxious purpose of 
every officer—the economy of human life. To his life 
and the glorious examples he has left, we shall refer 
at a further advanced period of our course. 

Another “brave and talented engineer, General 
Todleben, gets, with the general public, the credit for 
doing that for which he would be the last to claim the 
meed of praise. It is a very general belief that in the 
defence of Sebastapol he astonished the engineering 
world with new inventions; but few impressions 
could be further from the truth. In that memorable 
defence he exhibited indefatigable energy, a skilful 
application of well-known principles, and, within these 
limits, a power to use the resources at his command 
for his immediate purpose, that has rarely, if ever, been 
surpassed; but no engineer has learned anything 
from what he has done, unless he learns to imitate him 
as one of the greatest examples of unquailing courage 
and indefatigable effort recorded in the history of de- 
fensive warfare. 

Another error that with many stands for truth, and 
claims notice here, is, the belief that the allies erred 
by not taking—or attempting to take—Sebastapol by 
¥ a coup de main—with a rush. The shade of 

auban protests against the thought; every record of 
the history of war teaches a contrary lesson. It is 
not possible to imagine a — error than for them, 
reasoning from what they knew, to Lave rushed upon 
those formidable works. The dread evils of such 
generalship has been illustrated in 30 many bloody 
records, by fearful, useless expenditure of human life, 
that by the prudent general they can never cease to be 
semembered, The late American war has added a 
deeper impress—especially at the battles of Fredericks- 
burg and Gettisburg—to the illustration of this error 
than it ever had before. To this we shall at greater 
length refer again, giving ample reason for all we have 
asserted. 


The section of our subject to which we would now 








direct attention, is that which includes field works— 
the class of works which were so extensively, and with 
such important results, adopted in the late war in 
North America. The first consideration with the 
military engineer, when preparing to hold a position, 
is cover, if time permits, he adds obstruction, in the 


way of the assailant. The first is obtained by a parapet 
of the readiest found materials, sometimes stones, often 
in the American war it was built up of logs, but as a 
rule, the mass is formed of earth; the second by a 
ditch in front of the parapet. Fig. 1 is a parapet 





without a ditch. The earth of which it is constructed 
is raised from a trench, which, in military phrase, means 
a ditch behind the parapet. The cover here is obtained 
by the sinking of the trench, as well as by the raisin 
of the ae and therefore in very quick time. Suc 
a work is of great importance, from the time an 
assailant comes within range of the defensive fire, till 
he arrives at it, or within bayonet charge, when, if in 
sufficient force, he may walk over it. 






— 


Fig. 2 is the profile of a defensive work raised on 
rocky or marshy ground where the bed of earth is too 
shallow or too much surcharged with water to permit 
the sinking of a trench of the depth required to afford 
the quantity of.earth necessary for the mass of the 
parapet, which is here supplied from two sources—a 
ditch and a trench. 

Such a work may be very expeditiously constructed 
by two sets of men, one set raising the earth and 
throwing it forward from the trench, another throwing 
it backwards from the ditch, with a few men forming 
the interior slope, which (as will be obvious) should 
always be as nearly perpendicular as possible, and 
which, in this construction, is supported by palisades. 





Fig. 3 is the 


profile of a work that affords better 
cover than those we have just described. The height 
of neither from the bottom of the trench to the crest 
of the parapet is more than 44 ft., merely covering 


men to the shoulder when they stand upright. The 
height in this case, as we have shown, from the bottom 
to the crest (or plume of defilade represented by the 
dotted line) is 6 {t. The banquette (or tread we have 
shown to the right) is here required, as a man stand- 
ing in the ditch could not fire over the crest. The 
step to the rear is to enable the defenders to retreat 

uickly out of the ditch, should the work be taken by 
the assailant. The second step to the right is to 
enable the defenders to walk readily over the work to 
charge the enemy, if they see that they can do so with 
advantage. This is the form of the parapets and 
trenches—of siege parallels which cover the guard 
whose duty it is to repel sorties. 

An important cendiontion is the time required for 
the construction of such works. They have in the 
American war been constructed with a hitherto un- 
heard-of rapidity. According to our experience, in a 
soil of medium stiffness a man will raise a cubic yard 
of earth in an hour, and be able to work at that rate 
for eight hours. In this part of the science, our 
engineers, who have large experience in earthworks, 
could readily, should the occasion arise, lay down rules 
for themselves. We give the medium quantity—the 
figure adopted in the formule for calculating the time 
—a figure which may be increased or decreased, accord- 
ing to the character of the soil and judgment of the 
engineer. For each man employed upon the work a 
regular length is laid out, usually 6 ft., as, placed 
shorter distances apart, men have not sufficient free- 


dom, and they are liable to hurt and sometimes severely 
injure each other. This length, the sectional area of 
the trench (or parapet), and the quantity raised in an 
hour by each man are the data for calculating the time. 
The sectional area of the trench in Fig. 3 is, for the 
lower rectangle, a 6 c d (3x14) 43; for the upper 
(1} x6), 9, or (44+9) 134; which, multiplied by 6 
(the length in feet allotted to each man), gives the 
number of cubic feet each has raised when he has 
finished his section. This quantity, divided by 27 (the 
cubic feet each man will raise in an hour), must give 
the time. Therefore, 18}x6+27=—$4=3 are the 


number of hours in which any length of this work may 
be constructed, by one-sixth the number of men that 
it is feet in length. Sometimes, to save time, men 
thus employed have been placed 5 ft. or less apart, 
but the time gained was not in proportion to the 
shorter lengths, and otherwise the results were very 
undesirable. 

















Fig. 4 is the profile of a work very carefully con- 
structed, and very nearly the most massive of its class. 
The pet is riveted with sods, laid headers and 
stretchers. The sectional area is lex 23 x$+6x 23+ 
2xli=H+ ¥+8—20%; ft., which, multiplied by 6, 
and divided by 27 (by rule) gives (205 x 6-+-27=445) 
4 hours and 27 minutes as the time for its construc- 
tion, This is without making any allowance for the 
cutting and laying of the sods, both operations re- 
quiring considerable amount of time and very decided 
care. Where there was time for such a work—a 
little more elaborate than this—the engineer would 
turn his thoughts to one of a superior construction, 
such as Fig. 5 placed here. In this the interior slope 





is supported by strong rough stakes. The obstructive- 
ness of the ditch is greatly increased by palisades in 
the bottom and on the glacis. This form of ditch (of 
which the bottom is an angle formed by the intersection 
of the planes of the scarp and counterscarp) is one of 


the most embarrassing an assailant could get into. 
Many ditches, similar in profile, were constructed in 
the works of the cuneate lines of Torres Vedras. 
We have shown, too, in Fig. 5 a feature very general 
in these works-aberm, a space between the foot of the 
exterior slope and the inner edge of the ditch—a 
breadth of the solid earth usually held together very 
firmly by the roots of grasses or other plants to pre- 
ped the mass of the parapet from sliding into the 
itch. 

We hope, as we proceed, to give a full description 
of these lines ; those of Diippel, with Lee’s lines (on 
the north and south sides of the James River) for the 
defence of Petersburg, or, more correctly, Richmond, 
which will include the relative positions, traces, and 
— of the works—the individual parts of these 

efences. 








Sourn YorxsHire.—The iron trade of South Yorkshire 


is quiet. The demand for steel has alzo fallen off, but this 
state of things is not expected to last long. Only a mode- 
rate business been done in steam to Grimsby and 


Hull, while the reduction of wages in several parts of Lan- 
cashire has considerably affected the trade hitherto done b 
coal owners whose pits are on the Manchester, Sheffield, 





Lincolnshire Railway. 
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EXPANSION GEAR FOR MARINE ENGINES. 


DESIGNED BY MR. J. WHITEHOUSE, ENGINEER, SOUTHAMPTON. 


SCALE oF FEET. 
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THE annexed engraving represents an expansion gear for 
marine engines, designed some time ago by Mr. J. Whitehouse, 
of Southampton. It is shown adapted to horizontal engines 
with the gridiron valve now generally used. The object of the 
design has been to introduce a simple means of varying the 
grades of expansion; and when the full power of the engines 
is required of instant bringing the expansion valve to a stand 
still with its ports fall open. In this figure, A, is an eccentric 

near the middle bearing of the engine, giving motion to 
the curved link. B. This link is forged solid with its stud, C, 
on which it oscillates, clearance being cut out between the collar 
of the stud and the side of the link to allow the jaw of the rod, 
D, to pass directly over the centre of the stud, C. For carry- 
ing this stud, a bearing is provided at each side of the middle 
frame. The rod, D, gives motion to the rocking shaft, E, pass- 
ing along the front of the cylinder to the valve on the outside. 
The lever, F, is for varying the grades of expansion, and 1s 
preferred to a screw motion, as it gives the engineer a greater 
command over his engines, enabling him to stop the action of 
the expansion valve instantly, or as speedily to renew it. The 
gear is represented at its maximum stroke or earliest cut-off of 
the valve. When the lever is brought to the position, G, the 
stroke becomes nil., the valve being then stationary, with its 
ports full open. The only friction due to the expansion gear 
when the engines are working full power, is thus that of the 
eccentric strap, with its joint, and the stud, C, on which the 
Ink, B, oscillates, the friction of the gear being reduced to a 
minimum, when the full power of the engines is required. 
Expansion gear of a very similar kind to thie has been fre- 
quently fitted to stationary a ry having the point of cut-off 
regulated by the governor. It is a simple gear, but has the 
disadvantage of diminishing the stroke of the expansion valve 
greatly when cutting off early, and thus not only diminishing 
the area of the openings for the admission of steam, but also 
by reducing tue speed with which the valve is moved, causing 
the cut-off to be effected less sharply. 








Peed Fromipa axp Ovpa Casie.—Mr. F.C. G. Ritso, 
> — of the International Ocean Telegraph Company of 
ew York, states that that company is about to lay down a 


duplicate cable bet i +4 os 
m: =a sted thin — Florida and Cuba, and that it will be 





Frencu Rattways.—The Ministry of Agriculture, Com- 
merce, and Public Works of France has just published a 
statistical table of the different lines of railway working at 
the close of 1867, and their receipts during the year, as com- 
pared with 1866: The total length of railway open on the 
31st of December last was 15,669 kilometres (five-eighths of 
a mile each), and of which 7524 formed the old network, 
and 7809 the new, while the remaining 336 belonged to 
private companies; the extent of lines at the close of 1866 
was 14,530 kilometres, there being an increase of 1139 kilo- 
metres in 1867. The total receipts in the two years respec- 
tively were as follows: In 1867, old network, 499,687,007f. ; 
new, 152,141,793f.; other companies, 4,665,288f.; together, 
656,494,088f. In 1866, old network, 469,894,060f.; new, 
132,452,382f.; other companies, 3,334,001f.; together, 
605,680,443f. The augmentation in 1867 was, consequently, 
50,813,645f. The average receipts per kilometre on the three 
series of lines were respectively, in 1867, 66,412f., 21,087f., 
and 17,739f.; in 1866, 62,452f., 21,041f., and 26,047f. The 
whole of the railways forming the old network, and which 
comprise the main lines originally constructed, present an 
increase on 1866, the proceeds per kilometre and augmenta- 
tion being as subjoined: Paris to Mediterranean, 52,669f., 
5.61; Northern, 80,905f., 9.93; Western, 70,401f., 9.06; 
Eastern, 63,578f., 9.68; Orleans, 47,456f., 2.1; Southern, 
44,370f., 1.51. The new networks of the Northern, Eastern, 
and Mediterranean show a slight falling off. The receipts 
on the Circular Railway on the right bank of the Seine 
amounted to the large sum of 183,364f. per kilometre. 

GsERs’s CLEVELAND STEEL.—We have had an opportunity 
of examining further samples of steel produced at the Lin- 
thorpe Works, Middlesboro’, by Mr. Gjers’s process. Several 
steel tie-bars have been rolled, and one of these has been cold 
punched ; and fifteen holes, about half an inch in diameter, 
quite clean, have been made in a length of 13in. But the 
most interesting specimen is a short length of a light section 
of rail, which was successfully rolled by Messrs. Hopkins, 
Gilkes, and Co., last week. The fracture of this rail is ex- 
ceedingly fine. We understand that specimens, illustrati 
the quality of steel obtained by this process, will be exhibi 
at the quarterly trade meeting, to be held at Middlesboro’, on 
the 7th prox.—Iron Trade iew. 





SOCIETY OF ARTS. 
Ww , March 18th, 1868. 
“RAILWAYS AND THEIR MANAGEMENT.” 
By Rosert F. Farruir, Esq., C.E. 

Tue Society of Arts some years ago took into consideration 
several popular questions relating to oy and although, as 
an engineer, I have other —— of drawing the attention 
of the profession (to which I have the honour to belong) to 
— of a ep technical character, I desire to bring under 


iscussion at this society the general subject of paves and 
their m ent, in order that a , if possible, be 
done toward bringing about a much-desi: formation. 


At no period in the history of our railway system could the 
considerations of the various questions springing out of the sub- 
ject of this paper have been so eS ory introduced as at 
the present, when it is remembered that a sum approaching in 
magnitude to the national debt is involved in their consideration. 
Probably no less than 20 per cent. of this enormous investment 
is at this moment wholly unproductive, and surely no question 
better deserves the serious consideration of our public men than 
that of devising some practical remedy for this lamentable con- 
dition of railway property, affecting as it does not merely those 
whose capital is directly invested, but the orn pda the whole 
empire, and particularly so in the ease of Ireland. 

The question of the regeneration of Ireland has for a long 

iod occupied and perplexed the ablest minds in the country. 
Pt is neither my desire nor my province to deal with its political 
condition, but it is impossible to ignore the necessity for dealing 
with the social and industrial welfare of the le. Every- 
where railways have been found among the chief agents of 
civilisation, and the real pacificators of discontent and disaffec- 
tion. When you make a people wealthy and prosperous, political 
reforms become of secondary interest, and will find their solution 
in due time. Ireland is essentially an agricultural country ; 
and however much we may desire to see her advance in commer- 
cial and manufacturing progress, neither agricultural prosperity 
nor commercial success can be expected without an economical 
and efficient system of railway communication ramifyin 
throughout every district. Much has been said, both in an 
out of Parliament, respecting the purchase of railways in Ireland. 
Royal commissions have inquired, select committees nave re- 
ported, and statesmen of every party have devoted their best 
attention to this subject; but, after all, we are as far as ever 
from being agreed as to the policy of that course. I cannot, as 
a practical man, bring myself to recommend—although much 
may be said on both sides—an experiment of that speculative 
character, involving as it does the whole imperial ques- 
tion of Government purchase and management. I hold a 
decided opinion that it is our duty to assist and hasten 
the development of Irish resources in ~~ possible manner, 
and I know of no better plan than that of extending 
railways throughout every part of the island. This we 
know cannot be done by private enterprise because of the unre- 
munerative character of the existing lines, arising mainly from 
their great cost originally and from the diversity of control and 
management. There are extensive districts in Ireland urgently 
requiring oye / communication, which ought to be constructed, 
alike for the public benefit and the advantage of the — 
lines, always providing that the character of the work be good, 
and the cost moderate, such as to bring them within the scope 
of remuneration. But whence is to come the means of accom- 
plishing this? I should say, by uniting to urge upon the 
Government the adoption towards Ireland in this respect of a 
policy analogous to that which has been so successfully applied 
to India, where a beneficent system of railway legislation has 
allayed the spirit of discontent and disloyalty in the growth of 
material wealth and individual well-being. An imperial 
guarantee of 34 per cent.—which would probably not involve 
the State in a liability of more than about 100,000/. per annum 
—would evoke from private sources alone sufficient capital to 
construct nearly one thousand miles of railway. This would 
add 50 per cent. of mileage, at a cost (say) of 3000/. per mile, 
which in my judgment is ample, having regard to the circum- 
stances of the country. It is not to be denied that to continue 
on aie system of the past would be no advantage to 

reland, 

I will undertake to say that such a ntee from the 
Government would only for a comparatively short time remain 
a burden upon the State finances, provided that the outlay were 
judicious, and the management adapted to the actual require- 
ments of each particular case. —- 

Railway ment in Ireland must surely have reached the 
height ot absurdity when we find that sumething under 2000 
miles of road are governed by no less than between 30 and 40 
different boards of direction. Omitting three or four of the 
principal lines, the average mileage to each board is not over 25 
miles, and each board is independent of the others in every con- 
sideration of economy and management. As a natural con- 
sequence, the rates and fares charged are in many cases greatly 
in excess of what we are accustomed to on this side the 
water, seriously restricting the interchange of productions and 
the energies of the people. In Scotland about one-sixth of the 
entire mileage of the empire produces one-ninth of the gross 
revenue, while in Ireland about one-seventh of the whole mileage 
produces only one-twentieth of the gross receipts; besides, 
whilst there is one mile of railway in Scotland for every 1460 
persons, and one in England for every 2257 persons, in Ireland 
there is only one mile for every 3260 persons, so that Ireland ig 
over 123 per cent. behind Scotland in this respect. I have the 
greatest possible objection to monopoly uncontrolled; but if 
unity of management aud concentration of control do not involve 
monopoly, while experience has shown that they are indispensable 
to the success of railway enterprise, and that they act and react 
to the public advantage, I am therefore an advocate for concen- 
tration of management, because it secures and combines 
moderation in fares, with profit to the shareholders. 

It would he idle to point out what steam intercommunication 
bas done for mankind in a thousand ways, and how important 
it is to devise means to increase its usefulness, I must be 
content with suggesting for consideration a few of the questions 
= _ I think railway reform and railway economy mainly 

epend. 
t would be of no avail to refer to the waste of past expendi- 
ture in construction, except to say that the teachings of the 
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t are the only safe guide to the policy of the future. As an 
engineer I am toe to confess that our English railways, apart 
from the wastefulness, constitute a magnificent monument to the 
constructive talent of the age. But utility and economy with 
due regard to safety must now be studied above al) other con- 
siderations. The palatial stations of Charing-cross and Cannon- 
street I admire as much as any ove from an architectural 

int of view (although there is no more convenient, elegant, 
ut unpretending, or cheaper metropolitan station than that at 
London-bridge, which cannot have cost but a very small fraction 
of either of the former), but I want to earn dividends for the 
shareholders, and to give the greatest accommodation to the 
mblic at the lowest possible remunerative rate. I do not 
esitate to assert that the cost of no provincial railway should 
exceed 10,0007. per mile, including land, works, and plant for 
a double line; but in many parts of England, and particularly 
in Ireland—where 60-mile velocities, for instance, are wholly 
out of the question—3000/. per mile should amply suffice for 
subsidiary single lines, including rolling stock, but exclusive of 
land, which I take for granted will freely be given for purposes 
so beneficial to the public, and advantageous to the landowners 
themselves. One remark I cannot help making here, with re- 
ference to the most gigantic and most improvident of all the 
metropolitan stations. 1 mean that in course of erection for the 
Midland Railway, near King’s-cross. This station, with its 
approaches, will cost a sum almost fabulous. I will only say 
that this outlay is a melancholy exhibition of railway extrava- 
gance, and that it goes far to explain the troubles into which 
railway enterprise has fallen. I believe this is the last erection 
of the kind that we are likely to see, and that the ambition of 
railway officials must, in the future, be confined to the prudent 
development of braneh lines constructed upon a wholly new 
principle which will render them a blessing instead of a reproach 
to our generation. 

In making new railways, whether at home or in the colonies, 
the question of economical construction transcends all others in 
importance. I hold a strong opinion that the natural configura- 
tion of any country will, as a general rule, permit the working 
of railways upon what I shall here term the principle of sur- 
face construction, securing the public safety and convenience on 
the one hand, and a fair return for the capital invested on the 
other. Then, as to the question of maintenance—it has never 
been properly treated, and it never will be honestly met so long 
as capital accounts remain open as a ready resource for every 
chairman out of which to bolster up dividends, and of every 
manager by which to maintain fictitious appearances. Had 
companies been kept face to face with only one source of supply, 
and that from revenue profits, they never could have fallen to 
their present depth of ruin and disaster. With an open credit, 
which we call capital, always at command, the opportunity, I 
may say the temptation, is ever present of debiting capital with 
all sorts of charges, which ought properly to have been placed 
against revenue. It is easy to conceive how, under such cir- 
cumstances, directors of the highest honour and integrity have 
been led into errors which they now deplore; but their chief 
misfortune, in my opinion, has been the facility with which they 
have permitted themselves to be led away by officials with per- 
sonal objects which do not appear to have harmonised with the 
true interests of the proprietary, All such charges as those 
for renewals of road, stock, and stations, ought undoubtedly 
to be charged to revenue withont any reserve whatever; 
and I venture to think it would be well for a socigty 
like this to devote some portion of its wide influence to 
making it clear beyond a question where the line should 
be drawn between capitul and revenue. ‘The closing of 
capital accounts is, 1 confess, no light matter in respect 
of existing companies. There can be no doubt that 
every new work of an original kind ought to be provided 
for by a special capital, if in itself of sufficient magnitude, 
and if not, in combination: with other amounts, and in 
respect of any sudden or unlooked for expenditure of any con- 
siderable sums for way, stock, or works, I would have the 
amount carried to a suspense account, the redemption to be 
spread over a reasonable period, and to be made out of surplus 
annual revenue. If this or some analogous system be not speedily 
adopted, it requires no soothsayer to predict what must happen ; 
** Coming events cast their shadows before,” and with regret | 
say, that before many years have passed away there will be but 
few solvent railway companies left. It is not only the difficulty 
they are now experiencing in their finances, but every day is 
ageing the entire of their property, which must be renewed and 
kept alive by an outlay which will tax the solvency and ability 
of the best of them. Everything connected with a railway is 
subject to the usual law of decay, every item has a certain life, 
whether it be tuken in itself or forming part of a whole, whether 
rails, bridges, stations, plant, or anything connected with them, 
and although chargeable to ~evenue, I am not aware of any case 
where a redemption fund has been provided for these inevitable 
occurrences. In future, I would imperatively close every capital 
account of a new lin», with the authorisation of the Board of 
Trade, permitting the line to be opened for public traffic; this 
of course implies the necessary and sufficient amount of rolling- 
stock and stations. All else, not accompanied by the creation of 
new mileage, ought rigidly to go to the debit of revenue. 

One word as to the mode which bas recently been adopted of 
raising capital. The Brighton Company has, on two occasions, 
issued ordinary stock at 55 per cegt. discount, thus saddling 
the concern for ever after with \00/ of liability for every 454. 
received. This is the worst possible mode of raising money, 
because it more than doubles every expense attending the line, 
including employés, stores, maintenance, and renewals. This, 
1 fear, will be no solitary instance. A much more rational way 
of meeting necessities would be the adoption of the system pur- 
sued by foreign Governments, of contracting loans redeemable 
half-yearly, by drawing out a fixed percentage to be set aside 
from surplus profits. Working expenses are the first natural 
charge upon gross revenue; then interest upon debenture stock, 
which stock ought to be made perpetual, like the national debt ; 
then should follow the formation of a fund for the half-yearly 
drawings to which | have referred, the share capital (preferen- 
tial ana ordinary) absorbing the remainder. There is not time 
to enlarge upon these views, nor do I claim the merit of novelty 
for them; but this statement will prove that in what 1 have 


further to say with respect to railway enterprise and manag®- 
ment I have only two objects in view; one is to increase the 
security of the companies as investments of capital, and the 
other to assure the public that, notwithstanding the mistakes 
and the extravagances of a generation, the benefits of this indis- 
pensable aid to civilisation und progress may be secured fully 
and widely. 

We now come to that which is no less important than all 
that has gone before—I mean the working of railways. We 
cannot recall the outlay of the past, but I firmly believe that 
even the most unfortunate railways can be redeemed by a wise 
and well-arranged system of working. I shall endeavour to 
show that revenues can be increased coneurrent with a large 
reduction of expenses, and I would not be here this evening 
soliciting your attention unless I felt myself in a position to 
satisfy you how this can be done. 

As to the revenue, I do not believe that railway managers, 
as a rule, trouble themselves to know the return derived from 
each train run as compared with the expense of the same. I 
would have a debtor and creditor account with every train de- 
spatehed, showing on the one side the whole of the expenses 
incidental to it, and on the other the total amount earned. The 
experience of the last thirty-five years provides us with very 
reliable figures of the cost of train mileage, in regard of every 
description of expenditure; and every train that would show a 
deficit in balancing the account should be unhesitatingly aban- 
doned, excepting in such special cases as do not affect the 
general question. 

I illustrate this in detail by a reference to the published 
accounts of the London and North-Western Railway Company, 
for the half-year ending June, 1866, which I have selected 
because it is comparatively low in the percentage of working 
expenses, and almost the best paying of all our railways. The 
gross earnings are at the rate of about 5s. per train per mile for 
passengers ; and for merchandise 6s. 33d. To give shareholders 
the return to which they are justly entitled from this class of 
investment, I consider that the gross earnings necessary for this 
purpose ought not to be less than 7s. 6d. per mile for passenger 
trains at 20 miles speed, and increasing in amount to 10s. for 
80 miles; 14s. for 40 miles; 20s. for 50 miles; and 30s, for 60 
miles. It is absurd for companies to make so very little differ- 
ence in their charge between high and low speeds as they do, 
knowing that whether in respect to the road, plant, or fuel, the 
cost increases in ge to the velocity, and the charges, 
should, therefore, be proportionate. I was much struck, when 
looking over the London and Brighton Railway accounts, to find 
that the gross earnings were under 4s. 10d. per train per mile, 
although, of my own knowledge, I am aware that many of 
their express trains, to and from Brighton, consist of some 20 
carriages, each containing about 20 passengers, whose fares 
(allowing 25 per cent. for season-ticket holders) must realise 
not less than about 32 per mile. It is clear, therefore, that 
the Brighton Company are running a large number of trains at 
a positive loss, alse the average would not be s0 seriously 
colliaal. If 4s. 10d. be a fair and remunerative rate (which 
it is not) no train should be run under that standard; and 
the maximum of 3/. per train mile is as muck beyond what is 
necessary as the minimum is below it; the medium between 
the two to be arrived at, by an abandonment of all unpaying 
trains, would produce to the company a handsome accession to 
its revenue on the one hand, and permit of a large reduction in 
the charges to the public on the other. I may be told that the 
cutting off of the unremunerative trains would be an invasion of 
the public convenience ; but the best test of this isthe patronage 
bestowed on particular trains, and the neglect of others which 
consequently do not pay. Iam not forgetful that many of those 
unremunerative trains have been run, some from a spirit of 
rivalry, and some from a fear of competition; but rivalry must 
disappear in an effort to restore prosperity, and competition has 
found its level. Besides, the public are not so unreasonable as 
to expect that companies are to carry them without a proper 
return ; the interests of both are identical, and neither is advan- 
taged by a condition of things which has resulted in so much 
loss and misfortune. The expenditure part of the question is 
equally of vital importance, and I beg now to call attention to 
the amazing folly of railway engineers in overweighting the 
trains with that unnecessary and cumbersome appendage, the 
tender. \The average gross weight of passenger trains may be 
stated at 70 tons; the average weight of a tender is over 25 per 
cent. of that, and invariably is over 200 per cent. in excess of 
the whole paying portion of the load carried. Now, when we 
know that not only is the tender costly, unnecessary, and cum- 
bersome, but that the load of fuel and water which it conveys 
for supplying the engine can be made available for increasing 
the power and efficiency of the engine itself, I ask, what is to be 
thought of the persistency in continuing such an improvident 
system? There are at this moment working with great success 
on a Welsh railway engines with no tender, and where the fuel 
and water are in the highest degree conducive to the increase of 
power, economy, and safety. In tleir case the weight is dis- 
tributed equally upon a large number of wheels, thus increasing 
the adhesion upon the rails, whilst the weight per wheel is pro- 
portionately reduced. (See Figs. 1, 2, and 3, the latter being a 
section of Fig. 1, through bogie pin to show the pivoting centre )* 
These advantages must at once be apparent, and, I believe, wil 
lead to an entire revolution in our locomotive arrange- 
ments; besides, the enormous economy which it effects 
in the maintenance of both engine and road is of the 
highest importance in the embarrassed condition of our 
railways. As respects the cost of tenders, and how they 
affect the dividends of railways, the following is given by way 
of illustration: The London and North-Western Railway, 
which has the most uniform, and therefore the best paying 
merchandise traffic of any line in the kingdom, shows by its 
balance-sheet, already quoted, 7,333,371 tons of goods and 
minerals carried during that half-year, being about 46,800 tons 
nett for each working aay; the tare of this tonnagejwould not 
be less thana like amount, giving the gross tonnage per day at 
about 93,600. The average gross weight of each train, exclusive 
of the locomotive and tender, may fairly be set down at 300 


* The figures referred to here will be published with the con- 
clusion of Mr. Fairlie’s paper next week. 


tons; therefore the number of trains per day would amount to 
312, but from the fact, as stated in the balance-sheet, that the 
gross earnings of those trains per mile is under 6s. 4d., and taking 
the rate of freight at 1d. per ton per mile, which it is believed is 
a correct average, we are able to estimate the paying load of 
each of those trains of 300 tons gross to be about 26 tons, 
or only 25 per cent., and thus we find that the number of 
trains per day must really be about 609, instead of 312. It is 
true that merchandise is composed of classes according to bulk 
and frailty, in many cases less than half a ton filling a wagon, 
and thus reducing the proportion of dead weight to paying load ; 
but it is also true that in all such cases charges are made, not 
only to pay for the tull carrying weight of the wagon, but leay- 
ing ample margin to cover the risk of breakage in handling. 
The same balance-sheet shows that each nett ton carried pro- 
duces to the company a sum of 4s. 7id., which, at the 1d. per 
ton per mile, gives the average distance of each ton carried to 
be 554 miles; we have therefore 609 engines and tenders run- 
hing 554 miles every working day. Following this reasoning, 
let us see how doing away with the tender affects the question. 
Taking the tender to equal the weight of two loaded wagons, 
giving a nett result of 10 tons, and there being 609 in mo. 
tion every day, it {follows that their equivalent in nett pay. 
ing load would be about 6000 tons carried per day 554 
miles, which, at the same average rate of 1d. per ton per 
mile, gives the amount earnable from this source at 1387/. 10s. 
per day, and for 313 working days—representing one 
year—434,287/, 10s. We have been speaking of merchandise 
and mineral traffic only ; but, applying the same scrutiny to the 
figures of the passenger traflic (provided, of course, there were 
passengers to be carried), and substituting earriages for tenders 
of an equivalent weight, we should arrive at an income of a 
somewhat similar amount, both amounting to 868,5751. per 
annum net earnings, equal to a dividend of over 3 per cent. on 
the ordinary share capital. It is well known that the cost of 
maintenance of tenders is fully as much, if not more, than that 
of the carriages or wagons which are suggested for substitution. 

The methcd of conducting passenger traffic yielding so little 
es train per mile is of such importance, and the discrepancy 

etween remunerative and unremunerative weights hauled is so 
irrational and glaring, that it deserves to be considered a little 
more in detail. Still quoting from the London and North- 
Western Railway balance-sheei, it appears that the gross pro- 
dace of 9,613,195 passengers is 1,280,5072., or under 2s. 8d. per 
passenger. - Taking the average rate for each at lid. per mile, 
this gives 21 miles as the distance travelleaby each; whilst the 
gross earnings per mile of passenger trains are about 5s., which, 
at a like rate of 13d. per mile, shows that the average number 
of passengers per train per mile is 40; allowing for a consider- 
able amount of luggage to each passenger, this number could 
not be estimated at more than 4 tons. Now 4 tons is neither 
more nor less than about one-twelfth of the weight of the loco- 
motive engine and tender (the tender alone being about five 
times this weight), and taking the passenger trains at, say, 50 
tons, the paying load will bear not more than one twenty-fourth 
part of the gross weight of each train. It is evident, therefore, 
that the paying is altogether out of proportion to the unpaying 
load, although it is admitted that in railways such as the Lon- 
don and North-Westera, from the circumstances of the great 
length and numerous unprofitable branches, there must always 
exist a much larger proportion of dead to paying weight than is 
the case with lines with no such encumbrances. Now there is 
no reason why the present disproportion should exist, or any- 
thing like it. 

This is uo new subject with men who have given their serious 
and unprejudiced attention to it. I find that in 1849 Professor 
Gordon, an engineer of considerable eminence, expressed, in a 
very able pamphlet, similar views to those which I have ad- 
vanced. fn page 4 he says: “ The existing railway machinery 
will be found to be monstrously disproportionate to the useful 
effect produced in four-fifths ot the number of times that the 
machine is put in action. And to this waste of power may be 
most justly attributed much of the present embarrassment of 
railway companies.” 

(To be continued.) 








OLp Guns.—The report of the Ordnance Select Commit- 
tee upon Palliser’s system of lining old cast-iron guns with 
coiled tubes is to be laid before the House of Commons. It 
is understood to be favourable to the system, which is likely 
to be adopted to a considerable extent. The many acres of 
old cast-iron guns which cumber the ground in the Arsenal 
at Woolwich will be utilised, either by converting them into 
rifled 64-pounders and 7-inch guns, or by breaking them up 
and passing them through the operation of puddling. 
Wrought iron has never before been made at Woolwich. 
Bronze, or gun metal field pieces, formed in old days the 
staple manufacture. During the reign of Colonel Wilmot 
over the gun factories, before the Crimean war, a foundry 
was erected for casting iron guns. Experiments were set on 
foot which might have resulted in obtaining cast-iron ord- 
nance of as good material as that possessed by the Americans. 
But the Armstrong wrought iron construction pushed cast 
metal, both iron and bronze, out of the service as far as guns 
are concerned. It is still a moot point to what extent con- 
verted ordnance can be used with battering charges if the 
calibre is large. In the mean time it is certain that a 
valuable addition can be made to the armament of the 
country by the use of Palliser guns up to 7 or 8 in. calibre. 

Tue Royan Commission on THE WatER Surpiy.—The 
report of the Royal Commission appointed to inquire into the 
metropolitan water supply, is already decided upon, and wil 
shortly be published. We are enabled to state that this 
report decisively rejects the various ambitious and expensive 
schemes that have Toss proposed, and recommends that the 
water supply should continue to be drawn from its present 
sources. ‘he evidence adduced has satisfied the Commission 
of the sufficiency of the existing supply, as well as of the 
relative purity of the water. The report will probably re- 
proceed a constant service at high pressure, and a the 
companies are, we believe, ready to adopt the recommenda- 
tion. — Medical Press and Circular. 
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ELECTRICAL COMMUNICATION IN TRAINS. 


CotonEL YOLLAND, R.E., states in his report to the Board 
of Trade, in respect of experiments recently made on systems of 
electrical communication between passengers and the servants 
of railway companies in charge of trains, that the London and 
North-Western Railway Company fitted up the express train 
that runs from London to Wolverhampton (1253 miles) and 
back during each week-day with Mr. Martin’s electrical appa- 
ratus (which had previously been used on the Royal train). 
The experiments commenced on the 8th of January. The train 
generally consisted of about nine vehicles, including vans at 
each end, but independent of the engine and tender. On several 
occasions extra carriages were introduced into the train, not 
regularly fitted with electrical communication, but pro- 
vided for by spare couplings, usually carried in the guara’s 
van, and conducting wire ropes, stretched along the carriages. 
These trains have been started by ringing the ectrical bell in 
the front van by the action of the guard in the rear van from 
ten stations in each journey, the guard in the front van giving 
the signal to the driver. Although this communication has 
been made use of about 500 times, it has only failed upon three 
occasions, in consequence of the conducting wire having been 
unnecessarily twisted and broken by porters in the act of taking 
off the electrical coupling wires. ‘The experiments of this train 
furnish satisfactory results. The London and South-Western 
Railway Company commenced making similar experiments with 
their Exeter express train on the 2nd of December last, from 
London to Bideford (2193 miles), the electrical apparatus em- 
ployed being invented % Mr. W. H. Preece, which had been in 
use since May, 1865. Out of 714 starting signals given on 48 
days by the rear guard, only seven have failed to be acknow- 
ledged; of these two were accounted for by the electric bell 
being placed on the tender instead of on the engine, and thus 

revented from beiug heard by the engine blowing off steam; 

our failures occurred at Exeter Station from the wire being 
disturbed. Various experiments were made from compartments 
in the different carriages of the trains, and Colonel Yolland 
states that these experiments must also be regarded as satis- 
factory. The Midland Company also fitted up an express train 
that runs from London to Leeds (201 miles) and back on Mr. 
Preece’s system, and commenced running on the 30th of De- 
cember. The engine was not fitted with an electric ball, but 
only an indicator signal on the engine, which the driver might 
or might not see, and which he very frequently did not see. 


The working had been severely tested on this line, and failures 
arose from weakness of the battory, frum Mecnanical defects in 


the apparatus, aud other preventible causes. There had been 
failures reported on 11 days out of 34. The South-Eastern 
Railway Company have since July, 1866, run the 7.25 a.m. 
down and the 3.45 p.M. up mail train between London and 
Dover (88 miles) and other trains from February, 1867, all 
fitted up with Mr. Walker’s electrical system of communication 
between passengers, guards, and drivers. The 7.25 a.m. down 
mail starts from Charing-cross, calls at Cannon-street and 
attaches other vehicles, and drops some at Ashford without 
stopping the train between Cannon-street and Dover. The 
communication was reported as having been perfect for 45 days, 
but imperfect on three days. The —oe 3.45 P.M. up 
mail train had only one failure, in which the communication 
with the engine only was imperfect, but perfect throughout the 
train, during the 49 days. In one train three failures occurred 
during 58 days, and in another one failure in 57 days. In the 
tidal train the apparatus acted well during 56days. On a total 
of 327 trains running between the 24th of November and the 
29th of January the electric apparatus appears not to have 
acted properly on eight different occasions, besides six others 
where the train was not fitted; while close er 900 signals 
appear to have been given on the electric bell during the same 
period for the starting of trains, and on an average 12 signals 
were given by the guards on each journey, making up a total of 
8750 signals. These trains are all broken up and re-marshalled 
at the end of each journey. Colonel Yolland considers the 
working on the South-Eastern Railway to have been very suc- 
cessful, and understands that they propose to continue the same 
mode of working, adopting the electric signal for starting from 
stations on these particular trains. In conclusion Colonel Yol- 
land states : 

“ As regards the possibility of establishing and maintaining 
electric communication throughout the entire length of a rail- 
way train and from the compartments of the various carriages, 
I think it impossible, looking to what has now been going on for 
a long time on the London and South-Western and South- 
Eastern Railways, to doubt that it can be done. It is also quite 
possible that some other mode may be feasible, but I am sure 
that the electric or any other system which may be adopted 
must be very carefully looked after, and used at all times for 
the starting of the trains from the stations, and that it will not 
do to use it only occasionally and expect that it will be found 
efficient when an urgent emergency arises requiring the servants 
of the company to be informed that something is wrong in the 
train. The more simple means of communication provided, the 
better it will be. Visual signals outside each compartment of a 
carriage, or on the engine, are useless, and only serve to increase 
the cost of the apparatus. Electric bells to ring in the guards’ 
vans and on the engine are all that can be necessary. With 
Tespect to the question of danger arising to the train, from the 
signal being made direct to the driver in the first instance, in- 
stead of only to a guard, I must observe that the working of 
traffic on any line of railway that will not admit of a train being 
stopped at a station under the protection of the station signals 
must be badly conducted if this cannot be done with perfect 
safety; and the instructions which have been issued by the 
railway companies who have made these experiments direct that 
it will be proper, when an electric signal is given, to stop the 
train ai the next station, unless the servants of the company 
can see that something is wrong that requires the train to be 
Stopped at once. No mode of communication will, in my 
Opinion, be efficient which does not provide that a signal shall be 
given to the driver in the event of a train breaking into two or 
more parts, which frequently happens; and this can be effected 
With the electric apparatus; and the cord which is now used on 
some lines of railway, for some of the trains, does this when that 
cord is properly secured. The prominent question for decision 





at the present time appears to be, Shall railway companies be 
compelled, by legislative enactment, to provide the means of 
communication between passengers and the servants of the 
companies in chi of trains on certain of those trains? 
And this decision should properly depend on the answers to 
the two following questions: 1. Is such communication 
necessary, in order to provide for the public safety? 2. Is it 
practicable? As regards the necessity for such means of com- 
munication, I believe there are few who will now contend that 
it is not necessary for the very long journeys which are taken 
by express trains without stopping, and J have already ex- 
- my opinion, founded on actual experience of what has 

m accomplished, that it is quite practicable, It should be 
first established for the trains running long distances without 
stopping, and a discretionary power be given to the Board of 
Trade to order its extension from time to time, or gradually, to 
trains running upwards of ten miles without stopping.” 








COAL STATISTICS. 

An interesting blue-book has just been issued containing re- 
ports from Her Majesty's Secretaries of Embassy and Legation 
respecting the production of coal in different countries. Ac- 
cording to these reports the production of coal in Belgium in 
1866 from 286 mines was 12,774,662 tons; the quantit 
exported in the year was 3,938,768 tons, nearly all of whic 
was sent to France. With reference to the exhaustion of the 
coal mines, a subject to which public attention has been directed 
in Belgium, it appears that in Hainault alone, of a coal-pro- 
ducing surface of 54,173 hectares, only 23,423 hectares had 
been explored in 1860. It is estimated that there were about 
4700 millions of tons yet to be worked at an easily workable 
depth, and the exhaustion of the Hainault coalfields above a 
depth of 1000 metres would not take place before the expiration 
of a century and a half. In Brazil large coalfields have been 
discovered in the province of St. Catherine’s. In China coal 
has been discovered at Ponghou, the chief island of the Pesca- 
dores. It is reported that no coal useful for steam purposes had 
yet been found; a judiciuus miner, however, could alone settle 
the question as to the extent of these mines and the quality of 
the coal. At Iwanai, in the island of Yeddo, in Japan, coal 
mines had heen discovered. An experiment was made with some 
of the coal picked out from the surface of the seams, in the 
galley fire of Her Majesty’s ship Salamis; 79 1b. of coal yielded 
17.27 per cent. of ash, 1.5 per cent. of clinker, an average 
yolume of smoke, and a strong durable flame. Another coal- 
field was found ab Yoddo, in the immediate vicinity of the port 
of Hiogo. The natives had been working jt for the last ten 

ears, but not continuously. Prussia, as is well kuown, is rich 
in mineral fuel, especially in very good cvals. ‘Thé quantity 
of coal to be obtained by the working of the coal pit of the river 
Saar would suffice for the supply of 3000 years, at the rate 
of 2,500,000 metrical tons per annum. The coal pits of the 
river Rubr extend over 10 miles in length on the Lower Rhine, 
a Prussian mile being equal to 24,000 Prussian feet, nearly 
4% English miles. There were 65 strata of coal more than 
20 in. deep, the united thickness of which gives a pure coal 
210 ft. it has been estimated that the produce of these pits 
will last more than 5009 years at the rate of 1,000,000 metrical 
tonnen per annum. In 1865 there were 402 pits at works in 
Prussia, producing 371,842,299 centners, or nearly 18,000,000 
tons, of coal, value 4,954,986/.; they gave employment to 
89,192 persons. Hanover possessed thirty-three coal pits. 
The more considerable fields of brown coal were in the pro- 
vinces of Saxony and Brandenburg. In 1865 there were 511 
of these pits at work, producing 710,437/. An appendix 
to the consular reports shows that in Tasmania workings have 
been successfully opened at the north end of the Douglas river 
coal field. Coal of good quality for steam purposes has been 
discovered on the east coast of South Brani Island, at Adven- 
ture bay; and a bituminous coal of fair quality has been dis- 
covered near Hamilton. Coal deposits are reported in Trinidad ; 
the finest quality was found at Point Noir; it burns rapidly, 
with much flame, and little smoke. A report by Mr. Oldham, 
superintendent of the Geological Survey of India, shows that the 
British territories cannot be considered as either largely or 
widely supplied with coal. Extensive fields exist, but they are 
not distributed generally over the districts of the Indian 
Empire. Specimens of coal from seventy-four localities showed 
that the average composition per cent. was, fixed carbon 52.2, 
volatile matter 31.9, and ash 15.5, against an average composi- 
tion of five English specimens of fixed carbon, 68.1, volatile 
matter 29.2, and ash 2.7. He states thatthe very best coal of 
the Indian fields only touches the average of English coals, and 
that Indian coals are not capable of more than two-thirds, in 
most cases not more than one-half, the duty of English coals. 
These results of the quality of Indian coals would show the 
groundless nature of the hopes which have been expressed that 
the coalfields of India, Borneo, Australia, and New Zealand 
would not only contribute large supplies, but would also serve 
to coal the ocean steamers trading between Europe and those far 
distant regions. As far as Indian coal is concerned, Mr. Old- 
ham fears it will never supplant the better fuel now obtainable 
elsewhere for ocean voyages. 








Tue ContTINeNTAL Iron TRapE.—The [von Trade Review 
says :—‘ The total quantity of pig iron produced in France 
last year was 1,222,363 tons, against 1,152,653 tons in the 
previous year; and of finished iron 848,613 tons, against 
899,373 tons in 1866. The importation of minerals from 
Algeria has risen from 109,709 tons in 1866, to 168,645 tons 
last year. Five establishments have produced 20,000 tons of 
steel in 1867. The Creusot and Loire Works have obtained 
an order for 15,000 tons of iron rails, deliverable at Trieste, 
at 190 frances, or 7/.12s. per ton. Messrs. Petin, Gaudet, and 
Co., have obtained an order for 10,000 tons of Bessemer steel 
rails, for the United States, at a price not far short of 400 
francs, or 161. per ton, f.o.b. In 1867 the export of rails 
from Belgium amounted to 80,875 tons, against 65,549 tons 
in the previous year. Ofthe total quantity exported, Russia 
took above 67,000 tons. The importations of pig iron have 
increased also from 32,508 tons to 56,233 tons; chiefly from 
England. It appears that the whole of the pig iron last year 
imported was from England.” 





STEEL v. IRON RAILS. 
To tue Eprror or ENGINEERING. 

Srr,—I feel that I should be indeed ungrateful did I not 
take the earliest hy ped of thanking “J. W.” for his 
advice” to me, as kindly and modestly given in his letter 
dated March 3, and that the least I can do in return is to 
comply with his request, and, if possible, enlighten him with 
a to the item of 69,2007. he inquires about. 

'y adopting steel instead of iron for the supposed railway, 
an additional outlay of 84,0007. would be required, the interest 
on which, at 5 per cent., would amount to 4200/. per annum, 
so that, in the first sixteen years, an additional expense of 
69,2007. would have been incurred in the shape of interest, 

By this time, had iron rails been used, they would have 
required renewal at a cost of 54,000/., or 15,2007. less than 
would have been page up to that period as interest on the 
increased first cost for steel. So that if steel rails would last 
for ever there would be a loss of 875. per annum involved by 
their use, without going into the question of compound 
interest, the mere mention of which seems to act on “J. W.” 
as a red rag does on a bull. 

In his first letter “J. W.,” by an ingenious method of cal- 
culation, proves—apparently to his own entire satisfaction— 
that if this process of — money at the rate of 8751.4 
20007. for renewing the steel (96,000/.+48), in all 2875/. per 
annum, be only persevered in for 192 years, the great saving 
of 884,0007. se be the result, in addition to economy in 
rolling stock, &c., which would go to swell the total to an 
almost incalculable amount; all this being accomplished, I 
presume, by some wonderful process of sprouting on the part 
of the “ germs of immortality” he alludes to. 

Sir, hoping that this explanation will prove satisfactory to 
“J. W.,” I will, with your permission, proceed to the consi- 
deration of some further portions of this second chapter of 
railway economy, accordi My “J. Wo 

About the middle of the letter the following sentence 
occurs :—“ Supposing the railway to be superseded at the 
“end of forty-eight years, the account would stand as 
* follows. It must be borne in mind that the capital sunk on 
“ first outlay is of no account as the steel would return quite 
* as much as the iron in proportion to the capital sunk.” 

By this I suppose “J. W.” means that it is of no consequence 
whether 180,000/. or 96,0007, is spent in the first instance, as 
long as you get half of it back eventually. This sort of 
economy has, at any rate, the merit of novelty. 

After this comes “ F. F.’s” figures, revised and improved (?) 
by leaving out the costs of renewals in the forty-eighth year, 
showing thereby a yearly excess of expenditure for steel of 
1950/7. instead of 2825/., as given by “ F. F.,” and from the 
way in which “J. W.” seems to gloat over those figures, and 
the prominent manner in which “and Nor” is printed, he 
would appear to think he has discovered the serious error of 
41,0401. in “ F. F.’s” calculation; but, alas! it is only a 
mare's nest” after all, as,if the renewals are defrayed out of 
revenue, of course the necessary amounts must be saved out of 
the earnings of the years preceding the periods when the money 
is required, so that “ F. F.” is correct. Then come “ F. F.’s” 
figures once more, this time unaltered (except a trifling in- 
accuracy of 2400/.); and then by an elaborate process of 
division and multiplication by 48 ag in full (for no pur- 
pose, apparently, except to show that he is not utterly be- 
arden amongst such large sums), “J. W.” arrives at the 
grand total of 231,600/. excess for steel. This should be 
271,2001., as given by “F. F.,” and if the calculation be 
carried on for another 96 years, we have, as the result, a total 
loss of 542,400/. incurred by the adoption of steel during a 
period of 192 years. If this be compared with the result 
arrived at in “J. W.’s” former letter, we find a difference of 
1,426,800. between the two methods of calculation. “J. W.” 
evidently considers his later calculation the more correct one 
(though he seems to have a lingering regard for his first 
love) and asks : 

“1. Would there be a sufficient saving of rolling stock ? 

“2, Is the comparison fair by reason of steel lasting six 
“ times as long as iron?” Where the traffic is so light that 
iron rails last sixteen years, the prospect of saving 271,200/. 
would, I think, be a rather forlorn one ; and with regard to the 
second query, I have shown above that iron would be cheaper 
than steel, did the latter last not only six times as long as iron 
but for ever. 

In conclusion, let me advise “J. W.” not to be too hasty 
in concluding that he is able to teach railway directors and 
managers how to conduct their business, if, as I should 
gather from the loose way in which he talks about capital 
and revenue accounts, “ increasing the capital to keep them” 
(the railways) “in something like working order, &c. &c., he 
has picked up most of his knowledge of railway manage- 
ment from stray articles in the Daily News—‘“ P. M. 6. 
and other first-class (?) authorities. 

I am, Sir, your obedient Servant, 
P. 


March 18, 1868. Ww. D. 





To tHe Eprror or ENGINEERING. 

Srr,— Your readers must be well nigh tired of long arrays 
of figures on this question, confessedly important as it is. 
As “J. W.” has, however, undertaken the correction of my 
supposed errors of calculation, I will confine myself to saying 
that he has fallen into an important error in taking no ac- 
count at the end of the terms of forty-eight and ninety-six 
years respectively, of the renewal required to restore the 
rails (whether of iron or steel) to thew original condition. 
No arguments will be needed by those accustomed to deal 
with questions of railway expenditure to show that in esti- 
mating the cost for any given period of years of a work origi- 
nally paid for out o' capital, and which must be always 
thereafter upheld, it is essential to the accuracy of the cal- 
culation that the work should be, or be made at the end of 
the term, equal to new. If the figures which this require- 
ment involves are added to the figures given by “J. W.,” 
they will be found to exactly correspond with those in my 
former letter. 

Whether I succeed or not in convincing “J, W.” of tho 
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262 ENGINEERING. 
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started, viz., that at the present relative prices of iron and 
steel, there is a point up to which it is economical to incur 
the extra cost of steel, but beyond which it is not economical. 
Mr. Sandberg’s recent paper at the Institution and the dis- 
cussion, so far as it is aeond, confirm the correctness of 


this opinion. , : 
I cannot with your view that time is no element in 
the compari admitting, as I do, that there is much force 


in the statement that teed point to answer is the 
amount of that a rail will bear before it is worn out. 
If a steel rail will last ten months or a year in a situation in 
which an iron rail would only last a couple of months, or 
even if a steel rail would last ten to fifteen years, where an 
iron rail would wear out in two to three years, the advantage, 
even at present > aga would be in every respect on the side 
of steel ; but if tonnage be so light (say, on a branch line 
of light traffic) that a good iron rail would be certain to last 
for fifteen or twenty years, then time (which means also 
interest on outla Sbseues of serious moment in the com- 
parison. It would, of course, be highly satisfactory to the 

roprietors to be assured that the supposed branch line, being 
faid with steel rails, no renewals would be requisite for 
eighty or a hundred years; but if they were at the same 
time made aware that the permanent interest on the capital 
outlay for the steel rails would be nearly double that which 
they would have had to pay for iron rails, I feel convinced 
that they would come to the speedy conclusion that the gene- 
rally excellent policy of looking ahead had been in this in- 
stance carried too far. 


I am, Sir, yours faithfully, 
March 18, 1868. nf F. 








THE “DONKEY INJECTOR.” 
To rue Eprtor oF EnGineeRrive. 

Srr,—I think many of your readers will agree with me 
that Messrs. Brown, Wilson and Co., the Moses and Son of 
the donkey-pump trade, deserve some acknowledgment from 
the various boiler assurance associations. Certainly no 
employer of steam power, having one of their pumps fitted 
to his boiler, should fail to effect an insurance upon the latter, 
if he can find any one of these associations ready to assume 
the risk. I observe a repetition, last week, of their well- 
known advertisement in a paper which is now believed to be 
open to conviction, and which has unquestionably done its 
utmost to puff that rattling, ticklish contrivance, “ uncertain, 
coy, and hard to please” its employers—the “‘ New Injector.” 
I do not find, however, the testimonial of Messrs. Gillard, 
Spencer, and Co., brewers, of Shepton Mallet, who were com- 
pelled to remove this fearfully and wonderfully ingenious 
apparatus after a three weeks’ trial. Nor has Mr Corry or 
Sir John Pakington yet testified to the excellence of the 
boiler feeders of this make, sent some time ago to the Govern- 
ment establishments at Woolwich, whence they are also 
likely to be sent away. Yours truly, 

London, March 16, 1868. A Sroxsr. 








Rarity Briper Buriitprse.—The building of the iron 
bridge over the Great Miami, on the Ohio and Mississippi 
Railway, is considered a rapid feat in railway construction. 
This structure required the driving of three thousand piles, 
the laying of 6200 cubic yards of masonry, the dredging of 
four difficult foundations in a quicksand, and the construction 
and erection of 680 ft. of iron bridge, in three spans, and 
weighing 1,100,000 1b. The first train crossed on the 15th of 
December last—just 120 days from the time the first pile 
was driven, and nine days and four hours from the time the 
last stone was put in place. e work was carried on night 
and day, and telegraphic communication kept up throughout 
the whole of the basin drained by the Miami, so that all 
storms were prepared for, hours before they or their effects 
reached the bridge site. The stone for the mason work, which 
is all first-class ashler, was quarried fifty-two miles from the 
bridge. The truss is the iron Fink truss, and consists of three 
spans 210ft. each. The masonry and foundations were 
carried on under the personal direction of Messrs. T. D. Lovett 
and J. W. Conlogue, the chief engineer and superintendent 
of the railway, and the construction and erection of the truss 
under Mr. erick H. Smith, superintendent for Messrs. 
Smith and Latrobe, of Baltimore, contractors for the super- 
structure.—American Railwey Times. 

Tue Hoosac Tunnet.—The superintendent of the work 
of the Hoosac tunnel has re to the Massachusetts 
Segui. He - that a railway been laid for eight 
miles only up Deerfield river, to a vast lumber region at that 
point, the saving in cost of lumber and supplies thus made 
would have paid the whole cost of the road. The progress in 
boring last year with the — machine was highly satis- 
factory. chief engineer states in his report that 
“more trouble is anticipated from water at the west end.” 
On the first of last November, the heading had reached 
a total of 4382 ft., from the east opening, and 1004ft. in 
the Pay a aaaiae the =, confidence is expressed 
in the future ra enguns the tunnel, in spite of past 
obstacles and delays, and the chie:’ engineer, wie has feon 

; the Mont Cenis tunnei, asserts that the ma- 
chinery employed on the Hoosac is superior to that used in 
the European work. 

Tue Intex Rattwars.—There is good reason for believin 
that the report of the Irish Railway Commissioners, whic 
rapidly mapa completion, will recommend, not, as has 
generally stated, a system of subsidies, but an absolute 
purchase, consolidation, and pay Se existing lines, subject 
to those lations which Lord by some time since in- 
formed the mittee of Peers and Commoners, who pressed 
the subject on his consideration, were absolutely indispensable 
in connexion with the Government supervision —The Owl. 


ABUNDANT evidences exist that for many centuries past the 
natives of India have, from time to time, done much towards 
the improvement of their country So construction of public 
works ; for the remains of —_ works exist to the present 
day, whilst others have been absorbed in the structures erected 
within the present century by our own engineers. A full ac- 
count of the public works constructed by the earlier native 
rulers of different parts of India would suffice to fill a volume, 
and in the present necessarily hasty review of what has been done 
in that direction, it will be sufficient merely to refer to some of 
the principal noteworthy points of interest as proofs of the ex- 
istence of a liberal and public spirit in former ages, such as can 
scarcely be said to be exceeded by the present Government of 
Hindustan. It is worthy of remark that the principal evidences 
of civilisation under former dynasties consist in the lasting monu- 
ments raised under their respective sways of public buildings, 
works for the supply of water, and the planting of trees along 
canal banks, and by the sides of so-called roads. The almost 
total absence of the use of wheeled conveyances, except by the 





wealthy of the land, caused but little attention to be paid to 
the proper construction of roads; and in many parts of the 
country even the use of water carriage, where available, would 
seem to have been but slightly employed. 

It is unnecessary to cake more particularly to the numerous 
mosques and other public edifices which are to be found all over 
India, as evidences of the architectural taste of former ages, since 
pictures of many of them must already be familiar to all. With 
regard to the state of the couutry as to internal means of com- 
munication, the following is an extract from the “ first report of 
the commissioners appointed to inquire into and report upon the 
system of superintending and executing Public Works in the 
Madras Presidency,” dated 23rd December, 1852. In their re- 
view of the condition and the treatment of the roads in former 
times, the commissioners stated, ‘‘ With regard to the communi- 
cations of the country, the case was far otherwise,” (than with 
works of irrigation). “It cannot be said that there was any 
capital invested in tne ancient roads ; and canals, for the purpose 
of navigation, had no existence in the South of India. Through- 
out the whole Peninsula there was not one complete road of any 
length on which it would have answered to employ wheel- 
carriages; their use, therefore, was very limited, and the distant 
traffic of the country had nowhere the advantage of them. 
Trucks were used by thuse who collected stone for the dams and 
tank ombankments, and in some localities the harvest was brought 
in by carts upon wheels, either formed of solid pieces of timber, 
or cut from a solid block of stone; these carts were drawn by 
several pairs of bullocks, and carried nearly a ton, but they were 
never used for distant journeys; even the main streets of many 
of the largest towns were not practicable for wheels; and when 
the most wealthy used light carriages, they rarely left the pre- 
cincts of their village. The only made roads (it they deserve 
the name) were the mountain passes, which in the latter wars 
were opened for the passage of artillery; but they had generally 
been destroyed by the sence rains, before the country came 
into the possession of the East India Company. The only proof 
of attention to the great roads was to be seen in the fine avenues 
of trees, which in some districts measured several hundred miles 
in length; but as the roadways beneath them had never been 
— formed or drained, and bridges had not been built, or 
care taken to keep the pathway practicable, they were roads no 
longer; but in most cases, from being worn down by former 
traffic, and washed by the rains of the monsoon, they had be- 
come the drain of all the country that they passed through, 
and were so much more rugged than the land on either side, 
that their only use was as a guide to travellers who took a 
course as nearly parallel as the ground permitted. With such 
a want of roads, it might have been expected that water-carriage, 
wherever it was available, would have been turned to the best 
account; but such was not the case; little use was made of the 
rivers, and nothing seems ever to have been done to improve 
their navigation. In the heavy freshes, rafts of timber, and 
circular boats of wickerwork, covered with leather, were floated 
down some of the larger streams; but on very few of the rivers 
was aby attempt ever made to take laden vessels up the stream. 
Still less use was made of the canals of irrigation, though many 
of them were well adapted for water-carriage during six or 
eight months of the year. The backwaters, both of the eastern 
and western coast, were turned to somewhat more account; but 
the boats in use upon them were canoes made from single trees, 
which, from their narrowness, and consequent deep draught of 
water, were very ill-suited to the shallow lakes they navigated. 
A considerable traffic was carried on by means of coasting craft, 
but that was expensive, slow, and dangerous. On the Coro- 
mandel coast the dhoneys were badly shaped for sailing, even 
when the wind was fair, and from their want of keel could never 
work to windward. In some respects the pattimar on the other 
side of the Peninsula had advantages, being well built for speed, 
and having a better form of sail ; but in both cases they were quite 
unfit to trust in such storms as the coasts are subject to. ‘That 
the carriage was expensive to what it might have been, is to be 
accounted for by the indolent manner in which the vessels were 
worked, by the number of men n to manange their un- 
wieldly sails, and the time lost by the necessity for waiting till 
the wind was fair. The cost was also greatly increased by the 
difficulty of shipping and landing goods, to facilitate which no 
attempt seems ever to have been made by any of the native 
rulers of the country.” 

Whilst on the subject of communications, it may be as well 
to notice a peculiar instance of a bridge poo Sado | in Mysore, 
for facilitating access to the town and fort of np ye 
which is noticed by Dr. Buchanan in his account of a tour 
through that province at the beginning of the present century. 
“ Seringapatam,” he states, “as is well known, is situated at 
the upper end of an island surrounded by the Cauvery, which is 
here a large and rapid river, with a very extensive channel filled 
with rocks and fragments of granite. At certain seasons it is in 
many fordable with facility ; but during the rains it rises 
very high, to the great inconvenience of the inhabitants. Ou 
the south branch of the river a bridge has been erected, which 











the highest floods. These are upright. in rows as long 
as the intended width of the bridge, and distant about 10 ft. 
from each other. They are secured at the bottom by ay let 
into the solid rock, and, their tops being cut to the level, a long 
stone is laid upon each row. Above these transverse stones 
others are placed contiguous to each other, and stretching from 
row to row in the direction of the length of the bridge. The 
whole breadth of this may be 20 ft. One half is occupied by 
the aqueduct, which is secured at the bottom and on both sides 
by brick and plaster. The road is laid with gravel, and se- 
cured by a parapet wall on one side and by the aqueduct on the 
other.” 

In Bengal, communications were almost entirely effected b 
means of the several branches of the Ganges river, which itse 
acted as the great highway between the Lower and North- 
Western Provinces for many years after the British occupation 
of India; and at the beginning of the present century the 
traffic on that river gave employment to no less than 20,000 
boatmen. Many other rivers also were navigated to a limited 
extent in former days, including the Indus, the Godavery, and, 
indeed, most of the great inland rivers; but, under native rule, 
no attempt appears ever to have been made to improve their 
channels. 

Some of the ancient Indian writings show how highly prized 
water has ever been for drinking and agricultural purposes, and 
that the natives used to consider the construction of such works 
not only an act of benevolence, but also one of religious merit. 
The Poorana, or ancient chronicles of India—which are Sanscrit 
works of considerable oy, the dates of their compilation 
being lost—give many proofs of this, as will be seen from the fol- 
lowing extracts. In one place it is stated, “‘ No satisfaction is felt 
without water in the three worlds—heaven, earth, and hell; 
therefore a wise and learned man should cause reservoirs, tanks, . 
wells, &c., to be made.” Again, ‘A person that makes wells, 
gardens, establishments for the distribution of water—also he 
that causes trees to be planted, gives his daughters in marriage 
to others, causes bridges, dams, &c., to be made over rivers—and 
all these for charity’s sake—obtains a perpetual biiss in Paradise. 
Also a person in whose pond or lake there is a constant supply 
of water obtains perpetual felicity without question.” And in 
another place it says: “‘ Oh, thou sou of Kunti, get large sup- 
plies of water made at the sacrifice of your whole property; fur 
the man at whose reservoir the cow becomes satiated of her 
thirst, becomes the preserver of his family.” 

It is not, then, surprising to find that hydraulic works were 
early cultivated throughout Hindustan. The first Indian canal 
of which we have any satisfactory record dates from the year 
1351, and it is stated to have been constructed by Feroze 
Toghlak, whose reign was distinguished by many improvements 
in legislative and fiscal poliey. Of this monarch it is recorded 
that he built fifty dams across rivers to promote irrigation, forty 
mosques, thirty colleges, one hundred caravanserais, thirty re- 
servoirs for irrigation, one hundred hospitals, one hundred public 
baths, one hundred and fifty bridges, besides many other edifices 
for pleasure or ornament.” An interesting document discovered 
by Lieutenant S. A. Abbott, being a decree of the great Akbar, 
dated a.p. 1568, referring to the canal of Feroze Shah, which 
at that date had become so choked that its bed was scarcely dis- 
cernible, directed the canal to be excavated deeper and wider 
than formerly. Sixty or seventy years later, new works were 
undertaken during the reign of Shah Jehao. The foundation 
ot Shabjehauabad, and the natural desire to secure for his new 
capital and favourite residence the benefit of an abundant supply 
of water, induced the Emperor to project the Delhi Canal. In 
Ali Murdam Khan—a person distinguished for his architectural 
taste and skill—he found an agent admirably qualified to give 
effect to his wishes. For a century and a quarter after its ori- 
ginal construction, in 1626, the Delhi Canal continued efficient. 
Aged men informed a British officer, on survey duty in the 
neighbourhood in 1807, that they were finally deprived of the 
canal water about the year 1753, in the reign of Alumgir II. 
The canal of Feroze had ceased to flow in Hurriana about 1707, 
and at Suffidun in 1740; so that the Mogul canals became prac- 
tically extinct nearly in the middle of the eighteenth century. 
About the year 1780, Zabita Khan, Rohilla, is said to have re- 
opened the Eastern JumnaCanal—a work which is also attributed 
to Ali Murdan Khan—but his canal is supposed to have re- 
mained open only for a few months. The late Colonel Baird 
Smith, from whose writings the above information —— 
early irrigation works in India has been obtained, remarks that 
the canals of the Mahomedan dynasty in the North-Western 
Provinces of India were remarkable for their sinuosity of channel, 
arising from an ignorance of the modern means of regulating 
the excessive slope of the country, and an irregularity in the 
distribution of the fall, which caused alternations of rapids 
with almost stil! water. 

(To be continued.) 


Tue Price or Stest Ratis—Lhe Iron Trade Review, 
the organ of the Cleveland iron trade, observes :—“ It has 
recently been pretty clearly demonstrated that only about 
6 per cent. of the total quantity of pig iron made in Europe 
is capable of being converted into Bessemer steel, and that 
the spathic and pure hematite ores occur in such limited 

uantities that the production of Bessemer pig iron is not 
likely to be largely increased, unless further deposits. of 
suitable ore should be discovered in some a locality, 
favourably situated for smelting operations. being the 
case, it is reasonable to assume that, notwithstanding the 
expiration of the existing heavy royalties, before long 
Bessemer steel, as at present manufactured, will, in all pro- 
bability, rather increase than decrease in price, unless means 
can be discovered for utilising the cheaper varieties of pig 
iron.” 

Tue Mitzwatt Docxs.—One of the greatest and most 
important additions to the private dock accommodation | 
the river was made on Saturday by the formal opening © 
the Millwall Dock basins and warehouses. These works were 
fully described in ExeixzERING some time since. 
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ENGLISH AND FRENCH TECHNICAL TERMS. 


THERE are doubtless very many engineers who have at 
some time or another suffered inconvenience from the absence 
from ordinary French and English dictionaries of the majority 
of the technical terms used in the workshop. To remedy this 
deficiency our excellent contemporary, the Annales du Génie 
Civil, has commenced the publication of a French and Eng- 
lish technical vocabulary, and this we propose to republish in 
our columns, believing that it will be fully as useful to our 
readers as to those of the journal for which it was prepared. 


PREMIERE PARTIE. 

Machines a Vapeur (Autres que les Locomotives) et Con- 
structions Mécaniques en Fer. 
FRANCAIS-ANGLAIS. 

A 


Ababouiné—becalmed. 

——— 

Abatage (Masse) —holding up 
hammer. 

About—butt. 

About detole—chipping-piece. 

Aboutement, Abouement — 
scarf, joining. nd 

Abouter—to scarf, to join. 

Abraquer—to haul taught, to 
draw. 


Abraque le mou !/—round up! 
haul taught! 

Abscisse—absciss. 

Acclamper—to fish a mast, a 
yard. 

Accorer—to prop. 
Accoster—to near, to come up 
with, to come alongside. 

Acide—acid. 

Acier—steel. 

Acier fondu—cast steel. 

Acier naturel—natural steel. 

Acier poule—blister steel. 

Action de donner de Vavance 
au tiroir—cushioning the 
piston. ; 

Action et Réaction—action 
and reaction. ; 

Adent—coke, scoring in a 
piece of timber. 

Adhérence—adhesion. 

Admission—admission. 

Adouber—to fit. 

Affaler un palan—to fleet a 
tackle, to shift a tackle. 

A ffiner—to refine. 

Affinité—affinity. 

Affinoir—hatchel, hitchel. 

A ffleurer—to make even. 

Affolé, Affolement—Discon- 
nected. 

Affuter—to sharpen. 

Agent (Phys.-Chim.)—agent. 

Aide-mécanicien— engineer's 
mate. 

Aigre, Cassant— brittle or 
short. 

Aiguilletage —lashing, seiz- 
ing. 

Aiguillot—pintle. 

Aile Whélice—blade of a 
screw. 

Ailette, Alette, Ailes—deck- 
ing, sideboard of a xebec, 
felucca. 

Aile indicatrice—wing of a 
pilot mast. 

Aile de Varchipompe—space 
between the well and the 
sides of a ship. 

Air—air. 

Aire—area. 

Ajut, Ajust—bent, knot. 

Ajustement—adjustment. 

Ajutage—ajutage. 

Ajusteur—tiler, vice-man. 

Ajustage—adjusting. 

Ajuster—to adjust or to fit. 

Alaisoir, Alésoir — boring 
mill, boring machine. 

Alaisage—boring out. 

Alaiser, Aléser—to bore out. 

Alambic—alembic. 

Alésoir vertical — Upright 
boring mill. 

Alimentation—feeding. 

Alimenter—to feed. 

Alimentaire—feeding. 

Alliage—allaying, alloy. 

Alluchon—tooth, cog, catch. 

Allumer les feux—to light 
the fires. 

Allumer une pompe—to fetch 
& pump. 

Alonge ou Ralonge du levier 
du tiroir — starting bar 
handle. 

Alonge du cornitre — top 
timber of the fashion piece. 

Alonge du tambour—paddle 
box stanchion. 

Alun—alum. 

Amarrage—seizing, lashing. 

Amarrage coulant — slip 

knot. 


Amarrage a fouet—the lash- 
ing of a tail block. 

Amarrage a plat—end seiz- 
ing. 

Amarra—to make fast, to tie, 
to hitch, to moor, to lash, 
to seize. 

Amener en douceur—to lower 
handsomely. 

Amener—to lower, to haul 
down, to strike. 

Amorcer, Charger, Engrener 
une pompe—to fetch a 
pump. 

Amorce—scarf. 

Ampoulette—a watch glass. 

Anel—tongsring. 

Angle (Engrenage d’)—bevel 


gear. 
Angle oblique—bevel way. 
Anguillers,  Anguilléres — 


limber holes, limber. 

Anneau—ring, link. 

Annulaire (Machine) annu- 
lary engine. 

Anse a’ vis—eye bolt. 

Anspect—handspike. 

Anthracite—anthracite. 

Appareil—apparatus. 

Appareil @une pompe ou de 
la heuse—pump gear. 

Appareil évaporatoire—eva- 
porating apparatus. 

Appareil alimentaire — feed 
apparatus. 

Appareil moteur — moving 
apparatus. 

Appareil de détente—expan- 
sion gear. 

Arbre—shaft. 

Arbre ou tourillon des balan- 
ciers—main centre, side 
lever gudgeon. 

Arbre @alésoir—boring bar. 

Arbre de mise en marche— 
starting shaft. 

Arbre de parallélogramme— 
parallel motion shaft, weigh- 
shaft. 

Arbre des 
shaft. 

Arbre de treuil—barrel, wind- 
ing barrel. 

Arbre @hélice — propelling 
screw shaft. 

Arbre du tiroir—weigh shaft 
or wiper shaft. 

Arbre en _ vilebrequin — 
cranked shaft. 

Arbre extérieur—outer shaft. 

Arbre horizontal — lying 
shaft. 

Arbre intermédiaire—inter- 
mediate shaft. 

Arbre oscillant — rocking 
shaft. 

Are—are. 

Arcade—arch. 

Arc-boutant—stanchion. 

Archet—drill bow. 

Arc conducteur—slide sweep. 

Archipompe — pump - well, 
well. 

Aréte—edge, set. 

Argile—clay. 

Argile réfractaire—fire clay. 

Armure—middle piece. 

Armurier—armourer. 

Arpont, Arpent—two-handed 
saw. 

Arritre du 
tuck 

Arsenal—dockyard. 

Articuler—to couple. 

Aspiration—suction. 

Assécher—to dry at low 
water. 

Assembler les parties dune 
machine a vapeur—to join 
together the parts of a 
steam engine. 

Assemblage—assembling. 

Atelier de forgeron—smith’s 
shop. 


Atmosphere —atmosphere. 


roues — paddle 


navire — stern, 


Attraction locale—deviation. 

Attention dans la machine— 
stand by below. 

Aube—paddle, float. 

Aube articulée — feathering 

addle. 

Aubour, Aubier—sap of a 
tree. 

Auge—pan, trough. 

Aussi2ae,Haussiére—hawser. 

Autel—bridge, flame bridge. 

Autel &@ eau—water bridge. 

Autel renversé — hanging 
water bridge. 


Babord—larboard, port. 
Bache—hot well, tank. 
Baguette—strip. 

Baguette a déboucher—pack- 
ing worm. 

Bague damarrage—ring. 

Baille—half tub, bucket. 

Baisse—difference (between 
high water and actual state 
of the tide). 

Balancer—to try round. 

Balancier — beam, working 
beam. 

Balancier de machine marine 
—side lever. 

Bane de tour—bed. 

Bonde d’aube—paddle plate. 

Bande de chaudiére—junction 
plate. 

Bande de jonction — strip 
plate. 

Bande de cylindre — back 
plate. 

Bande du tiroir—-sliding face. 

Barométre—barometer. 

Barométre du condenieur— 
vaccuum gauge. 

Barre—bar. 

Barreaux de grille—fire bar, 
furnace bar. 

Barrette—valve face, sliding 
valve. 

Base (cote)—data. 

Bassin—basin, small harbour. 

Batardeau flottant—floating 
dam. 

Bateau a pompes — pump 
engine boat. 

Bateau avapeur—steam-boat. 

Bateau de sauvetage — life- 
boat. 

Bateau draqueur ou Bateau 
rabot — drag-boat, mud- 
boat. 

Bateau-porte—floating coffer 
dam. 

Bateau remorqueur—towing 
boat. 

Bati—engine framing, side 
frame. 

Batimenta ~ irr, 
steam vessel. 

Batiment charbonnier — col- 
lier. 

Bau—beam. 

Bau de force—paddle beam, 
sponson beam. 

Bau de rowe—paddle beam. 

Bee a corbin—a ripping iron, 
claw. 

Bédane—cross-cut chisel. 

Bielle—connecting rod. 

Bielle de parallélogramme— 
parallel - motion side fod, 
motion side rod. 

Bielle latérale — cross-tail, 

butt. 

Bielle pendante—side rod. 

Bieiles pendantes — cylinder 

side rods. 

Bielles pendantes de pompe a 

air—air pump side rods. 

Bielles pendantes du tiroir— 

slide valve side rods. 

Bielle sur le piston—trunk 

engine. 

Bigorne — caulker’s chisel, 

anvil horn, bigorn. 

Bigues—sheers. 

Billard—billiard, poker. 

Billot—anvil block or bed. 

Biseau—feather edge. 

Bismuth—bismuth. 

Bitord—yarn, spun yarn. 

Blane de cérusse—white lead. 

Blane @ Espagne—whiting. 

Bloe ade to, home. 

Bobine—bobin. 

Bocard—pounding machine. 

Bois de chauffage—fire wood. 

Bois de construction—timber 

for shipbuilding. 

Boisseau—seat. 

Boite aclapet ou a soupape— 

valve box. 

Boite a clapet de pompe de 

cale —bilge chest. 





Atre—hearth. 


Boite a étoupe ou a garniture 





Autel de foyer—fiame bridge. 

Ausiliaire—auxiliary, tem- 
porary. 

Avance—head. 

Fe tar a 

Avarié—damaged. 

Avarie—damage. 

Aveugler une voie d’eau—to 
fother, to stop a leak. 

Aviso a vapeur—advice steam 
boat, 


Aviver le feu—to revive the 
8. 

Axe—axis, centre, gudgeon. 

B 
—stuffing box, gland and 
collar bush. 

Boite a feu—firebox. 

Boite a fumée—smoke box. 

Boite a sowpape alimentaire 
—feed valve box. 

Boite a soupape d arret—stop 
valve box. 

Boite a sowpape de sireté— 
safety vee box. 


Boite a tiroir @injection— | P 


injection valve box. 
Boite atiroir—slide valve box, 
nozzle. 
Boitre a vapeur—steam chest. 
Bonder—to fill, to overload. 
Borax—borax. 
Bord—board, aboard, ship, 
tack, side. 
Bordage—plank of a ship’s 
side. 
Border—to border, to burn 


up. 

Dare a clin—to plank with 
clincher work. 

Border a joindre—to plank 
with carvel work. 

Bosse—stopper. 

Bosser—to stopper, to clap, 
to bit to. 

Boucher Vécubier—to choke 
the ause. 

Bouchon—plug. 

Boucle—ring, Came bilboes. 

Boudin—middle rail of the 
head, puddening. 

Bouilleur—water space. 

Bouilloire a suif'— copper 
kettle. 

Bouledutuyaud échappement 
—waste steam pipe head. 

Boulet—shot. 

Boulon—bolt. 

Boulon a clavette—ke 

Boulon a crochet — 
bolt. 

Boulon Wassemblage—hold- 
ing bolt. 

Boulon de carene—holding 
down bolt. 

Boulon de plaque de fonda- 
tion—sole plate bolt, foun- 
dation bolt. 

Boulon de serrage—packing 
bolt. 

Boulonner—to bolt. 

Bourre—wad. 

Bourrelet — puddening, dol- 
phin of a mast, the swelling 
of the muzzle. 

Bourrer—to ram. 

Bout a bout — flush joint, 
jump joint. 

Bout darbre—paddle shaft 
bearing. 

Bout de corde—a short rope, 
end of a rope. 

Bout de la taritre—auger bit. 

Bout Cun bordage—end of a 

lank. 

Bouterolle—cress. 

Bouteroller—to snap. 

Bouton—pin. 

Bouton de pompe de cale— 
bilge pump stud. 

Bouton de bielle de pompe a 
air—air pump side rod stud. 

Bouton de bielle—side rod pin. 

Bouton de manivelle—crank 


bolt. 
ooked 


in. 

Natio de manivelle du tiroir 
—eccentrie gab pin. 

Brai—pitch, coal. 

Brai sec—dry pitch. 

Brai gras—liquid pitch. 

Bras—arm. 

Bras de levier—leverage. 

Bras de manivelle—crank’s 
web. 

Bras de rappel—radius bar 
of parallel motion. 

Brasure—brasing. 

Bride de tuyau—pipe flange. 

Bride excentrique—eccentric- 
strap. 

Bride ou chape—iifter. 

Bringuebale @une pompe — 
pump brake. 


Bringuebale—pump handle. Burette—can, oil feeder. 
Brique brick. - Buriner—to ram, to chisel. 
Broche—spindle. Burin — setting, wooden 
Broche clapet — valve _ roller, chisel, cold chisel. 

hinge. Buse—nozzle. ; 
Bronze—bronze. Buttoir élastique — spring 
Bronze a ca metal. beam 


Brouter—to tremble. Buttoir—catch pin, driver. 


Brulure—burnt. Buitée—thrust. 
Bruler—to burn. Buttoir—catch, tappet, peg 
Brunir—to burnish, to glaze. __ driver, stop. 


Bugalet — French coasting 


Buttoir de olapet — valve 
transport vessel. guard, 


(To be continued.) 








NOTES FROM THE NORTH. 
Giascow, Wednesday. . 

Glasgow Pig-Iron Market.—The last week has been of a 
very satisfactory character as regards the pig-iron market, both 
as to business done and the prices obtained. On Wednesday last 
52s. 104d. and 52s. 11d. cash, and 53s. and 53s. 1d. one month 
were obtained; but by Friday prices had risen to 58s. 3d. cash, 
and 53s. 4d. one month, and a brisk business was done at those 
rices. A reaction set in on Monday, and prices fell a little, 
but still a good business was done at the reduced rates, namely, 
53s. to 52s. 9d. cash, and 53s. 1d. to 52s. 11d. one month. 
The lowest of the last-mentioned prices were current to-day. 
As reported last week, No. 1 Coltness and No. 1 Gartsherrie 
were quoted yesterday at 59s. and 57s. 6d. respectively. 

The Caledonian Board and the Shareholders’ Committee.— 
A local paper of to-day says that fresh negotiations have been 
opened between these two parties. At the meeting of the board 
yesterday certain propositions with reference to the manage- 
ment were communicated by one of the directors from the 
Shareholders’ Committee. It is not mentioned publicly what 
the propositions are, but it is believed that their object and 
tendency is to effect such an arrangement between the parties as 
will disarm opposition and ensure that the affairs of this great 
company be henceforth conducted in peace. 

The Forth Railway Bridge Scheme—An official report from 
the Board of Trade has just been issued in reference to this 
scheme. It states that if the scheme be sanctioned, the navi- 
gation of the river would be impeded, and that there would be 
a danger, in the case of a swing bridge, of most serious acci- 
dents occurring. Inthe opinion of the author of the report, 
the saving of a few which it is proposed to effect by the bridge 
would not compensate for the serious interference which it 
would cause to the river navigation. The Forth Navigation 


town council have, this week, unanimously decided against it, 
and generally the a threatens to be so strong, that 
there is some fear of the project being defeated. 

The Sutherlandshire Ravlway.—An inspection of this line 
was made last week by Mr. ym a Dougall, the secretary and 
manager, Mr. K. Murray, of Granies, and Mr. Baxter, the resi- 
dent engineer, accompanied by the contractors. The operations 
were found in so forward a state that, it is said, Friday, the 
10th of April, was fixed upon as the day of inspection by the 
Government officer; and, if passed by him, the line will be 
opened to the public on the Monday or Tuesday following. 

Royal Scottish Society ¥ Arts.—Conference on Technical 
Education.—Copies of the following resolutions, to be submitted 
to the conference on technical education to be held in Edinburgh 
on Friday next, have been forwarded to all those gentlemen who 
have responded to the invitations of the Society : 

I. That the time has arrived when it is desirable and neces~ 
sary, in the education of the people, that the principles of science 
should form an important element in the tuition of all classes of 
the community. 

IL That in all schools the advanced pupils should be taught 
elementary science, and that the Government aid now offered, 
in the shape of grants of money and apparatus, as well as 
scholarships and exhibitions, should be more generally taken 
advantage of. 

ILI. That for the more thorough instruction of the middle 
classes, it is desirable that Chairs of Applied Science be founded 
in the Universities, and that branch Industrial Museums be 
established in the larger towns. 

IV. That the mechanics’ institutions of the country should 
be re-organised and extended, so that the systematic teachin 
of the elements of science may be placed within the reach of a 
artisans. 

V. That a committee be appointed to promote the objects of 
the foregoing resolutions. 


As I intend availing myself of the invitation to attend this 
conference, I shall be able next week to say something about it 
that may have some interest. ¢ 

While speaking of a technical education conference, it may 
not be out of place to mention that an announcement reached 
us a few days ago that Glasgow is to come in for a third portion 
of a muuificent sum of money—100,000/.—which has just been 
‘‘donated” by an unnamed benefactor of the working ¢ 

and which is to be devoted to the purpose of promoting technica’ 
education by the foundation of scholarships and exhibitions. 
The other towns that are to participate along with Glasgow are 
Manchester and Birmingham. 

Meeting of the Institution of Engineers in Scotland.—The 
seventh sessional meeting of this Institution was held this night 
week, Mr. J. M. Gale, C.E., presiding. A minute was read 
stating that, in the opinion of the Council, no papers were read 
during last session on Marine Engineering or Railway Engineer- 
ing of sufficient merit to entitle the authors to medals. The In- 
stitution Medal for papers read during last session will be voted 
at the meeting in April, the members being the judges. A very 
elaborate paper was read by Mr. James Howden, marine engi- 
neer, on “ Surface Condensers.” The author went ve 
minutely into the history of surface condensation for the last 
forty or fifty years, and enlarged on the merits and defects of 
the various systems of condensation with which the names of 
Hall, Spencer, Sewell, Allen, and Horn are associated. He 
also explained, and illustratéd by a model, the nature of the 
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system that he had himself perfected and applied. The dis- 
cussion on the paper was postponed till the next meeting, so that 
members might each have a printed copy of it in their hands. 
The president, Mr. Gale, also read a paper. It embraced a very 
interesting account of the construction of the Port Glasgow 
Waterworks, which were completed and formally opened several 
months since, as I informed your readers at the time. The 
paper was elaborately illustrated by drawings of the details of 
the works. It be mentioned that Mr. Gale was the en- 
gineer who superintended the execution of the works in ques- 
tion. 

The Sewage (uestion.—The usual meeting of the Association 
for the Consideration of the Sewage Question was held on Mon- 
day night, Mr. Charles Randolph in the chair. Mr. James 
Robertson read a paper giving details in reference to a scheme 
which he pom for the purification of the Clyde and the im- 
proved sanitary condition of the city. One feature of the 
scheme was the introductiou of an independent system of piping 
to be used in connexion with the water-closets in the city only, 
while the present system of sewers would be employed for the 
pur; of carrying off surface water, the refuse of — 
works, &c. He was not the first who had proposed that scheme, 
but it had never been acted on to any great extent; and he ex- 
ap at considerable length certain mechanical contrivances 

y which his scheme might, he considered, be carried out with 
greater ease than by the plans suggested by others. He esti- 
mated the cost of the various works, barges, and necessary ap- 
pliances at 400,0002., the interest of which would be 20,0002, 
per annum, and the annual cost of carriage, &c., at 13,000/., so 
that the annual expense altogether would be 33,0002 1t was 
impossible to estimate with any degree of accuracy what the 
return would be, but Mr. Robertson had no doubt the result of 
the adoption of the scheme would be that a considerable revenue 
would accrue. 

More about the Lime-Light —The furore excited two or three 
weeks since in Perth Barracks by the alleged success of the 
lime-light as a substitute for gasiight has extended to the town 
of Dundee. The people of that town are nearly divided into two 
camps on account of it, in conjunction with the present move- 
ment for a corporation gas supply. The Duadee Chamber of 
Commerce does not exactly agree with the efforts being made 
by the Town Council to get a Gas Bill passed by Parliament, 
and in the expectation that some light could be thrown upon 
the subject of dispute, a deputation from the first-mentioned 
body went to Perth last week to see the new mode of lighting, 
and to institute inquiries regarding its cost and its applicability 
for lighting purposes generally. The excitement created by the 
report of the dings attending the visit to Perth has greatly 
increased, and, indeed, the visit has only added fuel to the already 
existing fire. Even Glasgow is showing signs of some little 
anxiety concerning the Perth experiment; for at the meeting 
of the Police Board, on Monday last, a deputation, consisting of 
the convener and another member of the Watching and Light- 
ing Committee, the Master of Works, and the Inspector of 
Lighting, was appointed to visit Perth to examine the lime- 
light in use there, with a view to consider the advisability, or 
otherwise, of adopting it for public use in this city. Negotia- 
tions are pending between the Lown Council and the two local 
gas companies for the acquisition, by the former, of the gas- 
works. These negotiatious seem likely to ‘end in smoke,” as 
the gas companies are said to ask too high a price for their 
property, and hence the loeal anxiety about the lime-light. 

Prosecution of a Gas Company on account of Alleged Smoke 
Nui —On Wednesday last the City ana Suburban Gas 
Company, in the person of their secretary, were brought before 
one of the local magistrates on a charge of nuisance and an- 
noyance to the inhabitants in the neighbourhood of the works 
from the emission of large volumes of dense smoke. The pro- 
seoution was conducted under the provisions of the Glasgow 
Police Act, by which it is made criminal, and punishable by 
imprisonment only, if any nuisance from smoke exist while it 
cannot be shown that the most improved means have been em- 
ployed to prevent the nuisance. Evidence was read which 
showed that it was only at the period of discharging and 
charging the retorts that any smoke was emitted, and that any 
annoyance from smoke only occurred during west and south- 
west winds. Skilled witnesses were examined, including two 

of chemistry, civil engineers, aud gas managers, but 
no person could say other than that the works were well con- 
structed, if not even the most perfect of their kind. The case 
was continued till the following day, and then the magistrate re- 
mitted to the Master of Works the duty of examining and re- 
porting upon the gasworks with a view to suggesting some 
constructive alterations by means of which the ventilation 
might be improved and the annoyance to the neighbourhood 
abated. Mr. Bartholomew, the company’s manager, and, in- 
deed, perhaps the most eminent gas engineer in Scotlaud, said 
that the company would be willing to spend 10004 upon any 
alterations that would be certain to produce an abatement of 
the nuisance. To-day the case was called again, but after 
examining Mr. Carrick, the Master of Works, the presiding 
magistrate was necessitated to declare the charge ‘ Not 

proven.” The works have been in existence a quarter of a 
century, and this is the first time that any charge of annoyance 

been brought against the company. y 

Supply of Water to Blairgowrie.—A meeting of the local 
authority under the Public Health Act was held in the town- 
hall, Blairgowrie, on Wednesday, in compliance with a requisi- 
tion signed by ten householders, vo consider the propriety of 
introducing a regular and sufficient supply of water into the 
burgh, Asub-committee, which had been previously appointed, 
submitted a report favourable to the scheme, from which it 
appeared that excellent water could be obtained from the estate 
of Ballied, about 2400 yards to the north-west of the town, 
and at a beight which would throw the supply 50 ft. above the 
highest buildings. After some conversation as to the quantity 
of water, and as to whether the supply could be augmented, if 
necessary, from some contiguous sources, the report was ap- 

oved of, and @ committee formed, to carry out the scheme. 

‘he committee was empowered to have the ground surveyed, 
the supply tested, &c., by a competent engineer, and to report 





INDICATED HORSE POWER. 
To THE Epitor or ENGINEERING. 

Srr,—I must make a correction in the letter of “ G. H. J.,” 
in that sentence in which he says, “this correspondence has 
“ for its object the sweeping of the term horse power from 
“ the engineer’s vocabulary.” The object for which “J. W.” 
first wrote was the extinction of the term nominal horse 
wer, as liable to deceive many. It is this term which has 
en called a “barbarism,” and with just canse. There are 
no very great objections to the retention of the term “ horse 
power ;” but, as was very justly observed in an article upon 
this subject, it is a term of the past, and comparisons between 
the powers of steam engines and the power of horses are no 
longer necessary. I have already explained my reasons for 
proposing 1000 sane nahn as the standard, viz., the 
simplification in the calculations of the work done by a 
steam engine. That pathetic appeal to your feelings read 
very prettily, but it will not fight, as in it there is an asser- 
tion which is untrue, which is, thaf the introduction of a new 
term would produce confusion in the engineering literature 
of alllanguages. Perhaps “G. H. J.” is not aware that the 
French have discarded the term corresponding to the Eng- 
lish “ nominal horse power,” and compare the power of their 
engines by the kilogrammetre,* without producing any 
confusion in the English vocabulary ; and it may, therefore, 
be inferred that if our term were altered it could not cause 
the least disorder in foreign literature, , 

In a former letter, I explained the objections against a 
“foot-ton” as a standard, and these apply with greater force 

ainst a “yard-ton.” Your correspondent, “ J, T. B.” is 
right in saying the figures are large when foot-pound is 
used; that is, when a minute is taken as the unit of time, 
but when a second is used they become more convenient, 
am well aware that my English is not exemplary, but I think 
“ G. H. J.” would have shown better judgment had he proved 
my ignorance of engineering science by pointing out my 
errors; without doing so, his assertion seems to have been 
written merely for the purpose of lengthening his letter, and 
counts for nothing. Iam truly grateful for the paternal 
tone in which he pities me, on the supposition that I have 
been studying Nicholas, and as I presume he must have read 
the book before condemning it and calling it “twaddle,” I 
must congratulate him on having survived his perusal of that 
volume, proving, as it does (according to the words of his 
letter), that he, “G. H. J,” isa person of “extraordinary 
* abilities.” 

“J. W.” has conferred a benefit upon science by giving his 
new and original definition of “cylinder capacity,” viz., 
“ that power or property which the cylinder has of absorbing 
“ steam, and allowing it to expand against a resistance.” 1 
look for a definition of absorbing, and I find that it means 
swallowing up or wholly wasting. So that this definition 
may be rendered thus: “The cylinder capacity is that pro- 
“ perty which the cylinder has of completely wasting the 
“steam, and doing useful work.” I think “G. H. J.” 
might also have extended his reproof to “J. W.,” as we are 
both very naughty in murdering the English language. 
“ J. W.’s” above definition is very similar to that ingenious 
American machine, which has the property of absorbing live 
pigs at one end and giving out pork sausages and brushes at the 
other. He has also denied my statement that the boiler is a 
measure of the work done by the engine; but in the same 
paragraph he says that, if this were so, “the fireman would 
“ be able to raise or lower the efficiency of the steam engine 
“ at his pleasure ;” and this is exactly the case, the power of 
an engine does, very materially, depend upon the fireman. 
For instance, the engines of the Hercules are guarantee‘ to 
exert, say, 7200 horse power. There is not the least doubt, 
then, when the ship is tried at Portsmouth, the best stokers 
that can be obtained will be employed, so that there is a 
general idea that the work done by the engine depends upon 
the firemen, and therfore upon the boilers. “J. W.” writes 
concerning “ Younker’s” Joud talk, that the fact of smoke 
passing from the chimney is a fact “that the water does not 
“ receive the whole of the heat that would have been given 
“ out had the fuel been consumed fully.” By this I inter he 
implies, “if the fuel were consumed completely, al/ the heat 
“ resulting from its combustion would be given to the water,” 
which is absurd. However perfect the combustion may be, 
amd however perfect the boiler may be, the whole of the heat 
resulting from combustion cannot be transmitted to the 
water within the boiler. Indeed, this is evidently a conse- 
quence of the imperfect conductivity of heat, of all substances. 

Vhile I am speaking of boilers, allow me to direct your 
attention toan apparent anomaly in the report of Messrs. 
Lynn and Nicholl, at page 147 of the present volume of 
ENGINEERING. At the bottom of the first column of that 
page it will be seen the temperature of the smokeboxr was 
102° Fahr., and of the chimney 625° Fahr. It would thus appear 
that the gaseous products of combustion in passing from the 
smokebox to the chimney had actually gained heat. Surely 
there is some error in this? 

I am, Sir, your obedient Servant, 


March 2, 1868, YOUNKER. 





To THe Eprror or ENGINEERING. 

Srr,—I beg to draw your attention to the slip in the 
“setting up” of my letter of the 10th ult. “ Weights are 
standards of masses and forces” should have been “ Weights 
are standards of masses, and not forces.” 
It is with regret that I have to mention this, for it may 
give occasion to other of your correspondents to take ex- 
ception to the statements of the beginning of the letter, 
which statements were only inserted to lead up to the 
argument for the substitution of a new unit for measuring 
energy. For my own part I would prefer to see the kilogram- 
metre and the “ syst?me métrique” introduced bodily into 
England; but the kilogrammetre itself is not an absolute 








* Seventy-five kilogrammetres per second=one “force de 


unit of force ; and such a revolution in our no-system of 


weights and measures is scarcely in accordance with our 
English character. When “ practical” men see the use of 
the thought-saving hine, the d 1 system of caleula- 
tion, we shall probably make it compulsory: at present it is 
permissive. But since our British unit of weight is one pound 
of matter, I have proposed, what appears to me, a step in the 
right direction. Some, at least, of ony’ readers may think 
differently ; but to all I would say that the point of dis- 
cussion is in “J. W.’s” proposition, “ Steam-engines should 
be bought by the number of useful units of work they can 
perform above overcoming their own inertia, &, 

Trusting to your favour for an early insertion, 

I am, yours faithfully, 
London, March 2, 1868. Ex Wiss Hzap. 











SURFACE CONDENSERS. 

To rue Eprror or ENGINEERING. 
Srz,—Your correspondent, “ Younker,” proposes a plan 
for getting a better vacuum in jet condensers, at least, that is 
what 1 suppose he means, by making them more “ efficient.” 
I think he is mistaken, in supposing that he will get more 
than a very slight improvement by dividing the water more 
than usual. If the water in the hot well of any engine is 
colder than the condenser it will show that water is Passing 
through the engines to no purpose, as he supposes ; but 
don’t think that that will be generally noticed. I believe 
that it is generally found that the pressure in the condenser 
(when there are no air leaks) is very near the theoretical 
pressure due to the temperature of vapour in the condenser, 
There is no difficulty in getting a better vacuum than 
usual; you have only to let in more water to the condenser, 

The objections to that, are, that more power is required to 
pump the water out again than is gained by the better 
vacuum, and that the feed water is colder. The second 
objection is in force whether the engines are surface con- 
densers or not. The better the vacuum the colder the con- 
denser. Any sea-going engineer of experience will tell you 
that some engines will go better with a hot condenser than a 
cold one. And, of course, the better the condenser is the fresher 
the water will be in the hot well, and the less blowing out is 
required. So that the improved vacuum is a loss on the whole, 
In regard to the eating away of the boiler plates, if it really 
is caused by a galvanic action, the obvious way to get over it 
is to suspend pieces of zine in the boilers and condensers, 
which would be dissolved in preference to the iron. Of 
course, in boilers that are covered with scale, which is a non- 
conductor, there can be no action. 

But I know that this action can be avoided, and that it is 
now generally avoided. If a little water is occasionally blown 
out ot the boilers, and the waste is made up with sea water 
instead of distilled water the plates will not be corroded, and 
the boilers may go ten years without: being cleaned. The 
only difficulty I have ever known with surface condensers is 
keeping the tubes tight. 

It seems to me that it would be better to be satisfied with 
24 in. vacuum, in surface condensers, instead of multiplying 
tubes in the endeavour to obtain 28 in. 

I am, Sir, your obedient Servant, 

March 17, 1868. A, W. 








Great Nortuern Rattway, Krye’s-cross.—The engine- 
men and firemen of the London district of this railway held 
a meeting at the Locomotive Works on Tuesday night, the 
17th of March, 1868, presided over by W. Grinling, Esq., ac- 
countant to the company, at which a presentation was made 
to Mr. John Budge, their locomotive superintendent, in ac- 
knowledgment of his management of them, as well as his 
attention to the interests of the company for nearly eighteen 
years. The testimonial, which was presented by Mr. Warr, 
locomotive foreman at Hitchin, in the name of the sub- 
scribers, consisted of a beautiful timepiece, designed and 
manufactured by Bennett, supported by two figures em- 
blematical of art and science, mchly gilded. In addition to 
this, a splendid chased silver teapot was also presented to 
Mrs. Budge—both bearing suitable inscriptions of the respect 
and esteem of the men. Mr. Budge very impressively ad- 
dressed the enginemen and firemen, of whom all of the dis- 
tricts who were off duty attended ; many of these had been 
in the service since the opening of the Great Northern Rail- 
way, London; and, after thanking them warmly for this 
expression of feeling to him and his, called their attention 
to the serious responsibilities of their avocation, and thanked 
the older members of the staff for their zealous and energetic 
assistance in carrying out the working of the business of 
this company ; and also pointed out to the younger and rising 
members of this staff the necessity, from the increase of 
trains, traffic, and junctions, to care and vigilance which it 
was incumbent on them to exercise. He thanked them 
sincerely for the presentation, which was not due to him, 
but rather to the enlightened and liberal policy of the directors 
which he had great pleasure in carrying out; he also thanked 
them most deeply for the presentation to his wife, who had 
always sympathised with them in all their joys, in all their 
sorrows, and all their troubles. Several very pong | 
addtesses were made, inculcating the ay of care anc 
vigilance on the part of these men, in whose hands are the 
guidance of the great thoroughfares of this country, which 
were thoroughly telt and appreciated. : 

Brest.—It has been for some time admitted that the basin 
at Brest, the construction of which dates from the sixteenth 
century, was no longer en rapport with the requirements, and 
especially with the strategical importance, of the port. 
Works of extension were undertaken in 1863, but after 16 
months of persevering efforts, the contractor engaged failed 
to make a water-tight dam. Recourse was then had to the 
compressed air process, and a caisson was sunk, having ® 
capacity of 2427 cubic metres. In this caisson 40 men have 
been working day and night in four hour shifts. <A steam 
engine of 30 horse power puts in movement a blowing 
apparatus, which maintains the compressed air in the caisson 
at the necessary pressure, and renews the air as it is mm- 








to a meeting to be held on Wednesday, 15th April. 


cheval” = 542.5 second-foot-pounds nearly = about .986 of a British 
horse power, 





poverished by the respiration of the 40 men at work. 
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THE BURMESE ROUTE TO CHINA. 
As we have previously stated, an expedition was 
organised some time back, under the authority of the 
Indian Government, and with the consent of the king 
of Burmah, to investigate the route from India to the 
Yunan States of China vid Bhamo. The exploring 
arty who investigated the line proposed by the 
fessrs. Sprye—the substance of whose report we 
have already put before our readers—found that route 
to be impracticable for a railway, excepting at an 
entirely disproportionate cost; and the Government 
has no doubt done wisely in abandoning further inves- 
tigations in that direction, and turning their attention 
more directly to the opening out of the old trade 
route by Bhamo and ihe Irrawaddy. This new ex- 
edition started from Mandalay on the 13th January 
fast. The king made over to the members his only 
available steamer, the Yenan Tsekeya, to take them 
up to Bhamo; the new Governor of Bhamo has been 
sent up with the mission, and the means of convey- 
ance was in readiness for them at Bhamo. No doubt 
there will be some little difficulty experienced in 
getting the steamer up to Bhamo, as the river is at 
its lowest about this time of the year. A Chinaman 
of Yunan, who speaks Burmese well, and has often 
been with caravans in former days by this route, and a 
son of one of the leading Pansee chiefs, who was made 
over to the king to be educated in the palace, accom- 
pany the mission. The king has also sent letters to 
the Pansee ruler and all chiefs on the way. 

Nothing has been heard of the French mission since 
they were at Kyang Hung, and it is now supposed 
that they have gone up the Cambodia river as far as 
possible, and then struck off into the caravan route 
through the province of Sechuen, with the intention of 
striking the Yangtse Kiang, and sailing down to 
Shanghai. It is, however, possible that the mission 
of Colonel Fytche, and what they heard of the turn in 
politics at Mandalay, may have changed their intention 
to visit that city. 

If any real progress is seriously contemplated, and 
thé mission to China be not destined to premature 
dissolution, it must sooner or later be followed by 
some show of action on the part of the Indian Govern- 
ment, and some money must be spent in order to 
improve the communications so far as they may run 
through British territory. British Burmah is, indeed, 
as much entitled to have a share of the sums spent on 
internal improvements as any other portion of our 
Indian territories, and why nota portion of the amount 
allotted as guarantee for interest on sums spent by 
private capitalists ? British Burmah, says the Friend 
of India, ought to share in that liberal scheme of rail- 
way extension which Sir John Lawrence has projected. 
The Sprye dream, on which 33,000 rupees has already 
been spent, is out of the question. The old trade 
route is by Bhamo and the Irrawaddy, and its valley is 
the most rich and populous part of the whole peninsula, 
which forms the eastern shore of the Bay of Bengal. 
Every step that a railway takes north of Rangoon is 
towards Mandalay, Bhamo, and China—corresponds, 
in fact, with the East Indian line from Calcutta, up 
the valley of the Ganges, to the great producing 
districts of the north-west. The section to Prome 
would be the first step; it would be in our own terri- 
tory and in its richest part, and would reduce the 
distance by the sea and the frontier of Thyetmyo, 
which now occupies twelve days, to thirty hours, a 
vast consideration from a military and administrative 
point of view. The distance from the 70,000 people 
of Rangoon to the 23,000 of Prome is 180 miles, or 
nine hours by railway. A trank road is being made, 
and the bridges could be made suitable for a railway. 
Only one great bridge would be required. Timber for 
sleepers and fuel is inexhaustible. The population is 
great, and has increased 50 per cent. in ten years. 
The mere land trade with Burmah, before the new 
treaty, and under heavy duties, has been about a 
million and a quarter sterling in value annually. 
Seldom, indeed, can so good a case be made out for a 
local railway, which, in this instance, promises, as it 
extends, to become of imperial interest to all, in 
England and India, who wish to tap the trade of 
Western China. Before anything can be done further 
in the matter, detailed estimates must be prepared for 
the project, and these wll not probably be called for 
until after the return of the Bhamo expedition. In 
the meanwhile we shall not fail to watch the course of 
events, and it is sincerely to be hoped that our present 
good understanding with his Highness of Ava may be 
made use of to obtain satisfactory concessions for the 
furtherance of facilities for continuing any improved 
communications which may be constructed through 
British territory to Mandalay and the borders of the 
Yunan States. 


THE 3 Fr. 6In. GAUGE IN CANADA. 


Tue “‘battle of the gauges” has been again fought 
—this time in Canada—and the lilliputian track, 
3 ft. 6in wide, has carried the day in the Ontario 
Parliament. The Toronto, Grey and Bruce, and 
Toronto and Nipissing Railway Companies have ob- 
tained charters, from the Government of Ontario, 
empowering them to make their respective lines of 
any gauge not less than 3 ft. 6in., and it is this 
width which the promoters intend to adopt. They 
propose to make cheap lines-for light traffic, and no 
doubt the narrow way will be wide enough to accom- 
modate the existing traffic, but.any district which, but 
a few years ago, a wilderness,is now able to support a 
railway at all, may be expected, in a very few years 
more, to have a traflie beyond the convenient and 
satisfactory working of a 3ft..6in. gauge railway, 
Mr. Charles Douglas Fox has been. industriously sup- 
porting the cause of this gauge in public meetings in 

oronto and before the legislative committees ; but it 
was strongly, and, judging from the debates, very ably 
opposed in Parliament, and the divisioas. resulting 
in the passage of the bills were very close indeed. 
There was a very strong opposition to any departure 
from the established 5 ft. @in. gauge of the Canadian 
railways, and the sole argument which turned the scale 
in favour of the narrow lines was that they were 
necessarily much cheaper than lines of wider gauge 
would be. Mr. Fox, indeed, went so far as to state 
to the committee that whereas a given 3 ft. 6 in. line 
would cost 15,000 dollars per mile, a 5 ft. 6 in. line, 
“similarly constructed and equipped,’ would cost 
23,000 dollars. We much regret to record such a 
statement by any member of our profession. If made 
in good faith, and we will not say that it was not, it 
was made in ignorance beyond anything we could 
have expected, or for which we know how to account. 
The light traffic and moderate speeds being the start- 
ing points in the arguments for either gauge, it is as 
easy, and hardly more costly, to builda light cheap 
railway on the 5 ft. Gin., as on the 3.{t. 6m, gauge. 
For the same weight aud speed of traffic the bridges, 
rails, stations, ditching, and fencing would be precisely 
the same for both gauges ; the earthworks, ballasting, 
and sleepers, and the area of land taken for the works, 
would be but little more for the wider gauge, and the 
rolling stock would be only so far heavier on the 
broader gauge as would be due»te longer and very 
slightly larger axles. These differences would not add 
more than 1000 dollars per mile to the cost of a single 
line otherwise costing 15,000 dollars.on the narrower 
gauge. And to compensate for this,very slight excess 
in cost, the broader gauge would afford greater 
stability and therefore greater steadiness,of motion, 
and greater bearing surface of the sleepers, both tend- 
ing materially to economise the cost of maintenance 
of way, and to lessen the resistances of - traction. 
And, being. gradually strengthened, as it might be to 
meet the requirements of a growing traflie, it would 
ultimately be brought inte working. connexion with 
the heavily laid first-class lines of the’ same gauge, 
now extending both eastward and westward from 
Toronto. 

Our own estimate ‘of the difference in cost is more 
than confirmed by that of the engineer of the Great 
Western Railway of Canada, Mr. George Lowe Reid, 
a gentleman holding a high position in his profession 
in the dominion. Mr. Reid gave evidence in committee 
that his company were ready to make a branch ‘into 
the same district, on the 5 ft. 6in. gauge, for 15,500 
dollars a mile. Moreover, another line, the Grand 
Trank, extends for some miles from Toronto nearly 
north-west, and thus towards Grey and Bruce counties, 
so that a branch of a 5ft. 6 in. gauge would require 
the construction of considerably less new line, and 
thus the railway might be made for absolutely less 
money than a longer line of narrower gauge, entering 
Toronto upon an independant route. 

The debates int the Ontario Parliament show that 
the feeling as to the rival gauges ran very high, but it 
was not remarkable that, by a close division, leave was 
finally granted for the 3 ft. 6in. gauge. Its promoters 
said, “If we cannot have that gauge we cannot build 
our road at all,” and they had Mr. Fox at hand to 
support them. We cannot but regret, upon pro- 
fessional grounds, that engineers should influence 
legislative committees by such specious arguments as 
were employed in thiscase. For there is practically 
little economy in construction and none in working 
extremely narrow gauge railways, so long as, whatever 
the gauge, the trallic is light and the speed moderate. 
lt is believed, in Toronto, that the grain merchants, 
millers, and shippers of that city, who, mainly, are the 


in order that the products of Grey and Bruce counties 
might be stopped, re-sold and re-shipped by themselves, 


instead of being allowed, ix transitu, to pass on to 
Montreal. 
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INDIAN TELEGRAPHS. 

Tue annual report on the financial results and work. 
ing of the Indian Telegraph Department, for the year 
1866-67, has recently been issued, bearing the signa- 
ture of Colonel T. G. Glover, R.E., the Officiating 
Director-General. Referring to a memorandum pub. 
lished in February, 1867, im which Colonel Glover 
wrote offall dead losses and failures from the commence. 
ment—including lines abandoned and destruction 
caused during the mutiny—he (in April, 1867) esti. 
mates the plant of the department to be worth 
1,080,000/.. The current expenses during the year 
had been 13,62,747 rupees, and the cash receipts 
10,54,167 rupees, in addition to which, however, 
Colonel Glover claims to add, as a credit, 3,76,616 
rupees on account of “free messages,” thus showing 
a small balance of 67,036 rupees income over total 
current outlay ; but, somehow or other, he has failed 
to debit the department with either interest on capital 
or any amount for deterioration of plant. The total 
number of messages passed over the lines was 277,066, 
including 10,200 free messages, and 29,444 Govern- 
ment, or service messages. These last are paid for, 
and together with private messages show an average 
cost of rs.3 12 each; but, adding the estimated 
value of the free messages, the average charge for 
every telegram is shown to be rs. 5 2 4, and the cost 
to the State rs. 415 10. In January, 1866, the 
rates charged for messages were increased, and the 
result of that measure does not appear to have operated 
favourably for that department. The absolute in- 
crease in the receipts for the year under review is only 
32,683, while the number of messages sent has consi- 
derably decreased. During the early months of 1866 
no record was kept of the number of messages trans- 
mitted, but from the statistics of a great part of that 
year it may be calculated that the falling off in the 
number of messages since the advanced rate has been 
30,000 per annum. In estimating the comparative 
results under the high and low tariff, it is also needful 
to take into account the greatly increased number of 
wires and other improvements which, as the report 
shows, have been carried out during 1866-67. The 
Indian wires have been doubled between Hyderabad 
and Deesa, Kurrachee and Bombay, and _ between 
Deesaand Agra as part of the complete double line all 
through to Calcutta. The line between Kurrachee 
and Hyderabad, which carries the whole of the Indo- 
European traffic, it is proposed to make sixfold, and it 
seems incredible that the line between these stations, 
and also to Deesa—serving both Calcutta and Bom- 
bay up to the latter place—should ever have been put 
up with only one wire. It is, probably, owing in a 
great measure to the increased number of wires that 
the working of the Indian telegraph has so much im- 
proved during the past year. Never before has the 
working been in such order, or even in tolerable con- 
dition, Colonel Glover attempts to account for the 
financial failure of the high taviff experiment by a re- 
ference to the bad state of trade during a great part of 
the year 1866-67; but we should rather attribute it 
to the increased rates above referred to. ‘The policy of 
fixing telegraphic charges at as low a rate as prac- 
ticable has been proved by the success of the reduc- 
tions in rates over the Atlantic cable. In India, 
owing to the necessarily tedious character of B ser 
urrangements, the celerity of the telegraph co d not 
fail to be largely appreciated if the rates were reduced 
aud efforts made to render the service popular. 











SURFACE CONDENSERS. 
To TrHe Eprror or ENGINEERING. 
Srm,—There is a rather awkward blunder in my letter of 
last week. One sentence read as follows, “ And,’ of course, 
“the better the condenser is, the fresher the water will be 2 
“the hot well, and the less blowing out 1s required. t 
should be, “‘ The hotter the condenser is.” 
I remain, Sir, your obedient Servant, 


March 20, 1868. A. W. 








Hien Srrep Enorves.—About two years ago Messrs 
Gwynne and Co. begun making a high-speed centrifugal 
pump, with a single cylinder steam engine, on the same os 
plate, and working direct upon the pump spindle. : 
cylinder was 10in. in diameter, and the stroke 10 in., . ’ 
speed being from 400 to 600 revolutions per minute, —_— 
these engines and pumps has worked almost continuowsly 
night and day, at the Clifton colliery, of the Clifton neo 
Kersley Colliery Company, near Manchester, and has giv 











promoters of the new line, chose an exceptional gauge 





no trouble whatever. 

















—_— <~ 


~~ ew ee eves 


~~ 


“qi =O Oo ae Ow Ct 


or 


sed 


r of 
irse, 
» in 


It 


y. 


ssTs 
ugal 
base 
The 
the 
ne of 
usly, 
and 
iveD 











Marcu 27, 1868.] 


ENGINEERING. 





267 





—_—— 


ENGLISH AND FRENCH TECHNICAL TERMS. 


PREMIERE PARTIE. 

Machines & Vapeur (Autres que les Locomotives) et Con- 
structions Mécaniques en Fer. 
FRANGAIS-ANGLAIS. 

(Continued from page 263.) 

Cc 


Cable—cable. 
Cache-adent—scarf. 
Caillebottis—grating. 
Caisse—box. 
Caisse & eau—water tank. 
Calage — striking down, 
draught of water. 
Cale d exhaustion—liner. 
Cale en bois—wooden liner. 
‘aler les coussinets—to line 
up the brasses. 
Calfater—to caulk. 
Calfatage—caulking. 
Calibrer—to gauge, to calibre. 
Caliorne, Cayorne—winding 
tackle. 
Calotte—up-take. k 
Came—cam, tappet, cog, lift. 
Came de détente—tappet. 
Cambouis—cam. 
Canal (conduit }—pipe. 
Canal annulaire—steam belt. 
Canal de condensation—educ- 
tion pipe. 
Canal de lumiére — touch- 
hole. 
Canal desanguilliers—limber 
ole. 
@anot de tambour — paddle- 
box boat. 
Canal incliné—steam port. 
Caoutchouwc—india rubber. 
Capacité—burthen, tonnage, 
capacity. 
Capot—hood. 
Carbonisé—coky. 
Carillon—nail rod. 
Carlingue — sleeper, kelson, 
engine bearer. 
Carneau—fiue. 
Carreau—(lime)—rubber. 
Carton — mill board, paste- 
board. 
Cataracte—cataract. 
Cementer—to cement. 
Cendrage du moule—blacken- 
ing. 
Cendre—ash. 
Cendrier—ash pit. 
Cendrier de locomotive—ash 
box. 
Centre—centre. 
Centre de gravité—centre of 
gravity. 
Centre de pression—centre of 
pressure. 
Centre de rotation—centre of 
gyration. 
Centre d oscillation — centre 
of oscillation. 
Centreur—centre finder. 
Cerele—hoop. 
Cercle de cheminée—chimney. 
Cercle de jante—tire. 
Cercle de roue—paddle-wheel 
ring. 
Cercle primitif—pitch line. 
Chaise—chain. 
Chaine &la Vaucanson—pitch 
chain. 
Chasei — outside plummer 
block. 
Chaise de Varbre extérieur— 
outside paddle shaft bear- 


ing. 

Chaise de tambour—paddle 
bracket. 

Chaland—sort of lighter. 

Chaleur—heat. 

Chaleur blanche—white heat. 

Chaleur rayonnante—radiat- 
ing heat. 

Chaleur rouge—red heat. 

Chaleur suante — welding 
heat, fizzing. 

Chalumeau—blow pi 

Chambre &@ vapeur — steam 
chest. 

Champ—edge, set. 

Chanfrein—taper, chamfer. 

Chanvre—hemp. 

Chanere du premier brin— 

_ the best part of the hemp. 

Chanvre du second brin — 
combings of the hemp. 

Chape—link, cap, transom. 

Chape & vis—lifter. 

Chapeau de palier—cap for 
pedestal, plummer block 
cover. 

Charbon—coal. 

Charbon & longue flamme— 
candle, cannel. 


Charbon de bois—charcoal. 


Charbon en motte—clod coal 
Charbon flambant — open 
burning coal. 
Charbon gras—caking coal. 
Charbon gtos & la main — 
rubby coal. 
Charbonnier—coal man. 
Charbonniére—main stay sail. 
Charbon  schisteua — slate 
coal, 
Charbon vif—cheery coal. 
Charge (poids)—load weight. 
Charge de charbo uantity 
of coal required to fill a fire- 
grate. 
Charge de soupape de sureté 
—load of safety-valve. 
Charger les foyers—to feed 
the furnaces with coal. 
Charger une pompe—to fetch 
a pump. 

Chariot—shifting pedestal. 
Charpente de machine —en- 
gine house, engine frame. 

Chasser—to drive. 

Chasser & parer—to flatter. 

Chasser & percer—to drift. 

Chasser une cheville—to drive 
in a bolt. 

Chassis—bottom flask. 

Chassis triangulaire — gib 
frame. 

Chaud—hot. 

Chaudiére—boiler. 

Chauditre & carneaux super- 
posés—double story boiler. 

Chaudiere a flammes directes 
—locomotive boiler. 

Chaudiére & tombereau — 
wagon boiler, caravan- 
shaped boiler. 

Chaudiére & tubes bouilleurs 
—tubular boiler. 

Chauditre & tubes verticaux 
—vertical tubular boiler. 

Chauditre marine a galerie 
ou & carneaux—boiler of a 
steam engine. 

Chaudiére tubulaire—French 
boiler, tubular boiler. 

Chaudronnier—boiler maker. 

Chauffage—tuel, keeping u 
the fires, stoking. — 

Chauffe, Chauffée—(heure de, 
— de)—firing, steaming. 

Chauffer—to fire, to heat. 

Chauffeurs—firemen, stokers. 

Chef @’ atelier—foreman. 

Cheminée—chimney, funnel, 
smoke pipe. 

Cheminée & longue-vue — 
telescope funnel. 

Chemise—air casing, jacket. 

Chemise & coulisse—telescope 
funnel. 

Chemise de cylindre—casing 
for cylinder. 

Chemise du tiroir—slide valve 
case, valve casing. 

Chemise en téle—funnel. 

Cheval de vapeur — horse 
power. 

Chevalet—tresset. 

Cheville a barbe ou ad grille— 
rag bolt. 

Cheville 4 boucle—ring bolt. 

Cheville a@ bout perdu — 
countersunk bolt. 

Cheville clavetée sur virole— 
clinch bolt. 

Cheville &@ croc—hook bolt. 

Cheville & goupille—forelock 
bolt. 

Cheville a willet—eye bolt. 

Cheville & téte perdue — 
countersunk bolt. 

Cheville a téte ronde—fender 
bolt. 

Cheviller—to bolt. 

Choe — collision of bodies, 
shock, 

Choe sur le tacquet @excen- 
trique—back lash. 

Ciel—crown, roof. 

Ciel dun foyer — fireplace 
crown. 

Ciment—cement. 

Cingler—to shingle. 

Cinglot—wood centre. 

Centrage—wrapping. 

Cintrer—to frap, to bend, to 
rend. 

Cisaille—shears. 

Ciseau—chisel. 





Ciseau & froid—cold chisel. 
Ciseau & mastiquer—caulking 
tool. 
Claire-voie—skylight. 
Clapet—valve, clack valve. 
Clapet d’aspiration—suction 


valve. 

Clapet de décharge—delivery 
or discharge valve. 

Clapet de pied—foot valve, 
hanging valve. : 

Clapet de ype & air—air 


pump valve. 
Clapet de téte, Clapet de la 
bache— head valve, upper 
valve. 
Clavetage—keying. 
Clavette—key, cotter. _ 
Clavette & mentonnet—gib. 
Clavette de calage—tighten- 
ing key. : 
Clavette fendue—split cotter. 
Clef—key, spanner. 
Clef clavette—box key. 
Clef & dowille—box key. 
Clef anglaise—coach, wrench, 
monkey, spanner, screw 
wrench. 
Clef & rochet—rachet brace. 
Clef de robinet—plug of a 
cock. 
Clef ouverte—opened key. 
Clin—lapped joint. 
Cliquet — ratchet 
ratchet brace. ii 
Cloche & plongeur—a diving 
bell. 


wheel, 


Cloison d@ eau—water space. 
Cloison étanche—bulk head, 
watertight. 


Clou—nail. 

Clou &@ latte — twopenny 
nail, 

Clou & mangére — scupper 


nail 

Clou & pompe—pump nail. 

Clou a téte dediamant—clasp- 
headed nail. 

Clou a vis — screw nail, 
clincher nail. 

Clou de carvelle—deck nail. 

Clou de doublage—sheathing 
nail 


Clouiére—nail mould. 
Coffre—chest. 
Coffre 4 vapeur—steam cas- 


ing. 
Coin—wedge. 
Coincer —to wedge up, to 


secure. 
Collet—gland, pipe flange. 
Collet de la mortaise du té— 
butt of crosstail. 
Collet Pun tuyau—flange. 
ey 
Collier—collar, hoop. 
Collier @ excentrique—eccen- 
tric hoop, ring, strap. 
Colonne—column. 
Colonne de machine a vapeur 
—pillars of a steam engine 


frame. 
Combustible—fuel. 
Commandement—command. 
1° Allumez les feux—light 
the fires! 
2° En arrigre—turnastern! 
back her! backwards! 
8° En avant—turn ahead! 
go ahead. 
4° A toute volée—full speed. 
5° Comme ga—stand by. 
6° Doucement—half speed ! 
ease the engine! ease 
her! easy! 
7° Doucement (trés)—very 
slow! as slow as she can 


move. 

8° Faites le plein—fill the 
boilers. 

9° Faites Vextraction — 
blow off. 


10° Laissez sortir la va- 
eur—blow off the steam. 
11° Poussez les feux, ac- 
tives les feux—urge the 
fires. 
12° Poussez les feux au 
fond—back the fires. 
13° Purgez—blow through. 
14° Stoppe—stop the en- 
gine, stop her. 
15° Videz les chaudizres— 
blow off the boilers. 
Communication de mouvement 
—connecting gear. 
Compartiment étanche — 
watertight division. 
Compas—compass. 
Compas & verge—trammel. 
Compas a vis—dividers. 
Compas calibre—calliper, 
Compteur—counter, 


Condensation—exhaustion. 
Ci a, as. _ 4 4 
external condensing. 
a A, A 








g ves- 
sel. 
Conduit—conduit, tube, pipe. 
Cone—cone, taper. 
Conjugué—connected. 
Connexion directe (machine 
4)—direct-action engine. 
Conscience—breast plate. 
Console—console. 
Consommation — consump- 
tion. 
Contraction—shrinking. 
Contre chassis—top flask. 
Contre clavette—gib. 
Contre-écrou-—jaw nut. 
Contre étambot—inner stern- 
post. 
Contre-maitre mecanicien — 
under engineer. 
Contre poids—back balance. 
Contre poids de soupape de 
sureté—tumbler, 
Contre poids d’excentrique— 
eccentric balance weight. 
Contre poids du tiroir—slide 
valve, balance weight. 

Copeau—shaving. 

Copeau @alesoir—boring. 

Cordage, corde—rope. 

Corniére—angle iron, gun- 
wale. 

Cornitre de bauquitre — 
stringer. 

Corps—body. 

Corps de chaudiére de cété— 
wing boiler. 

Corps de pompe—barrel of a 
pump. 

Co @une chauditre—the 
shell of a boiler. 

Corps tombant—falling body. 

Corps tombant dans le vide— 
accelerated motion. 

Corroyage—welding. 

Corvette & vapeur — steam 
sloop of war. 

Cosse de bois—bull’s eye. 

Cosse de fer—iron thimble. 

Couche (arbre de)—interme- 
diate shaft. 

Coud—elbow. 

Cou de cygne—swan neck. 

Coulage—casting. 

Coulage en couquille—chilled 
casting. 

Coulée—way. 

Couler—to cast. 

Coulisse—slot, clutch. 

Coup de feu—burnt, shot. 

Coup de piston—stroke of the 
piston. 

Coup de pointeau — centre 
mark. 

Courant de flamme—flue. 

Courbe de fer—iron knee. 


Courbe de Vindicateur—indi- 
cator diagram. 

Courbe d’ étambot — knee of 
stern post. 


Couronne de piston — junk 
ring. 

Courroie—strap, leather belt. 

Course—stroke. 

Course du piston—piston’s 
travel, length of the stroke. 

Course du tiroir—travel of 
the valve. 

Coursive—narrow passage on 
board a ship. 

Coussinet — grain, bearing, 
brass. 

Couture—seam. 

Couture & clin—faucet joint. 

Couvercle—cover, lid. 

Couvercle de boite a tiroir— 
valve casing cover. 

Couvercle de cylindre 4a va- 

eur—cylinder ‘cover, cy- 

Soins lid. 

Cowvercle de pompe & air— 
air pump cover. 

Crapaudine — step _ brass, 
breast. 

Crémaillére—rack. 

Crépine—rose head, 

Creuset—crucible. 

Creux—cored. 

Creux @une dent—depth of 


a cog. 

Cric—jack, black jack. 

Croce de la pompe— pump 
hook 


OOK. 
Croc de palan—tackle hook. 
Crochet—hasp. 
Crochet d’ aube—paddle hook, 
hook bolt. 
Crochet de tour—head tool. 
Croisillon—arm., 
Croix de Sainte Andre—cross 
stay, diagonal stay. 


Crottin de cheval—dung. 

Cuir—leather. 

Cuisine de navire — gal- 
ley. 

Cuisine de terre—kitchen. 

Cuissard—branch tube. 

Cuivre—copper. 

Cuivre jaune—brass. 

Cuivre rouge—copper. 

Curette—pump scraper. 

Ourseur—index. 

Cylindre—cylindre. 

Cylindre a vapeur—steam cy- 
linder. 


Cylindre de @ air— 
air pump cylinder. 
Cyli renversé—inverted 


—. 

Oylindre oscillant—vibrating 
cylinder. 

Cylindre (fond)—bottom. 

a le en fonte liant deuw 
aror 

Cylindre (chemise)—jacket. 

Cylindre en 

Cylindre (bande)—face. 

Cylindre a Cl 

Cylindre (fondation)—bed. 


D 


D (tiroir en)—D-valve. 


Damer—to beat, to ram. 

Débrayer—to disconnect. 

Décarver—to cross. 

Déchirure—rent. 

Déclancher—to ungear. 

Déclinguer—to unelinch, to 
rip off. 

Décoincer—to knock up the 
wedges of a mast. 

can oe rap in the 


Dépét—scale, silt. 
Dépét des chaudidres—scale 
Dips boiler. 
6t salin—saline deposit. 
D ille—draw. “e 
Désarrimer — to shift the 
stowage of the hold, to un- 
Dison 
uncouple. 
Dentoe-aegaien Te 
Détendre—to cut off, to ex- 


d. 
Détente—expansion. 
Détente variable — variable 

















sand. 
Déecrocher—to unhook. expansion. . 
Dédoubler—to loosen, to un- Deux demi clefs—clove hitch. 
sheath. Dévétir—to open. 
Dégarnir un cabest toun- Déviation du bal vi- 
ring a capstan. bration of the beam. 
Dégauchir—to take out the Dévirir le cabestan—to come 
winding. up the capstan. 
Dégor ement (tuyau de)— Doevisd’ar t ial 
i ge pipe. Diaphragme — sliding stop- 
Dégorgeoir—priming wire. valve. 
Digraever une lime—to clean esteur—digester. 
a file Dilatation—e: ion. 


Déjauger—to rise higher out 
of the water, to emerge. 

Déliaison—loosening. 

Démaniller — to loosen, to 
part, to undo. 

Démarrer, Desamarrer — to 
unmoor, to unfasten, to cast 
loose. 

Demi clef—half hitch. 

Demi noeud—overhand knot. 

Démonter—to dismount, to 
take to pieces. 

Densité—specific weight. 

Dent—cog. 

Dent de fer—tooth. 

Dents étagées—cogs in steps. 

Dent supplémentaire—hunt- 
ing cog. 


Disque—boss, dise. 

Distribution de vapeur—iis- 
tribution of steam. 

Déme—doom. 

Doublage en cuivre—copper 
sheathing. 

Douille—bush eye, socket, 

Douille au mi du té— 
centre box. 

Douille  tarraudée — box 
screw. 

Drague—drag, oyster net. 

Dresegeeljaliag an en- 
gine. 

Dresser — to face, to make 


true, 
Dynamométre — dynamome- 
ter. 


(To be continued.) 








STREET WATERING. 
To THE Epiror or ENGINEERING. 

Srr,—In looking over The Engineer for 1859 I accidentally 
alighted on the followin ph, and thinking it may 
very possibly resemble Mr. Cooper’s new patent system 
which is ing so much stir just now, it is worth re-pub- 


lishing : 
September 2, 1859. 

“ New Process for Watering Streets.—A curious experi- 
ment is now being tried at Lyons for laying the dust in 
public promenades, and has‘so far been attended with success. 
A.chemist of that city, having accidentally spilt some hydro- 
chloric acid on a terrace of his, found that it hardened the 
spot on which it had fallen, and maintained it in a state of 

rmanent moisture. This led him to think that, by water- 
ing the streets with this acid, the dust en large macadamised 
roads might be laid or rather prevented from rising: Ex- 
periments were first made on the Cours Napoléon, between 
the Rhéne and the Perrachio Station. The success was com- 
plete, and has also proved durable, the carriage way having 
now been several months free from dust; and another ex- 
periment is now being made on the Place Bellecour, Durin 
the hottest part of the day, the ground, although dry an 
gravelly, has the appearance of being as consistent and damp 
as if it had been watered half an hour before ; but as evening 
approaches, the moisture becomes more and more perceptible. 
Kvery morning the ground is stiffer and more comfortable to 
walk on. This may be easily accounted for: the acid de- 
composing the gravel or stone, forms one or several deliques- 
cent salts, which therefore attract the moisture of the air. 
The question as to whether roads thus watered are likely to 
last as long as they ought, can only be decided by time.” (?) 

As I believe, Sir, that you were the editor of the ineer 
in those days, perhaps you might be able to tell me whether 
the system referred to is still continued, or whether it was 
abandoned as a failure. 

A friend of mine has asked, “‘ How is it possible for the 
acid to decompose the gravel or stone, éc ?” 


ours obediently, 
March 25, 1868. Parrus est VIRTUTIBUS. 








Sir Roperick Murcuison.—We have much pleasure in 
announcing that Sir Roderick Murchison has been elected by 
the Academy of Sciences in Paris Foreign Member, in place 
of the late Professor Faraday. There are only eight such 
meinbers, and the honour is regarded by men of science as 
the highest which a man of science can receive. As a matter 
of form, the decision has to be submitted to the Emperor for 





his confirmation. 
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RECENT PATENTS. 


Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
— from the Great Seal Patent Office, Chancery- 

e 


ane. 

(No. 1858, 8d.) Josiah Human, of 33, Osnaburgh- 
street, patents an arrangement of breech-loading gun. 
According to this plan, the shot and charge are intro- 
duced through a slot formed on one side of the rear 
end of the gun, and are pushed forward into the 
chamber by a rod introduced through a central hole 
in the breech. The slot just mentioned is filled by 
two blocks, which are hinged to, and slide on, a bar 
on one side of the gun. The forward block has a plug 
end, provided with a copper or tin cap, this end being 
slid for a short distance into the bore, so as to close 
the latter gas-tight. The rear block shuts into the 
slot behind the front block, and keeps the latter in 
place. The arrangement is far from being a complex 
one, and the rear end of the barrel of the gun is not 
much cut away. 

(No. 1865, 8d.) Alexander Cwsar Frederick 
Franklin, of 4, Prince’s-square, Bayswater, patents so 
arranging a steam engine, “that the steam only acts 
“on each piston to move it in one direction, so that if 
“two cylinders be employed, the pressure of the steam 
“ will be acting on the piston of one cylinder, and thus 
“turning the crank shaft, whilst the piston of the 
“other cylinder is being moved back without being 
“acted on by the pressure of the steam.” To ordinary 
minds this arrangement presents no peculiar advan- 
tages ; but the patentee states “‘ by this means a saving 
“of about half the fuel ordinarily employed may be 
effected!” Of course the saving in the fuel mentioned 
can only be due to the proportionate reduction in the 
power developed. It will scarcely be credited that 
this arrangement of engine was recently puffed up in 
a number of the daily papers as a wonderful invention 
which would revolutionise steam engine construction. 
Yet such is the fact ! 

(No. 1896, 4d.) James Holroyd, of Leeds, and 
William Fieldhouse, of Batley, patent an arrangement 
of twisting and doubling machinery for producing 
yarns of uneven or irregular twist, such irregularities 
occurring at stated intervals. 

(No. 1898, 8d.) Paul Zaroubine, of St. Peters- 
burg, patents a peculiar hydro-pneumatic pump. 
This pump consists of a series of closed chambers 
planed one above the other, each chamber communi- 
cating with that below it by a pipe extending from 
the bottom of the upper to near the bottom of the 
lower chamber. ‘This pipe is fitted at its upper end 
with a valve, opening upwards. Each chamber is also 
connected by a pipe with an air compressing arrange- 
ment, this consisting of a pair of large air-tight bags, 
made of a flexible material, and arranged so that they 
can be alternately extended and compressed. ‘I'he 
bags are connected to alternate chambers, that is to 
say, the pipes from one communicate with say, the 
first, third, fifth, &c., chambers, and those from the 
other with the second, fourth, sixth, &c., chambers. 
The apparatus is intended to be worked as follows: 
When the bag communicating with the lowest chamber 
is extended a partial vacuum is formed in that chamber, 
and the water to be raised then enters it through an 
opening in the bottom provided with a valve. On 
the bag being compressed, this water is forced up the 
communicating pipe into the next chamber above, a 
partial vacuum being at the same time formed in this 
second chamber by the extension of the bag with 
which it communicates. In this manner the water is 
forced from one chamber to another until it reaches 
the point of delivery. We fear that the practical value 
of this arrangement is not very great. 

(No. 1905, 4d.) William Hallen Richardson, of 
Glasgow, patents a mode of purifying iron, which he 
describes as follows: “ After the ore is reduced in the 
“ blast furnace, the resulting metal is tapped off and 
“run into ordinary pig beds, where it is allowed to 
“cool; the cold metal is then remelted in any con- 
“venient furnace, from which it may be run into a 
“ puddling, boiling, or other furnace or receptacle, 
“either stationary, or to whith motion is or can be 
“imparted ; or the metal may be melted from the cold 
“ state in a puddling, boiling, reverberating, or other 
“furnace. When in the molten condition, a blast of 
“atmospheric air, of a pressure from 4 |b. on the 
“ square inch and upwards, is introduced into its mass 
“ through a hollow or tubular rabble, or stirring rod, 
“of dimensions suitable to the mass of metal under 
“ treatment.” As we have pointed out in recent 
articles, the use of a tubular rabble in this way was 
far from originating with Mr. Richardson. 


(No. 1916, 10d.) Joseph Chandron, of Brussels, 
patents apparatus to be used in sinking wells through 
aqueous upper strata, without having to pump out the 
water during the progress of the work. The various 
tools and appliances included in this patent could not 
be described without reference to drawings. 

(No. 1927, 1s. 10d.) John Sturgeon, of Bolton-le- 
Moors, patents an arrangement of coal cutting ma- 
chine, one of the main features of which is, that in- 
stead of its being necessary to traverse the whole 
machine bodily along the rails to give the necessary 
feed to the cutter, the latter is so mounted that it can 
have an independent forward motion given to it fora 
certain convenient length without moving the machine. 
The arrangement could not be clearly described with- 
out the aid of drawings. 

(No. 1931, 4d.) John Somerville and Robert 
Elsdon, of Maidstone, patent a method of “ scarping” 
gas retorts by charging them, whilst heated, with 
ehalk, limestone, or foul gas lime, a current of air being 
by suitable means caused to pass through them when 
thus charged. The result of the operation is stated 
to be the reduction of the chalk, &c., to quicklime, 
and the carrying off of the carbonaceous deposit in the 
form of gas ~ the through current of, air. 

(No. 1936, 1s. 4d.) Henry Davey and David Davy, 
of Sheffield, patent various forms of centrifugal go- 
vernors which could not be described without reference 
to drawings. 

(No. 1937, 1s. 4d.) William Galloway and George 
Plant, of Manchester, patent the apparatus for manu- 
facturing welded tubes, which we illustrated and 
described on page 225 of the present volume. 

(No. 1940, 10d.) Walter Samuel Scott, of 11, 
Lacey-terrace, Kennington, and William Henry Steel, 
of 159, Park-road, Clapham, patent an arrangement of 
relief valves for steam engines. According to this 
plan, a pipe is led from each end of the cylinder to a 
chamber containing two valves fixed on the same 
spindle, these valves being so disposed that they act on 
each other alternately, so that when one valve is closed 
by the pressure of the steam entering the end of the 
cylinder with which it communicates, the other valve 
is opened, and allows the water to escape from the 
opposite end of the cylinder. 

(No. 1944, 10d.) David Davy, of Sheffield, patents 
various forms of valves for steam hammers, which it 
would require the aid of drawings to describe. 

(No. 1956, 10d.) Paul Francois Tranchat, of 6, 
Passage des Jardins, patents a machine for manufactur- 
ing circular cutters and milling tools, which we 
illustrate and describe on another page. 

(No. 1959, 1s. 4d.) Francis Brady, of 6, St. John’s- 
terrace, Regent’s-park, patents an arrangement of 
locking gear for railway points and signals, which 
could not be clearly described without the aid of 
drawings. 

(No. 1966, 6d.) Hamilton Ruddick, of Chelsea, 
U.S., patents a peculiar form of steam engine, ar- 
ranged as follows: A long cylinder is provided fitted 
with two pistons, these pistons having a stroke some- 
what less than one-third the length of the cylinder, 
and being connected by a pair of piston rods. Through 
the portion of the cylinder between the parts in which 
the pistons work the crank shaft passes, the crank 
being coupled by a rod direct to one of the pistons. 
The latter are, of course, single acting, the steam 
being allowed to act on their outer sides only. The 
object of the arrangement is stated to be to save space, 
but we cannot see that it possesses much advantage in 
this respect. 

(No. 1967, 8d.) William Robert Lake, of 8, South- 
ampton-buildings, patents, as the agent of George A. 
Mellhenny, of Washington, U.S., a method of sealing 
and unsealing the mouths of the discharge pipes of 
gas retorts by raising and lowering the level of the 
tar, &c., in the hydraulic main. The object of the 
plan is to relieve the retorts of the pressure due to 
the “seal,” except during the time of charging; but 
the arrangement proposed is an objectionable one, as 
it would necessitate the simultaneous sealing or un- 
sealing of all the retorts connected with the main, 
whereas these retorts would, to a great extent, be 
charged consecutively. 

(No. 1973, 1s. 2d.) Wiliam Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of Charles 
Grenville Smith, of Chelsea, Massachusetts, US., 
machinery for maufacturing lap-jointed tubes. This 
consists of a series of machines so arranged as to per- 
form automatically the various operations segue to 
ga the strip or sheet of metal into a finished 
tube. 

(No. 1974, 1s. 4d.) Walter Charles Church, of 
Manchester, patents methods of constructing equili- 





brium slide-valves and pistons for steam engines, the 








patent referring to details which could not be described 
without reference to drawings. 

(No. 1986, 4d.) John Clarkson Major, of Wolver, 
hampton, patents a method of consuming petroleum. 
and similar substances, in steam-boiler and other fur- 
naces. According to this plan, there are fitted to the 
furnace, at the point where the firedoor is usually 
placed, a series of plates of iron or fireclay, and upon 
the uppermost of these the petroleum which is to be 
burnt is delivered. The plates are inclined so that 
the liquid is caused to flow down from one to the other, 
or they are perforated for the same Purpose, the per- 
forations of each plate being arranged so that they are 
not directly over those in the plate below. The petro- 
leum in flowing over the plates is vaporised, and the 
vapour, becoming mixed with the air which enters 
between the plates, is carried on into the furnace and 
consumed. In some cases Mr. Major proposes to mix 
a certain quantity of water with the petroleum as it 
flows over the plates. 

(No. 1992, 8d.) Ivie Mackie McGeorge, of Com- 
mune Newry, Ireland, and Alfred Paul, of 33, Cleve- 
don-street, Liverpool, patent a form of plug valve. 
The casing of this valve resembles that of an ordina 
stop-cock, but the plug is without any opening throug’ 
it, the passage of the liquid being permitted by moving 
the plug endways, so that it ceases to fit its casing, 
and allows the liquid to pass round it. 

(No. 2001, 10d.) Nathaniel Clayton and Joseph 
Shuttleworth, of Lincoln, patent a form of slide valve 
for steam engines. According to the plan the valve- 
face has five ports formed in it, the central one com. 
municating with the exhaust as usual, and the two 
ports on either side of the central one leading to the 
two ends of the cylinder. ‘The three central ports are 
covered by a slide valve of the ordinary form, whilst 
the two outer ports are covered by a flat valve which 
surrounds the inner one. ‘The inner valve has such a 
travel that it never uncovers the ports to steam, but 
near the ends of its stroke it communicates its motion 
to the outer valve, which is thus shifted so as to 
alternately open the two outside ports. The effect of 
this arrangement is that an outside port, after being 
opened by the movement of the outer valve, is left 
uncovered until the inner valve arrives near the other 
end of its stroke, when it is closed and the other out- 
side port opened. The escape of the steam from 
either end of the cylinder to the exhaust is effected 
through the cavity of the inside valve in the usual 


way. 

No. 2018, 10d.) James Edward Whiting, of 
Victoria-street, patents a method of constructing sus- 
pension bridges. This plan consists in jointing to 
each other the ends of the upper chords only of a pair 
of diagonally braced girders, these girders being in- 
clined downwards towards each other from the opposite 
piers of the bridge so as to form one of the stiffened 
chains of a suspension bridge. Two similar girders 
are of course employed to form the second chain. The 
outer ends of the top chords are secured to chains 
passing over the piers and fastened by anchoring or 
otherwise. 

(No. 2023, 10d.) James Noah Paxman and .! 
Matthews Davey, of the Standard Ironworks, Col- 
chester, patent apparatus for drying wheat and other 
grain. ‘ this machine the grain to be dried is placed 
in a cylinder heated by steam, and is kept in a state 
of agitation whilst a blast of hot air is passed through 
the cylinder. The apparatus can be applied to thrash- 
ing machines, so that the thrashing and drying of the . 
corn may be carried on as one continuous operation. 

(No. 2027, 1s. 4d.) William Edward Newton, of 
66, Chancery-lane, patents, as the agent of Horrie de 
la Roche Solay, of Rue St. Sebastien, Paris, an ar- 
rangement of rock-boring machinery, which it would 
require the aid of drawings to describe. 

(No. 2028, 1s. 4d.) George Roughton Bromage 
Amott, of Gloucester, patents ggg | for making 
bricks and moulding artificial fuel, &c. This machine 
includes both a pug mill and a moulding apparatus. 
The pug mill is mounted on the bed of the machine, 
and at the bottom of its cylinder are openings which 
permit of the passage of two or more endless chains 
of moulds through the cylinder. The chains of 
moulds are carried by suitable tumblers, and they re- 
ceive their motion from the axis of one of these tum- 
blers, which is driven by gearing. As the moulds 
pass through the pug mill cylinder they are filled with 
the material to be compressed, the excess of this 
material being scraped off the moulds as they pass 
through the exit opening. The filled moulds, in pass- 
ing along the bed of the machine, are subjected suc- 
cessively to the action of a compressing and of a dis- 
charging plunger. 

(No. 2030, 8d.) Alexander Horace Brandon, of 
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13, Rue Gaillon, Paris, patents, as the agent of Baxter 
Doddridge Whitney, of Winchendon, U.S., the ar- 
rangement of circular saw bench, which we illustrated 
and described on pages 281 and 284 of our last volume. 

(No. 2031, 8d.) Joseph Stirk and Horatio Bycroft, 
of Burton-on-Trent, patent arrangements of refrige- 
rators for cooling worts, of which we shall probably 
give illustrations in an early number. 

(No. 2044, 10d.) Eugene Henri Bernier, of 12, 
Rue Corbeau, Paris, patents a safety apparatus for 
raising and lowering persons or weights in mines, &c. 
The arrangement of this apparatus could not be clearly 
described without the aid of drawings. 

(No. 2046, 4d.) James Hargreaves, of Appleton- 

within-Widnes, patents methods of manufacturing soft 
iron and steel from cast iron. This patent includes a 
plan for economising the oxidising salts used in the 
so-called Hargreaves process, by removing a portion 
of the carbon from the iron by passing currents of air 
or other suitable gas through it (regardless of Mr. 
3essemer’s patents apparently), and also a plan for 
removing proportions of the sulphur, silicium, and 
phosphorus from the iron, by fusing it with a mate- 
rial termed by Mr. Hargreaves “ steel slag.” 

(No. 2047, 10d.) William Blackett Haigh, of Old- 
ham, patents improvements in tenoning machinery, 
these including a form of dog-cramp for holding 
timber without any strain on the slide, a method of 
making the slide itself, and other details. 

(No. 2049, ls. 4d.) George Sinclair, of Leith, 
ame making steam boilers for the main part of their 
ength in two semi-cylindrical parts, connected by 
water tubes. The front or firebox portion, containing 
the furnaces, is, however, cylindrical as usual, and it 
is connected with the two semi-cylindrical portions by 
large horizontal water tubes. The two semi-cylindrical 
portions are also connected by large water tubes at 
their hind ends, in order to assist the circulation of 
the water. 

(No. 2054, 10d.) David Marr Henderson, of 
Smethwick, patents methods of framing lighthouse 
lanterns. Drawings would be required to explain the 
system of construction proposed. 

(No. 2057, 8d.) James Laing, of Deptford-yard, 
Sunderland, patents a method of securing the plank- 
ing of composite ships to the iron frames. Accord- 
ing to this > the planking is secured by bolts, the 
nuts of each of which has a thin and somewhat taper 
ferrule formed on it on its underside, the ferrule, as the 
nut is screwed home, entering the upper end of a 
tapered hole in the iron, and becoming jammed into it 
so as to fill up the space around the bolt. We should 
think that the friction caused by the jamming of these 
ferrules in the holes would render it difficult to screw 
the nuts up properly. 

(No. 2061, 10d.) Jacob Walker, of Wolverhamp- 
ton, patents machinery for manufacturing clips or 
spring boxes for railway and other carriage springs. 
We shall perhaps illustrate this machiney in a future 
number. 

(No. 2065, As. 2d.) Henry Fletcher, of 39, Old 
Hall-street, Liverpool, patents machinery to be em- 
ployed in the manufacture of artificial fuel: This appa- 
ratus, which it would require the aid of drawings to 
describe, is constructed for drying and heating coal, 
and mixing the coal with pitch or other substances 
simultaneously. 

(No. 2071, 1s. 4d.) James Lee Norton, of Belle 
Sauvage-yard, patents arrangements for drying malt, 
brewers’ grains, &c. We shall illustrate these ma- 
chines in a future number, in connexion with our 
articles on “ Brewing and Breweries.” 

(No. 2075, 10d.) Francis Dixon Nuttall, of St. 
Helen’s, patents an arrangement of glass-melting 
furnace, which it would require the aid of drawings 
to describe. 

(No. 2078, 8d.) Alfred Buckingham Ibbotson, of 
the firm of Ibbotson Brothers and Company, of Shef- 
field, patents, as a communication from Signor Vecebj, 
of Turin, a method of ventilating railway and other 
carriages, the holds and cabins of vessels, &c. In 
applying this system to railway carriages, it is pro- 
posed to induct fresh air through openings in the roof, 
and discharge the vitiated air through openings in the 

oor, by means of screw ventilators driven “ fans, 
these latter being in their turn driven by the atmo- 
spheric current produced by the motion of the vehicle 
to which they are applied. 
y (No. 2085, 8d.) George Watkin Hayes, of Two 
gg Mill, Hemel-Hempstead, patents dividing 
€ surface of the “knotter-plate” of paper-making 
machines by suitable partitions, so as to form a some- 
which the pulp has 
—_ The object of 
arge portion of the 


what narrow zig-zag passage alon 
to flow until it gets through the 1 
this arrangement is to keep a 





surface of the knotter-plate quite clear by causing the 
pulp to enter the channel in a comparatively rapid 
stream, so that the knots and impurities may be 
carried on towards the other end of the passage, 
where they are deposited on the knotter-plate and are 
cleared away. 

(No. 2086, 10d.) James Mannock, of Windsor- 
road, Oldham, patents forms of scrapers for cleaning 
boiler tubes, his claim being for “ arranging tube 
“scrapers in such manner that the weight of the 
“scrapers acting with inclines causes the scrapers to 
“ bear against the tubes.” The construction of these 
scrapers is somewhat complex, and could not be clearly 
described without the aid of drawings. 

(No. 2087, 10d.) William McAndrew, of 57, King 
William-street, patents, as the agent of Charles Wilson 
Boyd, of Sokia, Asia Minor, combining with the 
ginning roller and doctor, or fixed blade, of cotton 
gins, a beater bar with beaters or teeth upon it, this 
bar moving to and fro parallel to the axis of the 
ginning roller. 

(No. 2089, 10d.) Henri Adrien Bonneville, of 38, 
Porchester-terrace, Bayswater, patents, as the agent of 
Achille Philippe Cyprien Legrand, of Mons, Belgium, 
various forms of iron railway sleepers and arrange- 
ments of fastenings for securing the rails to these 
sleepers. The plans included in this patent are far too 
numerous for us to describe them here. 

(No. 2092, 8d.) Thomas Archer, junior, of Dunston 
Engine Works, Newcastle-on-Tyne, patents a machine 
for crushing and pulverising stones and minerals. 
This machine consists of a powerful lever, having at 
the end of its shorter arm a kind of pair of jaws, which 
partially embrace a fluted roller. The materials to be 
crushed are introduced between this roller and the 
jaws of the lever, and are pulverised by the combined 
action of the rotation of the former and vibration of 
the latter. 

(No. 2095, 10d.) James Schofield and Joshua Caleb 
Dawson, of Leeds, patent drying malt by means of 
steam pipes arranged beneath the perforated floor of 
the kiln, these pipes being connected with an ordinary 
steam boiler placed outside the kiln. 

(No. 2105, 1s. 8d.) William Barningham and John 
Thompson, of the Rolling Mills, Pendleton, patent 
machines for bending, straightening, and punching 
bars or rails. A description of these various machines 
would require more space than we could possibly 
devote to them here. 

(No. 2106, 1s.) Alexander Morton, of Glasgow, 
patents arranging the exhaust pipes of locomotive or 
other double cylinder non-condensing engines, so that 
whilst one pipe discharges its steam through a nozzle 
of the coal form, the second one discharges through 
an annular nozzle which surrounds that of the first- 
named pipe. The patent also includes arrangements of 
— and methods of utilising the lateral induction 
of currents of steam or water, &c., which could not be 
described without the aid of drawings. 

(No. 2107, 8d.) Thomas Dawson Walker, of Long- 
wood, near Huddersfield, patents heating the feed 
water of steam boilers by pumping it through a coil of 

ipe placed at the bridge en of the firegrate. We 
have grave doubts about the novelty of this plan. 

(No. 2112, 1s.) Ralph Thomas Beadbary and 
Thomas Bottomley, of Saddleworth, patent the applica- 
tion to carding engines, in which a “ fancy” is situated 
above the doffer, of an arrangement’ by which the small 
particles or flyings of material are arrested and re- 
turned to the doffer. The arrangement consists of two 
stripping rollers working with each other, the one 
being in contact with the doffing roller, and the other 
with the “ fancy.” 








BRIDGING THE HOOGHLY. 

Amoncst other leading topics of conversation in 
Calcutta of late, the old subject of bridging the 
Hooghly, so as to enable the Kast India Railway to 
enter Calcutta instead of remaining on the opposite 
side of the river, has been revived, owing, no doubt, 
to the presence of Mr. Rendel there. A correspon- 
dent of the Zimes of India remarks truly that this 
subject has been long talked of, frequently planned, 
several times submitted to the shareholders of the 
East India Railway at home, and invariably rejected. 
It is once more on the carpet, and in a likelier way 
for solution than ever before. Mr. Rendel, the con- 
sulting engineer of the company, long ago drew a 
bridge spanning a beautiful translucent river about as 
different from the Hooghly as one thing can well 
differ from another. It was not considered at all to 
the advantage of Mr. Rendel’s position in Calcutta 
that he is the representative of a company whose 
shareholders have persistently declined the responsi- 


bility of giving their railway a metropolitan terminus, 
but have apes short on the opposite side of the 
river. The Eastern Bengal Railway Company is, and 
has expressed itself, willing to do it, as by that means 
they would obtain a frontage on the river, a con- 
venience which they do not at present possess. All 
the produce that comes by the astern Bengal Rail- 
way finds aterminus at Sealdah, which is on the other 
side of the city, and fully a mile away from the ship- 
ping, and this, of course, entails all the cost and in- 
convenience of carting. The South-Eastern line has a 
connexion with Sealdah, and might carry the produce 
of Eastern Bengal to Port Canning if shipping could 
only be attracted to that place. 

soon as the subject for a bridge is fairly brought 
forward, a variety of opinions are sure to find vent 
regarding it. The Eastern Bengal Railway wish to 
throw the bridge over the river some twenty or thirty 
miles above Calcutta, which would of course be the 
means of throwing an enormous traffic on their line 
between the bridge and Calcutta. It would, however, 
obtain that increase of traffic at the cost of the East 
India line ; and the traffic would be so great that the 
latter railway would, naturally enough, not willingly 
relinquish it. Apart from the railway interests, some 
consideration should also be shown for the accommo- 
dation of the public, and they would be — justified 
in demanding that the railway companies should not 
be the only parties consulted on a matter in which 
the whole of Calcutta as well as Howrah have a decided 
interest. The East India Railway Company would 
no doubt prefer a bridge as near to the city as possible, 
and this would also suit the convenience of the public 
were such a scheme practicable, as to erect a bridge 
sufficiently near to be within easy reach of, say, Tank- 
square. The question of a bridge, however, in any 
such locality, cannot be taken into consideration apart 
from that relating to the improvement of the port of 
Calcutta itself. Should it hereafter be determined to 
construct docks at that port, it has already been shown, 
by the last committee on the subject, that for pao | 
necessary reasons they must be situated to the nort 
of the town, and not at Kidderpoor, or Garden Reach, 
or any of the sites commonly supposed to be best 
suited for that purpose. Now it need not be here 
explained that, whatever be the site fixed upon for 
docks, the bridge must be carried to some point higher 
up the Hooghly, so as to be clear of all the large ship- 
ping. The bridge question cannot therefore be settled, 
excepting by placing it some miles above Calcutta, 
until definite conclusions have been arrived at with 
reference to the proposed docks. The latter subject, 
it is true, has been often brought forward, and as 
often deferred, or postponed, but it has not as yet 
been definitively settled. From this view it would 
appear unlikely that the mg question will be settled 
without again submitting the whole subject to a 
thorough reinvestigation. 

The only decent convenience at present available to 
'the public for the Daeg of the 7 is the Rail- 
| way Ferry Boat, if we except a wretched native craft 
running on the same line. In other places the river 
must be crossed in wretched dinghees, not always safe 
or comfortable to nervous people. The public idea of 
what is needed will naturally be a bridge in the city 
that would answer the purposes of the railways, and 
be of hourly convenience to the people themselves, 
and accommodate other traffic besides the railways. 
Irrespective of the difficulty of such a scheme with re- 
spect to the shipping, which we have already alluded 
to, the cost of attempting it might at first sight appear 
too large to be entertained ; but there can be no doubt 
the revenue from it would be enormous. One difficulty 
in the matter is to find sites for the terminus of the 
railways in the city at a reasonable cost; and this 
seems rather to stagger the Viceroy, who is inclined 
to have a bridge, and to leave to posterity the re- 
sponsibility of finding the means of a central station in 
the city, and such a metropolitan railway as would 
join the three existing lines in such a manner as would 
complete them, by making them practically one. 








Tue San Pavto Rattway.—With regard to the damage 
from floods on the San Paulo Railway, it appears that be- 
tween San Paulo and Jundiahy several slips had occurred 
in the cuttings, but that the traffic was expected to be re- 
sumed on the 2nd instant. The rains had been unprece- 
dented, and the old mule road between San Paulo and Jun- 
diahy is stated to have been ruined, while a new Government 
bridge over the River Tiete had been completely swept away. 
All the railway bridges, however, had stood well, and in the 
works on the Sierra not a stone had been displaced. 

CorostaL CoaL.—A sample of Natal coal, forwarded by 
Mr. Ridley, has been received at Newcastle-on-Tyne. Mr. 
Ridley, who formerly resided at Hexham, s hopefull 
of the coal resources of Natal, although it will be necessary 
to provide shipping facilities. 
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INDIAN RAILWAYS. 


Wirutw certain limits the general ‘public are unable 
to ascertain the progress of Indian railways and their 
financial success. So long as their receipts are below 
five per cent. the Government guarantee supplies the 
deficiency, and the shares are therefore always market- 
able at about par, or generally at a slight premium ; 
and it is only when there is a prospect of some 
additional dividend above the Government guarantee 
that any appreciable fluctuations occur in the value of 
their shares. As a rule the published reports of 
Government officials are very much after date, and 
such is the case with some of the particulars which we 
give below. Notwithstanding, however, the lateness of 
their publication, they are of considerable value, as 
they show relatively the progress of the traffic, and 
on ATO 


we EN 


Ps 3 
a 
= 
OOS 
on = 


First 
half, 
1866. 





Second 
half, 
1866. 


328,185 | 168,384} 103,07 


468,403 | 229,445) 14 





Sind 
Railway. 


First 
half, 
1866. 











a, 


Second 
half, 
1866. 





1 

p- 
0 
6 
6 


Bombay, 
and 
Central India 
Railway 
First 
half, 
| 1866 


636/1,018,197| 416,677 


6 
573 


Second | 
half, | 
1866, | 
1,089,885, 583,51 





half, | half 
1866. 186 


Panjab 
| 


Railway. 
First 4 Second First 


half, 
1866. 











} 


| 

| Second | 
half, 
1866. 


Railway. 


Calcutta 
and 
South-Eastern 

1866. 


First 
half, 
N.B.—Those numbers marked with an asterisk are approximate only. 





half, 
1866. 


Bengal 
ay. 





Railw 
First | Second 


half, 
1866, 





Second 
half, 
1 


East Indian Eastern 
Railway. 
First | 
half, | 
1866. | 





| 


rofits on cost 


nded 


P 


train mile 

ain mile 
in mi oa eae 
of expenses to} 


ings per train ‘ile... 
i. 


oe earnin 
Profits 


of profits on total 


per 
ex 


Train mi de 
Lagins mileage. 


per tr 
per trai: 

earnings 

capital 

of open line 


ercentage 
Percentage o! 


Loss 
P 
Percenta 














the ae of working and other expenses, from 
which facts alone the real advancement, or otherwise, 
of such undertakings can be fairly estimated. 

The annexed statement contrasts the train mileage 
results, on all the 1 railways in India, for the half- 
years ending 30th June and 31st December, 1866. 

By carefully analysing the foregoing figures, some 
very curious facts will be observed. In the first place, 
with the exception of the Eastern Bengal, Great 
Indian Peninsula; Bombay, Baroda, and Central 
India; and the Sind railways, the majority of the lines 
show an increase of train mileage during the second 
half of 1866, and in the case of the Great Southern of 
India line the increase is as nearly as possible 50 per 
cent. It would appear, however, that train mileage 
is in no way proportionate to profitable business 
transacted, and this must arise either from careless- 
ness on the part of the traffic manager in running 
more trains than were required by the traffic of the 
line, or else the rates charged were too low. Of all 
the lines the Sind Railway alone shows an increase of 
gross earnings per train mile, and that is in the 
lace of a reduced train mileage, in round figures, of 
about 35 per cent. Five lines out of the nine show a 
decrease in expenses per train mile, and four show an 
increase ; the two showing the largest in that item are 
the Bombay, Baroda, and Central India, and the Sind 
Railways, in both of which cases it is considerable. 
The Calcutta and South-Eastern line alone shows a 
loss in working, and that only during the second half 
of the year; but, as might be expected from what has 
been already noticed, in all the other cases, there is a 
considerable falling off during the latter period in the 
profits per train mile, as well as in the percentages of 
profits with the following exceptions: the Madras 
Railway shows the same percentage of profits on total 
capital expended in both half years, and the Great 
Southern of India exhibits an increase in the latter 
half of percentages of profits both on the total capital 
expended, and on the cost of the open line. 

The following statement shows the comparative 
traffic on the guaranteed Indian railways during the 
first nine months of 1866 and 1867 : 
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It will be observed from the foregoing that the in- 
crease in the number of miles open during the first 
nine months of 1867, as en with the correspond- 


ing period of 1866, was 2114, of which 1324 miles 
forms part of the Great Indian Peninsula line; the 
increase in receipts was 407,028/., of which no less 
than 175,736/. is due, also, to the working of the 
same line. The above figures do not include the Jub- 
bulpore line, which was opened during the third 
quarter of 1867; with this addition the open lines are 
increased by 434} miles, and the revenue by 411,567/. 





YOUNG ENGINEERS. 
To Tue Eprror or ENGINeerina. 


Srr,—We hear a great deal about the unemployed amongst 
the poorer classes, but there are few who have any idea how 
many unemployed there are among the so-called middle 
classes. For instance, Sir, there are many, with myself, 
junior engineers, who find, after serving their time for four 
or five years, that there is nothing to do, that nearly all 
works are in a state of stagnation, and such as are not re- 
quire too much interest to gain employment on. India is 
continnally being pointed out to us as the field for our in- 
dustry ; but it is not every one who is able from health, or 
family matters, or other uncontrollable circumstances, to go 
80 far away, and, even for those who can, the Government 
examinations, even if they pass the ordeal, are still four 
months in prospect. 

Can you, Sir, or any of your readers, indicate to us the 
course we should pursue? Are we, after having spent four 
or five years in learning the little there is to be picked up in 
an engineer’s office, to be compelled to regard it as lost time, 
and — .~ turn a to something else ? 

enclose m and remain, Sir, yours obedi ; 
March 14, 1808” fone ait a ot ae 


THE UNITED STATES STEAMER 
WAMPANOAG. 


Tue interest of the results of the trial of what is 
now probably the fastest ship of war yet constructed 
in any country induces us to give the following official 
report without abridgement : 

ull.—Constructed at the New York navy yard, from designs 
of Naval Constructor B. F. Delano. Dimensions: Extreme 
length of spar deck 342 ft. 8 in.; extreme breadth 45 ft. 2 in.; 
depth of hold 23 ft. 6 in.; draught of water 19 ft.; tonnage (old 
measurement) 3281 tons. 

Machinery.—Constructed at the Novelty Works, New York, 
from designs by Chief Engineer B. F. Isherwood, Chief of 
Bureau of Steam Engineering. Two geared direct-acting 
engines, with one surface condenser to both engines ; two cylin- 
ders 100 in. in diameter, with 4 ft. stroke of piston; propeller 
19 ft. diameter; eight vertical tubular boilers for main engine, 
with four superheating boilers; aggregate grate surface of all 
the boilers 1128 square feet; aggregate of the water-heating 
surface 30,578 square feet. 

REPORT OF THE COMMANDING OFFICER. 

Unrrep SraTes STEAMER WAMPANOAG (Ist Rare), 

Hampton Roads, Va., February 18, 1868. 

Srr,—I have the honour to make the following report of 

results obtained during the experimental trial of this vessel at 


sea. 
On the 7th instant I tried the ship under top-gallant sails, 
jib, and course, propeller disconnected, wind fresh abeam, sea 
smooth, speed ten and one-half (10.5) to eleven knots per hour, 
propeller making twenty-nine (29) revolutions, the ship steering 
easily, helm amidship, no sail on mizzenmast. 5 
On the 9th instant I began trial under steam to obtain a con- 
tinuance — of eleven (11) knots, with the least consumption 
of coal. was obliged to end this trial in twenty-five (25) 
hours, and heave the ship to during a heavy gale from S.E. to 
5.W., with a topping sea. : 
During these twenty-five hours we ran two hundred eighty- 
two five-tenths (282.5) knots, consuming not quite forty-seven 
(47) tons of coal. This gives an average of about 45 tons 
er day for an hourly speed of eleven and three-tenths (11.3) 


nots. 

During this gale, which blew hard for twenty hours, we 
suntaland some damage to'our spars, owing to iron bolts carry- 
ing away. We lost one whisker, and our port bee. The F. I’. 
mast stay with the staysail were blown to leeward, but finally 
secured. The parral eye-bolt in jaws of F. _ yard broke, 
and sheet hook in foretopsail also. Before the yard and sail 
could be secured the foretop mast was chafed severely. 

Owing to the weather being intensely cold, and the heavy 
sea, we could do nothing more than temporarily secure our 


spars. 
oo the gale moderated, I determined to run in and anchor 
under Sandy Hook, and there repair damages. 

Received a New York pilot at 9 p.m. and at midnight anchored ; 
at daylight commenced repairs, made new whiskers and bees, 
secured spars, stays, &c., and at sunset stood to sea. I would 
here remark that, in my opinion, iron is used too much in 
rigging our ships. It would be more preferable to have the 
old-fashioned rope parrals to topsail yards than to have either 
“tubs” or “jaws.” Iron cannot be trusted at any time, and 
is especially dangerous in extremely cold weather. 

At 9 p.m., on the 11th, I commenced a trial of the full steam- 
ing power; this trial continued through a period of thirty-eight 
hours, until 11 o’clock a.m. of the 13th instant. At this timea 
rubber washer in after crank working loose, endangered the heat- 
ing of that journal. I, therefore, stopped the engines to have 
the washer replaced. This having been accomplished, at 2 
o’clock the engines were again started, the ship going fourteen 
knots. At 3 p.m., as the sea was heavy, with appearance of 
bad weather, I determined, after consulting with Chief Engineer 
Zeller, presiding officer of the board of engineers, that it was 
unnecessary to work the engines up to full power again, as it 
had already been proved that an average speed of nearly seven- 
teen knots could be continuously maintained during good 
weather. 

During the first twenty-four hours of the trial we logged 
405.375 knots, equal to 467.53 statute miles. During the 
thirty-eight hours we logged 630.875 knots, equal to 727.61 
statute miles, an average of 16.6 knots, or 19.14 statute miles 
for each and every hour of the trial, Greatest speed obtained 
17.75 knots, or 20.47 statute miles. I append a statement of 
the hourly speed made during thirty-six hours, arranged in six 
hours’ tables for convenient reference. The speed and courses 
are copied from ship’s log. The remarks are my own, made 
from personal observation. I add that the logging of the ship 
and distance run were verified by observation. We having 
started from a point twenty miles north by east from Barnegat 
light, passing Cape Hatteras at about a distance of twenty miles, 
and ceasing the run in latitude 31° 42° north, longitude 81° 24 
west, 29 miles south-east half east of Tybee lighthouse. 

The results of all trials in abstract are as follows: 

We steamed seventeen knots, with full boiler power on @ coll- 
sumption of 5} tons of coal per hour. 

We steamed eleven to twelve knots per hour, with a consump- 
tion of 1f (1.875) tons of coal half boiler power. 

We steamed nine (9) knots, with one-fourth boiler power, on 
a consumption of 17 ton of coal per hour. , 

nder sail, with a fresh breeze, she steers well and sails fast, 
but in light breezes not well, as she needs to move four or five 
knots through the water to turn the propeller. Under steam 
and sail she “lies to” well, shipping no seas. 

Under all circumstances she steers emg | easy. At four- 
teen knots speed she turned in nine minutes forty-five seconds, 
the sea heavy and wind fresh. At ten knots speed, fresh wind, 
smooth sea, turned in twelve minutes. 

Under all sail by the wind, with a moderate breeze and smooth 
water, we logged seven to eight knots, propeller disconnected, 
making 21.5 revolutions. 

Under sail it requires‘a speed of from four to five knots to 





turn the propeller ; but once started it turns very easily. 
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I have had no fair opportunities for exercising under sail 


scr the Wampanoag, as a ship, to be faultless in her 
model, and, as a steamship, the fastest in the world. 

If at any time it should be contemplated to alter the vessel 
by reducing her power, her forward boilers could be dispensed 
with, giving inc room for storage, and then she would be 

ve knot steamshi 

“Tool sino ane g that a light spar-deck be built on the 
vessel, and that she be rigged as a ship. The addition of a 
light spar-deck will not require any alteration in her spars. The 
accommodations with this additional deck would be ample for 
her crew, and it would also give room for storage. In both 
these particulars the ship is at present cramped. : 

I neglected to state that at a trial with one-half boiler power 
and ai sail, with a moderate wind abeam, we logged fourteen 
knots. i : 

Iam, Sit, very respectfully, your obedient Servant, : 
Hon. Gideon Welles, J. W. A. NicHoson, Captain. 
Secretary of the Navy, Washington, D.C. 


Untrep Sravres Suir WAMPANOAG. 
Tabular Statement Full Power Steam Trial. 


















































a } 
Fd | a 8 Course 
g lala 
s (aie 
| Frpsrouary 11, 9 PM. 
| 8 | 1 |S. by W. 4 W..Commenced full power steam 
10 | 81... | S by W. | trial from lat, 40° 6’ north, 
11 | 16] 6 | do. | long. 74° 1’ west. Wind 
12 | 16] 4 do. | light, northward and west- 
1 |17| 4 S.SW. | ward. Seasmooth. Shiproll- 
21}17; 4 do. | ing 3° to 4° each way. Com- 
8 i Re do. | pass deviation } point west. 
Total..\101 | 8 |~ sis «i» |Average speed per hour during 
six hours, 16.896 knots. 
Fepruary 12, 4 a.m. 
4 |17]. S.SW. These six hours wind from 
5 | 17 do. northward and westward 
6 | 16) 6 do. to northward and eastward. 
7 1 17 | ose do. Sea increasing. Ship roll- 
8 | 16] 2 do. ing as previously. Compass 
9 |17]| 2 do. deviation = west. 
Total..|101 | 2 Average speed per hour during 
six hours, 16.875 knots. 
FEesruary 12, 10 a.m. 
en eee S.SW. These six hours wind fresh 
a, oe SW. from the northward. Sea 
12 |16) 4 do. heavy. Ship rolling to 6° 
8} 2 do. each way. 
1 8| 6 S.SW. 
2 |16| 6 do. 
3 116) 4 do. 
Total..|100 | 6 Average speed per hourduring 
six hours, 16.79 knots. 
Fesruary 12,4 PM. 
4 {ie Wind fresh from northward 
Sar t-S 1 sts to light E.S.E., thence back 
its Me to a moderate northward 
Be a? breeze. Sea heavy. Ship 
8 | 17 rolling as before. 
9 |16| 4 
Total ..|102 »» |Average speed per hourduring 
six hours, 17 knots. 
Fesruary 12, 10 p.m. 
10 | 16) 6 W.SW. (|Wind fresh N.N.E. to east. 
11 | 16] 6 do. Heavy irregular sea. Ship 
12 |16] 4 do. rolling deeply. 
1/16] 2 SW. 
2116) 4 do. 
3 116] 2] SW. by W. 
Total..| 99 Average speed per hour during 
6 hours, 16.5 knots. 
Fresruary 14, 4 a.m. 
4/16) 2] SW. by W. |Wind very variable, but fresh. 
7| 2 do. The sea irregular and heavy. 
5 | 9] 4 W.SW Ship rolling 12° each way. 
6 | 16-| 6 do. 
7 |15] 4 do. 
Bt tae do. 
9 |15| 4 do. 
Total..} 96} 6]... .. _|Average speed per hour during 
} 6 hours, 16.125 knots. 











REPORT OF THE BOARD OF ENGINEERS. 
Unrrep Srates SrEAMER WAMPANOAG, 
_ Hampton Roads, Virginia, February 17, 1868. 
Str,—We have the honour to report that we have completed 
the trial of the machinery of the Wampanoag at sea, with the 
vessel driven at the maximum speed, under steam alone, during 
37} consecutive hours; and at the speed of 11 nautical miles 
e hour, under steam alone, during 25 consecutive hours, the 
tter performance being to ascertain with what consumption of 
coal per hour the speed of 11 knots can be maintained at sea. 
The average performance during the 373 consecutive hours of 
maximum speed was as follows: 
Average speed of vessel per bour in nautical miles ... 


16.71 
y speed of vessel per hour in statute miles 19,265 
Verage number of the revolutions of the engines per 
minute ..,, eee eee eee ee 31.06 
Average number of the revolutions of the screw per 
minute .,, ove eve esd e» 63.673 
Average steam pressure in boilers in pounds per sq. in. 31.97 
7 bein Position of the throttle valves open + Wide. 
Verage consumption of coal in pounds perhour .,. 12,690 





There was a fresh breeze abaft the beam, with a moderate 

sea most of the time on the quarter; the latter part of the 
trial the sea was heavy. During the above maximum perform- 
ance the vessel averaged, for 24 consecutive hours, 16.97 nauti- 
cal miles, or 19.566 statute miles per hour. During 12 conse- 
cutive hours, 16.98 nautical miles, or 19.577 statute miles per 
hour ; and during 6 consecutive hours, 17.25 nautical miles, or 
19.89 statute miles per hour. # 
. The greatest distance run im any one hour was 17.75 nauti- 
calimiles, or 20,465 statute miles. The latter speed was ob- 
tained and logged four epmate half hours, and it is only 
necessary that the men shall be properly drilled at their duties 
in the fire-room and coal bunkers to maintain that speed con- 
tinuously in smooth water. 

The average performance during the 25 consecutive hours, 
= the intended speed of 11 nautical miles per hour, was as 

ollows : 

Average speed of the vessel in nautical miles per hour 11.39 
Average speed of the vessel in statute miles per hour 13.13 
Average number of revolutions of the engine per minute 21.36 
Average number of revolutions of the screw per minute 43.78 
Average steam pressure in the boilers in pounds per sq. in. 20.69 
Average position of the throttle valves open ... 9; of 1 hole. 
Average consumption of coal per hour in pounds 3, 

There was a light wind and sea ahead for six hours, and a 
light breeze and moderate sea abaft the beam during nineteen 
hours of the trial; when it was suddenly interrupted by a gale. 

The main valves, gearing, and all other parts of the ma- 
chinery worked smoothly and in a satisfactory manner, and 
every journal of the engines, during their entire performance at 
sea since leaving the navy yard on the 4th instant, worked per- 
fectly eool until the 38th hour of the maximum speed trial, 
when the crank-pin of the after engine began to warm. The 
speed: of the engines was then reduced by throttling, the first 
and only time for any requirements of the machinery. ‘The 
warming of the crank-pin did no injury whatever, nor would it 
have been the cause of a non-completion.of tlie 48 hours’ trial 
at maximum speed. There was no foaming or priming in the 
boilers; and the performance of the whole machinery was ex- 
cellent, and it returned to this port in a condition for any ser- 
vice\without requiring repairs. 

The maximum performance can be easily maintained during 
a passage across the Atlantic, or for any required service, and 
we are of opinion that it is not equalled for speed or economy by 
that of any sea-going screw vessel of either the merchant or 
naval service of any country. 

Very respectfully, your obedient Servants, 
TueEo. ZELLER, 
Chief Engineer, U. S. N. 
Jno. S. ALBERT, 
Chief Engineer, U. S. N. 
Joun H. Lona, 
Chief Engineer, U. S. N. 


ber 
rs 


Hon. Gideon Welles, 
Secretary of the Navy, Washington, D. C. 








THE NAPIER BRIDGE. 
Iy a recent number of ENGINEERING we 

ticulars of the formal opening of the Napier Bridge over the 
Chuttravutty river, on the Madras Railway. We learn now 
that it has been found necessary to order some slight altera- 
tions to be made in the disposition of some of the iron piles 
which support the bridge. The same disposition of the piles 
which had been found to answer in the case of similar large 
bridges on the railway, was adopted in the Napier Bridge ; 
but it is supposed that owing to the greater depth of sand in 
this river and greater length of pile above the surface, a dif- 
ferent arrangement and increased length of pile will tend to 
increase the stability of the iron piers. It was at one time 
rumoured that the iron piers had sunk somewhat, but this 
has since been contradicted on trustworthy authority; a 
slight tendency to move forward in the Seostinn of ‘the 
trains has been observed, and though no further movement 
is anticipated, it has been deemed advisable to correct this 
tendency by adding another 65 ft. to the length of the piles— 
as was done in the case of a bridge of this kind on the South- 
West line—and by slightly altering their disposition. The 
contractors’ heavily loaded trains still continue to run daily 
over the bridge with perfect safety. The anticipated altera- 
tions, it is stated, will not in any way interfere with the 
communication across the river, which will be carried on as 
heretofore. 


ave some par- 





BRIDGE OVER THE COOUM RIVER, 
MADRAS. 

RECENT accounts report that the construction of the Iron 
Lattice Girder Bridge across the river Cooum is progressing 
rapidly. The failure of the monsoon has greatly assisted the 
executive engineer in carrying out the undertaking, as the 
freshes which usually come down during the rainy season 
and carry away the bar have this year been wanting. The 
bridge was designed by Captain W. H. Edgeome, Principal 
of the Civil Engineering College, Madras, and will consist of 
ten bays, each of 50ft. span. The girders rest on caps, 
which are riveted to four piles placed in the form of dia- 
monds. These piles are screwed into the bed of the river to 
depths varying from 35 ft. to 45 ft. Cross girders running at 
right angles to the axis of the bridge, and placed 6 ft. apart 
from centre to centre, support the roadway, which will con- 
sist of metalling laid on 4in. planking. The abutments are 
built of faced ashlar on well foundations. The height of the 
roadway above high water mark will be about 6ft. The 
whole of the ironwork has been constructed at the Public 
Works Workshop at Chepauk, and it is said to be a credit to 
all concerned, from the founder to the finisher. During a 
previous examination one of the girders was tested with a 
weight of 30 tons, and the deflection caused amounted to 
about three-eighths of an inch. Each girder is estimated to 





carry a moving load of 50 tons, so that the whole bay may be 
weighted to 100 tons with safety, an amount of pressure to 
which it is not likely to be subjected very often. 
have now been placed over four of the bays. 


The girders 





STEEL RAILS IN AMERICA. 


Tue Erie Railway is perhaps the most heavily worked line 
in America. Its length, with branches, is upwards of 600 
miles ; it is of 6 ft. gauge, and its traffic is very great. The 
following report, by Mr. —— Riddle, General Superinten- 
dent of the line, has been addressed by him to the Hon. John 
8. Eldridge, the President of the Erie Railway Company : 

Office General Superintendent, 
New Yor March 3, 1868. 
Hon. John S. Eldridge, President Erie Railway. 

Srr,—On the 3rd of December I addressed a communica- 
tion to the Vice-President, recommending the purchase of 
5000 tons of steel rails; and at an interview with you I ex- 

ressed the opinion that 15,000 to 18,000 tons of rails would 
S required for the repairs of track during the year 1868. 

Since that opinion was given, we have passed through 
three months of unusually severe winter weather, and moved 
more than an average winter tonnage, with the road-bed 
frozen solid as a rock, the rails encased in snow and ice, so 
that it has been impossible to do much in the way of repairs ; 
the iron rails have broken, laminated, and worn out beyond 
all precedent, until there is scarce a mile of your road, except 
that laid with steel rails, between Jersey City and Salamanca, 
or Buffalo, where it is safe to run a train at the ordinary 
passenger train speed, and many portions of the road can 
only be traversed safely by reducing the speed of all trains 
to twelve or fifteen miles per hour, solely on accqunt of the 
wor-out and rotten condition of the rails. Broken wheels, 
axles, engines, and trains off the track, have been of daily, 
almost hourly, occurrence for the last two months, caused. 
mostly by defective rails. Fully one thousand broken rails 
were taken from the track in the month of January, while 
the number removed on account of lamination, crushing, or 
wearing-out was much greater. February will show a still 
worse record than January. 

The failure of rails is confined to no particular make, al- 
though there is a difference, easily observed, between those 
made at Scranton and those at i The former 
break readily into many pieces, and by so doing are pretty 
sure to throw a train from the.track, A large number of 
these rails have broken with less than ‘six months’ service ; 
some with scarce one month’s wears ~ 

The Elmira re-rolled iron seldom breaks until very much 
worn, but it does not possess the hardness and -durability 
found in the Scranton iron when the latter has strength to 
resist breaking strains. 

With the ten miles of track laid with the John Brown 
Bessemer steel no fault need be found. But one rail has 
broken during the winter, and no lamination and very little 
wear is perceptible. Twenty steel rails were laid in Jersey 
City yard last March. The iron rails adjoining, subject to 
the same wear, have been renewed four times since the steel 
was put down, and I have no doubt the steel rails will out- 
last three times as many more iron rails. 

This winter’s experience has satisfied me that the quality 
and weight of the iron rails in use cannot be depended upon 
to sustain the traffic of the Erie Railway. Forty-two ton 
locomotives hauling trains of fifty and sixty loaded cars, and 
passenger engines weighing 37 tons, running at a speed of 
thirty to forty miles per hour, literally crush and grind out 
the iron rails beneath them. Instances have been reported 
to me of rails removed from track too much worn for safety 
where the first imperfection was visible but the day before. 

In view of this state of things, what is the remedy? 
Manifestly the adoption of steel rails as far as practicable, 
and iron rails of superior quality and heavier section, to be 
followed by the gradual reduction of the weight of engines 
and cars, as new equipment becomes necessary. The tendency 
of late years has been to larger and more powerful locomo- 
tives, and heavier, stronger cars, and this has been carried 
to such an extent as to render them out of all proportion to 
the strength and durability of track. Especially has this 
been the fact upon the Erie Railway. 

The condition of the iron at the pot date is such as to 
give me much anxiety and apprehension for the safety of 
trains. We cannot and do not attempt to make the schedule 
time with our trains; nearly all lose from two to five hours 
in passing over the road, and it has been only by the exer- 
cise of extreme caution we have been able thus far to escape 
serious accident. 

A very large quantity of rails must be laid as soon as the 
weather will permit, and they can be furnished. 

In conclusion, I desire to modify my estimate of the quan- 
tity of rails required for the current year. After a careful 
observation of the whole road, assisted by information ob- 
tained from division superintendents and track masters, I 
have come to the conclusion that 26,000 tons of rails will be 
needed to keep up your track in 1868, and I would earnestly 
recommend that as large a proportion as possible shall be 
of steel. outs nA 

Very respectfully, your obedient Servant, 
eT rd Seneca, General Superintendent. 








IMPROVEMENT IN TELEGRAPHIC DesPArcHEs.—Within 
the last few days the French telegraphic administration has 
introduced an ingenious check against accidents or inten- 
tional alterations in telegraphic despatches, on Hughes’s 
system. Heretofore the strip containing the message was 
merely gummed on to a half-sheet of paper in which it was 
despatched, and might with little trouble be detached and 
changed. To prevent this, the despatch, after being attached 
to the paper, is passed between a pair of watering rollers, so 
that any displacement will be shown by the interference with 
the lines of the pattern; and, in addition to this, the words 
“ Empire Francais, Ministére de,’ Interieur, Administration 
des Lignes Télégraphiques” run across the surface of the 
despatch, and form an additional guarantee. 

Cu111.—A company has been formed to construct a rail- 
way from Huasco, on the Pacific, up the valley to Ballinar. 
The district around the last named town comprises thirty 
silver mines producing large quantities of silver, and a great 





quantity of argentiferous ground remains unexplored. 
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BREWING AND BREWERIES.—No. II. 


Marteriats Empiovep in Brewinec—BaB ey, AND 
THE Process or Mattine. 

AutuovuGu barley is the grain almost exclusively | 
used in Great Britain for the manufacture of malt, it | 
is by no means the only cereal that may be subjected 
to the malting process. Wheat, oats, maize, — even 
peas and beans are susceptible of being malted, but the 
products obtained from them are of an inferior cha- 
racter for brewing purposes to that derived from 
barley. 

Of barley itself there are four species cultivated in 
this country, namely, Hordeum Distichon, the common 
summer barley, characterised by two lateral rows of 
seed on each spike; Hordeum Vulgare, the Scotch 
“ bere,” or “‘ bigg,” or four-rowed barley, having two 
rows of seeds more distinct and two imperfect ones ; 
Hordeum He-astichon, the six-rowed, or winter barley, 
having six rows of seeds and hermaphrodite flowers ; 
and Hordeum Zeocriton, the fan, sprat, Putney, or 
battledore barley. Besides these principal species, 
there are several more or less Jistinet varieties, 
obtained from different districts, which it is unneces- 
sary that we should enumerate bere. 

The quality of barley is materially influenced by the 
character of the soil in which it is grown. Light cal- 
careous soils and rich loams produce excellent grain 
for malting ; but in any case much will depend upon 
the system of cultivation adopted, the quality of the 
seed, the climate, and the care bestowed in harvesting, 
stacking, and thrashing at the proper season. In 
order to obtain good malt, it is most important that a 
good sample of barley should be chosen. Good barle 
may be said to be the foundation of good malt, as wit 
an inferior kind of grain the production of thoroughly 
good malt is impossible, however great the skill of the 
malster may be. Of the British barleys, the best are | 
those from Norfolk, Suffolk, and Essex, and from the | 
chalky and marly soils generally, in England; and 
those from the Lowthian districts, Morayshire, and 
parts of Fife, ih Scotland. Of the foreign barleys now 
im much favour in this country, those most generally 
esteemed are the Scala, Silesian, and Moravian barleys, 
very high prices being aid ter the first of these, 
especially during the late wet season. 

According to Dr. Ure’s trials, the specific gravity 
of barley is 1.235, and other experiments give it as 
varying from 1.25 to 1.33. Bere, or bigg, is of 
slightly less density, its specific gravity varying from 
1,227 to 1.265. The weight of barley in bulk varies 
from 51 lb. to 56 lb. per imperial bushel (2218.192 


cubic inches), whilst that of bigg is from 47 lb. to 





51 lb. per bushel. In the case of barley about one- 
sixth, and that of bigg about two-ninths of the total 


DAVISON’S THERMANTERION, OR HOT-AIR FAN. 


MESSRS. DAVISON AND SCAMELL, ENGINEERS, LONDON. 


weight is due to the husk ; but the proportional weight 
of the husk varies in different qualities, being greater 
in the inferior than in the better samples. LEinhof 
gives the following analysis of barley flour : 
Starch eve 
Sugar 
Mucilage 
Gluten eee 
Vegetable albumen 
Water ove 
Phosphate of lime 
Fibrous or ligneous matter : 6.8 
The mean of several analyses of barley by Hermstadt 
is as follows : 
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Starch 60.5 

Husk 11.56 
Water 10.48 
Glaten 4.92 
Sugar 4.66 
Gum 4.51 
Phosphates 35 
Albumen 35 
Oils 35 
Loss 2.31 


Proust considered that barley contained a peculiar 
principle, which he separated from the starch by the 
action of both cold and boiling water, this substance, 
which he termed “ hordeine,” being a yellowish powder 
containing no nitrogen, and being therefore dissimilar 
to gluten. By many chemists this hordeine is con- 
sidered to be merely an allotropic condition of starch. 
In the Ann. de Chimée et de Phys. tom. v., Proust 
gives the following comparative analyses of 100 parts 
of barley and malt : 





Barley. Malt. 
Resin - on ma ie in 2 
Gum am she bud a a ae ee 
Sugar an eee eee aa oe a 
Gluten... dee eae am: «"t 
Starch So lw. 
Hordeine ... 55 12 

100 100 


It will be seen from these analyses that during the 
process of malting the proportion of hordeine is greatly 
diminished by conversion into starch and sugar ; this, 
however, is a matter of which we shall speak further 
presently. Dr. T- Thomson, also, who gives no hordeine, 
has stated the comparative analyses of 100 parts of 
barley and malt to be as follows : 


Barley. Malt. 
Gum ia Pan “se nm - aa oe 
Sugar eco ei ese ww & 16 
Glaten... ese ose oe a ek a 
Starch 7 88 69 

100 100 


In various analyses barley is stated to contain from 
0.3 to 0.35 per cent. of oil, and, according to Dr. 














Thomson, this oil of an asparagus green colour. It is 
to this oil, which is to a great extent dissipated during 
the process of malting, that the peculiar flavour of 
spirits obtained from raw grain are attributable. 

There is s considerable variation in the amount of 
inorganic matter contained in different samples of 
barley. Dr. R. D. Thomson gives the amount of in- 
organic matter in barley flour as 4.02 per cent., and in 
barley burnt with the husks as from 3.2 to 2.7 per 
cent. The mean of ten experiments by Horsford 
gives 2.34 per cent., and the mean of four experiments 
by Way 2.48 per cent. as the amount of inorganic 
matter in barley burnt with the husks. Dr. R. D. 
Thomson also gives the following comparative analyses 
of the ashes of barley and malt : 





Barley. Malt. 

Phosphogic acid . 868 ... 35.34 
Silica... ove eve - 29.67 ... 28.74 
Potassa ... 16. oe §«=—.1454 
Soda eo 8.86 ... 6.08 
4B we 9.82 

Lime ... . 3.23... 3.89 
Oxide ofiron ... 0.83 .. 1.59 
Sulphurie acid ... 0.16 .. —— 
Chlorine eee 0.15 trace. 
100.00 100.00 


In selecting barley for malting, attention should be 
paid to its weight, its size, and to what is termed its 
“kindliness.” Mixed barleys should, as far as pos- 
sible, be avoided, as although the various samples of 
which they may be composed may be good in them- 
selves, yet they may require different treatment during 
the process of malting, and cannot be depended upon 
to grow evenly. This objection sometimes applies to 
foreign barleys, the cargoes of which are necessarily 
made up of grain from different soils. Good barley 
possesses a clean, thin, bright, and wrinkled husk, 
which adheres closely to a plump well-fed kernel, and 
the kernel, when broken, appears white and floury, 
and will make a mark like a chalk. It contains also 
a full perfect germ of a pale yellow colour. As 
regards the “kindliness,” barley should be what is 
termed “mellow,” in contradistinction to hard and 
“steely.” Steely barley, like mellow barley, may be 
thin skinned, but when the kernel is broken, instead of 
being white, it has a bluish tint, somewhat resemb 
rice. The weight of steely barley is sometimes as 
=e or even greater than that of good stout kindly 

arley, but it never produces thoroughly good malt, as 
it does not appear capable of retaining sufficient mois- 
ture to enable the process of germination to go on 
pro «> . 
arley before being malted requires to be 
“sweated,” this “sweat” taking place about five 
weeks after the grain is stacked. If stacked too 
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SELF-CLEANING CORN SCREEN. 


CONSTRUCTED BY MR. ROBERT BOBY, ENGINEER, BURY ST. EDMUNDS. 
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damp it will become over-heated, or what is termed 
“mow-burnt,” and will be unfit for malting. Mow- 
burnt barley may generally be detected by the husk 
which covers the bud being of a reddish brown colour, 
whilst the bud itself is of a musty, shrivelled-up, and 
burnt appearance. Barley also which has the bud but 
loosely attached to the kernel is bad for malting, and 
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possible by turning over, and thus freshening and 
cooling the barley, to remove the taint to a great 
degree. Grain when over-heated in bulk is injured in 
a similar manner to mow-burnt barley, but not to so 
serious an extent. 






GRETTON AND ABBOTT'S APPARATUS FOR REMOVING BROKEN BARLEY, AS APPLIED TO BOBY’S SELF-CLEANING CORN SCREEN. 


this defect occurs both in barley which is too new and | a week at least. These remarks of course apply to 


in that which is stale. Barley is sometimes injured by 
heating whilst stowed in bulk after having been 
thrashed, and for this reason barley, which has laid long 
m granaries, should be avoided, as grain which has 

thus over-heated is difficult to detect, it being 





ordinary ages but in the case of granaries having 
ventilated bins, such as those erected at Trieste, on 
M. Devaux’s system, and described by us a few weeks 
ago (vide page 74 of the present volume), the case is 
different, Another kind of barley, which is to be 


particularly avoided, is unripe barley. Such barley 
will not vegetate; and it may be detected by its 
culiar cold greenish appearance. All other matters 
ing the same, the best barley is that which is of the 
greatest weight, and of the Leosient barleys, those 
should be preferred which have grains of the largest 
and most equal size. 

Before being malted it is advisable that barley 
should be kiln dried, and this is particularly the case 
at the commencement of the malting season when the 
= is damp. The drying process, however, should 

e conducted with t care, the temperature to 
which the grain is subjected not being permitted to 
exceed 120°, or at most 130°. Experiments, made 
many years ago by Messrs. Colin and Edwards, proved 
that seeds exposed to a temperature of 143° in moist 
air, or 167° in dry air are deprived of their vegetating 
properties, although it has been found by other ex- 
perimenters that malted grain, which has been exposed 
to a temperature of 170° will, when placed in the 
earth, — vegetate, although it will not bear any 
seed. The germinating power of barley has also been 
proved to be destroyed by immersion of the seed for a 
quarter of an hour in water at a temperature of 154°, 
and even by keeping it in sand at a temperature 
of 113°. 

The drying of the barley in a kiln causes it to 
absorb moisture more regularly and with greater 
avidity, and it thus facilitates the ome of steeping, 
as will be explained presently. Drying the barley 
also enables it to be stored without injury. At the 
large distillery of Mr. W. Macfarlane, of etaies a 
peculiar arrangement of kiln or drying chamber is em- 
ployed for drying the unmalted grain. This consists 
of a large square building provided with a single per- 
forated floor about 30 or 40 ft. above the ground level. 
A few feet below this floor are openings through 
which a supply of heated air is admitted, this air 
ascending through the grain stored on the floor. The 
grain when dried is shot through trap-doors in the 
floor into the space below, and it is there allowed to 
accumulate nearly up to the level of the air flues, 
being drawn off as required through tubular passages 
fitted with screws. This kiln is capable of drying 
from 1200 to 1500 bolls or, say, 7000 to 8500 bushels 
of grain per day. The air is forced into the kiln by a 
fan about 14 ft. in diameter, and is heated by passing 
it over a series of pipes through which steam is caused 
to flow in the opposite direction. The machinery for 
supplying the hot blast was designed by Mr. James 
R Gale and Professor Rankine. 

An excellent apparatus for supplying hot air for 
drying grain in the manner above described is the 
*‘thermanthérion,” or hot-air fan, of Mr. Robert 
Davison. This machine was originally introduced 
many years ago; but the construction of it has, com- 
paratively recently, been considerably improved. It 
is represented in its modern form by our illustration 
on the opposite page, Fig. 1 being an outside elevation, 
and Figs. 2 and 3 longitudinal and transverse sections 
respectively. It consists, as will be seen, of a three- 
bladed fan, contained within a case so constructed as 
to form a double series of spiral passages. It is 
through one of these spiral passages that the air is 
forced by the action of the fan, whilst through the 
other, which is shaded darker in Fig. 2, steam is con- 
ducted, the current being made to flow in the reverse 
direction to the current of air, or from the circum- 
ference spirally towards the centre of the casing. The 
steam thus introduced may be either drawn direct from 
the boiler, or in many instances it may be the exhaust 
steam from the engine by which the fan is driven. 
From the transverse section, Fig. 3, it will be seen 
that the air passages, which are the larger ones, are 
almost surrounded by those through which the steam 
is conducted, and the arrangement is, in fact, such 
that the air is effectively heated, its temperature 
gradually rising as it approaches the circumference of 
the casing. The figure just referred to also shows the 
arrangement of the exhaust passages by which the 
steam is conducted from the inner ends of the spiral 
steam channels, and it will be noticed that each coil, 
as it may be called, of these channels communicates 
by a small hole at the lowest point of its circumference 
with the exhaust passage, these holes serving for the 
escape of the water of condensation. 

Besides having been employed successfully for dry- 
ing grain, Mr. Davison’s hot-air fan has been used with 
excellent results for furnishing a supply of hot air for 
seasoning timber, and at Woolwich enormous numbers 
of stocks for small arms have been prepared by this 
means.* 





* The whole of the timber onget in the floor of the 
merchants’ area of the London Exchange also was 
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An apparatus for drying corn h»s also been em 
by Messrs. Davey, Paxman, and Davey, of Colchester, 
who, by means of revolving agitators force the grain 
through a series of cylindrical chambers enclosed in 
an outer chamber, into which steam or hot air is ad- 
mitted. Hot air is also forced through the cylinders 
containing the grain, by means of a fan or blower. 
This apparatus is applicable to a thrashing machine, 
so that the grain can be dried immediately after being 
thrashed. Anotlier corn-drying apparatus is that de- 
signed and patented by Mr. James Lee Norton, of 
Belle Sauvage-yard. In this apparatus the corn or 
malt to be dried is passed through an inclined steam- 
jacketted cylinder, being kept in a state of agitation 
during its passage by — on a central revolving 
shaft. This apparatus has been applied very success- 
fully to the drying of brewers’ grains, and a number of 
the machines are now at work in London at the esta- 
blishment of Messrs. R. Milburn and Co., Rushton- 
street, which we shall describe hereafter. 

Besides being dried, barley should, before being 
malted, be thoroughly screened or dressed, so as to 
remove from it all broken or thin grains, as well as 
stones and other extraneous substances. A machine, 
which is very extensively employed for this purpose, 
and which gives excellent results, is the self-cleaning 
corn screen, manufactured by Mr. Robert Boby, 
of Bury St. Edmunds. In this machine, of which we 

ive an illustration on the preceding page, the barley 
is delivered from a hopper on to an inclined screen, and 
it is in the construction of this sceen, which has rapid 
reciprocating motion given to it by means of a crank, 
that the chief peculiarity of the machine consists. 
The screen consists of strong strained wires placed on 
transverse bars, in which notches are punched by 
machinery in such a manner as to ensure perfect uni- 
formity of pitch, all the spaces between the wires being 
thus maintained exactly equal. Between the wires are 
placed thin iron dises; these discs, which are strung 
upon bars carried by the framing of the machine, 
guiding the corn in a longitudinal direction, and de- 
priving it of the kernels and dross. The discs also 
clear the spaces between the wires at each reciproca- 
tion of the screen, and thus render the latter self- 
cleaning. The arrangement of the discs will be readily 
understood by reference to the enlarged detail views, 
Figs. 2 and 3. Some of these machines are con- 
structed so that the screen can be readily exchanged 
for others of different gauge, and others are fitted with 
blowers which deliver a blast of air on the grain as it 
falls from the hopper and separates the grown kernels, 
dust, &c. 

Broken grains are a great annoyance to a malter, 
and we illustrate, on the preceding page, an efficient 
arrangement for removing these, designed by Messrs. 
Gretton and Abbotts, of Burton-on-Trent. Our en- 
graving shows a section of this apparatus as applied to 
one of Mr. Boby’s self-cleansing corn screens. In 
this arrangement the grain delivered from the hopper, 
G, falls upon a couple of riddles, A A, these riddles 
each consisting of a corrugated or waved iron = 
ep with round holes. The waves of the plates 

ave the effect of checking the downward movement 
of the corn caused by the reciprocations of the screen, 
and the broken kernels, from their shape, are brought 
into contact with the edges of the holes, and fall 
through on to the board below. By this board they are 
led to the riddles, B and C, by which they are 
separated from any whole corns which may, by chance, 
have passed through the first screens, and finally they 
are delivered at the spout, F, under the head of the 
machine. The whole corns, on the contrary, slide 
over the perforations in the riddles, and after passing 
through the screens, D, D, are delivered on to the self- 
cleaning screen, E, which is constructed in the manner 
already described. 

Another machine for screening and dressing barley, 
seasoned and prepared for use in a few days only by Messrs 
Davison’s and Symington’s dessicating process, no one piece 
occupying more than ten or twelve days in seasoning. This 
floor is of a highly ornamental character, and is composed of 
upwards of 4000 distinct pieces of wood of various colours and 
qualities, disposed so as to represent the mariner’s compass, 
with the City shield, anchor, and other devices in the centre. 
The woods used are black ebony, black oak, common and red 
English oak, wainscot, white holly, mahogany, American 
elm, red and white walnut (French and English), and mul- 
berry. The black oak employed was a portion of an old tree 
discovered in the bed of the Tyne, and which from its size must 
pay have been 400 or 600 years old at the time it fell. 

fow many centuries it had lain under water, it is impossible 
to say; but it was, of course, saturated with moisture before 
it was submitted to the drying process. The mulberry wood 
introduced is a piece of a tree planted by Peter the Great, 
when he was working in this country as a shipwright. The 
whole floor was executed under the direction and from the 
designs of Mr. Davison. 
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and removing the broken grains, and which turns out 
excellent work, is that designed by Mr. J. T. Poyser, of 
the firm of Messrs. Allsopp and Son, of Burton-on- 
Trent, at whose brewery it is regularly employed. 
This machine, which is made by een Ransomes 
and Sims, of Ipswich, is shown by the illustration 
on page 276, our engraving representing it in its 
most perfect, but not its simplest, form. In this 
machine the barley to be dressed is placed in 
the hopper, shown on the left in Fig. 1, this 
hopper having an opening at the bottom provided with 
a slide by which the amount of grain allowed to pass 
through can be regulated. In falling from the hopper, 
the grain is subjected to the blast of a fan, wae | as 
shown in the section, this blast removing the dust, 
smut, &c. ‘The grain is received on an inclined board, 
which delivers it on to the screen, A, this screen, as 
well as those hereafter mentioned, being mounted ina 
frame which has a rapid reciprocating motion imparted 
to it in an inclined direction, by being coupled by 
suitable rods to a crank on a transverse shaft. The 
arrangement will be understood by reference to Figs. 
1, 2, and 3. 

The grain is, as we have stated, delivered on to the 
screen, A, and any beans, peas, stones, &c., which may 
be mixed with it pass over this screen and down on to 
a second screen, C, over which they also pass in a 
passage leading to the shoot, K, where they are 
delivered. The shoot, K, is provided with an inclined 
perforated plate, shown dotted in Fig. 4, which effects 
the separation of any stray corn which may happen to 
have passed over the screens, A and C, withthe refuse, 
the latter passing over the inclined perforated plate in 
the shoot, and it delivered on one side of the 
machine, whilst the grain passes through the plate and 
is delivered on the opposite side. The refuse which 
passes over the plate, C, is prevented from clogging 
the passages leading from the lower end of that plate 
to the spout, K, by causing it to separate and pass on 
either side of circular blocks of wood placed opposite 
these passages and between the plates C and B. 
These blocks are shown in the plan and section of the 
perforated plate, C, Figs. 5 and 6, and they not only 
serve the purpose we have mentioned, but, by retard- 
ing the progress of the refuse, cause the corn to be 
more effectually separated from it. 

The screen-plates, A and C, have shallow transverse 
bars on their upper sides, and they are perforated 
with openings of sufficient size to permit of the pas- 
sage through them of the grains of barley. The grain 
which passes through the screens is received by the 
plain zine trays, B and E, and by them delivered on 
to the perforated plate, F. ‘This plate is provided 
with transverse bars on its upper side, and over it 
the grain passes down to the screen, G, which is with- 
out transverse bars, but which is subjected to the 
action of a series of rollers, as we shall explain pre- 
sently. A portion of the broken and damaged corn 
and refuse matters of a smaller size than the grains of 
barley pass through the plate, F, and fall upon the 
inclined board, H, down which they are led to the 
perforated plate, L, which is provided with transverse 
Th: damaged corn and small refuse matters fall 
through this plate on to the plate, N, which leads them 
to the perforated and ribbed plate, O, through which 
they fall on to the last perforated screen, P, any refuse 
passing through this screen being delivered Soni 
the machine. 

Any good barley which may have been delivered 
through the screen, F, and over the plate, H, to the 
screen, L, passes over that screen to the plain plate, 
M, which carries it forward and delivers it on to the 
screen, Q. ‘This screen also receives any good grain 
which may have been separated from the light and 
broken grain during its passage over the inclined plate, 
N, and the perforated plates, O and P. ‘The best 
barley passes over the perforated plate, Q, into the 
spout, 8, whilst that which passes through the per- 
forated plate is received by a plain plate, which con- 
ducts it to the spout, R, by which it is delivered at 
the side of the machine as a second sample. 

We must now return to the grain which, passing 
over the perforated plate, F, is delivered to that 
marked G. Whilst passing over this latter screen it is 
subjected to the action of a series of small wooden 
rollers covered with india-rubber, the axes of these 
rollers being carried in slotted holes in a pair of side 
rails in such a manner that the rollers are free to rise 
and allow the grain to pass beneath them. The side- 
rails just mentioned are supported by brackets, which 
pass through long slots in the sides of the movable 
frame carrying the screens, and are bolted to the main 
frames of the machine, so that the rollers have no 
reciprocating motion, the screen-plate, G, passing to 
and fro under them. ‘The effect of these rollers is 








somewhat similar to that of the corrugations in the 
riddles employed in Messrs. Gretton and Abbott’s 
arrangement. They check the downward motion of the 
grain on the screen, and by throwing it up into a series 
of tranverse heaps or waves, greatly aid in causing the 
passage through the screen of any imperfect grains. 

We have ourselves watched Mr. Poyser’s dressing 
machines at work at Messrs. Allsopp’s granaries at 
Burton, and can ‘testify to the thoroughly efficient 
manner in which ‘they separate the perfect and im- 
perfect: kernels, stones, dust, &e. At Messrs. Allsopp’s 
Mr. Joseph Stirk, the a et to the brewery, has 
arranged a system of quick-ragning cotton cords, or 
“flying ropes,” for working these machines. The 
cords are Jed the entire length of the granary floors 
over pulleys supported by light weoden standards, and 
they are driven by one of Sir William Armstrong’s 
water pressure engines, the crank shaft of which is 
connected with the terminal cord pulley by gearing. 
The engine is supplied with water from the hig 
ressure mains connected to the hydraulic hoists, &c. 
The cotton cord is served with a mixture of black lead 
and soft soap, and is found to work well. In using 
the dressing machine it is placed in front of the heap 
of barley to be dressed, and the cotton cord is led 
round the grooved pulley shown in our illustrations. 
As the dressing of the grain proceeds the machine is 
gradually shifted forward, the good grain being heaped 
behind it, whilst the broken grain, stones, &c., are 
removed, By adopting this plan but little manual 
labour is incurred, and the grain has only to be shifted 
through a short distance. 








TECHNICAL EDUCATION. 

Mr. Samvetson, the member for Banbury, has, as 
he was certain to do, obtained his select committee of 
inquiry into the existing provisions for giving instruc- 
tion in theoretical and applied science to the industrial 
classes. We only regret, with Mr. Baines, that a 
royal commission was not appointed instead, as, in that 
case, although there are many practical men in the 
House of Commons, other than themselves, and, be- 
sides these, certain men of science might have been 
enlisted also in the same important inquiry. As it is, 
however, the appointment of a select committee affords 
much grouud of satisfaction; and whatever may be 
the nature of their report, it will be received with un- 
usual interest. 

It is but a year or two since the alarm has been 
raised that we are falling behind continental nations 
from the want of technical education. There are 
those, however, who do not believe that we are falling 
behind, nor that if we were, technical education would 
greatly aid us. That the French, Belgians, and Ger- 
mans, have made great progress none deny, northat they 
thus now make for themselves and others many things 
which we once made for them, but this is no evidence 
of our inferiority. We have the simple fact that the 
cost of labour on the Continent is much cheaper than 
with us, and as long as this is so, all the technical 
education which our workmen may obtain will not 
avert foreign competition with ourselves ix foreign 
markets, nor, possibly, in some cases, in our own. We 
have no monopoly of machinery nor of skill, and any 
superiority we may possess in the physique of our 
workmen is practically compensated by the thousand 
mechanical appliances whereby what once required 
muscular strength now needs hardly more than atten- 
tion and some degree of judgment. 

Yet none can deny the abstract value of education, 
and it is certain that the Royal School of Mines and 
the School of Naval Architecture have accomplished 
much good. ‘lhere is a want of popular schools of 
practical chemistry, teaching the principles and philo- 
sophy of chemical manufactures, and generally the 
chemical processes related to the arts. There is the 
want of schools of practical physics, teaching the 
principles and philosophy of machinery and of con- 
struction. There is no doubt the broad want of better 
general education, and the coming inquiry may, and we 
trust will, lead to a'wellidevised scheme for the pro- 
motion of education, independently of sectarian in- 
fluences. But, as practical men, we must not suppose 
that the education imparted by any schools whatever 
will give us any permanent commercial advantage over 
other nations. Our manufacturers are quick to discover 
and apply whatever will save them money, and although 
there is always a large aggregate amount of prejudice 
to be overcome, there are abundant individual in- 
stances of that true catholic feeling which secures for 
every new mechanical or chemical improvement per- 
fectly fair play, and the most prejudiced soon learn to 
follow where others have successfully led the way. 

Mr. Henley’s observations in the debate on Tuesday 





Marcu 27, 1868.] 


ENGINEERING. 


275 








evening were so pertinent and sensible, that we quote 
a portion of them here. 


He remarked, that of all the strange things which had 
happened during the last two or three years, nothing was 
more strange than the sudden discovery of the extreme igno- 
rance of our artisans and workpeople generally. The strange 
statements he had come across during the last few months 
had caused him the greatest surprise. Not. three years ago 
a sort of general triumph was going on in the country over 
the singular progress of our people, and we were called on 
to rejoice in the marvellous growth of intelligence observable 
in the working man. This progress was so great that the 
wealth of the nation had been doubled in twenty years; and 
what had produced this? The skill of those very men whom 
it had been the pleasure of some persons during the last year 
or two to call all manner of names, in some cases hardly re- 
spectful. That increase of wealth which had been pointed 
to with so much pride had been created by those very men 
who, in his humble judgment, had not received their fair 
share of it. He might be right or wrong, but he thought it 
remarkable that they had heard nothing of this extraordinary 
ignorance both of masters and men; for the masters were not 
spared by many persons, until a kind of stoppage came in 
the great race of prosperity which we were running. Asa 
looker-on, he had read in the papers reports by those who 
had been about the Continent collecting information on the 
subject, and in every such-report it came out-somehow that 
those highly-educated and technically-educated workmen 
abroad always worked longer hours for less money than their 
ignorant English competitors. Whether it was desired to 
reduce English workmen to long hours and short pay, he did 
not know; but that, as far as he had read, was the state of 
things on the Continent under the syste so much com- 
mended. Of all those who had talked about foreign compe- 
tition abroad, not one had asserted that any particular pro- 
cess had been executed by a number of foreign workmen 
because they had been technically educated. It leaked out 
in all these cases that these men had worked longer hours for 
less money than our own workmen. Our men, too, who were 
so ignorant, were sent for all over the world to teach these 
highly-educated people abroad, Last autumn the iron 
workers of the east-end of London were told they must meet 
the “world’s wages.” Some gentlemen went over to 
Belgium, and they published a string of figures. They said 
that things were cheaper in Belgium, but that the work was 
not so good. He had never seen that the foreign workman, 
man for man, could turn out more work by the same process 
than the English workmen. But the masters got the work 
done for less money. He doubted whether, man for man, 
our men would not work the foreigner’ heads off. He could 
only say that he never saw them put to anything that they 
did not do it. 





RAILWAY GAUGES AND CURVES. 


We once listened to an ingenious proposal to mow 
down a regiment of soldiers at one discharge of a 
cannon. ‘To the cannon ball was to be attached a steel 
rope of great strength, but this rope was not to be 
fired “ end on,” as in firing a rope from a mortar on 
shore over a ship in distress. It was to be anchored 
nearly in front of the enemy, but at a good distance 
from the gun, and the gun was to be fired not in front 
of and a¢ the enemy, but from a position more nearly 
in a prolongation of his flank, and in a direction 
which, were the ball not restrained by the rope, 
would send it far clear of him and to his rear. The 
rope, however, was to draw the shot into a curved 
path, in which, if all went as desired by the attacking 
gunners, every man in its swing would be cut down. 
(See sketch.) We will say nothing of the practicability 
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of this scheme, but it will serve to illustrate the fact, 
that supposing no power to be expended in putting 
the heavy rope itself into a sweeping motion, the shot 
would fly as far in lineal distance upon the curved line 
as,in the ordinary manner, straight on. The shot 
would be drawn into the curve with a force equal to 
its own centrifugal force acting by tension, through 
the rope. Ifthe velocity of the shot were 1200 ft. 


per second, and the length of the rope, from the 
anchor to the gun (in other words, the radius of the 
curve) were half a mile, then this force would be 
seventeen times the weight of the shot, or upwards 
of half a ton for a 70 lb. Armstrong shot, or 544 lb. 
for a 32 1b. shot. ‘These, in the respective cases 
instanced, would be the forces which would restrain 
the shot from the rectilinear course in which it 
would otherwise move. But no mechanical power 
would be lost in this restriction. The rope would 
merely swing round horizontally, as a pendulum swings 
vertically, and, although under strain, there would he 
no more exertion of mechauical power (which is the 
product of pressure, or force, ad space) than if a 
weight, equal to the strain, had hung vertically, and 
at rest, from the same rope. Thus circular motion, 
by itself, is attended with no exertion of power exceed- 
ing that of the rectilinear motion of the same weight 
at the same velocity. If we wholly disregard friction, 
it takes no more power to put a fly wheel into rotary 
motion than would be consumed in putting its whole 
mass into motion in a straight line with a lineal velocity 
equal to that of its own centre, or, rather, circle of gyra- 
tion. ‘The consideration of its circle of gyration may be 
dismissed by supposing the whole weight of the wheel 
concentrated in a rim of infinite width in the direction 
of the axis, and of infinite thinness in the direction 
of the diameter. In this case the same power would 
be required to put the rim of the wheel into motion, at 
any given rate of speed, as if the whole weight of the 
wheel were put into motion in a straight line at the 
same speed. 

Going from projectiles to railways there is no loss 
of power, except from the friction between the wheels 
and rails, in merely changing the direction of a train 
from a straight to a curved gourse. This distinction 
was not made sufficiently oer in our article, last 
week, on the 3 ft. 6in. gauge in Canada. Some of our 
readers possibly understood that article as asserting 
that there was an absolute loss of power in merely 
changing the direction of motion of a body moving 
without friction. This was neither intended nor 
strictly inferable ; but the greatest resistance which 
railway curves involve, is in the friction attending the 
change of motion, and we are not now including in 
this friction that caused by the difference in the 
lengths of the inner and outer rails of a curve. In 
other words, were all railway wheels loose upon their 
axles, or, taking an alternative case, were ives car- 
riages always running upon a circular railway of a 
given diameter, and were the wheels upon the inner 
and outer rails of diameters exactly corresponding to 
the circumferences which those rails represented, there 
would still be a very considerable loss of power from 
the want of radiation in the axles. From this want, 
all the wheels of ordinary railway carriages are con- 
stantly rolling, on a// railway curves, out of their true 
direction, and are thus constantly slipping. ‘his 
loss is the same at a// speeds, in passing round a 
given curve, and it depends upon the radius and total 
curvature of the curve, and upon the wheel base. 
The shorter the radius of the curve, the greater its 
total curvature in degrees; and the Jonger the wheel 
base, the greater is the loss. This loss, too, is inde- 
pendent of the width of the gauge. It is necessarily 
the same on a7 ft.ora3ft. 6in. gauge. Taking the 
radius of curvature to the centre of the line, the outer 
rail of the broad gauge would be longer round the 
curve, and the inner rail shorter, than on the narrow 
gauge. On the outer rail the angle of impingement 
of the flanges would thus be less on the broad gauge, 
and the consequent friction, at any moment, less, but 
this advantage would be exactly counterbalanced by 
the greater length of rail as compared with the nar- 
rower guage. On the inner rail of the broad gauge, 
the oblique direction of the wheel upon the inner rail 
would be at a slightly greater angle than on the 
narrow gauge, but the grinding action due to this 
obliquity would be compensated by the shorter length 
of the inner rail over which this action takes place. 

This obliquity of the direction of the wheels upon 
railway curves has nothing to do with the slipping of 
the wheels upon the inner rail, due to the difference 
in length between the inner and outer rails of a curve. 
Were all the wheels loose upon their axles, so that each 
should perambulate* its corresponding rail without 
circumferential slipping, there would still be a large 
loss of power due to the want of true radiation—the 
power wasted in lateral slipping. The power lost in 
circumfereutial slipping is easily calculable, and it is 
so little that the oft-proposed loose wheels would not, 
even on lines of considerable curvature, save enough 


* What a pity that this word is so often perverted from 





its true meaning. 


power to pay for their extra first cost and complica- 

tion, and especially their lubrication. But little as is 

the waste of power resulting from the use of wheels 

fixed to their axles, there is no question that a very 

considerable amount of power 7s consumed gupon 

curves. ‘The excess, which is very much above that 

due to circumferential slipping (if the reader will 

accept this term as representing the slip of the wheels 

on the izzer rail of every curve), is due solely to the 

obliquity of action of wheels which do not radiate to 
the curves over which they pass. There is a popular 
error that a wide gauge requires that the radius of 
curves shall be greater than on a.marrow gauge. It is 
even supposed that, referring only to considerations 
of safety, a train would be more insecure, at a given 
speed, upon, say, a ten chain curve on a broad than on 
a narrow gauge. So far from this, a train is less 
likely to leave the rails at-a given speed, and on 
a curve of given radius, on a broad than on a 
narrow gauge. The super-elevation always given to 
the outer rail of a curve is, other things being equal, 
exactly in proportion to the gauge ; and if one gauge, 
twice as wide as another, has twice as great a super- 
elevation of the outer rail on curves of the same radius 
and for the same speed it will be not only as safe but 
safer. This super-elevation is not a question of so 
many ‘‘inches,” as commonly regarded, but of such or 
such an inclination transversely across the line. Ifwe 
jlace the outer rail, on a 4ft. 8$in. gauge, 5} in. 
1igher than the inner rail, we know that a line drawn 
across the surfaces of the opposite rails would be in- 
clined 1 in 10 from the horizontal, and that the ten- 
dency of the load, were there no resistance from fric- 
tion, would be to slide down thiat incline, and against 
the inner rail. When, by ealeulating the centrifugal 
force of a train going round a curve, we find it to be, 
say, one-tenth of the weight of the train, we know 
that a transverse inclination of the line cf 1 in 10 will 
counteract it, and it is immaterial whether this inclina- 
tion is 6 in. in 60 in, on a 5 ft, gauge, or 8.4 in. 
in 84 in. on a 7 ft. gauge. The super-elevation 
should be, in all cases, directly as the square of the 
speed, directly as the gauge, and inversely as the 
radius of the curve. Super-elevation means, in all 
cases, the resistance of centrifugal force by gravity, 
and it should be expressed, not by so many inches 
height of the outer above the inner rail, but by a 
given rate of transverse inclination, this inclination 
being 1 in 10 where the calculated centrifugal force is 
one-tenth of the weight in motion, 1 in 20 where it is 
one-twentieth, and so on. Where one gauge is twice 
as wide as another, the super-elevation on curves will 
(all else being the same) be twice as great in inches, but 
it will still give the same necessary counteracting in- 
clination across the line. 

With wheels of equal diameter, fixed to their axles. 
there is a loss of power on curves of a given radius 
which is exactly in proportion to the width of gauge. 
This loss is due to slipping on the inner rail, upon 
which the friction of the wheels is always less than on 
the outer rail. The loss in slipping is twice greater 
ona 6ft. than on a 3ft. gauge; but supposing the 
curve to be of reasonably easy radius, say, six or eight 
chains, the relative loss is in either case very little. 
Thus, supposing a curve on the narrow gauge of 45° 
angular deviation, and of fifteen chains, or 990 ft. 
radius (measured, in this case, only to the inner rail), 
the speed of the train, of 150 tons weight, to be 35 
miles an hour. What is the loss by the slipping of 
the wheels on the inner rail? Gauge, 4 ft. 84 in, 

A curve forming 45°, or one-eighth of a circle of 
1980 ft. diameter, would be 777 ft. long on its inner 
and 781.2 ft. on its outer rail, the difference through 
which the wheels would have to slip on the inner rail 
being 3.7 ft. only, One half only of the weight of 
the train, or 75 tons, would slip this distance, and if 


the coefficient of friction was 77 this would give a 


friction of 10 tons, or 22,400lb. And 22,400 lb. 
x 3.7 =82,880 ft. lb. The time occupied in traversing 
the curve at 35 miles an hour, or 3080 ft. per minute, 
would be almost exactly one-fourth of a minute, so 
that the resistance for that time only would amount to 
ee 4— 10 horse power nearly; but if only one 

33, 
such enrve were passed every two minutes, the average 
resistance would consume but 14 horse power. If the 
gauge were increased to 7 ft., the average resistance 
would be inereased to but 1% horse power, and the 
difference would have, practically, no effect upon the 
progress of the train. 

A few enterprising consulting engineers are now 
whipping up business in extremely narrow gauge rail- 





ways abroad. ‘They represent that these lines are 
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inherently cheaper than others of the same strength, 
but of a wider gauge. As we have shown elsewhere, 
however, the difference is scarcely appreciable. And 
they represent that the necessary radius of curves is 
in exact proportion to the gauge. So far from this, 
however, a curve of, say, ten chains radius may be 
adopted with precisely the same safety, for a given 
speed, and with very nearly the same economy of 
power, on the 7 ft. as on the 3 ft. Gin. gauge. 


FORTIFICATION.—No., IL. 





Wer referred in our last article to the unheard-of | 


rapidity with which the Americans formed their en- 
trenchments in the late war. 
the account of the final struggle by Colonel Smith, 
Royal Artillery, Deputy-Adjutant-General. Referring 
to the great movements of the Federals to the left just 


Since then we have seen | 


before the last onset, he states :—‘ It may be important | 


“to here call attention to the method followed by the 
* troops in taking position on this occasion, as on almost 
‘all others, which | was witness to. As soon as a 
* brigade halted in its place, without other word than 
* perhaps company command, the arms were piled and 
* the men broke themselves immediately into working 
* parties to entrench. Of each little squad of twelve or 
fifteen men, a proportion betook to felling trees, a 
second to arranging them in the direction of the 
intended parapet, a third to carrying them (or other 
wood, especially fence rails, where procurable) up to 
the disposal of the second, and a fourth to throwing 
“up earth to the front of the logs with their picket 
shovels. ‘These latter work with all their might till 
out of breath, when other men relieve them at the 
shovelling, and so on, so that each man gets one or 
* more turns at it before the completion of the work ; 


- 


> 


of earth is kept flying into the required place. 


this manner I saw a breastwork, perfectly effi- 
cient against musketry fire, thrown up along the 
entire front of a brigade in forty minutes, much 
emulation going on all the time among the various 
‘squads and regiments. 


- 


If time allowed, the men 


and, in the light soil of Virginia, a constant stream | 


In | 


next proceeded to ‘ slash’ the woods in front of the 
“ position, then to assist advanced sentries and 
“ piquets in forming rifle pits, and only then to pre- 
“ pare their meals. No doubt that the line which I 
“saw occupied would become a formidable fortifica- 
“tion by night; but the general told me that he 
“expected to move forward before dark, and that 
“ neither he nor they would grudge the work in the 
“mean time.” Tuis was the rule throughout this 
last campaign. The ground gained in advance was 
immediately entrenched, the breastworks for the most 
being formed of logs. This feature of the war is re- 
ferred to with great force and clearness by Colonel 
Chesney, Royal Engineers. Referring to the pecu- 
liarities of the terrain, he says:—‘*Of these most 
“ patent of all is the facility with which abattis are 
“created even in the midst of battle. This was a 
“ striking feature in the Chancellorsville campaign of 
“ Hooker. It was,so in nearly all the struggles of 


| “ this terrible war, but most of all in the attempt of 





“Grant to force his way to Bowling Green through 
“ the Spottsylvania woods, in which contest the greater 
“ part of the actual fighting was about log breast works, 
with which every hundred yards gained was instantly 
entrenched. Indeed, these latter battles have rather 
resembled rough sieges than European general 
“actions. Hence their long continuance, so puzzling 
“to the non-professional reader.” He most aptly 
compares this system of advance to siege operations. 
‘The long entrenchment line described by Colonel 
Smith is a siege parallel without the zigzags. 

Figure 6 is the profile of a parapet, ditch, and glacis, 
constructed with considerable care and with as much 
method to decrease the strain of labour as possible. 
The interior slope of the parapet is supported (made 
the least possible) by the aid of brushwood, as we have 
shown, and the adhesive character of the clay of which 
the mass is built. The glacis is in the production 
(has the exact incline) of the superior slope, @ 4, and 
is, at its crest, 5 ft. below the plane of the defilade. 
From the coincidence of the slope of the glacis with 
the incline of the superior slope, a mouse could hardly 
make its way from the front into the ditch if the 


“ 


“ 


“ 

















marksmen behind the parapet were disposed to regard 
itas anenemy. The earth from the ditch is raised in 
layers (which we have indicated by dotted lines), and 
steps are left to facilitate the operations, which are 
cut away when all the larger masses are raised to the 
upper surface. 

Perhaps we should here explain that the plane of 
defilade is a plane supposed to pass through the supe- 
rior crest of a work parallel to the plane of site,—the 
plane of the ground whether horizontal or inclined. 

Figure 7 shows the profile of the stronger works in 
the Diippel defences. Their superior crests (as a) had 
a command (or height) above the plane of site of 
12 ft., the exterior crests had a command of 10 ft., 
the thickness of the parapets was 15 ft., the incline of 
the exterior slope, 4 c, was 45°, and in the direct line of 
the escarp, c d. No berm was left for the reason that 
it often greatly facilitates escalade. The depth of the 
ditches was 15 ft., the width at the bottom 15 ft. The 
counterscarp had a slope of ?, the figures as they 
stand representing the relative positions and the pro- 
portions of the height and base. The width of the 
ditches at the top was consequently 37} ft. The glacis 
in each was 3} ft. in height at the crest, and their 
plane in the prolongations of the superior slopes. The 
interior slopes of the parapets were ¢, and well rivetted. 
The banquettes, which were 5 ft. in breadth and 4 ft. 
below the superior crest, were reached from the terre- 
plein by steps, as we have shown. Palisades were 
placed in the ditches and counterscarps, or rather 
Jraises in the latter, as palisades are termed when 
placed in the escarp or counterscarp. ; 

Figure 8 is the profile of a work with very formid- 
able accessories, abattis in the ditch and on the brow 
of the counterscarp—a frown of defiance that ardent 
assailants would little relish. 

We have here the mass of the parapet fixed by its 
necessary strength and command ; the depth of the 
ditch we have also fixed at 15 ft., and with this and 
the sectional area of the parapet we must calculate 
the width of the ditch. The area of the section a 6d 
is 6x3x4=9; that of ee f, 44x1x}=2}; that of 
ef gh (4$+24) 13x 4=454; that of g hi, 24x24 
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x$=%=34; that of the rectangular surface, bdiz 
(4+13+2$) 3=58}; that of i 2 y, 3x3x4=44. 
Hence we have the total sectional area of the parapet 
9 + 24 + 453+ 33+ 583+4$=1222, which, divided 
by half the depth of the ditch, gives its width 


=) 1633 ft. 


(1923+¥=—— 
15 

The earth dug up for the bed of the abattis on the 
outer side of the ditch is formed into a glacis or cover- 
ing mass that nearly prevents their being seen by the 
enemy till they impale or stop him less painfully, and also 
—— their being blown away, as abattis have often 
een by the assailant’s artillery in front. ‘The only way 
such a line of abattis could speedily be removed would be 
by enfilade fire—by a battery standing at right angles 
to the prolongation of the line. They are often placed 
considerably in advance of a defensive work, but 
always within the line of its most effective fire, to 
stop and delay the assailant where he is most com- 
pletely exposed to the maximum destructive force— 
the fullest impact of the defensive missiles. For this 
class of obstacles the trees have their smallest branches 





















part, sometimes the whole of the mass; in bomb- 
proofs, mines, galleries, palisades, chevaux-de-frize, 
abattis, and even in rifle-pits. Abattis are never any- 
where neglected by a prudent general when he can ob- 
tain them, either when labouring to hold his position, 
covering his retreat, or advancing and securing the 
ground he has gained. 


After Massena found himself powerless to break 
through the natural and artificial obstacles (which 
seemed to vie in boldness and strength) of the lines 
of Torres Vedras, and retired to Santarem, the first 
evidence the British had of his determination to hold 
this as the central point of his position was when they 
heard the sound of the strokes of the axe and the fall- 
ing trees in the neighbouring woods, and saw the 
commencement of a triple line of abattis. 

Captain Macaulay, Royal Engineers, Professor of 
Fortification at the Royal Military Academy, Wool- 
wich, says: ‘One of the best obstacles that can be 
** formed is an abattis, consisting of stout trees, well 
‘twisted together, stripped of leaves and branches, 
“the large ones being pointed and turned towards 
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cut off, the stronger pointed as we have shown. They 
are seldom set upright, as seen in the ditch in Figure 8. 
As a rule, they are laid horizontally, picketed to the 
a as in this instance, with their branches inter- 
aced. When the trees are heavy the interlacing of 
the branches is not necessary, but in either way, when 
thus laid, it is hardly pessible to remove them. They 
are such an important accessory to the defence, that 
we shall make an effort to specially fix the reader’s 
attention upon them. We have quoted a reference to 
their extensive and important use in General Grant’s 
advance upon Richmond by Colonel Chesney, Royal 

ineers, Professor of Military History in the Staff 
College (Sandhurst), author of “ Campaigns in Virginia 
and Maryland,” &c. Everywhere in every movement 
in this terrible war they were most extensively used 
in field-works, in parapets, from the heaviest to the 





simplest, as revettments, sometimes forming the greater 
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“the enemy presenting to them a great number of 
* points.” 

Fig. 9 is nearly a fac-simile of a most formidable 
arrangement of obstacles designed by him, wherein 
he has very judiciously given the most prominent 
place to a line of abattis. The fraise here shown 
are 4${t. in the parapet, and otherwise firmly fixed 
as indicated—viz., spiked to small beams or ribands, 
one in the body of the parapet, another on the berm, 
aud an auxiliary to these is the upright stake. 

But we must return to our illustrations of the merits 
of abattis. 

' A-road or ravine may be closed by them so as to 
make its opening a very serious undertaking. To 
artillery and cavalry they are a most serious pA 
and terribly fatal when defended by a powerful flank 
fire. Long before the American war they were found, 
where trees were plentiful and men ready—like our 


engineer soldiers and many of the volunteers—with 
the saw and axe, io be one of the most readily con- 
structed obstacles. In-the Lines of Torres Vedras 
they were a most important part of the artificial 
defences. Sir William Napier says of Massena, when 
= 07 by these far-extended barriers: “The ground 
“about Aruda did not give a view of the troops, 
“ although he frequently skirmished to make Crawford 
“show his force; but that general, by occupying 
* Aruda as an advanced post, had rendered it impos- 
“sible to discover his sitnation without a serious 
“affair, and, in an incredibly short time, he secured 
“his position in a manner worthy of admiration. 
“ Across the ravine on the left a loose stone wall, 16 ft. 
“ thick and 40 ft. high, was raised; across the great 
* valley of Aruda a double line of abattis was drawn, 
“ not as usual of the limbs of trees, but of full-grown 
“ oaks and chestnuts, digged up with all their roots and 
“ branches, dragged by main force for several hundred 
* yards, and then reset and crossed, so that no human 
“ strength could break through. Breastwork at con- 
“venient distances to defend this line of trees were 
“cast up; and along the summit of the mountain for 
“an extent of nearly three miles, including the salient 
“ points, other stone walls, 6 ft. high by 4 ft. in thick- 
“ness, with banquettes, were piled up. Romans never 
“ raised greater works in the time.” 
One of the most striking records we have of the im- 
ortance of abattis is given by Major Straith as an 


incident of the Mahratta war of 1817 and 1818. A 
division of the British army were engaged in the re- 
ducing of Peishwa’s fortresses in the Concan. The 


mountainous district made the movement of their siege 
train very difficult. But this difficulty was terribly 
increased by the enemy by laying trees across valleys 
and ravines, for most part supported by both direct and 
flanking fire from seatehiocks and iron rockets. He 
says: “Had these strong positions been at all 
*‘ adequately defended, they might have cost the 
“advancing army dear to effect a passage from the 
“impossibility in many cases of moving the artillery 
“and stores by the flanks. And even when these had 
“been turned by the light troops, and the position 
“ gained, with serious loss of life on both sides, the 
“ progress of the army was still further delayed uutil 
“ the gigantic abattis could be burned down—the only 
“way of effecting a passage, thereby giving time to 
“the retreating army the better to prepare their 
** adjacent fortresses for a siege.” 








NOTES FROM THE NORTH. 
G.ascow, Wednesday. 

State of the Glasgow Pig-Iron Market.—Since I last wrote 
the pig-iron market has been somewhat quiet and even dull, 
unless on two days when there was a moderate amount of 
firmness displayed. Prices have varied a little. On Friday 
they were moving downwards, and 52s. 74d., ten days, and 
52s. 10d., cash, were accepted; but since then there has been 
an improvement. Yesterday 52s. 9d. and 52+. 104d., cash, and 
from 52s. 11d. to 53s., a month, were paid. To-day a fair busi- 
ness was done at 53s., nine days, and 53s, i4d.,onemonth. The 
export trade in pig-iron is recovering itself a little. Last week’s 
shipments from the Scotch ports amounted to 10,844 tons, 
which is only 678 tons less thun for the corresponding week 
last year. No. 1 Coltness and No. 1 Gartsherrie have not 
changed since last report ; they are still selling at 59s, 57s. 6d., 
respectively. 

ew Seam of Cannel Coal in Fifeshire—A new seam of 
cannel coal of excellent quality and of considerable thickness has 
just been found near the Dysart coal field, in Fife. It is ex- 
pected to add greatly to the mineral wealth of the district. 
The seam is only sixty feet from the surface. 

The Coal Trade of Lanarkshire.—The coal trade still con- 
tinues dull, without any very marked signs of improvement. 
This arises not so much from less coal than usual being re- 
quired at this season of the year, as on account of many of the 
ironmasters, whose pig-iron furnaces are not in blast, sending 
coal into the market, and thus lessening the demand upon the 
regular traders, who do not expect coal to return to its usual 
channel until the furnaces now standing are put in operation. 
At present coal is in as low price as it has been for the last 
ten years. The masters in the Motherwell district do not look 
forward to an early rise in prices, and therefore are not stocking 
their coal, but working their pits on short time, and in many 
of them work is altogether suspended; but in some districts 
stocking is being continued. ‘The coalmasters on the Lesma- 
hagow Railway have so small a demand that many of their 
wagons are standing loaded beside the pits waiting for orders. 
Usually their own wagons are not enough for the traffic, and 
then they require all the Caledonian Company can spare them. 
It is stated that one firm last week declined a large order of 
coal to be laid down at Greenock at something less than 7s. per 
ton. Considering that 3s. 8d. is the charge for railway dues, 
and that there are the workmen’s wages, mineral lordship, and 
tear and wear of machinery, such a price can scarcely be remu- 
nerative. 

The Iron Trade of Lanarkshire.—The iron trade is decidedly 
more cheering at present than it has been at any period durin 

the last eighteen months, and a brisk summer is expected. 
The accounts from the shipbuilding yards on the Clyde are very 
encouraging. The demand for new steamships seems to be 
maintained, and there is a reasonable prospect of fresh orders 
coming in to replace those now being executed. Hence the 
malleable iron manufacturers are generally well supplied with 
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orders; and makers, who have hitherto been compelled to accept 
almost any terms for plates and angle iron, are now beginning 
to be a little firmer in their quotations, especially for forward 
delivery. ‘The merchant mills are pretty well employed, and in 
some instances sufficient orders are on hand for the next eight 
weeks. The mills at Motherwell, Mossend, and Parkend are 
well employed; but at Calderbank they are not as yet regularly 
engaged, and yet the présent rate of production is something 
like 10,000 tons per year, Inquiries from both the home and 
foreign lines for rails, &c., are coming more readily to hand, 
which makes it probable that there will be a steady trade in rail- 
way material for the summer months, The new works erected 
at Dandyvan by Mr. Ellis have been started, but as yet they 
are not in full working order. The pig-iron trade of the county 
is more animated than it has been for some time. The im- 
provement in the finished iron department is naturally reacting 
on the demand of the pig iron, which is now tolerably brisk ; 
but a number of the furnaces at Summerlie, Gartsherrie, Lang- 
loan, and Carnbroe are still out, and large stocks remain on 
hand. At Calderbank the Monkland Iron and Steel Company 
are about to blow in another furnace—this makes nine in all. The 
accounts from the engineering, tube, casting, and boiler-making 
establishments are decidedly of a more cheerful tone. Various 
employers in the Wishaw, Motherwell, Airdrie, Coatbridge, and 
Glasgow districts are enlarging their premises, and this is war- 
ranted by the symptoms of returning !ife in the home trade 
generally, except in the oil trade, in which there is no improve- 
ment whatever. Many of the moulders are still out on account 
of the sirike and lock-out, and consequently the demand for 
foundry iron is not very brisk. 

Edinburgh and Glasgow Railway.—An influential meeting 
of the shareholders of this railway, now incorporated in the 
North British system, was held in Glasgow this week, to con- 
sider the right of the chairman and directors of the North 
British Railway to make a new bridge over the Forth at Alloa, 
and a line from Coatbridge to Glasgow, so long as the share- 
holders of the Edinburgh and Glasgow Railway were receiving 
no dividend. The meeting strongly condemned the execution ot 
any new works whatever, and it was agreed that a remon- 
strance on the subject should be made to the chairman and 
directors in the first instance, and that should this be without 
effect, every opposition should be given to the proceedings of the 
directors. 

The North British Railway.—This unfortunate system is 
again before notice of the shareholders and the general public. 
The directors have just issued a very elaborate report in anti- 
cipation of the balf-yearly meeting to be held on Friday, the 
27th inst. It gives considerable prominence to the Forth bridge 
and Coatbridge line projects. 

Dingwall and Skye Railway.—On Wednesday last, a public 
meeting was held at Dingwall, for the purpose of considering 
the nature of the opposition offered to the Dingwall and Skye 
Railway Bill, by Sir William Mackenzie, of Coul, and Duncan 
Davidson, Esq., of Tulloch. There was a large attendance. In 
the course of the proceedings it was stated that the opposition, 
if successful, might compel the promoters to abandon the line 
altogether, or at least cause them to take the eastern terminus 
away from Dingwall, ani start from the Muir of Ord Station. 
The following resolutions were agreed to: 

“ That the construction of the proposed Dingwall and Skye 
Railway will confer great benefits on the inhabitants of the 
county of Ross, and upon the whole North-Western Highland 
and the Hebrides; and that the bill now before Parliament is 
one deserving the cordial support of the community. 

“That the natural eastern terminus of the proposed railway 
is the burgh of Dingwall, the county town of Ross; and this 
meeting strongly deprecate any attempt to change the terminus 
from that enacted by the Act of 1865, 

“ That the opposition to the bill, in so far as public interests 
are concerned, is unjustifiable, and it is with pain and surprise 
that this meeting learn by whom it is made. 

** That the level crossings on the public roads near the town 
of Dingwall will be productive of no inconvenience to the public. 

** That the promoters of the bill are entitled to the gratitude 
and thanks of the community for the efforts they have made 
in endeavouring to carry out this undertaking, and this meeting 
specially desire to thank Mr. Alex. Matheson, M.P., chairman 
of the company, for the public spirit he has manifested in pro- 
moting this and other works and improvements of public im- 
portance in the north of Scotland.” 

It has since been stated that Mr. Davidson has withdrawn 
his opposition to the bill for this proposed railway. 

Royal Scottish Society of Arts.—A meeting of the Royal 
Scottish Society of Arts was held on Monday last in their hull, 
George-street, Edinburgh—the president, Mr. Robertson, C.E., 
in the chair. Professor Archer delivered a very interesting 
address on “ Curiosities of the Paris Exhibition,” for which he, 
on the motion of Mr. Thompson, C.E., received the cordial 
thanks of the society. Two papers, entitled “ Description of a 
Platinum and Silver Retort,” and “Report on Mr. Winton’s 
Improved Means of Drawing off Water from the Main,” were 
read and remitted to a committee, 

Meeting of Certificated Engineers.—On Monday night a 
meeting of engineers in Greenock, holding certificates of servi- 
tude and competency, was held in the Mechanics’ Institution, 
for the purpose of forming an association to see that the Mer- 
chant Shipping Act should be strictly carred out in the pas- 
senger steamers on the Clyde in regard to engineers. An asso- 
ciation was subsequently formed under the nme of the Scottish 
Certificated Engineers’ Association. A presicent and committee 
were appointed, and it was agreed that a peti:ion should be sent 
to the Board of Trade asking that the Act should be carried out, 
and that engineers in the river steamers who do not hold certi- 
ficates should be prevented from serving in these vessels. ‘The 
overloading of steamers was fully discussed, and it was resolved 
that it should be made one of the objects of the association to 
prevent that as far as possible, and that the Board of Trade 
should be memorialised on that subject also. 

Glasgow Association of Assistant Engineers.—The usual in- 
termediate meeting for discussion was held last week, when Mr. 
David Andrew, of Greenock, exhibited a model and explained 
the principles and workiog of his patent rotary and reverberatory 
steam by which arrangement the amount of friction pro- 


duced is very small compared with the power attained, and the 


consumption of steam materially reduced. The subject gave rise 
to a very interesting discussion. Mr. Robert Lindsay next in- 
troduced the subject of the relative advantages of high and low 
pressure and single and compound steamengines. Mr. Lindsay 
also brought forward some carefully executed diagrams show- 
ing the relative speeds of the piston and crank pin, and the 
power given off by engines at different parts of the stroke. The 
subject was warmly debated, and votes of thanks were awarded. 

Formation of a Chemical Society.—Glasgow has long been 
famous for its intimate connection with chemical manufactures 
on a large seale, but hitherto there has been no society in 
existence in the city specially organised for the consideration 
and discussion of the thousand-and-one subjects of interest 
which are continually arising in connexion with this department 
of manufacturing industry. Henceforth this state of things is 
not to exist, for on Monday night last a meeting was held in the 
hall of the Philosophical Society for the formation of such a 
society as is desiderated. The meeting was quite a success, 





and a society was formed, the same to be an offshoot from the 
Philosophical Society, but not exclusively consisting of its mem- 
bers. There is such an interdependence between applied 
chemistry on the one hand and physics and mechanical en- 
gineering that I fully expect the forthcoming meetings of the 
new chemical society will bring forth ample materials well 
worthy of the attention of readers of ENGINEERING. I shall 
keep on the alert so as to be able to notify any subjects of in- 
terest that may be discussed at the society’s meetings. 

The Baxter Professorship of Engineering.—As is indicated 
by your report of the proceedings at the Edinburgh Conference 
on Technical Education, Sir David Baxter made reference to 
the above-mentioned professorship. Some months ago I stated 
that the gentleman just named had given the munificent sum of 
50002. to endow a chair of engineering in Edinburgh University, 
on condition thet the Government would give a like sum. More 
recently | mentioned that the Government had acceded to the 
condition. An engineer was next to be sought out to fill the 
chair. Sir David Baxter and his friends fixed upon a gentle- 
man, and recommended him to the Government for the appoint- 
ment. It has not yet publicly transpired who the gentleman is, 








but Lam now able to announce that the professor-elect is Mr. 
Fleeming Jenkin, C.E., and that in all probability he will begin 
his duties next winter session. 





Ir is nearly a century since the birth of Richard Trevi- 
thick, and of his wife, Jane Harvey; her own maiden name 
so long associated with that of the great engineering firm of 
Harvey and Co., at Hayle, in Cornwall. Trevithick died 
thirty-five years ago, but his widow, almost a centenarian, 
passed away only on Saturday last, at Pencliff, not far from the 
famous factory where so many of the largest and finest 
Cornish engines ever made have been constructed. 

Trevithick was the real inventor of the locomotive. He 
was the first to prove the sufficiency of the adhesion of the 
wheels to the rails for all purposes of traction on lines of 
ordinary gradient; the first to make the return flue boiler, 
the first to use the steam jet in the chimney, and the first to 
couple all the wheels of the engine. The drawing of his first 
locomotive is now in the Patent Museum at South Kensing- 
ton. This drawing was not made, as has been so generally 
supposed, by himself, but by John Llewellyn, a mining agent, 
at Merthyr. One of his pupils, John Roe, was not long ago 
living, and he supplied a correspondent to our pages with many 
particulars of the old engine, as did also Rees Jones, who, at 
the age of twenty-one, worked onit. The engine made one or 
more trips from Pen-y-darren to “ Navigation,” but broke a 
large number of the cast-iron tramway plates with which 
the line was laid. After this it worked for two or three years 
between the blast furnaces and forges at Homfray’s works at 








Pen-y-darren. Mr. Menelaus, of Dowlais, has still in his 
possession the gun metal seat of the four way cock of one ot 
l'revithick’s fixed engines. This cock served as the valve, 
and the arrangement was somewhat extensively employed 
before the adoption of Murdoch’s slide-valve. 








THE HAMMERSMITH TRONWORKS. 
Some months ago (vide page 81 of our last volume) we 
described, in an article entitled “ An Engineering Factory,” 
the admirably planned works of Messrs. John and Henry 
Gwynne, at Hammersmith. We did not at the time mention 
the name of the firm to whom the establishment belonged ; but 
as we have received numerous inquiries for further particulars 
of the works, we have had a two-page engraving of them pre- 
pared, and this we publish this week. As we stated in our 
former notice, the factory is not of large extent, but it is 
exceedingly well arranged, and is fitted up throughout with 
the most modern appliances ; and its moderate size will make 
it only the more useful as a model to young engineers about 
to establish a factory for themselves. In our engraving, 
Fig. 1 is a transverse section, and Fig. 2 a general elevation, 
of the foundry; Fig. 3 is a section of the smithy; Fig. 4a 
section of the fitting shop; Fig, 5 a general plan of the 
works ; and Fig. 6 a section of the carpenters’ and pattern- 
makers’ shops, and pattern loft. The references to the 
general plan are as follows: 

1. Pattern Shop. 


15. River Crane. 





2. Foundry. 16. Railways and Turntables. 
3. Erecting Shop. 17. Weighing Machine. 

4. Smithy. 18. Crane. 

5. Boiler House. 19. Blower. 

6. Sand and Loam Mill. 20. Store. 

7. Core Oven. 21. Cranes. 

8. Trimming Shop. 22. Pit. 

9. Foundry Store. 23. Stable. 

10. Urinals. 24. Offices. 

11. Engine Store. 25. Workmen’s Dwellings. 
12. Paint Store. 26. Portable Forges. 

13. Chimney Shaft. | 27. Blast-pipe. 


Cupolas. 
The foundry is a little gem in its way, and full of neat 
dodges, new and good. ‘The walls are very light, only a 





brick thick, for the roof is carried t wholly on iron 





columns, and the cranes, which swing to cover every of 
the floor, are tied to these by horizontal tie-rods iating 
from the top spindle of the crane. The floor itself is 6 ft. in 
depth of moulding sand, and plenty more of fine, admirably 
open, and just sufficiently binding sand may be had, for the 
digging, on the spot. One of Woodward’s steam-jet cupolas 
is employed. It is very small, but it brings down the iron 
as if it were tallow, and there is room besides for a larger 
one. It works with but 1 ewt. of coke to 14 ewt. of pig, 
and this is about as good practice as is ever made, except 
with the freest-running Scotch irons. The cupola has, too, 
as all cupolas should have, a drop bottom, so that when the 
cast is over, down goes the cinder into a pit, where it is 
quenched, and afterwards raked out. 

The roof the foundry is made, as are all the roofs, to allow 
of ventilation, a series of overlapping Z-shaped louvre boards 
along a step on each side of the roof, permitting the free 
escape of air, while preventing any intrusion of wind or rain. 

The smithy, has three pairs of double fires, back to back, 
the blast supplied by one of Roots’s blowers. About one- 
third of the width of the roof, on each side of the ridge, is 
glazed with rough — to admit light, and this glass projects 
about a foot beyond the upper longitudinal edge of the cor- 
rugated roofing below, and is also a foot clear above it, leav- 
ing a clear open passage on each side for smoke, but through 
which rain cannot beat in. 

The erecting shop, with the tools all on one floor, has a 
good deal of special construction about it. The owners of 
the ad wy teow: had run up a brick wall about 10 ft. high 
along their bound Now it would not do to build into 
nor upon this wall, but it was utilised nevertheless. A range 
of brick piers was built against it, and arches were turned 
between these, at a height of 7 ft. or 8 ft., and a little brick- 
work carried along above to support the countershafting and 
a little of the weight of the roof. A good bit of brickwork 
was saved in this way, and “ my neighbour’s” wall is neatl 
whitewashed between the piers, and forms the veritable oa 
of the factory itself. As with the foundry, the brickwork of 
the erecting shop is very light, the traveller and the greater 
part of the roof being supported on iron columns. The 
machine tools are ranged next the dead wall already men- 
tioned, and are lighted from a skylight along the roof on 
that side. The work-benches are on the opposite side, and 
are lighted by side windows looking into the yard. The 
construction of the roof, as a whole, and the supports of 
the traveller are peculiar. The traveller, to lift 20 tons, is 
formed of a pair of box girders, is worked wholly from the 
centre, and, by the strength of one man, is up and down the 
factory as if it were a locomotive. There are a few also of 
Richard Roberts’s friction windlasses, as used by him, thirty 
years ago, at the Atlas Works, Manchester, fixed to the iron 
columns. 

The countershaft brackets, instead of being bolted to the 
side wall of the building, are fastened by T-headed bolts, the 
bolt-heads taking into grooves in a line of cast-iron wall- 
plates extending the whole length of the factory. A counter- 
shaft may thus be fixed anywhere along the wall, according 
to any required change in the position of the tools, and with 
no trouble whatever. The same plan—and it is an excellent 
one—has been adopted in the new machine shop at Swindon, 
and, in a slightly different form, wall-plates applied in this 
way have long been in use at the shops of the Great Eastern 
Railway Company, at Stratford, and at a few other works. 

The store-room and pattern-shop form an exception to the 
other buildings, being three stories in height, and having the 
side looking into the yard formed almost entirely of large 
windows. The patterns—and there is quite a stock already 
—have all those parts which are to be faced or finished 
painted red asa guide to the moulder, the ends of the core 
prints being painted white. All other parts are black. 

The store sheds, loam sheds, room for clearing castings, 
urinals, &c., are all admirably arranged. Of the offices and 
general system of working, and management of the workmen, 
we need not now say anything, beyond this, that none of the 
workmen are union men, but that they have a benefit society 
of their own, and pay each 6d. weekly to the sick fund, to 
which also all fines, &c., levied by the masters are paid in. 
The men also job their doctoring and surgery, a hospital 
doctor visiting them for so much a year, and being partly 
paid by the masters. 

In conclusion, we should state that our engraving has 
been prepared from a drawing kindly supplied to us by 
Messrs. John and Henry Gwynne, by whom the works have 
been planned in all their details. 


PURIFICATION OF IRON ORES. 
To THE EprTor oF ENGINEERING. 

Srr,—In your issue of the 13th instant you did me the 
honour to draw attention to my plan for the “ Purification of 
iron ores.” 

If the de-phosphorising and de-sulphurising of the ore can 
be accomplished, no doubt both honour and pecuniary reward 
await the inventor; but, as you justly observe, many experi- 
menters are at work, and many schemes have been pro- 
— and abandoned, or patented, to be relegated to the 

imbo of good intentions. 

Being no novice in chemical and metallurgical science, I 
believe I have discovered a cheap and efficient process for 
the accomplishment of the desiderata named, as in numerous 
experiments on a small scale I have achieved success. At 
present I am engaged in testing my method on such a scale 
that, if like results follow, the purification of iron ores from 
phosphorus and sulphur may be considered settled. 

_It has been said that “Language was given to man to 
disguise his thoughts.” I do not pa this sentiment, but 
would venture in referring to your strictures on the phrase- 
ology of my specification to submit the great difficulty of 
describing . chemical combinations which have hitherto 
escaped professional research. In due course, however, your 
readers shall have full information. Meantime, hoping you 
will favour me by inserting this letter in your valuable 
paper, I am, Sir, your obedient Servant, 

Epwarp Youne. 

Oughtibridge, Sheffield, March 25, 1868. 
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PUBLISHER’S ANNOUNCEMENT. 











The permanent circulation of ENGINEERING is 
greater than that, collectively, of all the weekly en- 
gineering journals published in London, at the same or 
a higher price, and it is very rapidly increasing. 














Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NovvEAU PoRTEFEUILLE DE L’ INGENIEUR 
pEs CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue InstiTUTION oF Civit EncineEns.—Tuesday, March 
31, at 8 p.m. “The City Terminus of the Charing-cross 
Railway.” By John Wolfe Barry, M. Inst. C.E. 

Soctety or EnGinEERs.—Monday, March 30, at 74 P.M. 
Special General Meeting for Consideration of Proposed 
Alterations in, and Additions to, the Rules and Bye Laws 
of the Society. 
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ENGLISH MACHINERY IN AMERICA. 


Tue engine with which Robert Fulton succeeded in 
establishing steam navigation on the River Hudson 
was made by Boulton and Watt, and the first loco- 
motives worked in America were made by Stephenson, 
Bury, Forrester, Braithwaite, and other English engi- 
neers. A Canadian correspondent sent us, a short 
time since, a large photograph of a locomotive engine 
made by Stephenson in 1835, and which had worked 
regularly, down to the end of 1867, on the Bangor, 
Oldtown, and Milford Railway, in Maine. A large 

uantity of cotton machinery was formerly made in 
this country to American orders, and we believe that 
a considerable quantity is still being shipped. We 
have seen many of Whitworth’s tools in the States, 
especially at Lowell, and there is more than one large 
steam hammer in American forges bearing the name 
of Nasmyth. Indeed, we believe that Messrs. Thwaites 
and Carbutt, of Bradford, have very lately shipped 
steam hammers to the States. The American railways 
have from the first been dependent upon us for English 
railway iron and steel, the iron masters and steel 
masters of that country being unable to compete with 
us even with the protection of a heavy import duty. 
There are, we believe, but ¢o manulactories of iron 
tubes in the States, but although one of these, in 
Philadelphia, is of large size, great numbers of English 
tubes are still imported. The wire in the great 
Suspension bridge at Niagara was all made by Messrs. 
Johnson and Nephew, in Manchester, and so was that 
in the great suspension bridge at Cincinnati, a bridge 
having a single span of 1057 ft. In 1865 an iron 
bridge nearly a quarter of a mile in total length was 
made, partly by Messrs. Fairbairn and Sons, and partly 
by the London Engineering and Shipbuilding Com- 
pany, for the Hartford and New Haven Railway 
Company. The American makers would not under- 
take the work, including erection, for less than 56/. 
im currency, per ton, a sum then equal to about 30/. 





in gold. Within a year or two, considerable amounts 
of heavy machinery for American ironworks and 
Bessemer steel works have been made in Manchester 
and Leeds, not because the construction of such ma- 
chinery was not well understood in the States, but 
solely because it could be much more cheaply, if not 
also better made here, taking into account, too, freight, 
insurance, and duties on importation. 

In Canada, too, there are considerable locomotive 
factories, and an ad valorum duty of 124 per cent. is 
still, we believe, levied upon locomotives imported 
from without the “dominion,” as Canada is now de- 
signated. Yet Mr. Eaton, so well remembered by 
English engineers as the able assistant of Mr. Beattie 
on the London and South-Western line, and who is 
now locomotive superintendent of the Grand Trunk of 
Canada, is having twenty-five engines made in Glasgow. 
We should add, however, that they are strict copies 
of American outside-cylinder engines, and are as 
different as possible from the English pattern. Mr. 
Eaton, like all locomotive engineers who go from 
among us to America, became an early convert to the 
really superior design of the American locomotive, a 
machine which, despite its somewhat extraordinary 
appearance, its apparently straggling structure, and 
the variety and weight of its cast-iron details, will, 
nevertheless, run cheaply, easily, and most effectively 
where English engines, if they worked at all, would 
only break the rails or jump from the line as they 
went along. 

But we can say nothing in favour of the American 
screw engine, which is but a clumsy copy of the Eng- 
lish type. Nor of their large paddle engines either, at 
least those of the under-deck arrangement for ocean 
steamships. The Americans have never been success- 
ful either in constructing or working Transatlantic 
steamers. The Collins line was always breaking down, 
the Pacific of that line having never been heard of 
after leaving Liverpool early in 1856, and the Arctic 
having been lost in a collision, although watertight 
compartments and bilge inlets to the air pumps would, 
in all probability, have kept her afloat. The Atlantic 
was on one occasion 42 days out, having broken down, 
and the Adriatic was greatly cut about in the con- 
struction of her engines, and has never achieved more 
than average results. The American war vessels, until 
the recent completion of the Wampanoag, have been 
slow tubs, around which the captains of many of our 
ships could steam at their leisure, even when the 
Yankee was under full steam. Even the Wampanoag’s 
engines are enormously heavy for their power, and are 
excessively over-boilered. ‘The American Government 
should give orders in England for its marine engines. 
Patriotism is all very well. Mr. Lincoln’s Govern- 
ment saddled upon the great Pacific Railway the ex- 
clusive use, with all their cost, of rails of American 
manufacture. But in the engines of war ships, the 
Americans have more at stake than in the strength and 
durability of the Pacific rails, which will have hardly 
been three years in use before it will be found that 
they are failing, as the rails failed, last winter, on the 
Erie Railway, and that they must all come up to be 
replaced with steel, probably of English manufacture. 
As a matter of economy, English marine engines, 
taking quality of workmanship into consideration, can 
be put down in New York more cheaply than engines 
of the same or other design could be made there, and 
we have reason to believe, from what we can learn of 
the American engines, that ours would be found far 
more economical in working and maintenance. 


COMPETITION AND LOCUS STANDI. 

Mr. Dopson brought on his motion on Tuesday 
evening, in the House of Commons, for repealing the 
Standing Order No. 131 on Private Bills, which now 
gives to railway companies locus standi for opposing 
competing schemes upon the sole ground of compe- 
tition. It was sufliciently certain that the strength of 
the railway interest in the House was too great to 
permit of such a motion being carried, and, as was 
generally expected, it was, after discussion, withdrawn. 
Mr. Dodson observed that he brought forward his 
motion chiefly to elicit discussion, and he proposed to 
still leave to railway companies the privilege of oppos- 
ing any undertaking for lines to towns already served 
by them, on the ground of “ want of public advantage.” 
He mentioned, incidentally, that in the last fifteen 
years alone, between ten and twelve millions had been 
spent by railway companies in legal and parliamentary 
expenses. This sum should suffice to make a first- 
class railway 400 miles in length, and it is a grave 
question whether its expenditure under the system of 
parliamentary inquiry has afforded the least real pro- 
tection to public or private interests, and whether it 

















has not thus been wholly wasted. One half of the cost 
of opposition in committees is believed to be incurred 
on the sole ground of competition, the invasion of what 
are sometimes supposed to be the vested rights of rail- 
ways to given territories or districts. What if we 
should some day come to “ free railway laws,” such as 
have been in successful working for the last fifteen 
years in four of the principal American States, viz., 
New York, Ohio, Indiana, and Dlinois? Railways 
can be built in these States upon any route for which 
money can be raised, the railway companies having 
compulsory rights of purchasing all necessary lands by 
agreement, attiteation, or a verdict in court. The 
theory—and it may not be an unsound one in any 
country—is that every line that will pay is, in the very 
fact of its paying, of public advantage, and ought, 
therefore, to be built, and it is held that capitalists are 
better judges of the chances of profit than any com- 
mittee of inquiry can be, and that capitalists ought 
therefore to be left to themselves. 








RAILWAY REFORM. 


Tue amount of capital now invested in the railways 
of the United Kingdom is about 475 million pounds, 
The annual gross earnings are about 38 millions, or 
exactly 8 per cent. upon the total of shares and loans, 
while the nett earnings are about 20 millions, or nearly 
43 per cent. It is no doubt possible to increase the 
gross earnings without increasing the nett return ; and 
pons. on the other hand, the nett percentage might 

e increased without increasing the ratio of gross re- 
ceipts to capital. 

The question of what can be done to improve the 
condition of this enormous property is now one of the 
deepest concern, not only to the commercial public, 
but to many thousands of private individuals. 

As to increasing the gross receipts, the question is 
a purely commercial one upon which we need not 
enter at any length. Earnings will naturally in- 
crease with the improvement of trade, but we leave 
political economists to argue the question whether the 
receipts would be further increased by raising or by 
lowering fares and freights. But it is for engineers to 
consider what may be done to lessen working ex- 
penses. To reduce these, ‘however, without the 
practice of a short-sighted economy—the penny wise 

olicy which can save enormously for a year or two, 
Dut at the expense of a much ‘greater outlay after- 
wards—engineers must go out of their ordinary prac- 
tice, and do something different from what they are 
doing now. ‘!'o dothis they must sacrifice some or all 
of their prejudices. If they believe in nothing new, 
then they must do something which they don’t believe 
in. Not that they need sacrifice their conscience 
either, for it is often the case that we refuse to believe, 
because we lack the capacity to understand, or the 
candour to admit. If a locomotive superintendent or 
a permanent way engineer has a pateut it is wonderful 
how little difficulty he has in making it work. If the 
patent belongs to some one having no position upon a 
railway, and no interest, it is wonderful how imprac- 
ticable it is, unless its merits be so great and indis- 
putable as actually to force it into use. 

But what is this something to be? What is to be 
done? Mr. Fairlie has lately and most ably called at- 
tention to the necessity and to some of the conditions 
of railway reform, and Mr. Samuel has followed up the 
subject in a letter which has appeared in the City 
article of the Zimes. The great remedy of both these 
gentlemen is the keeping down of dead weight, and 
in Mr. Fairlie’s case ie shows what may be saved by 
the adoption of his improved engine, now working, as 
we know from disinterested and the most responsible 
authority, with good success on the Neath and Brecon 
Railway. 

But how are we to save dead weight in trains? 
We are told that we are to run fewer trains, and trust 
to their being better filled. Less passenger train 
mileage and larger earnings per mile. On this point 
it must be said that there is nothing new in the sug- 
gestion. ‘The instincts of every railway manager 
would inevitably lead him to secure the maximum of 
traffic with the fewest and best filled’trains. He 
would do this without suggestion, still less persuasion. 
His only answer to the recommendation is, ‘‘ We have 
“tried it, and it won’t do.” Leaving out the excep- 
tional cases of great traffic, such as that attending 
races, reviews, festivals, &c., traffic managers must 
always be prepared for the ordinary maximum, even 
although the passengers actually booked may fall far 
short ofit. Passengers must know with certainty when 
they can travel by rail, and they will not give notice in 
advance as to when it willsuit themtodoso. Nor will 
they, in this country, be packed as passengers are packed 
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upon compulsion on the French railways, where there 
is no competition and no effective public opinion. 
And they will have speed and punctuality if they can 
getit. The public have enjoyed all the luxuries of 
railway revelling too long to forego them now. If it 
be said that they ought to pay . fares than they 
now do, we need not discuss the question. It has 
nothing to do with the reduction of dead weight, which 
rightly implies that the accommodation is to be main- 
tained quite equal to what it is at present. : P 

Speaking from a purely engineering point of view, 
the great hope of railway companies is in the improve- 
ment of their permanent way. Upon this, all ques- 
tions of working economy hinge. With mechanically 
perfect railways the resistance would, excepting that 
from the atmosphere, be constant at all speeds, and on 
a straight level line they would not exceed 6 |b., or at 
most 8 lb. per ton, where they are now from twice to 
three times that amount. So greatly have we per- 
mitted the resistances to accumulate that they ap- 
proach, in comparison, to those of steep gradients, and 
it is common enough to hear it said that a gradient of 
1 in 100 only doubles the average resistance on a 
level, or that 1 in 50 only increases it threefold! A 
man might as well tolerate an attack upon his liver, or 
the plague of rheumatism, supposing he could get rid 
of it, by saying it only lessened his physical or mental 
powers by one-half or two-thirds. Could we keep the 
tractive resistances down to what mechanical science 
and abundant practice with fixed machinery teaches us 
they should be kept to, a gradient of 1 in 100 would 
increase the resistances to fourfold, and one of 1 in 50 
to eightfold what they would be on a level, and we 
should soon learn that such gradients were not to be 
tolerated except under the most pressing exigencies, 

It is not necessary, here, to attempt the description 
of the structure of a perfect railway, but it is certain 
that it is mechanically possible to make a railway as 
true as alathe-bed. And a line possessing such truth, 
and worked with rolling stock in perfect order, would 
show a nearly constant resistance, except from the 
atmosphere, at all speeds to which we are now accus- 
tomed. This result once attained we could greatly 
diminish the weight of rolling stock, not but that 
something might be done for carriages even now by 
the more extended use of steel in the framing, roofs, 
panelling, draw irons, &c. We should have 15 ton 
engines doing the work which now requires those of 
30 tons, and in this way an addition of possibly 1 per 
cent. might be made to the present nett return of 4} 
on the whole capital of British railways, the working 
expenses being reduced to 34 per cent. of the gross 
receipts instead of 48 per cent. as at present. To 
pay an additional ¢wo per cent., as has been declared 
possible with the present traffic receipts, would require 
just this : that the working expenses, many of which are 
wholly independent of the condition of the way or of 
locomotive ecomony, should be but 22 per cent. of the 
present gross receipts. We sincerely wish, while wholly 
doubting it, that this result was indeed possible of 
attainment by any, even the most revolutionary, means 
of railway reform. 








WHEATSTONE’S AUTOMATIC 
TELEGRAPH. 

Tuts instrument is being worked with much success 
by the Electric Telegraph Company, and the rate of 
specd attained by its means is perfectly marvellous. 
The messages are punched out upon strips of paper, 
and are sent with a rapidity far exceeding the mani- 
vulative skill.of the most experienced operators. 
rhe punching system was introduced by Bain in 1848, 
but it was never practically employed, owing princi- 
pally to the coarse nature of telegraphs in those days, 

oth in the construction of apparatus and the erection 
of lines. Sir Charles Wheatstone has, however, re- 
duced the construction of telegraph apparatus to a 
condjtion of beauty and finish only exceeded by the 
delic&te workmanship of the chronometer or watch. 
maker; and our numerous telegraph engineers 
Clark, Warley, Culley, &c., hav@go far improved the 
construction of owr English phs that there 
is little left to be desired either in efficiency or dura- 
bility. The automatic instrument works with a speed 
aud regularity between London and Newcastle that a 
few years ago would have been absolutely impossible. 
Neither rain nor wind, fog nor snow, offer obstacles to 
this delicate apparatus ; but night and day, through 
sunshine and storm, it does its work with a regularity 
and efficiency that is highly creditable to its gifted in- 
ventor, and to the maintainers of our telegraph com- 
munication. 

A improvement has receutly been effected by 
Mr. Culley, the indefatigable and zealous engineer of 





the Electric Telegraph Company, in the preparation 
of the punched paper ribbon. In the ordinary way, 
the punches are struck by pieces of vulcanite held in 
the hed but Mr. Culley has placed above each punch 
a small cylinder containing a piston acted upon either 
by vacuum or compressed air. The use of the pneu- 
matic apparatus throughout the great building of the 
Telegraph Company in Telegraph-street enables this 
plan to be adopted with great ease. The valves are 
worked by finger keys as light in their touch as those 
of a pianoforte. The softer sex who operate these 
instruments in Telegraph-street have their labour ren- 
dered as gentle as their natures. Punching is effected 
with the greatest ease, and with much more rapidity 
than before. And, moreover, the principal beauty of the 
apparatus is that itis not patented. Patents are some- 
times more than nuisances—theyare bugbears. A scien- 
tific man, in order to protect himself from the rapacity of 
others, must either publish his ideas or patent them. 
He cannot always ensure publication, and therefore he 
is compelled to patent. The chief merit of a patent in 
the present state of the Patent Laws is that it prevents 
any one else from preventing the inventor from using 
his own ideas. That a patent always implies property 
is simple moonshine. A celebrated patent agent once 
stated that he could drive a coach and four through 
any specification, and it is generally believed that a 
patent is of no value until it has passed through the 
ordeal of the Court of Chancery, an ordeal that usually 
lasts about ten years, and costs some thousands of 
pounds, A patent frequently also means theft—robbery 
of ideas. A novel patent is generally followed by a 
score of others doing the same thing in a different 
way. ‘The later pateutees affect considerable indigna- 
tion if they are accused of piracy. The honesty of 
the present age is such that a man far more frequently 
peruses a specification to see how he can evade it 
than to acquire instruction from its pages. The 
whole system introduces a species of morality that is 
neither pleasant to contemplate nor creditable to those 
concerned. Mr. Culley has avoid this prospect by 
contenting himself with simple publication. Would 
that all our scientific celebrities would foll6w his good 
example. 








USE OF ARTIFICIAL STONE IN INDIA. 


No one who has given the subject their attention 
and consideration, can question the fact, which has 
already been more than once pointed out in this 
journal, that Ransome’s patent silicious stone is 
destined to achieve a world-wide reputation. Profes- 
sional men, not only in England but elsewhere, are 
beginning more fully to recognise the value of this 
important discovery. To those who are acquainted 
with the simplicity of the process of its manufacture, 
and the nature of the material produced, it may at 
first appear somewhat surprising that Ransome’s 
patent stone has not, as yet, been more extensively 
adopted ; but this may partly be explained by the fact 
that, like all other great truths, when once admitted 
it upsets preconceived ideas and practice. 

We have now before us copies of the reports of two 
‘eeemgqein a officers of the Government of India, who 
1ave employed the material in that country under th 
most disadvantageous circumstances, which prov 
beyond doubt, its suitability for the public works 
that country. We may, therefore, sincerely coh- 
gratulate the Government of India on what has been 
already done, for it is clear that if these results be only 
followed up, and the manufacture of this material 
established on a firm footing in India, they will reap a 
reward such as it is at the present time hardly possible 
to anticipate. 

The economy of employing artificial stone is not 
confined to such places as are far removed from beds 
of the natural stone, but it may also be most econo- 
mically employed even in the immediate vicinity of 
good quarries, particularly in cases where it is required 
to produce many pieces of the same pattern, such as 
bases and capitals for columns, cornices, &c., in con- 
sequence of the great saving of labour effected by its 
use, one mould being sufficient to produce any number 
of pieces of the same pattern, however richly and 
elaborately decorated its design may be. . Such being 
the case where natural stone is obtainable, the value 
of an artificial substitute possessing all the qualifications 
of simplicity iw manufacture and durability, which so 
eminently exist in Ransome’s Patent Concrete Stone, 
must be very considerably enhanced in localities far 
removed from any natural source of supply. ‘ 

Owing to the absence of building stone in many 
cured India, bricks are almost exclusively used for 

uilding purposes, and any decorations, when at- 
tempted, are.limited to the same material coated over 


with plaster, a substitute wanting alike in a an 

and durability, and totally unsuited for ea the 
— to which it is often, out of necessity, applied. 
‘or many constructive purposes, too, bricks are not 
only unsuitable, but an actual source of weakness, as 
has been proved generally where they have been used 
for the flooring of canal falls. The want of stone in 
the vicinity of the Ganges Canal naturally led to the 
use of bricks for all the permanent structures in that 
great work. The falls have consequently proved a 
constant source of trouble and anxiety, partly owing 
no doubt to the somewhat excessive slope given to the 
canal bed, but in a great measure also to the non- 
durability of the material used in their construction. 

Few records exist relative to the various kinds of 
building stone found in India, or of the localities 
where such stone exists. The principal sources of 
supply are in the neighbourhood of Gwalior, Allaha- 
bad, Agra, Mirzapore, Midnapore and Orissa, Trichi- 
nopoly and South Arcot, the Neilgherry Hills and 
Mysore, .the Eastern Ghauts, South Arcot, Nellore, 
Caddapah, &c. The Rajmehal Hills, in Bengal, the 
rocks of Central and Western India, and many other 
localities also contain many varieties of stone suitable 
for building purposes, but there does not appear to be 
anywhere obtainable detailed accounts of them. ‘The 
Sylhet limestone in the Khari Hills, to the north-east 
of Bengal, is well-known, but it is principally used for 
burning into lime. 

The great distances of many parts of India from 
the above-mentioned, or any other sources of stone 
supply, renders its use entirely prohibitory, except at 
a cost quite out of all proportion to its value, and this 
is particularly the case in most of the lower parts of 
the Bengal Presidency. A case in point may be in- 
stanced, the palace recently erected for the Nawab 
Nagim, at Moorshedabad. ‘The nearest point whence 
suitable stone could be procured for this building is 
at Chunar, distant about 500 miles, and even there the 
sandstones are of a very inferior @escription, being full 
of faults and veins; the supply, too, could only be 
obtained at certain seasons during which the Bag- 
huiruttee river is navigable. This heing the case, the 
architect for the Nawab Nazim’s palace, Mr. G. W. 
Vivian, C.E., determined to try the use of artificial 
stone for certain parts of the building, when it appears 
from papers relating to the subject now before us that, 
after including freight from England, import duties, 
&e., the highly decorative stonework, supplied by 
Ransome’s Patent Stone Company, actually cost less 
per cubic foot than the simplest and plainest stone- 
work, including steps, paving slabs, and such like, 
tendered for the same building from the Chunar quar- 
ries. In a letterto Mr. Ransome on this subject, Mr. 
Vivian remarked, “ When I commenced the new re- 
“ sidence for H.H. the Nawab Nazim (it being a 
“large structure, one building occupying an area 
“about 420 ft.x130 ft.), I was desirous to obtain 
“‘ something more durable than ordinary plaster-work 
“for the external capitals, finials, trusses, and other 
“ finishings. The only material available was an in- 
“ferior sandstone procurable at Chunar at a high 
“cost; and feeling doubtful as to the character 
“of the workmanship I should obtain, I deter- 
Amined on trying your patent stone. The result 
“ has been most satisfactory. The greater portion has 
w been set for more than two years, subject to alternate 

rains and heat, such as are only known in a tropical 
“ climate ; it appears (if possible) better now than when 
“first set; it has the same spontaneous crystalline 
“ surface, appears more indurated, and perfectly free 
“ from vegetation or fungus.” Quite recently Major 
Haig, under whom the works for the improvement of 
the Godavery navigation are being carried out, in his 
report of 1st November last, says: “The preparation of 
“ the cut stone for the sills, quoins, arches, and inverts 
“of the side culverts has, meantime, been carried ov, 
“ affording employment to the masons ; and some ¢x- 
“periments have been made in the manufacture of 
“ artificial stone by Ransome’s process, the material§ 
“for which, sufficient for a considerable quantity of 
“ stone, have been received from England. ‘The result 
“ is that we find that we can make excellent stone by 
“this process, but that the cost is likely to be con- 
“siderably higher than I had anticipated. The 
“ principal advantage sought to be derived from this 
\* substitution of artificial for natural stone was, how- 
“ ever, not cheapness, but the saving of labour which 
« is effected wherever an article made, or partly made, 
“in England or elsewhere, can be supplied in lieu of 
“one made upon the spot. The want of labour, - 
“ difficulty in collecting it in sufficient quantity, an 
“of retaining it, being the t difficulty which we 
“ have to contend with on this river, every substitute 
“ which machinery, steam, or art can afford is a great 
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« gain, and in this way I have no doubt that we shall 
« derive valuable assistance from the use of the patent 
* stone.” 

The two instances above cited of the successful 
employment of the Patent Silicious Stone in India, 
refer in the one case to where the stone was manufac- 
tured in England and then sent out, and in the other to 
where the materials were sent from this country to 
India, and the stone itself was manufactured there. 
In order, however, that India should derive all the 
advantages to be obtained from the use of artificial 
stone, it is clear that, so far as practicable, the 
material itself should be manufactured in that 
country. The necessary plant, which is both simple 
and inexpensive, should be set up in localities where 
its use is most likely to be largely in demand, and the 
formation of the complete stone carried out there on 
a large scale; wherever large public works are being 
carried out, such a manufactory might be established 
with great advantage, to say nothing of the economy 
in point of cost and saving of time which would most 
probably follow the adoption of such a course by the 
Government. ’ ' ’ 

Sand and limestone, the staples required in this 
manufacture, are both procurable in abundance through- 
out many parts of India. In almost every locality 
there are numerous hill streams which bring down, 
during the flood seasons, large quantities of clean 
sharp sand, quite free from alumina, which may be 
had for the cost of collection, aid where a cheap 
water carriage is available. Any quantity could be 
delivered at the side of the works at a merely nominal 
price ; and limestone is procurable in numerous locali- 
ties. Caustic soda for preparing the silicate of soda, and 
crude-muriatic acid for the chloride of calcium might 
still have to be imported from England, but all the 
other materials, as we have already shown, exist in 
great abundance, and are easily obtainable in India. 

No site could be better chosen for the establishment 
of a central factory than at Akra, where the manufac- 
ture of Government bricks is now carried on, as it 
possesses the advantages of a water frontage, close 
proximity to Calcutta, plenty of available land, and 
the bricks required for the buildings, &., are to be 
had on the spot. It would clearly be much to the 
advantage of the public service were such a factory 
established by the Indian Government, as labour and 
carriage are both considerably cheaper in India than 
in England, and much of the manufacturers’ profits 
would be saved. The Government itself would have 
the greatest demand for such stone, for the public 
buildings in Calcutta, and particularly in connexion 
with the great extension of irrigation works likely 
soon to be carried out in Lower Bengal, as well as in 
connexion with the numerous other public works of 
thead joining districts; and it is the Government, there- 
fore, who are most deeply interested in the establish- 
ment of its manufacture in India. Failing any such 
action on their part, there would appear to be an 
ample field for the employment of private capital for 
the same purpose, and doubtless any company formed 
with that object would be able to obtain very favour- 
able concessions from the Indian Government in con- 
sideration of a mutual agreement as to the terms upon 
which the various classes of manufactured stone work 
should be supplied to them for a certain term of 
years. 








BROKEN RAILS. 

On another page will be found a report from the 
general manager to the chairman of the Erie Railway, 
one of the principal American lines. This report con- 
tains the remarkable statement that at least ome thou- 
sand iron rails were broken on that line in the month 
of January last, and that February would show a still 
worse result. An American engineer, in writing to 
us recently, mentioned the fact, that on the Hudson 
River Railway, a heavily worked line 144 miles long, 
one hundred and thirteen iron rails were found to have 
broken in a single day during a period of sudden and 
extreme cold. On the Canadian lines, also, the breakage 
of rails has been very great. The past winter has 
been one of the severest known for years in Canada 
and the United States. Both the Grand Trunk and 
Great Western Railways of Canada were lately blocked 
for two whole days with snow, snow so deep that not 
a train could be got through. The followipg week a 
thaw set in, and such work did it make that t 1e traffic 
a again stopped for a couple of days more. But 
the cold, before the snow and before the thaw! A 
subscriber to this journal wrote us but a few weeks 
ago from near Riviere du Loup, a trib ary of the St. 
, wrence, that it was then 41° below Zero, or 73° of 
ost, @ point only shown by a spirit thermometer, as 





it is a little below the point of congelation of mercury. 
At Toronto the cold was not so intense, but it was 
very much below zero. It is such weather, as ob- 
served in Mr. Riddle’s report, which is so fatal to 
iron rails; and it is the experience of such weather 
that led Mr. Brydges, the general manager of the 
Grand Trunk Railway, so strongly to recommend 
that only steel should be used for renewals upon that 
line. Going from Canada to Russia, the engineer of 
an importaut line in that country has had upwards of 
200 broken rails taken out during the winter. It 
may well excite wonder that but few, if any, acci- 
dents have ensued in consequence of such failures. 
Now and then, however, they do occur. It is not 
many years ago since the Great Northern Company 
were cast in 13,000/. damages for the loss of a single 
life in consequence of the breaking of a rail at Hat- 
field. The Board of Trade reports upon railway acci- 
dents show many and alarming, but not always 
fatal, casualties of this kind. A fortnight ago a para- 
graph appeared in our columns describing how a train 
was thrown off an American line, in consequence of a 
broken rail, the carriages being overturned, and one 
burnt, the passengers providentially escaping from 
the wreck. 

It is thus while the iron masters are lecturing the 
engineers upon the great superiority of “leather” 
over steel, and upon the great importance of “ iron-at- 
any-price ”—the higher the price the better; not 
necessarily for the iron but for the maker. And it is 
thus while a few permanent way engineers, a great 
minority, are splitting hairs over impracticable ques- 
tions of interest and compound interest, discovering 
nothing in their gropings but a certain advantage 
in durability of p oo over iron. For where there 
are hundreds of breakages of iron rails, there is 
hardly one of rails made of iron in its best form, 
viz., steel. 








THE TELEGRAPHS TO INDIA. 

THE unsatisfactory nature of our present means of 
telegraphic communication with India is again de- 
servedly occupying public attention. The Times dealt 
with it in an able article on the subject three weeks 
ago, and on ‘l'uesday last a meeting of merchants, 
bankers, and Members of Parliament was held at the 
Mansion House to consider this important subject, 
and to take steps for bringing the matter before Go- 
vernment and the House of Commons. 

The present means of telegraphing to India consists 
of the network of English and French, Dutch, Prussian, 
Italian, Austrian, and Turkish lines, and the whole 
length of the Persian Gulf cable on the one hand, and 
of the Prussian, Russian, and Persian lines, and of 
that: portion of the Persian Gulf cable lying eastward 
of Bushire on the other. 

A message delivered in England passes, therefore, 
through the hands of at least five different administra- 
‘ions on both routes. 

Messages have to pass, therefore, at times through 
the hands of English, Dutch, French, Italian, and 
German clerks before even they arrive at Turkey. 
Here the clerks employed consist of every possibly 
known, and even unknown, nationalities: “ Jews, 
proselytes, and Greeks,” Armenians, Poles, Smyr- 
nites, Arabs, Wallachians, Egyptians, Turks; while 
some can scarcely be called of any nationality at all, 
having, perhaps, French mothers, Polish fathers, but 
being born in Constantinople and educated anywhere. 

It may easily be imagined, by any one who has had 
a little experience of sending telegrams in English on 
foreign lines, what the chances would be of a message 
arriving in London without a mistake from India, 
after running the gauntlet through such a host of 
dangers, even if there was some slight degree of re- 
sponsibility on the part of the different administrations. 
As it is, however, there is evidently not the shadow of 
even moral responsibility, for the simple reason, that 
if a mistake is made, it seems practically impossible 
to trace even where this occurs. Theoretically, it is 
supposed that if a sender of a message finds that 
his message has been received in a perfectly ille- 
gible state, that by applying at the office where 
he gave it in, he will get his money back. ‘This 
appears to be only a pleasing little fiction invented 
as a practical joke on the unfortunate public, the 
idea of such a thing as the tracing of the fault to 
the delinquent administration being only as absurdly 
impossible as the improbability of any foreign Govern- 
ment ever reimbursing, of its own accord, any money 
already received or credited to it in England or India. 

The evidence given by several merchants before the 
select committee on East India communications in 
1866, shows clearly how aggravating the then state of 








telegraphic communication both with and ia India 
must have been to commercial men. Mr. J. Green’s 
(of the firm of Ralli Brothers) evidence clearly shows, 
not only that gross mistakes and delays occur, but 
that the most evidently wilful alterations are made in 
the messages—we must add in this case ix India. 
Other merchants gave evidence of the continual state 
of mutilation and delay, which has been but slightly 
improved even within the last three years, that tele- 
graphic communication with India has been opened. 
With regard to reclamation, Mr. H. Nelson, in reply 
to the question, “ Do you find great difficulty in 
“ making reclamations upon the present companies ?” 
said, “1 do not think we.ever get any reclamations 
* for blunders; we never get any answers. We have 
* tried the two routes by way of comparison, and we 
“ take notes of the respective sins and the blunders, 
“ that they made, and the first thing we do when we 
* get a complaint about a telegram is to send a clerk 
“ to the office; he is received by a dirty little boy who 
* looks through a little hole something like a railway 
* pay on. and says that he knows nothing about it, 
* and he seems rather glad that he does not know any- 
“thing about it, and there he hopes the thing will 
“end; then we write a letter to the secretary, and 
“the secretary says that he is exceedingly obliged to 
“us for calling the attention of the company to this 
“ blundering, and that he will pass it on to the next 
“ station.” 

Of course, absurd as it seems, that ¢s, under the 
existing state of things, all the secretary of either of 
our English companies can do. He can only hand the 
complaint to the Dutch or French Governments, who 
hand them on to the Prussians or Italians, who perhaps 
hand them on to the Turks, who, if they receive them, 
leave them alone, and so the whole matter is buried 
without the possibility of anybody concerned having 
even the power of enforcing redress. 

As a proof of the difficulty of obtaining any money 
reimbursed from foreign Governments, it has been 
stated that the Indian Government has, during the 
last three years, recovered 10/. from foreign adminis- 
trations, although it has paid over 400/. for faults 
which did not occur on its lines merely as a matter of 
favour. Of course it is quite evident that nothing 
can be easier than for each and every administration 
to deny that any particular mistake is made on their 
lines, and as there is no umpire to investigate and 
decide on the matter, even if all used recording Morse 
instruments and preserved the slips (which they do 
not), the possibility of a fault ever being traced depends 
on the existence of an absolutely perfect morality, and 
a conscientiousness amounting, if necessary, to self- 
immolation in the cause of truth, extending through 
every officer, from the Director-General down to the 
meanest clerk of every telegraphic administration—a 
state of things which we can only hope for at the 
same time as the millennium. In the mean time it 
appears that any mistake or even wilful alteration in a 
telegram is utterly beyond the possibility of discovery 
or punishment. With such immunity from penalty, is 
it surprising that errors and delays continue? In- 
deed, when we reflect on the innumerable obstacles 
that a series of separate foreign and independent ad- 
ministrations must cause to rapid, regular, and reliable 
telegraphing, it seems strange that any one should 
ever have hoped for or expected anything better than 
that which we have at present, even before we had 
had three years’ trial to prove the impossibility of 
such a system ever being satisfactory. 

A line throughout the whole route to India, under 
one administration, is, it is now acknowledged, the 
only hope of obtaining the full advantage of the elec- 
tric — for communication with India, and until 
that is effected, we cannot think of extension eastwards. 
For let any one propose to himself the question, If 
the words “ high lands” arrive from Suez od Constan- 
tinople as “ zighaiands,” what it would arrive like if it 
came all the way from Australia under the same 
system of detached and irresponsible administration, 
finally plunging between India and England, into the 
same arrangement for churning up English as that 
which now exists ? 


The defects of our present means of communication 
with India are not, however, entirely confined to the 
system of multiple and irresponsible administrations. 

he actual mechanical means are insufficient for continu- 
ous telegraphic communication. We will admit that 
the English, Dutch, Prussian, and French lines are well 
constructed, and that, from there being several different 
routes to Turkey and another to Persia vid Russia, 
there exists, mechanically speaking, a sufficiency of 
alternative lines to counterbalance the improbability of 
the whole of one route being perpetually in working 
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order. But from Constantinople only one line of 
telegraph exists to Bagdad, and this runs across a 
mountainous district that renders its maintenance 
difficult during winter. The only alternative to this 
line (or rather to the whole route vid Turkey) is the 
Russian line, joining the Persian lines at the Russo- 
Persian frontier. We know little of the Russian line: 
but it may be easily conceived that this line does not 
ass through the most civilised country, whilst the 
| costes lines from Teheran to Bushire, though con- 
structed (and no doubt ably so) by one of our Royal 
Engineers, pass through wild and mountainous dis- 
tricts, where they have been frequently interrupted 
during the winter for weeks togethier. 

At Fao the Turkish lines and at Bushire the Russo- 
Persian lines join the Persian Gulf cable, and thus up 
to Bushire we have two routes to India. The land 
line between Bagdad and ‘Teheran admits of an alter- 
native line between Bagdad and Bushire (for the 
Turkish route) should the land line between Bagdad 
and Fao be interrupted by the Arabs, or in the event 
of the Fao-Bushire section of the Persian Gulf cable 
being interrupted, contingencies which have never 
occurred since the line was opened in 1865. Between 
Bushire and Gwadur, however, ¢elegraphic communica- 
tion with India is entirely dependent on the single 
Persian Gulf cable, from Gwadur to Kurrachee the 
cable being supplemented by a very wretchedly con- 
structed land line, which has, however, we understand, 
been lately improved. 

Now the Persian Gulf cable is undoubtedly the best 
constructed, and best insulated length of telegraph on 
the whole route between England and India, and it is, 
moreover, properly worked by an English staff. But 
it is contrary to all our experience of such matters to 
expect any length of telegraph, whether land or sub- 
marine to remain perpetually in working order. 
Cables, like every other engineering work, require 
maintenance, and although in some cases portions of a 
cable may, in some part of the route, by lying on some 
soft even ground, without stream or tide or exposure 
to the motion of the waves, be favoured with a very 
long life, it is unreasonable to expect that on a lengti 
of some 1300 miles, laid in moderate depths, the whole 
should last perpetually without requiring renewal or 
repair. 

Two sections of the Persian Gulf cable—viz., the 
Fao-Bushire and Bushire-Mussendum sections—have 
never been out of order since first laid. The Kur- 
rachee-Gwadur and Gwadur-Mussendum sections have, 
however, often failed through chafing on rocks, and, 
in one case, the cable failed suddenly on smooth 
ground, and was found completely buried at the fault, 
as if by voleanic action. ‘The means provided for re- 
pair and maintenance, however, has always allowed 
the cable to be repaired promptly, and, in most cases, 
it has been deviated and improved in its route. 

To make any length of telegraph dependent on a 
single cable, is to act on principles quite contrary to 
the experience we have of telegraphic work. A sub- 
marine cable, while in order atall, is in a more perfect 
state of insulation and order than a land line. The latter 
will be one day in splendid order, and the next be imper- 
fect, through wet or foggy weather, so that the more dis- 
tant stations cannot be telegraphed to, and this with- 
out any absolute mechanical break down. Again, the 
complete interruptions on a land line, such as those 
caused by a wire or insulator breaking, or even posts in 
some places breaking, are more frequent than on a sub- 
marine line, although, where a break-down does take 
place on the latter, its repair occupies days, if not 
weeks. Renewals to land iines can be effected with a 
little ingenuity without interrupting the _ traffic, 
whereas this would be extremely difficult, if not im- 
possible, on submarine lines. A submarine cable for 
any length—whilst giving for even very long periods 
a far more continuously perfect and regular com- 
munication than a land line—must inevitably be sub- 
jected at intervals to interruptions for repair and 
renewal. By having two or more cables on one route 
in sections of moderate length, one line throughout 
could, except in most extraordinary cases, be joined 
up throughout, whilst certain portions of the dupli- 
cate line are under repair. This method of dividing 
into sections is most important, since we get by it 
more than the advantage of merely two routes; for, 
just in proportion to the shortness of the sections 
into which the line is divided will be the improbability 
of the same section of the two or more lines being out 
of repair at the same time. 

The Mussendum and Gwadur section of the Persian 
Gulf cable is out of repair at the present moment, and 
the whole telegraph to India is stopped. The Malta 


and Alexandria cable has been broken down for the 





last month, and all telegraphic communication with 
Alexandria, vid Malta, is interrupted. Yet we venture 
to assert that, in the case of the Persian Gulf cable, out 
of 1300 miles, only a quarter of a mile or so is really 
requiring repair. With a duplicate line and shorter 
sections a dozen such places might be out of repair or 
under renewal without interruption to the traffic 
throughout the line. Such a system would coustitute 
the most perfect telegraph. 

We shall revert to the whole subject in our next. 


AMERICAN MARINE ENGINES. 

Tue performance of the United States unarmoured 
ship of war Wampanoag, which we report on another 
page, does not—remarkable as it is reported to have 
been—increase our respect for the American type of 
screw engine. Of their beam engines, with their 
timber framing, we need say nothing further than that 
they are undoubtedly well adapted to large river boats, 
and we believe there is no dispute as to their good 
behaviour in large mail steamships on the Pacific 
Ocean. ‘They are, however, wholly out of the ques- 
tion for vessels of war. Nor until the building of the 
Wampanoag have tlhe Americans ever turned out a 
fast war steamship. There was always a waut of 
steam, or else the engines would not stand driving at a 
rate to work up the steam. At last Mr. Isherwood, 
the chief of the “ Bureau of Steam Engineering,” 
determined that there should be 1% hitch for once, and 
he designed the Wampanoay’s engines to drive that 
vessel at the highest rate of speed yet attained ina 
vessel of war. This is now reported to have been 
done, but the alleged result would appear to be 
as much due to the proportions of the ship as 
to the power of the engines. The hull has much the 
same proportions as that of the Cunard mail steamer 
Persia, and the load draught is but 19 ft. A hull, 
342 ft. 8 in. long, and but 45 ft. 2 in. wide, should, of 
course, go fast through the water when drawing but 
19 ft., {and driven by engines of from 4000 to 5000 
indicated horse power. In this case, unfortunately, 
neither the indicated power nor the immersed midship 
section is given. But we have the size and speed of 
the engines and the maximum pressure of the steam. 
The cylinders are 100 in. in diameter, the stroke 4 ft., 
the mean revolutions 31.06 per minute, giving the 
very slow piston speed of 248} ft. The boiler pres- 
sure averaged 31.97 lb., and if the vacuum was as 
much as 12.53 Ib. in the cylinder, and even if we allow 
for neither wire drawing, expansion, or compression, 
but assume the full boiler pressure to have reached 
the pistons, we shall have but 5253 indicated horse 
power. But the assumption of a total mean effective 
cylinder pressure of 444 lb. is, of course, beyond any- 
thing that could have been possible in practice with 
the boiler pressure named. Without speculating upon 
what was the actual effective cylinder pressure, we 
may observe that, in whatever proportion, it was less 
than 444 1b., so, in the same proportion, was the indi- 
cated power less than 5253 horses, and it was almost 
beyond doubt very much less than 5000 horses, even if 
no expansion whatever was attempted. We are, more- 
over, told that the average consumption of coal was but 
12,690 lb. per hour. ‘The engines are supplied with 
superheated steam, and are titted with surface con- 
densers ; but without considerable expansion they could 
not work continuously, on a 37 hours’ trial, with Jess 
than 31b. of coal per horse power per hour, and this 
would correspond to 4230 indicated horse power, 
which, it is just possible, was attained, although this 
corresponds to a mean cylinder pressure of 35.76 lb., 
which shows comparatively little loss of pressure from 
the boiler, and very moderate expansion. We may 
say at once, however, that there could have been no 
want of steam, for there were eight boilers, with the 
enormous extent of 1128 square feet of grate, and 
30,578 square feet of heating surface. Now the great 
engines of the Hercules, intended to work to 7200 
indicated horse power, have but 907 square feet of 
grate and 23,100 square feet of heating surface, 
whereas were they provided with boiler power in pro- 
portion to the Wampanoag’s engines, they would have 
1920 square feet and 52,050 square feet respectively ! 
But we must choose between 5253 horse. power at- 
tained, without any expansion whatever, with a con- 
sumption of but 2.4)]b. of coal per hour—a result 
which we know to be simply impossible—or, say, 4230 
horse power, implying a moderate degree of expansion 
and 3ib. of coal per horse power per hour, which is 
just within the limits of possibility. 

Now we do not know what was the immersed mid- 
ship section. Were the bilges perfectly square, and 





the floor dead flat, it would be 45 ft. 2in. x 19 ft. = 








858 square feet. It is probable that the real section 
was about 800 square feet. The average speed for 
374 consecutive hours, in a heavy February sea, js 
given as 16.71 knots, or 19.265 statute miles an hour. 
By the usual midship formula this would give a go. 
16.71 x 800 sq. ft. _ ae 

4230 LELP. ee ee 
very greatly in excess of any midship coefficient ob. 
tained, at full speed, from any vessel in our own navy. 
It is very greatly in excess, also, of the performance 
of the Holyhead aud Kingstown mail packets, fitted 
with large feathering paddle wheels, and it is greatly 
in excess of the result of the Tasmauian mail steamer, 
which is considered to have done very well. The mid. 
ship section may not have been 800 square feet, as we 
have estimated, in which case the coefficient would be 
less; but we have adopted that figure, in the absence 
of positive information, because of the little rise of 
floor indicated by so large a tonnage, 3281 (0.M.) ina 
ship of the dimensions given, and having but 23 ft. 
6in. depth of hold. 

But we are furthermore told that for four separate 
half hours the ship went at the rate of 173 knots, or 
nearly 204 statute miles an hour. Even if we sup. 
pose the engines to have been working to 5000 indi- 
cated horse power during this comparatively short 
time, the midship coefficient would be 895, which, at 
such a speed, is incredible. 

We have no wish to discredit the statements of our 
friends over the water, but we do trust that the parti- 
culars of so astonishing a result will be yet given to 
the world in much greater detail, and with everything 
that can establish their accuracy. At present we 
must decline to credit them. 

The engines of the Wampanoag work at but one. 
half the speed, and therefore to but half the power of 
engines of the same dimensions in our own navy. 
They are, too, much more than twice as heavy as 
Penn’s engines working tothe same power. ‘That they 
work with but little expansion is proved by the fact 
that they are greatly over-boilered. ‘To use all the 
steam that such we Ai can make simply means that 
an enormous quantity of it is wasted. If it is nof all 
used, why are so many boilers required? If the 
Americans really desire great speed with economy they 
must have different engines from these, and we believe 
they could not do better than come to England to 
obtain them, 
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KAUFMANN’S AKRIAL MACHINE. 
To tHe Epitor or ENGINEERING. 

Str, —I observed a letter in your last issue from 
“G.J.C. D.,” who, fearing my sudden descent to mother 
earth, recommends the adoption of a balloon in case of one 
of the wings suddenly giving way. 

Your correspondent proposes a thing which is not worth a 
moment’s thought, except as a toy, tor the amusement of 
such who have the time to spare. 1 have from the very 
beginning been fighting against that bubble, and do not now 
intend to adopt it. Taking it for granted that I employed 
a balloon of 25 ft. diameter, the following would be the 
result : 

The machine weighs 801b., the car weighs 110 Ib., and 
two persons in it weigh 300 Ib., altogether=490 1b. This. 
balloon will contain about 8100 cubic teet of hydrogen gas, 
and will raise 5701b., including the weight of the balloon 
itself. The surface of this balloon, in direct opposition to 
any current of wind, is about 900 square feet. Now, for 
example, let us say that the machine was travelling at 
the rate of 20 miles an hour, the pressure against the 
balloon would amount to something more than 1600 |b. 
Or, say that the progress of the machine is only ten miles 
an hour, and a current of air is met travelling in the opposite 
direction at the same speed, the pressure would be the same. 

It follows, therefore, that these two bodies must be in their 
results directly opposed to each other; on the other hand, if 
the proposed balloon were made into any other shape but the 
natural one, so as to offer less resistance, then the whole 
rising power would be absorbed in the weight of the material 
which is employed to give it that -_ Which do you 
think, Sir, is likely to hold its own? Had the machine as 
described (3 horse power and 80 lb.) 100 horse power, it 
would (in moving at that velocity and under that pressure) 
be like a fox running at full speed with his bulky and bushy 
appendage dragging helplessly behind him. But as the 
machine has not that power, it stands to reason that both 
must come to the ground; for, if the one is pulling north, 
and the other driven south, they are worse than useless, the 
sustaining power on the one hand, and the motive power 
on the other, counteracting each other, and, like the Kilkenny 
cats, there would soon be nothing left of either. I come to 
the conclusion that, “if a machine can rise and progress 
without a balloon, of what use is the bubble?” but “ if . 
cannot work without one, how are they to get on together! 
I will not go into details now as to the provisions ein 
cease of any unforeseen accident or breakage in_the propeller 
that has been already mentioned by you. i would add, 
meanwhile, for “G. J. C. D’s.” information, that the 
aéroplanes are to the machines as water is to the ship, and 
a parachute to a balloon. : 

I am, Sir, yours very obediently, 


Glasgow, March 23, 1868. MEK. 
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SOCIETY OF ARTS. 
Wednesday, March 18th, 1868. 
“RAILWAYS AND THEIR MANAGEMENT.” 


By Rozert F. Farreuir, Esq., C.E. 
(Continued from page 260). 

Tae judicious despatch of trains, and the proportion of paying 
to unpaying loads, are two of the most important subjects con- 
nected with railway management. These, however, could be 
grappled with at any time by « really competent man, so as to 
enormously increase the nett result even with existing stock ; 
but there are the difficulties which always surround independent 
departmental control, exhibiting on all occasions a strange un- 
willingness to adopt any change which shall interfere with their 

reconceived opinions, or occasion trouble or thought in depart- 


ing from a system which one is tempted to think has its own | 


tem of transport that is actually brought into requisition 
Fee on the most frequented ine Thousands, iis, eiliieas 
of miles, are run by locomotives and carriages on the present 
system, whilst they are performing an amount of transport of 
passengers wera! disproportioned to the power and 
capacity of the trains employed for effecting it.” 

Contrast this condition of things on the Metropolitan Rail- 
way with our ordinary omnibus traffic. We find that the 
omnibus which has to travel over an infinitely worse road than 
any line, weighs somewhere about one ton, whilst it carries 28 
passengers or two tons, thus giving a proportion of two tons 
of paying to one ton of unpaying load; but as we have included 
the weight of the horse, i.e., the locomotive engine, in the cal- 
culation on the Metropolitan working, it is but fair to include 





the horses which haul the omnibus. Two horses with every 
equipment cannot weigh a ton, consequently at the very out- 
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Plan showing the Fairlie Double Boiler Engine on a curve of two chains radius. 


personal peculiar advantages. It seems never to have occurred 
to these gentlemen that in the discharge of their important 
duties, involving every consideration they can bring to them, 
in the interest of their employers, what a close relation there is 
between the question of the dead weight necessary to the 
efficiency of the traffic and the dividends to those who have 
entrusted them with their important functions. 


The Metropolitan Railway is, without exception, one of the 
greatest engineering triumphs of the age, being one of the cases 
where cost, it would seem, has been of secondary consideration ; 
but, certainly, its management cannot be commended, and 
time will not permit of dealing with the general question. The 
magnitude of the traffic is evinced by the fact that during the 
half-year ending December, 1867, nearly twelve millions of 
passengers were carried over the line by 348 trains on week-days 
and 212 on Sundays, averaging over 328 trains per day through- 
out the year. The distance run by each of these trains is 
understood to be 43 miles, consequently the train miles per 
day are over 1396. By dividing the actual number of passengers, 
11,916,924, carried for the half-year by the number of days in 
the same period, we obtain 65,298 passengers carried per day, 
which, in 328 trains, is 198 passengers per train. This number 
of passengers per train for the entire distance run—say 4} 
miles—would give an average of less than 47 passengers per 
mile. This, however, is not the case, because the gross earnings 
per train mile being under 9s. 4d., the amount chargeable per 
peer per mile would require to be about 2,4.d. This would 

above the average rate charged. It is, however, impossible 
to find out from the company’s balance-sheet what the real 
average is. To arrive at something like an average, I take 100 
passengers, 50 single and 50 return journeys, from Moorgate- 
street to all stations, and divide these into 20 first-class, 30 
second-class, and 50 third-class, which will give the average 
Tate per passenger at 2.02d., and this, divided into 9s. 4d., gives 
a little over 55 passengers per train per mile. The trains on 
this line are mostly composed of five carriages, weighing about 
16 tons each, and one locomotive, weighing 42 tons, together 
122 tons. Thus we have 122 tons of train weight to carry an 
average of 55 passengers, which, at 14 to the ton, is under 
4 tons, being only one ton of paying load to 30 tons of dead 
weight. Some objection may be taken to this mode of dealing 
with figures. It will be said the average number of passengers 
given to each mile cannot be considered as the exact number 
travelling that distance. This is no doubt so, but it cannot 
materially affect the question, for if the whole average of 198 
passengers travelled 1} mile, there would be none the remain- 
ing 3 miles; the only difference in the proportion of paying to 
unpaying load which could arise from this would be a slight in- 
crease of the former to the latter for 14 mile only, while for 
the 3 miles it would be wholly dead load. To prove the cor- 
rectness of this calculation, we have only to assume what many 
might be disposed to imagine, that 198 passengers instead of 
°9 are carried per train per mile, the result would give 
101,293,854 instead of nearly 24,000,000 now carried. 


_ Nathing could be more appropriately said at this moment 
than the following quotation from Professor Gordon’s pamphlet, 
written twenty years ago. At page 24 he says: “ These figures 
indicate the small portion of the mechanism of the railway 


side, the proportion is one to one, or one ton of paying load to 
one ton of material employed toconvey it. These «re very sug- 
gestive facts; they have surprised me; and that this line has 
earned any dividend at all under these circumstances proves its 
enormous productive capability. Beyond the question of pro- 
portion of effective to non-effective duty, let us consider how it 
all bears on the maintenance of the railway stock and road, 
and how they are affected thereby. I have already given the 
weights of the locomotives and carriages, the former at 42 and 
the latter at 16 tons each. 

The carriages have very long wheel bases, consequently 
they offer great resistance to the tractive force of the engine, 
besides being very injurious to the rails rounding the curves. 

The engines have 32 tonson 4 wheels, or 16 tons per pair. 
We have only to imagine this enormous weight ploughing along 
at 30 miles an hour to form some idea of the destructive effect, 
not only to the rails, but to the substructure and the machines, 
the effect being destructive alike to all. No wonder that the 
line has, as it is stated, been relaid in many places three times 
with steel rails since it opened five years ago. Not content 
with this rate of destrnction to road and stock, the Metropolitan 
Company are now receiving, or about to receive, locomotive en- 
gines of a still more destructive character to work the St. 
John’s-wood branch, weighing 45 tons on 6 wheels, with a wheel 
base of 14ft. The only approach toa saving feature in the 42 
ton engines—viz., carrying the leading end of the engine on a 
bissel truck with four wheels—is in these new engines omitted. 
The bissel arrangement does, to some extent, reduce the enor- 
mous friction of the engines on rounding the curves, notwith- 
standing which the grating and grinding noise of the wheels 
can be heard at a considerable distance. The spirit of rivalry 
between armour plates and guns is reproduced in steel rails 
and locomotive engines, with this difference, that the armour 
plates can be made to withstand the power of the heaviest 
guns, whilst steel rails cannot withstand the battering of these 
45-ton steam hammer locomotive engines, 

The destructive element of the ordinary type of locomotive 
is so vital, and affects the question of shareholders’ dividends so 
much, that I would fain trespass on the time of the meeting to 
show how this results. The superstructure or principal weight 
of a locomotive engine borne on six wheels is supported on six 
points close to and inside each wheel. Between these supports 
and the wheel the carrying springs are placed. Now a very 
heavy engine with a great amount of overhang must, from the 
imperfections of the road, rock about a great deal, and the centre 
of gravity of the engine, instead of moving forward in a straight 
line, as it should do if the line and everything connected with it 

Fia. 4. 

Showing the line traversed by the centre of gravity to 

each side of centre line of motion through the deflecting 

action of the springs. 
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were perfect, forms a continuous line ot curves and reverse 








This is caused at first by some defect or slight obstruction 
in the road, and afterwards kept up by the springs receivin 
and deflecting with the force of the up-and-down movement 
the great body of weight resting on them, as shown in Fig. 5. 

This action of the springs is caused by the oscillation of the 
centre of gravity to either side of the centre line of motion 
(see Fig. 5), and then easing themselves by flinging the 
weight from one to the other, either diagonal to, or at right 
angles with, the line of motion, and so repeated until the oscil- 
lations are gradually diminished ; but it is found in practice that 
the oscillations never cease, for before one set is completely re- 
duced another s, keeping = constant surging or 
soughing from side to side during the entire journey. The 
exact force of impact on the rail caused in this manner is repre- 
sented by the amount of deflection of each spring beyond its 











curves on each side of the line of direction, as represented in Fig 4. 


normal condition. We shall be well within the mark by saying 
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Enlarged transverse section of Engine through bogie-pin. 


the destructive effect to the rail is over 60 per cent. more than 
the normal loud on the wheels. Thus, in the case of the 45-ton 
Metropolitan engines, it is not simply this weight divided over 
six wheels, but a concussion of 60 per cent. in addition, or be- 
tween 11 and 12 tons blow on the rails, Herein we find the 
explanation of the frequent necessity for the renewal of the 
rails. It is often argued that, because the additional load is 


Fia. 5. 
Showing the lateral movement of the centre of qaiy 
to each side of the centre line of motion caused by the 
vertical action of the springs; showing also the deflect- 
ing action of the spring, and how it affects the centre of 
gravity ; caused by an imperfect permanent way. 
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received, taken up, and afterwards thrown off by each spring, 
the damaging effect fon the rails is very little beyond that 
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of the normal load, but I submit that this is not so. On 
the contrary, whatever extra force is thrown ov a spring 
by momentum to flatten it beyond its normal condition, that 
extra force passes to the rail—not, however, as the blow of a 


Fie. 6. 
Showing the line that would be traversed by the centre of 
gravity to each side of the centre line of motion if there 
were no springs, each angle representing the blow of a 
hammer on the rails. 
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hammer, as in that case the line of motion of the centre of 
gravity would be oe pecan as in Fig. 6, but as a load gradu- 
ated from its normal condition according to the velocity of the 
wheels and the time taken up by the springs in their action of 
deflection and return better represented, perhaps, by a double 
inclined plane. (See Fig 7.) 
Fra. 7. 

Double-inclined plane, showing how the concussion or 
blow is given to the rails beyond the normal or fixed load 
on the wheels ; caused by oscillation. 

B to A is a plane representing the deflection or downward 
action of the spring. 

A to C is a plane representing the return of the spring to 
its normal position. 

A to D represents the greatest deflection of spring, usually 
amounting to from 30 to 75 per cent. beyond the normal 
load of 6 tons on the wheel. 

B to C distance traversed on periphery of wheel during 
time taken up by the spring in its action of deflection and 
return to its normal position. 
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The best practical illustration I can offer to the meeting upon 
all these points of mechanical engineering is to invite attention 
to the models and drawings before it of an engine which has 
been specially designed to meet the objections we have just been 
discussing. The engine does not exist as a mere abstract idea, 
but is daily in operation on the Neath and Brecon Railway ; 
and within the last few days one of them, which has been work- 
ing over two years, has undergone a severe test in the presence 
of several eminent engineers, who in consequence have accorded 
it their warmest approval, several of whom I have the pleasure 
to see here this evening, and who may probably be disposed to 
describe their own experience. 

The engines are revfarkable for the almest total absence of 
oscillation; and the graceful ease with which they run round 
the very sharpest curves is matter of surprise to all who have 
ridden on them; the sense of safety experienced when on the 
engine is irresistible, and the motion is so pleasantly unlike that 
of the ordinary engines that it has been described by Captain 
Tyler, of the Board of Trade, as giving the sensation of flying, 
and by others as that of sailing in smooth water. In corrobora- 
tion of this it may not be considered out of place here to quote 
a passage from the report of Captain Tyler and Mr. Eboral, 
who have lately returned from an inspection of the Grand 
Trunk Railway of Canada. In page 44, after giving a full de- 
scription of the locomotive engines in use on that line, the report 
says: “‘ The class of engine best suited to the climate, and for 
the various circumstances of the case, would, I have no doubt, 
be an engine running on two bogie trucks, each provided with 
a pair of aeons and four-wheeled or six-wheeled, according 
to the work required, and without a tender. Such an engine 
would be peculiarly safe to travel over a winter road, would 
combine a minimum wear and tear to itself and the rails witha 
maximum of adhesion, and would be the most effective and most 
economical that the company could employ. I had the oppor- 
tunity some time ago of testing engines of this description on 
the Neath and Brecon Railway, designed by Mr. Fairlie, and 
have found the principle to be good, though certain points of 
detail required improvement. Such engines are also in use for 
the sharp curves and steep gradients of the Queensland Railway.” 

These engines have developed a relative power equal to two 
of the engines employed for hauling the goods trains on the 
London and North-Western Railway, whilst the destructive 
effect on the rails, road, anc engine is greatly reduced. The 
employment of such engines would enable companies to double 
the carrying capacity of their lines without necessitating any 
additional outlay, and therefore they are especially valuable in 
the case of single lines. There are those who might consider 
it inexpedient to increase the present dimensions of goods trains, 
and in that case the engines would be too powerful, but the point is 
met by their permitting a very large reduction being made in the 
weight per wheel, amounting to so much as one-half that on 
the ordinary engine wheels, while its power remains equal to 
the best of them. It will therefore be readily understood that 
the life of the wheel tyres and rails would be greatly prolonged. 
Companies like the London and No th-Western having reached, 
it is supposed, the maximum of load per train, have been driven 
to the costiy expedient of triplicating their lines of rails for great 
distances, I venture tothink that this immense outlay cou'd 
have been avoided by the use of engines better adapted to the 
exigencies of an over-crowded traffic, whilst at the same time 
assuring a saving in haulage labour of nearly one-half, together 
with a most appreciable saving in fuel. 

I have spoken of the Metropolitan Railway and its enormous 
traffic. That is but a portion of the prodigious traffic of the 





metropolis and its suburbs. This description of traffic should 
be treated in altogether a different manner to the main provin- 





cial lines. The Metropolitan should be conducted by stock giving 
the minimum of dead weight with the maximum of efficiency ; 
this, I think, could be best done by what may be termed steam 
omnibuses, made to carry, say, 60 but with power 
sufficient to haul additional carri during the busiest hours 
of the day—iu the middle or slack time the omnibuses alone 
could carry the mean average of passengers. The weight of the 
entire machine, together with its load of passengers, would be less 
than that of the present locomotive engine alone. I have 
brought here to-night the drawing of a steam carriage, designed 
expressly for conducting the traffic of the proposed cheap lines 
in Ireland, which will be useful to show you the character of 
steam it (to be modified to suit circumstances) I should 
recommend for working metropolitan lines. This carriage would 
work with efficiency and economy the line over Mont Cenis. 
(See Fig. 8.) 
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Before closing this paper—already, I fear, too long—I desire 
to do justice to a gentleman, Mr. James Samuel, who, when 
engineer to the Eastern Counties Railway, successfully put in 
— on that line very much the system of locomotive which 

advocate now for metropolitan and branch lines. Mr. Samuel 
worked his invention for some time between London and Nor- 
wich, not only efficiently, but with very great economy. The 
economy was so striking as to be hard of belief. Why his sys- 
tem was discontinued I am not able to say; but of this we may 
be sure, that if the directors of that company had persevered 
with it, their shareholders would not to-day be mourning over an 
unproductive property. We should appreciate the man who in 
those early days was the first to remedy the monstrous dispro- 
portion between the paying and unpaying load of the trains, 
and it is satisfactory to be able to show you the drawings of 
Mr. Samuel's invention of that day. 

I have thus endeavoured to bring before the Society a 
practical means of ensuring the cheap construction and 
working of railways. To the noble Marquis in the chair, 
who is so constantly engaged in practical measures for 
the development of Irish prosperity, I flatter myself this 
must be a subject of peculiar interest. It will, i venture 
to think, create an impression in his mind that the Irish 
railway system may be completed with comparative 
ease, und that it cannot fail to prove remunerative. Ire- 
land has no truer friend than the noble Marquis; and it 
would not be difficult to prove that, as a statesman and a 
resident landlord, he has devised practical measures for 
the substantial advancement of the country which have had the 
merit (something of a novelty) of commanding almost perfect 
unanimity. My plans may not command uniform assent, but 
at all events they are practicable. They may be opposed in 
some respects to established notions; but they effect the great 
object of giving all countries what they need in the way of 
intercourse at the cheapest possible expense. I submit them 
as in some degree a remedy for the errors of the past and of 
the present in financial mismanagement, and as a security 
against the evils of competition. With regard to Ireland, the 
noble Marquis will be the first to admit the advantages of sub- 
stituting locomotive power for horse labour in bringing pro- 
ducers and consumers together. This is one of the main elements 
in agricultural progress. There is no reason in the world why 
the locomotive should not reach the remotest parts of Ireland. 
It depends upon surface lines worked by engines such as I have 
described. Sheep and cattle will increase in value; and the pro- 
ducts of the field will never be deteriorated and wasted by dis- 
tance from their markets. All Irish industries will be stimulated, 
and new careers opened for labour and capital, beneficial alike 
to those who engage in them and to the country. 


THE INDIAN PUBLIC WORKS DEPARTMENT. 
To THe Eprror or ENGINEERING. 

Str,—The Government of India are now advertising for 
engineers to fill the junior appointments in the Public Works 
Department of India. 

Candidates have to pass the following examination : 

Mathematics. 

Arithmetic, mensuration, and trigonometry; algebra, 
elementary principles, simple and quadratic equations, surds, 
ratios, and proportion; arithmetical and geometrical pro- 
gression, combination, and the binomial theorem. 

Euclid 1st, 2nd, 3rd, 4th, 6th, and find 21 propositions of 
the 11th book. 

Statics, composition and resolution of forces; the centre of 
gravity, the mechanical 
strength of materials and friction. 

Dynamigs, first principles, collision of bodies, uniformly 
accelerated motion, circular motion and centrifugal force, 
labour, and machinery. 

Hydrostatics and hydraulics, pressure of fluids, specific 
gravity and equilibrium of floating bodies, elastic fluids and 
atmospheric pressure, hydrostatic machines. 

Engineering. 
Projects for bridges, locks, dams, harbour work, roads, 











tramways, and other engineering works, 
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Fairlie’s Locomotive Steam Carriage for working cheap mountain or agricultural hnes. 
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Upon successfully passing the above, the candidate is 
appointed at a salary of 171. = month, or 204/. per annum, 
and is usually, shortly after his arrival in India, posted as 
3rd grade assistant engineer at 200 rupees per month, serving 
in probation in that grade for one year, when he will be 
eligible for promotion to the 2nd grade, at a salary of 
300 rupees per month, to obtain which he must pass an 
examination showing his capability of preparing designs and 
estimates for all descriptions of buildings and works usually 
required of executive engineers, and his practical knowledge 
of works generally. 

Before an assistant engineer of the 2nd grade can be pro- 
moted to the Ist grade, or 400 rupees per month, he must 

ass an examination in Hindustani, or a similar examination 
in the language of the district in which he may be employed 

No assistant engineer, Ist grade, can become an executive 
engineer at 500 rupees per month until he has passed an 
examination in Hindustani for a higher standard, or similar 
examination for the language of his district. 

The Indian Government are taking all due precautions, as 
far as examinations go, to obtain good men; but I would 
submit that their standard of Pay is far too low, especially at 
first. The experience of the epartment, I believe, gives 
about five years as the least time in which a man can obtain 
500rupeesamonth. Now, in India, at present,amancan hardl 
live for much less ; if he is married, it would be very close wor 
indeed—200 rupees a month would be simple poverty. The 
higher grades are better paid, as a man may ultimately work 
up to 3000/. a-year. That is all right enough; but I con- 
tend that a man who can pass the examination in England 
before his appointment must be theoretically up to his work, 
and as ool deserves better commencing pay than 204/. 
a year in such a climate as India. 

Again, engineers of the Public Works Department are 
classed as “‘ uncovenanted” servants, and are not allowed the 
same proportional leave of absence or pension as are gran 
to the members of the civil service. Every one who has been 
in India knows the great gulf that is fixed between the 
“covenanted and uncovenanted.” In former days the un- 
covenanted service was formed and recruited in India mostly 
by men who were born there, and in many instances with a 
large proportion of black blood in them. ese men had not 
the ties and feelings fowards “home” that now exist in the 
service, and I cannot see the justice of extending the rules 
which were made in those days to men who engage in this 
country, and propose to spend their working lives in the ser- 
vice. After ten years’ service one year’s furlough is per- 
mitted, and after eighteen years a second year, two years 
being the extreme limit during the whole period of service— 
such furlough, in all cases, to date from leaving and arriving 
in India, or, in other words, two and a half months taken out 
of each twelve. As regards pension. On the production of 
a medical certificate, satisfying the Government of India of 
his incapacity to serve longer in India: 

1. Under fifteen years’ service, a gratuity not to exceed 


| twelve months’ salary. 


2. After fifteen years, one-third of previous five years’ 
average salary and personal allowances in no case to exceed 


| 200/. a year. 


3. r twenty-five years’ service, not to exceed in any 
case 400/. a year. 
After thirty years’ service, a good service pension without 
production of medical certificate, not to exceed 400/. a year. 
Com these furlough and pension rules with those en- 
submit in 
neither case are they liberal enough. 400/. a year is not 
enough to look forward to after thirty years’ service ; neither 
is a total mee y aby two years within that period sufficient. 
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MACHINE FOR MAKING MILLING TOOLS. 


DESIGNED BY M. PAUL FRANCOIS, TRANCHAT, ENGINEER, PARIS. 
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Durine the past few years the employment of circular 
cutters and milling tools has greatly extended, and they are 
now very largely used in engineering factories, especially for 
finishing articles of complex form such as the parts of small 
arms and similar details. The manufacture of these cutters by 
the ordinary methods is however somewhat costly, and it is to 
reduce this cost of production as well as to ensure accuracy in the 
form of the cutter produced, that the machine which we illustrate 
above has been designed. 

In this machine, which has been designed and patented by 
M. Paul Frangois Tranchat, of Paris, the circular cutter to be 
cut is mounted on a spindle capable of turning on its axis, and 
provided with a gauged plate or its equivalent for dividing its 
circle of rotation into any given number of parts; and over this 
stationary cutter to be cut and transversely with its spindle is 
placed a lever suspended by an universal adjustable joint at one 
of its extremities, and containing at a short distance therefrom 
a small working circular cutter adjusted on centres and 
rotated over the cutter to be cut. At a distance about five 
times that of the working cutter from the extremity of the 
lever is placed an adjustable guide plate on which the lever rests, 
and which plate is an enlarged representation of the profile of 
the cutter to be formed; by traversing the said lever over this 
guide plate the working cutter is traversed over the stationary 
cutter on which one tooth or cut is thus made; the stationary 
cutter is then rotated the required umount for another tooth, 
and these two suceessive operations are repeated until the 
entire circumference of the stationary cutter has been operated 
og In our engravings, Fig. 1 is a plan of the machine com- 
plete, Fig. 2 a front elevation, Fig. 3 a transverse sectional 
elevation through AA, Figs. 1 and 2, and Fig. 4, a diagram 
drawn toan enlarged scale. 

The machine is composed of a table or frame, a, on which are 
fitted its four maim or constituent parts, which are, firstly, a 
small horizontal spindle, b, carrying the cutter to be operated 
on, fitted transversely over the table in a fixed support, d; 
secondly, a horizontal lever, e, suspended over the cutter at one 
of its extremities by an universal joint, and resting by its other 
extremity on an adjustable guide plate, f; this lever carries 
the working cutter; thirdly, a front adjustable headstock carry- 
ing the universal joint; and, fourthly, a back headstock, also 
adjustable, to which is attached the guide plate, if on which the 
extremity of the lever, ¢, rests. The spindle, 5, carrying the 
cutter is fitted into a little hollow shaft, !, which is rotated 
intermittently in the standard, d; a ratchet wheel, g, is keyed 
and outside the ratchet is hung a loose 


to the extremity of 0’, 











vertical lever, 4, to which is imparted  to-and-fro motion in 
order to partially turn the ratchet either in one or the other 
direction, soneting to whether the pawl, A, is turned over to 
the right or to the left. The to-and-fro motion is transmitted 
to the lever by one revolutioa of the shaft, 4?, which carries on 
its extremity a disc, h , wita a pin, h*, passing in a slot formed 
at the lower extremity of the lever, 4; this pin, h*, as shown in 
dotted lines, Fig 3, is attached to a sinall screw, h*, by which 
it can be moved from or brought towards the centre of the shaft, 
h?, in order to regulate exactly the throw of the lever, and con- 
sequently the number of teeth taken. That the cutter may 
remain stationary whilst the cut is being made there is provided 
a spring lock, 4, which wae anys one of the ratchet teeth; and 
before rotating the ratchet the spring is disengaged by the point 
of the lever, i’, suspended at i”. To produce this result there 
is fitted on the side of the lever, i*, a small roller, ¢*, and a nick 

is made on the circumference of the disc in which the roller 
enters whilst these parts are abreast, but immediately the disc 
commences to rotate this roller is expelled from the nick and 
the spring, i, disengaged, the roller remaining in contact with 

the circumference of the disc until an entire revolution has 

been completed. The horizontal lever, e, is suspended at one 

of its extremities by the two points, e* e*, which enter the disc, 
j» 80 that without in any way moving this disc the lever can be 

raised and lowered, and since the disc is suspended on the two 

vertical centres, e e*, the said lever can also be moved in a 

horizontal direction, and by the combination of these two motions 
any point within the range of the lever can be reached. The 
working cutter, &, is fitted underneath the lever, e, on a spindle, 
k*, revolving in bearings, k® k*; it is provided with a driving 
pulley, &*, to receive a rotary motion, and underneath the other 
extremity of this lever is placed a conical roller, 2, turning 
freely on the points, /* /*, and which during the cutting rests 
constantly on the guide plate, # The taper of this roller should 
correspond exactly with two lines converging to the centre of 
the disc, 7, its axis of rotation being exactly on a line with the 
said centre. , 

As the dimensions of the cutter to be cut may vary, it is 
necessary that the positions of the two headstocks may be varied 
vertically as well as transversely; for this purpose with respect 
to the front headstock the points, e* e*, of the disc are fitted in 
a vertical slide, m, which can be raised or lowered in the 
standard, m*, by the screw, m*, so as to bring the working 
cutter, k, on the top of the circumference of the cutter to be 
cut whatever its diameter may be; the bolt, m*, serves to fix 





the slide at the requisite height, according to the depth or thick 
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ness of the cutter to be cut. The lever should be moved trans- 
versely because it is advantageous that the working cutter 
should describe the same angle in order to reach one or the 
other of its extremities; for this purpose the standard, m*, is 
moved on the saddle, m*, by means of the horizontal screw, 
m*‘, and the parts are fixed in their requisite positions by the 
bolt, m*. The same arrangement of parts is adopted in the 
case of the back headstock, its vertical motion being effected by 
the screw, n, in the standard, n*, moving the slide, n*, whilst 
the screw, n*, actuates the standard, n*, transversely on the 
saddle, n*; the bolts, m* and n® serve to hold these Parts in 
their definite positions. 

The method of working the machine is as follows: The cutter 
to be cut, c, being fitted on its spindle, 5, there is attached to the 
back headstock the guide plate, /; this plate representing exactly 
on an enlarged scale the profile of the cutter to be cut (in prac- 
tice it is found that the respective relation of five to one gives 
excellent results), taking care that this plate is placed exactly 
in a line with the cutter; the position of the lever, e, is then 
regulated so that the working cutter is conan exactly over 
the centre of the cutter, c, whilst the conical roller, J, is over the 
guide plate, /; and the position of the pin, +, is then adjusted 
in the slot of the vertical lever, h, according to the number of 
cats to be made on the cutter. Cure is to be taken that the 
little roller, i*, rests in the nick of the disc, 4%, and the lever, ¢, 
being raised by its handle, e', the working cutter, 4, is put in 
motion, and the lever, e, is lowered laterally uatil its roller, 7, 
bears on the extremity of the guide, f, as shown at o, Fig. 4. 
Then pressing on the lever, the roller is passed successively over 
the entire profile of the plate, thus making one cut on the cutter. 
The lever is then again raised so as to bring it to its former 
position, and the shaft, 4*, being turned oncein order to rotate the 
cutter, c, the required quantity, another cut ismade, these motions 
being repeated until the entire circumference has been cut. 

Instead of all the cuts a the centre of the cutter, 
it is sometimes advantageous that they should take an angular 
direction ; for this purpose there is provided a means of bringing 
the working cutter out of the centre of the cutter being cut by 
moving the saddle, m‘, with the screw, p; and in order to 
maintain the same relation of five to one between the cutter and 
the guide plate, the saddle, n‘, is also actuated by means of the 
—? This faculty of bringing the guide plate, /, closer to 
or further from the cutter by means of the screw, q, is of 

great utility, inasmuch as by varying the fixed relation of five 
to one it is possible to augment or to diminish within a percep- 
tible limit the calibre of the cutters to be cut. 
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THE BESSEMER PROCESS. 
Report to the Board of Ironmasters in Sweden in the Year 1865. 
By C. P. Sanpsere, C.E. 

Havine obtained leave of absence from the Board, in order 
to carry out the commission given me to survey the manufac- 
ture of the English material used in the construction of the 
Swedish iron railways, I = — in England re | the 

ter of the year, ly with this object, and partly in 
omer hse A the wish ue Board in watching the develop- 
ment of the Bessemer process, and the employments of the pro- 
ducts of this process. 

The two last months of the year were passed in France, 
Belgium, and Westphalia—partly with the view of becoming 
practically acquainted with the development of the process in 
these countries, and partly to gain information with regard to 
railway materials in general. 

I will now state what I have observed both as to the technical 
and economical results which this new and improved method 
of iron and steel manufacture seems to have obtained. 

The Bessemer process has been established in most of the 
iron-producing countries, such as England, France, Belgium, 
Prussia, Austria, and Sweden; but nowhere is it brought into 
more general use than in England, where there are no less than 
fifty Bessemer furnaces at present in actual operation. 

In France this system has only been adopted by Messrs. 
Petin et Gaudet, at Rive de Gier. 

In Belgium, only at Seraing. 

In Prussia, at Horde, and at Krupp’s. 

In Austria, at Neuberg, in Styria, and Heft, in Kirtners. 

In Sweden, at Hogboverken, Silzansfons, and Carlstadt. 

In England, as on the Continent, native pig iron is alone 
used, with the addition of some percentage of spiegeleisen con- 
taining manganese, in order to prevent the steel from being 
** red-short.” 

Excepting at Stiermark, all the pig iron is blown only with 
hematite ores, with coke as a fuel; but in’Stiermark and 
Sweden charcoal is used for making the pig iron, which is then 
run directly from the blast furnace into the Bessemer vessel. 
In other places the pig iron is invariably re-melted in a rever- 
beratory furnace. The charcoal pig iron has a decided ad- 
vantage both in the technical and economical point of view. 

In order to avoid the red-shortness, a material.bas been em- 
ployed by some firms in England (ferro manganese), the com- 
position of whieh is about 60 per cent. of manganese and 40 
per cent. of iron. This has been used as a substitute for the 
spiegeleisen obtained from Siegen, which only contains from 5 to 
10 per cent. of manganese. 

For the rest coke pig iron is employed, nearly exclusively 
made from the hematite’ores from Ulverstone and Whitehaven. 
These ores are considered to be quite sufficient to provide for 
the requirements of Sogiend for a long period, even supposin, 
that the demand for this material increases, as is probable wil 
be the case. Swedish pig iron is used with the English in 
manufacturing axles, but only to the extent of about {th of 
the whole, probably because the former is 1/. per ton dearer 
than the latter. 

At Hazbo, no ingredient of spiegeleisen was used in the be- 
ginning, and at Carlstadt the blowing is interrupted at the 

int when the remaining carbon in the metal is considered to 
Be sufficient, partly because the requisite degree of hardness is 
sooner obtained, and partly b it is considered that the 
manganese in the spiegeleisen reduces the oxide of iron which 
sometimes is found in the steel, making. the iron red-short, and 
causing much of it to be rejected. 

This method of preventing red-shortness in the iron and 
steel, produced by the reduction of the oxide of iron with man- 

nese in the melted metal, was discovered and patented by Mr. 

jushet many years before Mr. Bessemer brought out his 
method; but Mr. Mushet’s patent was not followed up. This 
plan, however, suited Mr, Bessemer so well that, without its 
assistance, he would in all probability not have been able to use 
the English raw material with success. 

The addition, however, of manganese in the form of spiegel- 
eisen has been employed many years in Sheffield for the manu- 
facture of welding cast steel. 

Mr. Bessemer has himself taken part in the great new Eng- 
lish steel work, and intends to import large quantities of iron 
ore which he proposes to take from Bilbao, Elba, and Sweden. 

According to the list of prices of the Swedish iron ore, 
which I have been able to present him, I am happy to say that 
competition with the other two places ought to be possible, 
especially if the Swedish railway tax were a little lowered. 

The difficulties which remain still to be overcome in the 
Bessemer process are at present: 

First. ‘The red-shortness and irregularity in strength. 

Secondly. The difficulty of obtaining a Scaaaeneene product 
which can be compared with cast steel melted in crucibles. 

Thirdly. The difficulty of determining the degree of hardness 
(amount of carbon.) 

The red-shortness may certainly srise occasionally from the 
presence of sulphur, but sometimes from pure (not sulphated) 
pig iron from oxide of iron in the steel. 

The uncertainty of obtaining the requisite degree of hardness 
in the steel arises from the fact that both the pig iron and the 
spiegeleisen give off more or less carbon according to the 
different heat in course of the melting and blowing. 

The unsoundness and want of homogeneity of the steel has its 
origin in the irregular decarbonisation of the re-melted metal 
in the Bessemer vessel. 

It must, however, be remarked that the inconvenience 
attaches perhaps in a still higher degree tc the processes of re- 
finery in the pat hearth and in the puddling furnace. 

The employment of the Bessemer materia! has been hitherto, 
on account of these existing inconveniences, confined princi- 
pally to such articles of large size—as rails, tyres, the coarser 
parts of machines, sheet iron, and wire. 

As to the finer wares, such as tools and cutlery, very little 
Bessemer stee) has been used; but for large articles it has had 
a decided preference over puddled iron and steel in regard to 
stiffness, homogeneity, hardness, and soundness. P : 

The prejadices which, ly owing to ignorance an tly 
to the pak a conflict with the ivate Nara of the diferent 
iron districts, have existed in England since the introduction of 
the new system have now totally come to an end ; and the engi- 








neers of the different railways, who have hitherto looked upon 
the Bessemer material with distrust, are contending on their 
different lines as to how the material can be best employed. 

Above all, the London and North-Western Railway Company, 
representing a capital of 40 million pounds sterling (on which 
a dividend of about 7 per cent. is paid annually) are using the 
material toa very great extent. At Crewe, where this com- 
pany have very extensive workshops for the manufacture and 
repair of locomotives, there is an important manufacture for the 
production of the Bessemer material, where are produced rails, 
tyres, axles, &c. 

It has been proved on several occasions that the Bessemer 
rails have endured from twelve to fifteen times the amount of 
wear of rails made from the common Welsh iron. 

On the different lines in and around London and elsewhere in 
England, where the traffic is very heavy, there is nothing laid 
down but steel rails. Points and erossings of steel are generally 
used both in England and on the Continent. 

In Wales there are two, and in England ten, works where 
these rails are manufactured. 

In Sweden the administration for the construction of the 
Government railways has ordered a small portion of English 
Bessemer rails and tyres, not having sueceeded, after waiting 
long, in getting some from Hégbo. 

Tyres of Bessemer steel are very extensively used in England 
both for engines, carriages, and wagons, and this practice is ex- 
tending even to the Continent. 

I am not in a position to state in figures the result of the 
wear of the Bessemer material in the form of tyres as compared 
with those of iron; but it seems as if this new material could 
be advantageously employed for tyres, considering that the 
wear is comparatively small, and it is certainly of importance 
to use a material which possesses in the highest degree the two 
important qualities of solidity and strength—that is, the capa- 
city of enduring hard wear. 

It is assumed that tyres of Bessemer steel will last twice as 
long as those made of the best iron, although the former cost 
about the same price as the latter. 

Solid tyres (without weld) are preferred. These tyres are 
cast, hammered and rolled, without being welded. ‘The welding 
of steel tyres is not always to be depended upon, and, even 
where the welding is perfect, there is, in that part, a much 
weaker steel resembling iron. 

The adoption of these tyres has advanced very quickly. A 
great many firms are now prepared to deliver them. 

The different machines and mills requisite for the production 
of solidtyres are described in my report to the Board for the 
year 1861 

Io ory 1078 these machines differ somewhat in construction. 
On the Continent there are some in operation; in France, only 
at Messrs, Petin et Gaudet; in igium, at Augrie and 
Seraing; in Westphalia, at Krupp’s; in Sweden, at Hégbo. 

tyres made with a weld are used both in England 
and on the Continent ; but the precaution of using the retain- 
ing fastening is generally adopted. 

This kind of fastening retains the tyre on the wheel, even if 
the tyre should break. 

The “ Mansell” wheels, composed of wood, are usually adopted 
in England in connexion with. tyres of Bessemer steel, and | 
have not, as yet, heard of any but the most satisfactory results. 

Aszles for engines, both straight and eranked axles, are gene- 
rally ~a in England of Bessemer steel, and its applica- 
tion to t things is considered to be the best proof that it is 
preferable to the older method. 

There has not been acquired sufficient experience with steel 
axles to enable us to jadee of the relative value of steel as 
compared with iron, because no Bessemer axles are as yet worn 
out. Steel axles are considered to be much superior to iron, 
both as to strength and endurance. From the experience which 
has been gained, it may fairly be assumed that in the form of 
straight axles steel is fully 50 per cent. superior to iron, and 
steel cranked axles are at least equal to iron. The change of 
texture, and the brittleness occasioned thereby, begins much 
later with steel than with iron, especiaily if the latter contains 
phosphorus. 

An attempt has been made to manufacture boilers and tubes 
for engines of Bessemer steel. This experiment has not, how- 
ever, been crowned with success up to the present time. More 
favourable results have been attained at Horde and Nykaping 
in this respect, as in those places they have succeeded in making 
good boilers for stationary and marine engines of Bessemer 
steel. 

With regard to other parts of engines as motion parts, 
Bessemer steel has been used to great advantage. It is also 
very suitable for ships’ plates. 

The employment of this material for various parts of ma- 
chines is greatly on the increase, both in England and elsewhere, 
particularly for those parts where both wear and strength are 
required. The bearings of engines, which have been usually 
made of iron, have generally been casehardened, as, for in- 
stance, the journals of axles, motion bars, links, slide bars, &c. 

As to iron and steel wire, the Swedish Bessemer material 
has proved to be very suitable, and has gained credit in Eng- 
land. It is exported in the form of blooms, and is afterwards 
hammered or tilted down in England. The billets are rolled 
and drawn into wire. 

As to tools, Bessemer steel has begun already to make a great 
decrease in the employment of cast steel, especially because of its 
lower price. It is nevertheless observed that, although in Shef- 
field, which is the great seat of manufacture of cast steel, there 
are no less than fifteen Bessemer vessels. Still, this new ma- 
terial is considered not to be so thoroughly reliable for tools as 
cast steel, on account of its want of homogeneity and soundness ; 
also on account of the different degrees of hardness and strength. 

Files made of Bessemer steel are easily drawn crooked, and 
planing tools are soon broken, although the greatest care is taken 
in tempering. 

The use of Bessemer steel for the finer articles of steel 
manufacture is not very common as yet. 

We will now consider the new process in its economical 
aspect. 

One of the principal Bessemer workshops, calculated to re- 
quire 10,000tons of pig iron per annum, which is made into 
steel for railway material, has cost 20,0002 sterling. The in- 
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terest of this sum may be thus considered to entail a charge of 
1d. per cwt. on the pig iron used. 

Tne English pig iron costs at this place 42, 10s. per ton, and 
the spiegeleisen 9/. per ton. Swedish pig iron is also used, and 
costs $7. per ton. 

The price of coals is 10s. per ton. 

Wages varying from 3s. 6d. to 7s, per day, according to the 
skill of the workman. 

Under these circumstances, the cost per ton of production for 
the first half year was as follows. It must, however, be borne 
in mind that several experiments were not successful, and the 
want of experience and demand for the material coftributed to 
increase the cost price considerably, 

£s. d. 
For hammered blooms... 912 1 per ton. 
Rails rolled from solid ingots 1115 0 ,, 
Prepared hammered axles ase oo mM O08 

In Sweden the cost prices do not compare favourably (at least 
those which have hitherto been obtained), because there are 
not, as yet, any Bessemer works which combine all the advan- 
tages which severa] places in Sweden offer, and none of the 
works are constructed where advantage can be taken of the best 
markets, nor are they well conducted with regard to economy. 

The cost prices from two of these works have been commu- 

nieated to me; butit may be inferred from the difference which 
appears between the two that they are not based upon a regular 
and constant manufacture, 
_ At one the cost of Bessemer blooms, that is, hammered 
ingots, suitable for rolling, is 8¢. ton, and at the other 
91. 10s., including the freight to England (Hull), which is 1. 
per ton, 

According to calculations, which are foundedon a pretty long 
essay, it would a that to make Bessemer steel from Pers- 
berg pig iron, the following results have been arrived at. 

For the production of about 3000 tons of blooms, which are 
produced from 4000 tons of pig iron direct from the blast fur- 
nace: 


162. or 
a ose «-» 300 rmts. 
which is added one- 


Pig iron, 4 tons, at 4/. ° 

Coals for the blast furnace, to 
third of a tonna of charcoal ... 

Fire bricks, &c. «s 

Wages coe ove 

Technical assistants 

Interest on the capital 

General charges 


1! 


363 
13 
350 

which sum is equal to 6/. 13s. per ton. To this may be added 
the freight from the works to the English market, and the 
commission, making a total of 8/. per ton. 

The alteration which is requisite to the ordinary Swedish 
blast furnace, so as to make it suitable for the new process, will 
not amount to more than 1500/., the interest of which sum will 
but increase the cost to an insignificant extent. 

The market prices in England for the Bessemer products have 
been declining during the last year, and will probably continue 
to do so in consequence of the competition between the many 
establishments ready before they were wanted. 

At the present time the following may be considered as abvut 
the average: 

For blooms or hammered ingots suitable for rails 

and axles one eve eve ose «+. £12 per ton. 
Rails rolled from solid ingots on ope cco 16 gg 
Note.—Rails of easily rolled sections have been 

sold in Wales as low as seals -_ “2h. oo 
Axles (forged) for railway-carriages .., Sl i 
Solid rolled tyres ae eee ee — Fae 

I am of opinion that there is no country where the Bessemer 
process may be carried on with greater advantage than in 
Sweden, considering that the country possesses an abundant 
supply of excellent ores, also a pretty good supply of charcoal 
(for the purpose of converting the pig iron) in close proximity 
to the iron mines. Under these circumstances Sweden 
certainly ought to be in a position to compete with any country 
in the Bessemer process. 

This process appears to be opening a way in Sweden for a 
home manufacture of railway materials, with every prospect of 
a profitable result both for the railways and the manufacturers 
of the country. By this process they ought to arrive at the 
result more quickly and more surely than by the old process of 
as because the Bessemer material is both cheaper and 

etter than the material made by the old process of puddling 
and welding. 

It is proved by the preceding facts that Bessemer ingots or 
blooms can be made and sold with a profit at the same price as 
ordinary Swedish bar iron. They, however, cost less to manu- 
facture, and the profit on a ton of Bessemer blooms ought 
certainly to be as much as on a ton of bar iron. 

When ceasing to forge the bar iron, all the charcoal will be 
available for the blast furnace, and a double quantity of pig 
iron can be made and converted into steel blooms. Thus a 
double profit will be reaiised; and if the same weight of ingots 
is manufactured as of bar iron previously, the consumption of 
charcoal will be one-half as when the bar iron was made, as is 
at present the case in the charcoal hearth and welding furnace. 
The cost of altering the furnace makes, as stated before, a com- 
paratively slight difference in the final results, 

The realisation of Swedish bar iron is already made very 
difficult as regards the ordinary brands. These would be 
suitable for the Bessemer process, and the demand for blooms 
would probably be greater than for bar iron, either for export to 
England and other markets, or for home consumption, to be 
worked up into different articles for which they might be found 
suitable. 

I am fully convinced that an establishment for the manufac- 
ture of steel, constructed on an extensive scale, on the west 
coast of Sweden, ought to do well. These works should work 
up the blooms (made in the mining districts) into such articles 
as axles, tyres, plates, bars, &c. The first market to be looked 
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for would, of course, be Sweden; afterwards, the neighbouring 
countries, Norway, Denmark, and Russia. An ironworks 
founded on this principle ought to be more profitable than if 
constructed on the old principle of puddling the iron from the 
mining districts. 

"ee long the English rails used in the construction of the first 
Swedish railways will have to be re-rolled, and the advantages 
of such an ironworks, even for the railwa 3, will be so much the 
more evident. A better railway material, made at home, at a 
cheaper price, would be thus obtained, if the wern-out English 
materials were pgrtly made use of. : 

It is the general custom, for instance, in Germany to employ 
at the re-rolling of rails Bessemer steel in the proportion of jrd 
to 2rds of iron (old rails) as steel-headed rails. A 

On considering the foregoing facts, while regretting that much 
valuable time has been lost, I cannot but earnestly recommend 
the adoption of the Bessemer method generally in Sweden, as it 
will certainly prove beneficial both to the ironmasters and to the 
railways of the country. 


SOCIETY OF ENGINEERS. ; 
March 16, BaALDwin LarHam, EsqQ., President, in the Chair. 
“ENGINEERING IN INDIA.” By F. C. Danvers. 
(Concluded from page 262.) . 

InRIGATION works seem to have been very general in the 
Peninsula of India under its native rulers; but in this part of 
India tank irrigation was perhaps more general than canal irriga- 
tion, although there were evidently many works also constructed 
of the latter class, Some very interesting works in the Southern 
Maratha country are clearly traceable to the Hindoo Dynasty, 
and those about the headwaters of the Tombvddra and its tri- 
butaries may be especially referred to. ‘In the delta lands of 
Tanjore,” says Colonel Baird Smith, “it is probable that arti- 
ficial irrigation was contemporaneous with agriculture itself; 
but the first marked development of that native system upon 
which modern improvements have been grafted is traceable to a 
period corresponding with the close of the second century of our 
own era, and tothe reign of acertain Kejah Veeranum, to whom 
many of the gigantic pagodas, as well as the great irrigation 
channels in Tanjore, are attributed. It is worthy of remark 
that these works were all executed under an intrusive and 
foreign monarch, who, leading an army from the comparatively 
desolate tracts in the northern portion of the Peninsula, esta- 
blished himself in the fertile southern regions. Inthe Teligoo 
country, from which the invader came, there is not a trace of any 
such contemporaneous works as are found in Tanjore; and it 
gives a striking idea of Rajah Veeranum’s clearness of perception 
and energy of character that he should at once have appreciated 
the system of irrigation pursued by the subject race, and should 
have given to it that vast and rapid development which, making 
allowances for exaggeration, is still distinctly traceable to his 
reign. Inthe religious works of the period there are evidences 
of great constructive skill, immense labour, and, in some respects, 
marked architectural taste ; while in the works of irrigation there 
is great boldness of design, considerable knowledge of hydraulic 
principles, mixed, however, occasionally with curious indications 
of ignorance, a massiveness of construction so disproportioned to 
the necessities of the case as to indicate a very exaggerated idea 
of the forces dealt with. There was, however, one great object 
which was entirely lost sight of, and this was the means of inter- 
communication ; for, while the soil was fertilised and oe 
its produce found its way into commercn through all sorts of 
difficulties, from the entire absence of roads, bridges, and other 
elements of free movement. Besides canals, which were taken 
from the rivers of the district, tanks were largely employed for 
purposes of irrigation; and some of these were formed on such 
a scale as fairly to be denominated gigantic. The embankment 
of the Poonary Tank, in the Trichinopoly district, for example, 
was 30 miles in length, that of the Veeranum ‘Tank about 
10 miles; and numerous others of scarcely inferior dimensions 
are scattered over the face of the country. All these tanks 
were provided with sluices for distributing the water to the fields, 
with escape weirs for regulating the surface level of the water, 
and with other necessary works of detail. The same authority 
also refers to native works of a similar character which were in 
existence in the delta of the Kistnuh when the country fell into 
our hands in 1766. In Guntoor, two ancient channels, having 
all the characteristic marks of natural rivers, and called respec- 
tively the Boodamair and Pollier, traverse the district in different 
directions, and for ages have been subservient to the irrigation 
of the delta. All the irrigated portion of the Madras Presi- 
dency abounds in tanks, and the extent to which tank irrigation 
there is extended is truly extraordinary. An imperfect record 
of the number of tanks in fourteen districts shows them to 
amount to no less than 43,000 in repair, and 10,000 out of 
repair, or 53,000 in all. It would be a moderate estimate of the 
length of embankment for each to fix it at half a mile; and the 
number of masonry works in sluices of irrigation, waste weirs, 
&e., would probably not be overrated at an average of six. 
These data, only assumed to give some definite idea of the extent 
of the system, would give close upon 30,000 miles of embank- 
meats (sufficient “to put a girdle round the globe” not Jess than 
6 ft. thick), and 300,000 separate masonry works ; and the whole 
of this gigantic machinery of irrigation is of purely native origin. 

Turning now from ancient to modern engineering works, it is 
sr to give a brief account of some of the principal pecu- 
larities of construction as adopted in India. The principal public 
buildings of modern date will be passed over as appertaining 
generally more to architecture than engineering. 

With respect to communications, there are two classes of 
roads generally constructed in India, viz., what are called 
“ fair-weather road” and “first-class roads,” the former of 
these being often little better than cleared tracks, whilst the 
latter are both bridged and metalled. Prior to the introduction 
of wheeled conveyauces into the country, camels, horses, mules, 
asses, and bullocks, and not unfrequently even sheep, were em- 
ployed for the purpose of transport. To construct a fair- 
weather road, the line is first cleared of jungle for a width of 
10 ft., 20 ft., or 80 ft., @ ditch is cut on either side to serve as a 
Grain, and the earth excayated is thrown into the centre of the 
Toad to assist the rain water to run intothe ditches. It is neces- 








cal of course, to level inequalities of surface as far as possible, 
bridges, if wood is 


are either crossed by means of temporary. 
available, and, if not, their banks are cut 





down, if necessary, to a gentle slope, so as to enable carts to 
pass when the stream is dry, or nearly so, and such slopes as 
well as the bottom of the stream are in some instances paved if 
material suitable for the purpose is available. There are several 
temporary expedients which may be used as a substitute for 
metualling; thus stable litter, when available, or even grass 
strewed on the sandy or dusty surface, will greatly improve it. 
A road passing through the deep sandy bed of a river may be 
much improved by cutting down through loose sand to the 
moist and firmer stratum; on this should be laid a flooring of 
fascines, 6 in. in diameter, made of jhow, or of the strong grass 
which generally grows upon the banks of rivers in that country, 
and over all, from 1 ft. to 1 ft. 6 in. of earth well beaten down. 
This plan has been pursued with great success at several of the 
large rivers, such as the Sutlej. A road of this description will 
hardly last more than one season, but it is inexpensive and 
greatly facilitates the draughts of heavy loads. 

Of first-class roads it is not necessary to say anything. here 
beyond that a are rendered passable for wheeled conveyances 
during the whole year, being metalled and bridged, whereas the 
fair-weather roads just referred to are generally only passable 
for, at most, nine monthsin the year. Even in first-class roads 
the metalling does not always extend across the entire width of 
the roadway, but it is often confined to the central portion of it. 

For the purposes of crossing rivers there are several tempo- 
rary expedients which are often resorted to where the want of 
time, money, or skill prevents the employment of more durable 
methods. Many Indian watercourses are dry, or nearly so, 
except during the rainy season, and in some of the very dry 
districts of the North-West the watercourses often contain no 
water for eleven months out of the twelve. The beds of such 
rivers or streams are, therefore, in general, passable without a 
bridge, but they require to have the banks cut down to an easy 
slope, and the bed of the stream to be paved for a sufficient 
width to save the labour of draught through heavy sand, or sand 
and water combined. ‘The largest of such causeways is that 
constructed across the bed of the river Soane on the line of the 
Grand Trunk-road. The distance from the western extremity, 
or head of the causeway, to the point where the Baroon bank 
of the river rises above ordinary floods, and the metalled Grand 
Trunk-road again commences, is 11,450 ft. The line of the 
causeway having been marked out, common jungle piles were 
driven in two parallel lines, at a distance of 17 ft. apart, to a 
depth of about 15 ft., the sand having been excavated with 
shovels in the ordinary way. Between those piles down to the 
water level, or a little below, bamboo frames with palm-tree 
leaf mats were forced down behind, to prevent the sand from 
the sides slipping into the excavation. The remainder of the 
sand below water level was excavated to the required depth by 
means of the ordinary well sinkers’ sham, worked from tempo- 
rary stages on either side of the excavation. A layer of gunny 
bags filled with concrete composed of two parts Soane shingle, 
one part soorkhee, and one part kunkur lime, was then set as 
closely packed as possible over the whole bottom of the excava- 
tion. Over this a layer, 2 ft. 6 in. deep, of rubble stone was 
placed, set in concrete, of the same proportions as above, andon 
this the roadway, formed of roughly cut stone slabs 1 ft. thick, 
from 1 ft. to1 ft. 6 in. broad, me alternately 9 ft. and 7 ft. 
long, so as to break joint with each other. , ‘ 

‘Temporary wooden bridges of the simplest type are sometimes 
used; and rope bridges are employed, of various designs, to 
cross mountain torrents which run between high steep banks on 
the hills. In some of the latter a single rope is stretched across 
the stream and Made fast to trees on either bank; a sort of 
cradle in which the passenger sits is slung on the rope and 
pulled across by means of ropes worked from either shore. In 
others the bridge consists of three ropes, one for the feet and 
two others for the hands of the traveller, kept asunder by tri- 
angular pieces of wood placed at intervals. 

In the accompanying diagrams,* the top figure represents a 
flying bridge on the Nagpoor Dawk line. A is a fixed rope, and 
B a pulling rope by which the dawk runner hauled himself and 
his canoe across the stream. This method was, however, aban- 
doned in favour of the plan shown in the lower figure, which is 
nothing less than a rude description of bridge, constructed of 
planks or other flooring laid on ropes stretched across between 
the opposite abutments. It is scarcely necessary to state that 
the above-mentioned expedients were only adopted in cases where 
the streams were but narrow. 

Ferry boats are in use on nearly all the large Indian rivers, 
but these are often replaced by boat bridges during the cold 
season. Boat bridges are maintained over all the great rivers 
on the main lines of road from September till June, and occa- 
sionally all the year round, where the stream is not too wide, or 
where it can be narrowed by the embanked road being carried 
forward on each side, so as to restrict the deep channel within 
reasonable limits. 

Permanent bridges are made of wood, brick, stone, and iron, 
The use of wooden bridges is, in India, generally confined to 
places in or near the hills, where wood is cheap and plentiful; 
they are also sometimes used in the plains as temporary struc- 
tures, until it is convenient to construct them in a more perma- 
nent manner; but the destructibility of the material, and the 
liability of its parts to be deranged by the violent atmospheric 
changes common in the East, render its employment in general 
unadvisable. ~ 

The general substitutes for piles in India are well or block 
foundations, which have been in use for very many years; they 
are peculiarly adapted to the deep sandy beds of Indian rivers, 
andare extensively used, both for bridges and buildings. A 
foundation may consist of a nuinber of wells, sunk close together, 
and connected together afterwards; or, what is better, of a 
block or blocks of masonry made to the required shape, and 
having holes lett of the same size as the wells; the latter, how- 
ever, requires experienced workmen, and circular wells are, 
therefore, generally used. In both cases the method employed 
is the same. A wooden curb of hard wood, and of a thickness 
varying from 6 in. to 18 in., is made of the size of the well or 
block, and fixed in position on the river bed. On this about 
4 ft. in height of masonry is built; and, when dry, the sand 
inside is scooped out, so that the curb and masonry descend. 
Another 4 ft. is then built, and again the same process is re- 


~ ® This description will be readily understood without illus- 
trations. 











sorted to, and the curb again made to descend until any required 
depth is attained. 

As long as the water in the interior can be kept out by pump- 
ing or lifting, the work proceeds quickly; but when the work 
has to proceed under water, it is very slow. A machine called 
a jham is used. ‘This is, in fact, a huge hoe, with a straight 
socket cast on to it, to receive a pole, by which the jham, when 
lowered into the water, can be worked into the sand from a 
stage above. The pole is then withdrawn, and, by means of a 
windlass and rope, the jham, with its load of sand, is dragged 
up, emptied, and again sent down. In some parts of the 
country the well-sinkers dive every time, and work the jham 
into the sand by their hands; and divers have generally to be 
employed in case of any obstruction to the regular descent of 
the well. The wells or blocks are either driven down to the 
solid clay or rock, or they may be suspended, as it were, in the 
sand by mere friction. In Madras, when the wells are used to 
carry — piers, it is usual only to sink them about 6 ft. 
in the sand, the piers being connected together both at their up 
and down stream ends by a line of wells, acting as curtain walls, 
to prevent a scour ; a flooring of masonry or concrete is also added 
between the piers. The wells being finished, may be filled in 
with loose brick or kunkur, arched over, and connected together 
by arches, on the top of which the superstructure is built, or 
they may be filled with concrete from the bottom, thus forming 
a series of solid cylinders. 

Since the establishment of roads, river communications have, 
in some sense, diminished in their importance, and the number 
of native boats is not so numerous as formerly. But with the 
introduction of steamers many rivers have required improve- 
ment, in order to render their channels free from obstructions, 
For this purpose river sconservancy establishments are main- 
tained, whose duties are to keep the river channels clear from 
sunken boats, and from tranks of trees which are often brought 
down by the moonsoon rains, and, fixing themselves in the 
of the river, obstruct navigation. In other rivers natural ob- 
stacles have to be overcome, as in the ‘Godavery, in the course 
of which river three extensive barriers of rock obstruct the 
navigation in different parts of its course. In some cases it is 
necessary to protect the banks from the action of the currents; 
and in others to oo seagg the surrounding country from inunda- 
tions during freshes. 

It is not intended here to refer to the railway system of India 
on several of whose lines there are, however, to be found works 
of peculiar interest, especially where the Great India Peninsula 
Railway passes over the Western Ghauts. These, and such like 
works, would more properly come under the heading of special 
works, whereas the object of this paper is more particularly to 
describe the general | nea of engineering in India. 

Following the order in which the ancient works of native 
origin have been dealt with, the irrigation works of modern con- 
struction next command notice, 

Soon after the North-Western Provinces came under the 
British Government, the propriety of restoring the Mogul Canals 
began to be agitated. Attentior, it is said, was first drawn to the 
subject by the offer of a Mr. Mercer to reopen the Delhi Canal 
at his own expense, on being secured the whole proceeds of it 
for twenty years, This offer was declined ; and about the year 
1810 several officers were — to survey and report upon 
the lines both east and west of the Jumna. ‘The subject was, 
however, soon dropped; but it was resumed with characteristic 
vigour during the administration of the Marquis of Hastings, 
who, in 1817, appointed Lieutenant Blane, of the Engineers, to 
superintend the restoration of the Delhi Canal; and, in 1822, 
Lieutenant Debude, of the same corps, was ordered to survey 
and report upon the Doab Canal. Similarly, in Southern India, 
the works of the natives were followed up and improved upon 
soon after the acquisition of the country. The hopeless state of 
confusion into which the Tanjore Government had fallen having 
led to the cession of the country to the English, in 1801, the 
maintenance of the works of irrigation of course devolyed upon 
them from that time forward; aud it was not long before certain 
defects, inherent to the system, began to exhibit themselves in 
a very clear and unpleasant manner. 

The earlier works of this character, undertaken by the British 
in India, were, almost without exception, the restoration of 
ancient native works, and the defects originally existing in their 
construction were too often followed and imitated. On the 
Ganges Canal, for the first time, there was new ground to work 
upon, and Sir Proby Cautley and his able assistants successfully 
overcame the difficulties attending that vast objeet. 

There are two distinct systems of canal irrigation carried out 
in India; that in the north differing in many respects from the 
we pursued in the south, in consequence of the physical pecu- 
iarities of the two parts of the country. ‘I'he southern, or 
Madras, system, which is confined chiefly to the deltas of the 
great rivers, such as the Godavery, Kistnah, &., consists in 
throwing a dam, or anicut, across the bed of the river, to raise 
the surface level of the water, which is then conducted along 
canals, whose mouths are above the dams, to the lands requiring 
it. This — is necessarily confined to alluvial tracts which 
have been formed by deposits from rivers in a state of flood. 

In the rivers of Northern India, although there is a certain 
width of low alluvial land on either side, it is only a narrow 
strip. The greater portion of the country consists of a high table 
land, occupying nearly the whole extent of the Doab, and in 
yeneral rising very abruptly trom the khadir, or low lying land. 

n this case 1t is necessary to go back to a point high up in the 
river’s course, whence the water can be brought on to the high 
land by excavation of a moderate depth, and by which sufficient 
command of level may be obtained to overflow the surface. For 
this purpose the water is generally, in Upper India, taken from 
the rivers where they emerge from the mountains. 

The simplest kinds of canals used in Upper India are those 
which are generally known as Inundation Canals, of which there 
are many existing along the borders of the Punjab rivers, by 
which the khadir, or low land, is irrigated. Cuts are made from 
the river inland, for a certain distance, and are then carried ina 
direction generally parallel to the fall of the country, or the 
course of the river. By these, when the latter is in flood, the 
autumn crop is watered; but in the cold season, when the 
river is low, the canals ran dry, and the spring crop thus derives 
no benefit from them. During the time of year, therefore 
labourers are employed to clear the canals of the silt which was 
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left by the waters in their beds, or heaped up at their mouths. 
There are no works at the nead of such canals to control the 
supply of water, for the course of the river is so uncertain, that 
it may completely desert the head, and the water may have to 
be brought in by a new mouth excavated for that season, which 
again may be useless in the next. 

It would be impossible, without exceeding the limits to which 
a single paper should extend, to enter into the many details of 
construction of each class of work to which allusion has here 
been made. It is proposed, therefore, to conclude the present 

per with a short statement of the expenditure incurred in 
Togia for public works, and the establishment by means of 
which such works are undertaken. 

Notwithstanding what has been stated relative to the con- 
struction of a certain class of public works by the native rulers 
in former ages, it does not appear that any spirit of enterprise 
exists amongst the natives of the present day, and consequently 
the construction of remunerative works is but to a very limited 
extent promoted by means of private speculation; and, with 
very few exceptions, the public works of the country are carried 
out through Government agency. The funds for this purpose 
are provided from the surplus revenues of the State, and the 
receipts from remunerative works are credited to the same ac- 
count. Prior to the year 1853-54, the construction of public 
works devolved upon different departments, according to the 
character of the works executed, and, on this account, it would 
be somewhat difficult to state with any degree of accuracy the 
precise sums so expended. In 1853-54, the total expenditure 
amounted to 2,586,5311, and, with the exception of the period 
during which the Indian mutiny almost put a stop to all public 
works, the annual expenditure on their account has gone on 
gradually increasing. In 1863-64 the sum expended was 
4,459,2642, and the estimated expenditure for 1867-68 was 
6,637,500/. With the increase of total expenditure, the item 
of establishment has, as might naturally be expected, also in- 
creased. Thus, in 1853-54 the sum entered under that head 
was 405,5061., whilst in the estimate for 1867-68 it has been 
set down at 1,027,7002, being 15.15 per cent. on the total 
estimated expenditure for the whole empire. 

Prior to the constitution of a regular Public Works Depart- 
ment, the duties of superintending public works were entrusted 
to agencies, varying in the different Presidencies. Thus in the 
Bengal Presidency the Military Board had the control of all 
public works, but it was also a for the Army Commis- 
sariat and Government Studs Departments, and for the De- 
partment of Ordnance, including the Foundry, the Gun Carriage 
Agency, the Powder Mills, the Arsenals, and the Military 
Equipments of the Army, with the exception of clothing. In 

Madras Presidency, public works were carried on under 
three distinct and independent departments. Ist. The Public 
Works Department of the Board of Revenue, which had the 
control of all irrigation works, of all civil buildings in the pro- 
vinces, and all roads and bridges (not included in the “ Trunk 
Roads” or in military es and all canals, &. 2nd. 
The superintendent of roads, who had the sole superintendence 
of the great lines of communication classed under the term 
“ Trunk Roads.” It was his duty to propose all new roads on 
these lines, as well as all repairs and improvements, and he and 
his subordinates executed the ter part of the work. And, 
8rd. The Military Board, to ween was entrusted the construc- 
tion and repair of fortifications; of all public buildings, both 
military and civil, at the Presidency; the Government roads, 
and all bridges at the Presidency; all military buildings and 
forts in the provinces; and roads, and bridges, &c., in military 
cantonments, as well as the roads, bridges, and civil buildings 
and works in the Sangor Division. Besides which, the work at 
the Paumbum Channel was under the sole superintendence of 
the chief engineer. And in the Bombay Presidency the control 
of works was vested in the Military Board and the Road and 
Trunk Department. 

Under date the 30th of January, 1850, the Court of Directors 
of the East India Company ordered the appointment of com- 
missions in each Presidency to inquire into and report upon the 
system of Public Works, and the whole —- of their superin- 
tendence and execution. The consequence of the reports of these 
several commissions was the establishment of regular Public 
Work Departments for each Presidency, in whom was vested 
the control of all kinds of Public Works. At first the engineer 
branch of the department consisted principally of military men, 
many of whom were officers of the Engineer Corps and Artillery, 
but some were drawn from the line regiments, of whom it is no 
yam to say that many were not of the slightest 
qualification for such appointments. In the early part of the 
year 1855, twelve engineers and twelve overseers were, at the 
request of the Government of India, sent out from this country 
for special employment on the Irrigation Works then in progress 
in the north-western provinces and the Punjab; and a further 
number of twenty-five engineers and overseers were sent out 
in the course of the same year. In the early part of 1859 six 
civil engineers of the rank of executive engineers, fourth class, 
and special assistant engineers were sent out for service under 
the Bengal Government, and in the same year, in consequence 
of the necessity for annually recruiting the Public Works De- 
partment by a sent out from this country, it was de- 
termined to hold competitive examinations, to which any youn 
men who had qualified by a certain course of professiona 
training were admitted. first advertisement was issued ou 
the 4th of March, 1859, and the examination commenced on the 
10th of May following. Forty-eight appointments were offered 
to competition, but only thirty-seven of the candidates were 
found qualified ; of these fourteen were appointed to the Engi 
Branch, and twenty-three to the Upper Subordinate Branch of 
the Department. ll of the latter — were, soon after their 
arrival in India, aes to the Engineer Establishment, as 
they evidently belonged to a better class than that of which the 
Upper Subordinate Establishment was rally constituted. 
No more appointments of the lower grade have since been made 
from this country (with the exception of four who were sent out 
in 1860), but annual examinations have been held at the India 
Office, since 1859, for cepeeinente to the Engineer Establish- 
ments, In consequence — want of more engineers— 
principally in connexion with posed extension of irrigation 
works throughout India, which are henceforth, to a great extent, 








to be carried on by means of eagle Remand Bir Bo pasgene 
and which will be employed to augment the usual annual grants 
from surplus revenue—a second examination was beld in Decem- 
her last, at which twenty-five appointments were offered for com- 
petition; and in the early part of the t year thirty tem- 
porary appointments to some of the higher in the depart- 
ment were made in this country in order to meet the immediate 
and pressing want of engineers in India. Al , since 
1859, 181 engineers have thus been apes from this country 
to the Engineer Establishment of the Public Works Department 
in India. The demands of the service for more men are still 
urgent, and in all probability will continne so for many years to 
come, as the increase in the perity of the country demands 
the construction of more public works for its necessities and con- 
veniences. Hitherto it hus been found difficult to maintain the 
established proportions of military and civil members laid down 
or the Department. This is a difficulty which is likely to in- 
crease rather than to diminish, and it may with some reason be 
expected that India will for many years to come provide the 
best field for the energies of our profession. 

In order to give some general idea of the prospects of the 
Government service in India, it may be as well to state the 
salaries of the several grades in the Public Works Depart- 
ment, and the average length of service, before reaching each 
grade. These particulars have been compiled from official 
documents, and can be vouched for as substantially correct. It 
is true that they have been calculated from the returns only of 
the Bengal Presidency; but as that establishment contains 
more members by far than both the establishments of the Presi- 
dencies of Madras and Bombay put together, it affords the best 
general average of promotion for the Public Works Department 
in general: 
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It must be stated, however, that these figures do not correctly 
show the average length of service which civil engineers going 
out from this country must expect to pass before geting promo- 
tion from one grade to another, as in each grade there are one 
or more who from their ated long service cause the 
general average to be unduly raised. Thus, amongst the 
Assistant Engineers of the first grade there is one who has 
served 19 years 7 months, another 17 years 7 months, another 
14 years 9 months, and another 11 years 11 months. Amongst 
the Executive Engineers’ fourth grade are those who have been 
in the service for 19 years 1 month, 16 years 11 months, 16 
years 10 months, and 80 OD. 

With only two exceptions, none of the civil engineers who 
have been sent out from this country since the year 1855 have 
yet attained a higher rank than that of Executive Engineers’ 
first grade. The following statement gives the number of civil 
engineers appointed from this country, in each grade, and the 
— length of their service before being promoted to that 
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Besides which there are eight in the third grade of Assistant 
Engineers, amongst whom, however, there is only one included 
who went out during last year. Omitting, then, the seventy who 
have been sent out from this country within the past twelve 
months, for employment in the Public Works Department, the 
mee omy particulars relate to all but thirty-five of the total 
number sent out since 1859, a few of whom belong to the 
Public Works Departments in the other Presidencies, some have 
left the service, and others have died. 

Finally, it may be stated that the author of this paper has 
seen the several attacks made on the Indian Public Works De- 
partment, which have ap from_time to time in letters to 
the Builder, The Engineer, and the Jrish Times; but, with the 
single exception that the salaries on first appointment are not 
sufficiently high to attract young men of promise from this 
country, there has not been one —— thus publicly made 
which cannot be most positively contradicted. Several instances 
have also come to the knowledge of the author of this paper of 
persons having left the department with the supposition that 
they could obtain better a yy seriously regretting that 
action as a false step, and desiring to be readmitted to the 
service. Some have succeeded in re-establishing themselves 
upon the strength of their own merits, others have failed. If 
the remuneration of Government service is comparatively small, 
it must be remembered that it is sure, and that the reversion of 
a pension after a certain number of years, though perhaps 
remote in its realisation, is yet equivalent to an increase of 
income. The public service is an honourable service, and, 
though the prizes may “p r few and remote to beginners, it 
may be stated in full con: Sense that they are certain of attain- 
ment, in due course, by the honest and persevering. 








WATERWORKS IN AMERICA. 

Tue city of Philadelphia, numbering about 800,000 in- 
habitants, or nearly twice the population of Liverpool or 
Glasgow, is supplied with water from the river Schuylkill, 
between which and the river Delaware the principal portion 
of the city is built. There is a tidal rise and fall of 4ft. in 
both, but in the Schuylkill the tide is kept back at Fairmount 
in the upper part of the city by a large dam over which there 
is a fall, varying with the tide below, of from 6ft. to 10 ft. 
There is abundance of water power, as well as of excellent 
water for domestic use, at the dam, the mean daily flow 
being upwards of 500 million gallons. A series of breast 
wheels have long been employed for pumping the water, 
from above the dam, into an elevated reservoir, and a few 
years ago three large Jonval turbines were added. Of these 
we gave a very full description in Eneingrerine of April 
27, 1866 (vol. i., p. 269). On the opposite side of the river, 
and also at other points higher up, are large steam pumping 
works to supply other portions of the city. 

Atthe present time the works are being considerably extended. 
At Fairmount a turbine ofthe largest dimensions yet constructed 
is being put down in place of twoof the breast wheels which have 
been taken out. These wheels were 16 ft. in diameter and 16 ft. 
long on the buckets, and each worked a double-acting pump 
16 in. in diameter and 5 ft. stroke, against a head of 96 ft. 
The new turbine, of the Jonval or parallel flow variety, is no 
less than 10 ft. 3 in. in diameter over the buckets, and these 
are 17 in. deep. The three other turbines, the largest ever 
constructed prior to 1861, are 9 ft. in diameter with buckets 
12in. deep. The turbine now being put down will drive two 
double-acting pumps, each 22 in. in diameter and 6 ft. stroke, 
pumping through a 36in. main, 200 ft. long, into the reser- 
voir 96 ft. in vertical height above the river. This main will 
be suspended for a clear span of 80ft., forming its own 
bridge across the forebay, and 9 ft. above the water. The new 
turbine is intended to raise a much larger quantity than the 
two breast wheels which it replaces, the excess being five 
million American (4,166,167 imperial) gallons daily. As the 
turbines work under a variable head of from 6 ft. to 10ft., a 
high rate economy cannot be obtained, as the wheel must be 
large enough to do the whole work on the minimum head. 
The pumps lay horizontally, and take the water through a 
series of three-clack valves of different sizes, on each seat. 
The valves being 44 in., 5in., and 6in. wide, will not close at 
the same time, thereby avoiding much shock; the discharge 
valves will be triple-beat Cornish, over which there will be an 
air chamber, and one large air chamber on each pump, from 
which the ascending main Dae The wheel gearin 
are from the designs of Mr. E. Geyclin. The gene 
arrangement and design for the pumps, mains, and con- 
nexions are from drawings of Mr. Frederic Graff, chief 
engineer. Mr. Graff has kindly promised us drawings of this 
turbine, and the work connected with it. 

Two Cornish engines are also being put down, one for 
supplying the suburbs of Manyunk, Germantown, &c., and 
the other at the Schuylkill Works. The first has a 72 in. 
cylinder 10 ft. stroke, and a pump pole of the same stroke, 
204 in. in diameter, pumping against a vertical lift of 334 ft. 
besides the friction in a 20in. main 3960 ft. long. The beam 
30ft. long, between end centres, weighs 30 tons, for both 
flitches. It issupported upon a massive square column of cast 
i e pump an air vessel 28 ft. high and 65ft. in 
diameter. is engine was designed by the late chief engi- 
neer, Mr. Birkinbine. 

The other Cornish engine will be a novelty in pumping 
machinery, heavy side levers with plummer bloeks for main 
centres being placed upon the bed plate, instead of overhead, as 
is usual. e engine is 72 in. cylinder, 10 ft. stroke, the pump 

le 36 in. diameter, 10 ft. stroke, pumping into a reservoir 
118 ft. vertical height through a 30 in. main about 3300 ft. 
long. This engine will have the advantage of a stand hee 
already used ay - engines at the same works. 
engine is from Mr. Graff’s designs and is being made by 
Messrs. Merrick and Sons, of Philadelphia. 

Mr. Graff is also constructing a new reservoir of nearly 
thirty million gallons capacity, or 35,000,000 United States 
gallons of 83 Ib. each. 
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Archiv fiir Seewesen. Wien, 1867. 

Unver the above title, the volume for 1867 of an 
ably-managed contemporary lies now before us, and 
we consider many of the articles contained in it worthy 
of the attention of those of our readers who are 


sufficiently acquainted with the German language. |. 


This Archiv fiir Seewesen is a monthly publication 
edited by Mr. Johannes Ziegler, a scientific employé 
of the Admiralty Office in Vienna; and the principal 
contributors to the paper—which is devoted ex- 
clusively to maritime subjects, and most particularly 
to shipbuilding and marine engineering—are the 
technical staff of the Imperial Austrian Navy, amongst 
whom we may name Mr. Romaco, the able chief 
constructor, whose name has already appeared in our 
columns. Like every other continental paper, the 
Archiv fiir Seewesen is very largely quoting and trans- 
lating from EnGiveertne, and it occasionally receives 
our articles second hand, honestly quoting the less 
honest plagiaries as the original sources. The volume 
for 1867 of the Archiv contains elaborate reports upon 
the maritime articles in the late Paris Exhibition ; 
one written by M. T. Moralli, Engineer of the I. R. 
Navy, on Marine Engines, and another still more in- 
teresting report upon Naval Architecture, by M. K. 
L. Kuzmany, Naval Architect in the Imperial Austrian 
service. An interesting appendix to the latter report. 
is a Table showing the statistics of the iron-clad 
fleets of all the different maritime nations. The number 
of guns, their calibre, and name of maker or system ; 
the length, width, depth, and tonnage of each 
vessel; the maximum speed, thickness of armour, 
material of hull, and the style of design, are registered 
for each of the vessels. We shall, if space will permit, 
reproduce M. Kuzmany’s Tables in our columns. 
The same author has visited the principal shipbuild- 
ing establishments in this country, and pu lished 
some very good descriptions of these works in the 
Archiv. Amongst the establishments described are 
Messrs. Laird’s shipbuilding yard, at Birkenhead; 
the Mersey Forge, Liverpool ; Woolwich Dockyard; 
Chatham; the Thames Ironworks, Blackwall; Ports- 
mouth Dockyard ; Messrs. Samuda’s Works; Messrs. 
Brown, Lenox and Co.’s Chain Cable Works, and 
others. One of the most interesting articles in this 
volume, and one which we have translated in part 
below, is a report of a trial made with a7 in. Armstrong 

un. This trial was made at Pola by the Austrian 
Jovernment, who have ordered a considerable number 
of heavy guns at the Elswick Works, and about an 
equal quantity at Essen. 

“Trial of the Tin. Armstrong rifled muzzle-loading 
Gun.—As might have been expected of the system, 
which has been the subject of so much study and ex- 
perimenting in England, the trials at Pola have onl 
endorsed what has been said before in the English 
professional papers. The system has a satisfactory 
degree of precision, and a sufficiency of effect upon an 
object, say, of the character of the Warrior target ; 
but the construction of this gun, and particularly that of 
its breech part, does not permit the expectation of great 
durability in active service. It is satisfactory to think 
that an actual bursting of this gun, in the manner in 
which cast iron and some cast steel guns occasionally 
burst, is not likely to take place. If it comes to the 
worst the breech piece (which certainly is a block of 
great weight) may be blown out inthe rear. Iam not 
as yet acquainted with the results of an internal ex- 
amination of this gun after the firing of the first fifty 
or sixty rounds, but the touch-hole has been affected 
toa sensible degree, as shown by an impression made 
in gutta percha. I fear that the joint between the 
wrought-iron plug and the inner barrel will soon give 
way, and allow a leakage of gases to take place. ft is 
not without a good reason, therefore, that the warning 
hole has been placed close to this spot. The conical 
form of the touch-hole plug is not favourable. The 
fact that the plug commenced to sink after fifty rounds 
can be ascribed to no other cause than the conicity of 
this part. The hooks at the mouth of the gun have 
been approved of, and the iron cradle for carrying 
the jectil i j 

projectile has been found decidedly superior to 
one made of cloth. The arrangement for setting and 
mancuvring the gun are excellent, and the wrought- 
Iron gun-carriage leaves nothing to be desired. It is 


well proportioned and suited to the gun in all its 
details, 


“The projectiles were Palliser’s chilled iron shells of 
the same kind as those used in England. They were 
fired at an armoured target at a distance of 400 yards. 
The target was pierced 
broke into fragments. 


by the shells, but the shells 
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at Reichenau, in Austria, and at Gradaz, showed a 
greater strength than the English Palliser shells, and 
passed through the target unbroken. A shell, con- 
taining xo bursting charge, set the teak backing on fire 
in passing through the target. 

“The analysis of the metal of Palliser’s chilled shot 
shows the following composition : 


Carbon ove 3.11 
Silicium . 0.78 
Phosphorus 1.10 
Sulphur 0,04 
Manganese eee ove 0.12 
Iron... ove ove oe = 94.85 








CHAPLIN’S DISTILLING APPARATUS. 


WE give above an engraving of a distilling apparatus con- 
structed by Messrs. Alexander Chaplin, and Co., of Glasgow, 
for obtaining a supply of pure, fresh, aérated water from sea 
water, or from other water containing impurities. The appa- 
ratus, which is of simple construction, is almost a 
and is adapted for use either on shipboard or on shore. It 
consists of a boiler, from which a steam pipe is led to a coil 
of pipes placed in a shallow wooden tank, which is kept filled 
with salt water, the boiler being fed from the tank by a feed 
arrangement, which we shall describe presently. The steam 
from the steam pipe of the boiler is yawn | into the con- 
densing tubes in the form of a jet, an opening being left 
around the jet nozzle, through which air is drawn in by the 
action of the steam. is arrangement, by mixing the steam 
with air, is found to effectually aérate the distilled water, and 
it has been long used by Mr. Chaplin with success. The dis- 
tilled water in| the condensing coils runs down, as it is 
formed, into a filter, and thence into astore tank below. 

The feed apparatus, which is arranged on a well-known 
plan, consists merely of a chamber communicating at the 
top and bottom with the boiler, by means of pipes furnished 
with cocks, and also connected by another pipe, provided 
with a cock, with the tank containing the water employed 
for effecting condensation. In order to feed the boiler, the 
communications between the latter and the feed chamber 
are closed, and the latter is then filled with water from the 
tank, this water being, of course, more or less heated by the 
steam in the coils of pipes. The communication between the 
tank and chamber is then closed, and the latter placed = 
on t 





Some chilled iron shells, made 





communication with the boiler by opening the coc 











CHAPLIN’S APPARATUS FOR DISTILLING SEA-WATER. 
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connecting pipes, when the water in the chamber flows into 


the boiler by the action of gravity. By the side of the 
boiler is placed a cooking stove, arranged in the eame manner 
as in Messrs. Chaplin’s ship engine, which we illustrated 
and described on page 330 of our first volume, this arrange- 
ment being such that, by merely opening or closing a damper 
plate, the boiler and stove may be used either together or 
separately. 

Whe method of working this apparatus is as follows: The 
tank or condenser should be filled by the hand pump with 
sea or other water, and the boiler should be also filled up to 
half-glass, the water supply being afterwards regulated by 
the feed apparatus. The fire in the boiler may then be 
lighted. Coal, wood, peat, or mineral oil fuel may be used, 
the latter being preferred when it is desired to make the 
apparatus as nearly as possible self-acting. In this case a 
special combustion cone is provided, the oil flowing over this 
cone, which must be first heated, so that the oil will ignite 
upon it. Combustion is then forced by the passage of air 
upwards through numerous small holes formed in the cone, 
and the flames are thus thrown against the sides of the fire- 
box. We shall give further particulars of this arrangement 
at some future time. The steam being got up to, say 5 lb. 
pressure per square inch, the main steam pipe may be opened 
into the aérating pipe or cup, and thus a mixture of steam 
and air will be discharged into the condenser. The water in 
the tank becoming heated before it passes into the steam 
boiler, saves fuel, and thus the whole of the sea water pumped 
up to the tank is gradually evaporated and converted into 
fresh aérated water fit for use, except a small portion lost by 
waste and in blowing off the boiler to prevent the incrustation 
of salt. 








Rattway Progress 1x France.—The total length of new 
railway opened in France in 1867 was 735 miles—a ve 
good year’s work, indicating that railway credit is still we: 
sustained in France. The share of each of the six great 
French railway companies in the additions made to olleage 
last year was as follows: Northern, 124} miles; Eastern, 
59% miles; Orleans, 150 miles; Western, 81} miles; Paris, 
Lyons, and Mediterranean, 153} miles; and Southern, 56} 
miles; leaving 108% miles completed by miscellaneous com- 

anies. 

: Tue Bexaran Iron Trape.—MM. de Dorlodot Fréres, of 
Aeoz, have secured an important Russian contract for iron 
and steel rails with their accessories. Taken as a whole, 
however, the Belgian iron trade is still represented to be 
comparatively inanimate. 
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IRRIGATION IN MYSORE. 


Tux following particulars regarding the system of 
irrigation in Mysore are taken from the columns of the 
Overland Friend of India. Whilst furnishing im- 
portant information regarding the physical features of 
the country, they also contain an interesting account 
of the extensive system of. tank irrigation already in 
existence there, as well as. the facilities which are 
afforded for the construction of néw works. 

A glance at ‘the physical configuration of the pro- 
vince of Mysore is sufficient to show that the greatest 
facilities for agricultural irrigation exist side by side 
with disheartening difficulties. Now that the exten- 
sion of irrigation has come, by a series of painful 
experiences, to be considered the chief means of 
averting famines, the state of water works in a pro- 
vince, in which very recently drought brought on a 
famine followed by heavy mortality among men and 
beasts, is worthy of minute investigation. The evil 
effects of a dry season cannot be wholly overcome by 
proper irrigation. But we cannot fail to be struck by 
the fact that, in spite of all our expenditure on agri- 
cultural irrigation for the last quarter of a century, 
famine should have ravaged whole districts in the most 
appalling manner. In the single talook of Mulka- 
lumuru, lying at the outside of the rainless region, 
and in by no means the worst watered district of 
Mysore, 6249 head of cattle and 13,130 sheep perished 
in afew months. With all confidence in the ability 
and experience of Major Sankey, the chief engineer, 
the time has now come when a special irrigation 
branch should be organised in Mysore. If it is to be 
cut off from the rest of the empire, as at present it is 
financially separate, its whole surplus should be de- 
voted to reproductive public works. The physical 
situation of Mysore renders it peculiarly liablé’to 
droughts. During the south-west monsoon the fains 
from the Indian Ocean and Arabian Sea strike per- 
pendicularly upon the Western Ghauts, and im the 
north-east monsoon the Cuddapah range receives the 
rainfall; consequently the winds that sweep’ over 
Mysore in these two seasons may be considered as dry. 
The red and sandy soil, resulting from disintegrated 
gneiss, likewise favours drought. The rainfall, 
heaviest towards the Western Ghauts and Coorg, sinks 
to 15 and 20 in. to the north, while south-east, in the 
Colar, Bangalore, and Mysore districts, it varies. in 
different places from 27 to 35im. A large tract, ex- 
tending from Cuddoor to the north-east frontier, may 
be regarded as rainless, owing to the attraction of the 
adjacent mass of the Bababoodin Hills, the range 
rising only from 10 to 20in., whose peaks tower some 
4000 ft. above the level of the adjoining plateaux. 
All the great rivers in the south of the Peninsula take 
their rise within the limits of Mysore, but the position 
of the water sheds deprives the province of much bene- 
fit which it might otherwise reap from them. ‘The 
river systems have for their catchment basins, in- 
cluding Coorg, a total area of 26,064 square miles, 
over 16,287 square miles of which the drainage is in- 
tercepted by tanks. The exigencies of the country 
ag early compelled them to resort to expedients 
or artificial irrigation, and nearly 60 per cent. of the 
country was brought under the tank system. In the 
rainy districts to the west the number of small tanks 
scattered through the forest glens isenormous. ‘hey, 
however, are of the most temporary character. Gene- 
rally situated between the spurs of hills, the moles are 
constructed without sluices or stone fastenings, and 
when an outlet beneath the waste weir is desired for 
the water, the usual plan adopted is to cut the bund. 
One of the greatest difficulties in the way of syste- 
matic irrigation will be the management of these small 
tanks. The smallness of their size and their inde- 
pendence of each other, natvrally enough lower their 
value in the eyes of the Public Works Department. 
The connexion of these tanks by links of canal is of 
scam importance in maintaining as well as regu- 
ating the supply of water in the lower plateaux. 

The large number of tanks constructed by the 
industry of the inhabitants, amounting to 26,450, or 
nearly one tank per square mile, instead of facilitating 
matters, seems to be an insurmountable difficulty in 
the way of engineering operations. The advantages 
which the country affords in the way of stone are more 
than counterbalanced by the absence of puddle, and 
the bunds are generally of the most insecure and leaky 
description. The older works, some of them dating 
back to the fiftcenth century, were constructed with 
greater care and apparently with the interests of pos- 
terity more in view ; but even these have suffered, not 
only from the hand of time, but from the malignancy 
of the Mahrattas and the mischievous caprice of Tippoo 





Sultan. What the Mahrattas and Mussulmans began, 
the present Maharajah completed by his misrule, till 
the tanks fell into a dreadful condition, notwithstand- 
ing thes uous efforts of the Dewan Poorneah. 
Bad ag tanks still are, they are in a more pros- 
perous ition than at any time of which we have a 
record. ##he wet and garden cultivation has risen 
from amaverage of 1,705,150 acres in the five years 
ending 1841-42, to 2,169,040 acres in the five years 
ending 1861-62. During the quarter of a century the 
sum of 299,670/. has been spent by us on the works. 
But although the Public Works Department has dealt 
with individual repairs, the reduction of the irrigation 
works to something like a system seems above their 
executive ability, so long as it is impossible to recruit 
their ranks with engineers in sufficient numbers. In 
short, we may safely say that, without thorough 
repairs, half the tanks in Mysore are positively unsafe, 
and a fourth more are breached or out of order. 

Major Sankey some time ago acknowledged the 
inability of the Public Works Department to deal with 
irrigation, and pressed for the formation of a separate 
department, at the same time laying before the 
Supreme Government a scheme well worth considera- 
tion. At the cost of a million sterling, of which a 
large share would be borne by the agricultural popu- 
lation, Major Sankey proposes in ten years to bring 
all the existing works up to the departmental stan- 
dard. The Mysore revenue last year showed, under 
unfavourable circumstances, a surplus of nearly three 
lacs, after meeting all charges, and no better applica- 
tion of the money could be made than in the develop- 
ment of irrigation. The discharge from the several 
rivers varies from 74,500 to 737,243 cubic feet per 
second, and there is no doubt that a very large quan- 
tity of this could be utilised without detriment to the 
interests of Madras. Ifinany way affected, we should 
say that the Presidency would be benefited by having 
the discharge of these rivers regulated, and the floods 
which so often inundate the country in some measure 
checked. The construction of new and imporiant 
works must give precedence to the thorough repair 
and ‘systematic connexion of existing ones. The 
question of keeping these tanks in repair seems to be 
beset with serious difficulties. Nothing is more 
common than breaches made by the ryots, who thus 
serve a twofold object, an abundant inundation of their 
tice fields and employment in repairing the embank- 
ment. The best way of obviating this is to put the 
Jakes under the charge of the district officers, and to 
make the people of each district bear the burden of all 
necessary repairs, Government only contributing to 
extraordinary repairs. Measures ought also to be 
initiated for dredging the larger tanks—a course un- 
doubtedly more suitable than allowing the tank to fill 
up and heightening the mole. Neither in such a soil 
as there is in Mysore does it seem desirable that the 
inhabitants should be encouraged in making a path- 
way, as has been done in several cases, on the top of the 
bund. Legislative enactments and liberal expenditure, 
applied by a special department in the existing state 
of things, and the thirty years leases which are being 
issued, ought to be made to bear the specific provisions 
for keeping irrigation works in repair, subject to the 
penalty of forfeiture of lease. Colonel Strachey is 
likely to visit South India in a short time, and he, 
doubtless, will not forget Mysore. 






TWISTED IRON BARS. 

Wes lately illustrated the specification of a patent for roll- 
ing iron bars, of cruciform section, with a twist of moderately 
sharp pitch, so as to give them a pleasing form in the many 
applications of ornamental ironwork for which they are suit- 
able. A letter which afterwards appeared in our columns 
showed that at least one large firm of iron merchants had 
dealt, long previously to the patent, in bars thus rolled. 
This firm has since sent us a circular, in which several of 
these bars are shown, and their weight, price, and compara- 
tive strength given in tabular form. The price is but 20s. 
per ewt., and the bars may be had in lengths of 14, 16, and 
18 ft., or longer, if required. Messrs. Macnaught, Robert- 
son, and Co.’s Table of comparative weight and strength is as 
follows : 





per ft. per ft. 
No. 1, 1} in. diam., 1.17 Ib. (3 SZ ay) fin. diam., 1.47 lb. 
No.2,13 , 4b} Boge] i , 20 Ib 
No31h .,, 167b)2, 241 » 261 Ib. 
No.4,23 5, 3601) SESS s1g ,, 494Ib. 
No.5,3h , 663Ib|/ 92,8113 ,, 8011b. 
No. 6, 4 , 889 lb. (3 BJ2t ,, 13.25 1b. 


Pvsiic Works tn France.—The amount proposed to be 
devoted by the French Government to the prosecution of 
public works in France during 1868 is 5,687,1607. Con- 
siderable as this amount is, it is proposed to increase it in 
1869 to 6,542,2407. This expenditure, being likely to be re 
droductive, does not appear to be open to censure, although 
the French trust too much to governmental assistance. 





TECHNICAL EDUCATION. 
CoNFERENCE IN EpINBURGH. 

On Friday last a conference, convened by the Royal Scottish 
Society of Arts, was held in Edinburgh, for the purpose of con- 
sidering the resolutions on technical education, which we sub- 
mitted to the notice of our readers in last week’s ENcrverrine. 
The conference was eminently of a representative and national 
character. Amongst the persons present there were Sir David 
Baxter, Bart., the eminent Dundee manufacturer, who has con- 
tributed so munificently to endow an engineering professorship 
in Edinburgh University ; Professor Lyon Playfair; Mr. J. 
Scott Russell, C.E.; Professor Archer, director of the Indus- 
trial Museum ; Mr. J. C. Buckmaster, of the Science and Art 
Department, South Kensington; Professor Macdonald, of Sr, 
Andrews; Mr. R. W. Thomson, C.E.; Mr. Edward Sang, 
C.E.; Mr. Douglas, engineer, Kirkcaldy ; Mr. David Milne 
Home, of Wedderburn; Mr. W. Paterson, engineer, Perth; Dr. 
Stevenson Macadam, lecturer on chemistry, Edinburgh; Mr. 
John Mayer, science teacher, Glasgow; Mr. W. Lees, M.A. 
lecturer on natural philosophy, Edinburgh; Dr. David Puge, 
the eminent geologist ; and many others, inclucing University 
professors, doctors, directors of educational institutions, pro- 
vosts and town councillors, presidents of chambers of com- 
merce, teachers, &c., representing Edinburgh, Glasgow, Puais- 
ley, Dumfries, Dundee, Perth, Aberdeen, Dunfermline, Hawick, 
St. Andrews, Cupar, Leith, &c. 

Mr. George Robertson, Mem. Inst. C.E., the president of the 
Scottish Society of Arts, occupied the chair, and introduced 
the proceedings, after making a few opening remarks, by calling 
upon Dr. Macadam, the secretary to the conference, to read a 
selection from the letters of apology received in reply to in- 
vitations to attend the conference. 

The first resolution, declaring it “desirable and necessary 
that the principles of science should form an important element 
in the tuition of all classes of the community,” was proposed 
by Mr. Scott Russell, who had visited Edinburgh specially to 
take part in the business’of the conference. He regarded the 
society under whose auspices they had assembled as the proper 
body to take up the subject under consideration, and to see that 
the generation of young Scotchmen were not growing up worse 
educated, relatively to other nations, than those of former years. 
In the movement now originated he would have society not 
only to take the initiative, but go a great deal further, and 
charge itself to some extent with the executive and organisation 
of a system of technical education for Scotland, because the 
society was really the conspicuous representative body of the 
technical men of Scotland. His experience of the state of 
education in some of the continental uations had led him tocon- 
clude that Scotland had lost the proud claim to be regarded as 
the best educated country in the world. The parishes had 
doubled in population, and the schoolmasters had not doubled 
in number; the cost of living had doubled, and they had not 
doubled the salaries of schoolmasters. Mr. Russell went on to 
refer to the great increase in the wealth of the country during 
the last thirty or forty years on account of the progress of 
manufactures, and to maintain that attention had not been paid 
to provide the increased facilities for education which were 
absolutely necessary to suit the altered circumstances of the 
times. He then proceeded to point out what, in his opinion, 
ought to be done to make this country equal to other countries 
in Europe. The curriculum of education in the Universities 
must be doubled. His opinion was that whatever amount of 
endowment they would ask to enable them to add to their 
Universities a large technical department would be received from 
the Government. They should ask from the Government 500/. 
a year for each of twenty professors of applied science, in addition 
to the present staff of professors. That would enable them to 
pick the men best qualified to impart technical education. He 
pointed to the fact that in Zurich there were twenty professurs 
of applied science, the salaries being furnished by Government, 
and the buildings being supplied by the town, which had 
benefited largely from the increased number of pupils who now 
came to the town for education. As for the small towns, he 
insisted that the grammar schools should either have a section 
for technical education added to them, or have a separate school 
for that purpose, Then, with regard to the parish schools, he 
insisted that they should be reinforced, and that each consider- 
able parish should have an upper parish school, in which 
science should be taught. As an illustration of the system 
which he would like to see iutroduced, he referred to a parish in 
Wurtemberg, in which he had recently spent four weeks, where 
there were only 4200 people, and in which there were two 
schools, a lower parish school with three schoolmasters, and a 
higher parish school with three schoolmasters; and in the 
higher school elementary science was taught. He concluded 
by expressing it as his conviction that the parish schools 
oi Scotland ought to be made something like these parish schools 
of Wurtemberg. 

Mr. Seton, advocate, seconded the resolution, and it was sup- 
ported by 

Mr. Duncan, Master of the Merchants’ Company, who com- 
mented upon the frequent reluctance of the hundreds of boys 
whom his company had educated to enter upon useful skilled 
occupations. Too often they preferred becoming merchants’ 
clerks or drapers’ apprentices. ‘Towards any practicable 
scheme of teclmical education, he thought he could pledge the 
support of the governors of the institution over which he bad 
the honour to preside. Or 

Mr. Smith, vice-president of the Philosophical Institution, 
also supported it, and, while referring to the arguments for aud 
against classical culture, said that physical science might, at 
all events, for a large portion of the community, prove no less 
valuable as a means of general intellectual training as classical 
instruction had already proved. To him it appeared from all 
recent experience that the economic interests of the country 
called for a large amount of attention to technical education, in 
order to enable our citizens to compete creditably with those of 
foreign countries. 

Mr. Milne Horne proposed, and Professor Archer seconded, 
the next resolution. After much discussion upon it, and after 
it was altered by Mr. Scott Russell, the resolution was adopted 
in the following form: 
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“ That in all schools the pupils should be taught elementary 
science, and that the Government aid now offered, in the shape 
of grants of money and apparatus, as well as scholarships and 
exhibitions, should be largely increased, and the conditions 
much modified, in order that it may be more generally taken 
advantage of.” 

In the course of the discussion on the second resolution, Mr. 
J.C. Buckmaster, representing the Science and Art Depart- 
ment, gave a full explanation of what is being done by the 
Government for the scientific education of the industrial popu- 
lation of the country. He referred to the memorandum lately 
issued by the department, and which appeared in these columns 
two or three weeks since, and stated that in England and Ire- 
land chiefly there are at present about 12,000 persons, including 
artisans and children of artisans, receiving scientific instruction 
in connexion with the Science and Art Department scheme. 

Sir David Baxter moved the third resolution as follows : 
“That for the more thorough instruction of all it is 
desirable that Chairs of Applied Science be founded in the uni- 
versities, and that branch Industrial Museums be established in 
the larger towns.” He said that the question before the meet- 
ing, namely, as to a better and more scientific instruction for 
the classes carrying on and conducting the industrial establish- 
ments of this country, was a question of very deep interest. 
He might say that commerce and manufactures were the back- 
bone of our country, and that anything that interfered with the 
prosperity of these industries could not fail to have a very pre- 
judicial influence. There was no doubt that there had been 
great apathy on the part of the community with respect to this 
subject, and it was still more extraordinary that those who were 
more immediately connected with and had the management of 
the manufactures should have shown such apathy in regard to 
the matter. This might, however, be accounted for by the fact 
that, till within the last few years, our country was supreme in 
the manufacturing industry of the world ; but, unfortunately, 
we had been relying on that, and, while other countries had 
been educating their people, we had been left-in the back- 
ground, and subjected to very great competition from France, 
Switzerland, Belgium, not to say anything of America. There 
was no doubt that this country was suffering from severe com- 
petition by those countries at the present time. He did not 
object to competition, because it was a very proper and good 
thing; but he thought that if meetings such as this were held 
throughout the country we should soon be able to compete with 
all these countries in the manufactures in which We were en- 
gaged. The resolution said it was desirable that Chairs of Ap- 
plied Science should be founded in the universities. In regard 
to the University of Edinburgh, a chair of that nature had 
already been founded (the Chair of Engineering), and a gentle- 
man, highly qualified to occupy that chair, had been appointed. 
The appointment had not beer sanctioned as yet; but he had no 
doubt that it would be confirmed by the Government, and that 
the new professor would take his position in the university at 
the opening of the next session of the university. ‘The motion 
next referred to branch museums. He had no doubt that in 
towns in the country—and he could speak for that part of the 
country with which he was acquaintec—namely, Forfarshire— 
they would be able to get up very excellent elementary schools ; 
and that, if scholarships were founded in these schools, they 
would be feeders to the universities ; and he had no doubt the 
result would be such as would give entire satisfaction. 

Mr. R. W. Thomson, C.E., seconded the resolution, and Mr. 
Carmichael, one of the classical masters in the Edinburgh High 
School, supported it, and in doing so referred to the great 
benefits already resulting from the recent introduction of science 
teaching among the pupils of the High School. Although a 
classical master, and therefore not likely to be suspected of any 
undue partiality for physical science, or for wishing the intre- 
duction of technical instruction into the High School, he must 
say that the proficiency attained by the pupils in their scientific 
studies had been most signal, and that the instruction in ques- 
tion had been of great advantage in every respect. 

Mr. George Harrison, chairman of the Chamber of Commerce, 
proposed the fourth resolution, viz. : 

“That the mechanics’ institutions of the country should be 
re-organised and extended, so that the systematic teaching of 
the elements of science may be placed within the reach of all 
artisans.” 

A large proportion of the mechanics’ institutions, he remarked, 
had degenerated into mere means of amusement, or at best con- 
tented themselves with the production of popular and desultory 
lectures, which were not fulfilling the objects intended by these 
institutions, though he believed that in Edinburgh and some 
other places they still adhered to the curriculum with which 
they started. He thought these institutions might be improved 
or extended, and that there might be enlisted on their bebalf 
the more active and vigorous minds of our mechanics. He 
went on to show that working men had now more leisure and 
better opportunities for the cultivation of scientific knowledge or 
literary taste, and he urged that these opportunities should not 
be lost, else the result would be very sad indeed. 

Provost Wilson, of Hawick, characterised mechanics’ institu- 
tions as being effete, and as having outlived their time, like 
parish schools; and went on to advocate an unsectarian and 
compulsory system of education. The South of Scotland 
Chamber of Commerce had pronounced in favour of scientific 
schools, particularly in relation to the textile fabrics. 

Mr. Douglas, Dunnikier Foundry, Kirkaldy, said he had 
much pleasure, as a mechanical engineer, in seeing the steps 
proposed to smooth the way of young students, and he thought 
it would be advantageous could mechanics’ institutes be more 
affiliated somehow with such institutions as the Society of Arts. 

Mr. James Mitchell, brass finisher, supported the resolution 
as representing the students of the School of Arts, which institu- 
tion might, be thought, be taken as a fair model of what a 
mechanies’ institute ought to be. He thought working men 
should be called upon to pay somewhat towards any increased 
educational advantages afforded to them, and testified to the 
desire of the working classes to be educated. 

Mr. Hay, dyer, also supported the resolution. 

Mr. Sang, C.E., testified from his experience as having been 
employed twenty years ago by the Turkish Government to intro- 
duce ome of our mechanical arts into Turkey, that English 


workmen were superior in, expertness at particular acts of 
manual labour, but they were not suitable as instructors or 
teachers, suffering in comparison with the French or German 
workmen in the matter of really understanding their work. 
Professor Lyon Playfair, in moving that a committee should 
be appointed by the Council of the Scottish Society of Arts, to 
romote the objects of the foregoing resolutions, said he bad 
een entrusted with the moving of the last resolution, to which 
no one would object, because he had had so many opportunities 
of speaking on the subject, and had been engaged so long in 
a, promote the introduction of science and technical 
education into schools, that he wished very much to hear the 
views of others on the subject, as he knew his own views very 


therefore had very great pleasure in being present at such an 
influential meeting in connexion with this movement. In 
Scotland people were perhaps in many respects far more ad- 
vanced in general scientific training than the pees the 
sister country, on account of the circumstance that were 
four universities, all four being universities for the people, giving 
them education at a low rate, and having the sciences as a very 
distinct part of that education. The committee which it was 
proposed to appoint would have a very great deal of work to 
| omay There were building materials everywhere, if they only 

new how to construct a great educational edifice; and if the 
could use those materials without quarrelling as to the edifice 
to be built it would be of the greatest importance. 

This resolution was seconded, and, like all that preceded it, 
carried unanimously. It was strongly urged by Provost Wilson, 
of Hawick, and others, that the committee should ‘embrace a 
large representation from Glasgow and other districts, so as to 
give it a national character. ‘This suggestion was received with 
very general approbation. 

Cordial votes of thanks were awarded to the chairman and to 
Dr. Macadam, the secretary, and the business was brought to 
a close after a sederunt of five hours, during which thirty-six 
speeches were delivered. 








THE SURVEY UNDER DIFFICULTIES, 


Ar the meeting of the Royal Geographical Society on 
Monday evening (at which the Prince of Wales and his suite 
were present), Captain Montgomerie’s report “On a Pundit’s 
Journey to Lhasa and the Source of the Brahmaputra” was 
read 


The report commenced by detailing the numerous unsuc- 
cessful attempts of the two Pundits, who had previously been 
well trained for exploration by Captain Montgomerie, to 
advance into Thibet. One of them at length succeeded in 
eluding the vigilance of frontier governors and guards, and 
passed from Kathmandu, the capital of Nepaul, vid Kirong, 
to Tadum Monastery, north of the Brahmaputra river. 
From this place, which is on the great Thibetan high road 
running east and west between Gartokh and Lhasa, he 
travelled in company with a Ladak merchant to Lhasa, 
reaching the holy city on the 10th of January, 1866. He 
left Lhasa on his homeward journey on the 2ist of April, 
and, instead \of returning to Nepaul, continued along the 
high road westward, and crossing the source of the Sutlej in 
Rakastal Lake, re-entered British territory by the Utdhura 
Pass into Kumaon. By the numerous accurate observations 
which he took for altitude, it results that the high road 
between Gartokh and Thibet for a distance of 800 miles lies 
along a region having an average height above the sea of 
14,000 ft.; in only one place does it descend so low as 
11,000 ft., while on several passes it rises to more than 
16,000 ft. The road is well kept by the Thibetans, and 
travelling is facilitated by post-houses (tarjums) being estab- 
lished at intervals of from 20 to 70 miles. Between Man- 
sarowar Lake and Tadum glaciers seem always to have been 
seen on the slopes of the huge mountain masses to the south, 
and to the north of the road, commencing 80 miles east of 
Tadum, a very high snowy range was visible, running for 
120 miles, and having a very high peak called Harkiang at 
its western extremity. Lhasa proved to be 11,700 ft. above 
the sea level. Excellent observations for latitude were taken 
at thirty-one different points, and an elaborate route survey 
made pes a distance of 1200 miles. 

The President, in concluding the discussion, read extracts 
from a recent letter of Captain Mongomerie to himself on 
the subject of the Pundit’s journey. He said: “I wish I 
could present the Pundit to you in person. Iam sure he 
would make a good impression anywhere, and I can quite 
understand his ho an immense favourite with the Lada- 
kecs who convoyed him to the Sacred City. Without their 
assistance he would have found it a very much more diffi- 
cult matter than he did,’ though it was difficult enough in 
every way. The Pundit, I think, deserves all praise. His 
work has stood every test capitally. The latitude observa- 
tions are undeniably good, and in that respect the position of 
Lhasa is well within half a minute of the correct value. 
The longitude may be said to be true within about a quarter 
of a degree, and the height, 11,700 ft., some 200ft. or 300 ft. 
too little. The height has never been determined before ; 
the latitude, even in Mr. Keith Johnston’s last’ atlas, was 
given about a degree and a half in excess, if IT remember 
right. The road along the top of the Himalayas, at an 
average height of, say, 14,000 ft., for 800 miles, is not a line 
which people would imagine commerce could be carried along, 
yet it is said to have been in use for centuries, The Pundit’s 
ancestors were Buddhists, and henee you can easily imagine 
his feelings when ushered into the Great Lama’s presence, 
with his prayer-wheel stuffed with survey notes, and an Eng- 
lish compass in his sleeve. Fortunately he was not very 
closely examined, and finding that his thoughts were not 
divined, he regained his nerve, and managed to take the 
dimensions of the Great Lama’s residence and fort as he 
returned from the audience. I am trying to extend these 
explorations northward into that great blank between the 
Himalaya, Russia, and China Proper, and some day mene to 

hasa 





get another route carried down the Brahmaputre from 
to Assam.” 


well, and had frequent opportunities of explaining them. He | ¢ho 





LOCOMOTIVE ENGINEERING. 
To THE Epitor or ENGINEERING. 

Srr,—As long as they give us such roads to send our 
engines over, and as long as we are bound to provide locomo- 
tive power at half a minute’s notice for anything from two 
to twenty-five carriages, what can be done to promote rail- 
way economy? I only know I have revolved this question, 
in all its thousand balsidomenis aspects, until I am half in- 
clined to let it alone for a few years more at least. A first- 
class, six-wheeled, four-coupled engine is not a wasteful 
machine, eating its head in friction and repairs. It will 
run ten times round the world before giving up the ghost, 
and I have kept some of my engines on their legs for forty 

usanc miles without once taking them into the shop. 

Where can I save? . I only wish a ten ton engine would do 
the work of one of thirty or forty, but it won't. As for 
economy of fuel, my engines are equal, horse power for horse 

wer, to the Cornish engines which Mr. Wicksteed was 
introducing into London when I was a boy,, He got his 
“duty” of ninety millions of foot-pounds from a ¢wt. of coal, 
and I get what is Na § nearly the same thing, viz., an indi- 
cated horse power wil 24 Ib. of coal per hour. Iam using 
small coal, or slack, at a low price, my engines don’t smoke 
to any extent worth mentioning, and their smoke boxes are 


Y | so cool that the paint is not burnt off for months. I am 


working steam, in some of my engines, of 1601b.; my boilers 
are clothed with felt and lagged with wood, and no heat 
escapes ; my men run with the regulator wide open, and cut 
off, by the link, wherever they can, at 24 in. of a 24 in. stroke. 
The engines “ beat” in perfect time, and there is not 3 Ib. of 
back pressure (excluding compression, which is not a > pl 
the cylinders. I heat the feed-water, notwithstanding that 
I employ the injector. I heat it by exhaust steam r it 
passes the injector and on its way to the boiler! 

As for prolonging the life of my engines, I have adopted 
steel tyres and steel axles and steel cranks for the small 
number of engines—inside cylinders—which require the last- 
named expensive luxuries. I have compensating levers 
between the springs of the coupled wheels and some of my 
stock have bogies. True, some of my engines weigh 6 tons 
on a wheel; but this serves my friend, the permanent way 
engineer, and my other friend, the traffic manager, quite 
right. The one greg for me what is, no doubt, the best 
permanent way he can construct and maintain upon the 
present system ; but it is bad for all that. It is bad because 
the resistances are more than twice greater at 40 than at 10 
miles an hour, whereas they should, with the exception of 
atmospheric resistance, be constant at all speeds. I don’t 
care for the reasons. This is incontestable proof of the in- 
feriority of the way. Why cannot we haye lines as true as 
a billiard table or the V’s of a planing machine? When wo 
have I can put on light engines, and my drivers will not fear 
being fined for lost time. My friend, the traffic manager, 
never knows what he wants. He will have fifteen carriages 
marshalled out for our three o’clock express. As my best 
driver has just thrown her over from mid to full gear, he has 
to cut loose and let down five more carriages, or, which is 
just as likely, the train has to be divided to leave five behind. 
The plague is, we must have always ready the maximum of 
power to do a very variable work. How can we keep down 
dead weight? And there are men—engineers, too—writing 
to the Times, making comparisons between railway trains 
and loaded omnibuses! When passengers like to be crowded 
and perched in and on our carriages, as they are in and on an 
omnibus, when they will consent to a speed of from six to 
eight miles an hour, and when we become so poor as to be 
compelled to run single carriages, instead of trains of car- 
riages, then we will show as high, if not higher, proportion 
of live to dead weight in our traffic as anything in the expe- 
rience of the London General Omnibus Company. 

I have no patents, but I sincerely wish to economise in the 
working of my line. Only I don’t know how to do more 
than I Leave r hey I have saved here and pruned there, 
until I dare pe no further. 


It is all very well to lecture us 
about radical improvements and great reforms. What are 
they to be? In what direction do they lie? I see some- 
thing in the bogie system, and Fairlie’s engine has its good 
points, but I wish to know how much even they will lessen 
my locomotive expenses, which are ey low as such 
things go. I see no great hope of reform unless the perma- 
nent way cor can give usa line much more nearly perfect 
than anything we have at present. 

Your obedient Servant, 
A Locomotive ENGINEER. 








Paris Untversat Exurpition.—The Imperial Commis- 
sion has just issued a notice to the subscribers to the guaran- 
tee fund, informing them that the advances made are now 
receivable, with the addition of 5 per cent. calculated from 
the 20th of July, 1865 (when the guarantee list was opened) 
to the 20th of the present month. The Commission adds, 
that all the materials in the Champ de Mars have now been 
sold, and that, in a short time, the guarantors will be in- 
formed of the amount due to them in the way of profit. 

Great Eastery AND Lonpon anp Sovurn-WesTERN 
Raitways.—A writer in a railway paper remarks that in the 
case of two somewhat similarly eircumstanced railways—tho 
Great Eastern and the London and South-Western—the cost 
of locomotive power is 9.37d. per train mile run on the 
latter. The editor remarks upon this that there is more goods 
traffic upon the Great Eastern than upon the South-Western 
system. 

Quer Sugz Canat.—Mr. T. E, Smith lectured at New- 
castle, on. Friday evening, on the present state of the Suez 
Canal Works. On the southern section of the canal, Mr. 
Smith stated that he found about 10,000 men at work. He 
believed that the chief difficulties, of the undertaking had 
now been surmounted, and that the affair had now become, 
to a great extent, a matter of time and money. At present 
the works presented no symptoms of a lack of funds. 
sweet water canal, Mr. Smith stated, was easily kept open, 
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CHASE’S FEED-WATER REGULATOR. 


Pweancr. 


We illustrate, in the annexed engravings, an ingenious 
arrangement of feed-water regulator, designed by Mr. Oliver 
R. Chase, and which has been employed by him at his factory 
in Worship-street, for several months past, with highly 
satisfactory results. The apparatus is intended, not for 
forcing water into a boiler, but for regulating its supply by a 
pump or other means, and although perhaps somewhat com- 
plex in poe py there is really nothing about it likely to 
get out of order or stick fast, and no stuffing boxes whatever 
are employed. Its construction can be best explained by 
reference to the engravings, in which Fig. 1 is a front eleva- 
tion of the main part of the apparatus with the cover re- 
moved; Fig. 2 is a corresponding back elevation; and Fig. 
3 is a side elevation showing the whole arrangement. 

The chief part of the apparatus is contained in a circular 
iron box, a, this box being provided in front with a glass 
cover, through which the Bam 6, and dial, c, can be at all 
times seen. The float, d, is arranged to rise and fall inside a 
small cylinder, e, attached to the case, a; this cylinder being 
connected to the boiler by two pipes, gg", arranged so as to 
keep the water at the same level in the boiler and cylinder. 
The float or piston, d, is of brass, and is constructed in the 
form of a cup, being arranged with the open end downward, 
as shown in Fig. 3. Guides are provided to ensure its rising 
and falling freely in the cylinder, it being preferred to use for 
such guides the rods or wires, h, which are secured at each end 
of the cylinder, ¢, and are fitted to the tubular aperture, d', in 
the float or piston, d. The float is connected by a rod, d’, to one 
end of an arm or lever, i, inside the case, a, of the apparatus ; 
and this lever is fixed upon a spindle, j, which extends 
through the hole, &, in the front portion of the case and 
carries the pointer or index, 6. This index oscillates over 
the figured scale or dial, c, and thereby indicates the height 
of the water and its variation from the correct height or level 
in the boiler. 

Two curved apertures, / /', are formed in the circular plate, 
a*, at the back of the front compartment, a', of the case or 
box, a, and in each of these apertures a sliding block, 
m m*, is fitted. Studs or pins, » ', project behind the said 
plate from each of these blocks, and are connected to a chain 
or belt, 0, which passes over a small pulley, p, turning on a 
stud, p', fixed at one end of the curved apertures, / /'. Other 
pulleys, p*, are also provided which guide and support, each 
part of the said chain clear of the other part. Each of the 
studs, nn‘, is attached to the chain, 0, on opposite sides of 
the pulley, p, and each one will therefore when moved for- 

pull the chain with it. Each end of the chain or bolt 

is connected to a separate lever, or to the opposite ends of a 
two-armed lever on the stop valve of the feed pipe or other 
device for admitting and regulating t..e supply of water to 
the boiler, these levers being so arranged that by pulling 
one end or part, o', of the chain, o, the stop valve is closed, 
while by pulling the other end, 0°, of the chain the valve is 
opened. When the feed pump is driven by a belt or band 
ger over pulleys on the pump and engine, the chain, 0, may 
attached to levers or rods connected with the belt fork, by 
which the belt is changed to either the fast or loose driving 
ulley. 
. A a tion or shoulder, m’, is formed on each of the 
sliding blocks, m m*, and extends inside the front compartment, 
a’, of the case, a. As is left between the two curved 
apertures, / /*, in which these blocks slide, and in this space 
a link, r, moves to and fro between the plate, a, and the 
sector, s; one end of this link being formed with two hooks, 





r* r*, which fit the projection, m?, on either of the sliding 
blocks, m m'. This said link is so arranged that when ad- 
justed to take hold of one block it will move freely with it with- 
out coming in contact with the other. When either of these 
block, m m', is carried forward in the direction of the arrows, 
Fig. 2, by the link, 7, the said block will pull the end of the 
chain, o, to which it is attached, in the same direction, and 
operate the corresponding lever or arm of the lever on the 


stop valve or other regulator. In the arrangement of parts 
illustrated the forward movement of the block, m’, opens 
the regulator, and a similar movement of the block, m, 
closes it. 

The hook-formed link, r, is carried on the upper end of the 
eurved lever, «, which is fitted to vibrate upon a stud or pin, 
%, secured in the lower portion of the front compartment, a', 
of the case or box, a, and the said lever is formed with a 
short arm, «!, exten ing from its boss oreye. The upper end 
of the arm, u, is provi with a guide block, «*, which slides 
in the sector, s, and serves to steady thé arm and prevent its 








A 


t 
moving too far downward. A toothed wheel, w, is arranged 
behind the vibrating lever, «, and this wheel is provided with 
a stud or finger, w', which striking alternately upon the 
arms, u? u?, of the lever causes it to vibrate on its fulcrum, »v, 
and impart the required movements to the link, r, at its 
upper end. The toothed wheel, w, gears into a pinion, z, 
fixed on the end of the spindle, y, whose other end carries 
the wheel, x', which is geared into the pinion, #*. The latter 
is connected with the pulley, z, which is driven by the belt, 
z', or receives motion in any other suitable manner from 
some convenient working part of the engine; or if a suffi- 
ciently slow motion can be obtained without intermediate 
gearing, the pulley, z, may be fixed directly upon the shaft, y, 
in the place of the wheel, z'. The pointer, 5, is connected 
with a cam, 5', extending from its boss or centre, 6*, and 


| this cam is formed and arranged to change the position of a 


eurved bar, A, which guides the vibrating hook-formed link, 
r. The cam, 5', is provided with an arm, 5°, which extends 
into the path of the stud, w', on the toothed wheel, w, and is 
thereby elevated and depressed at each revolution of the said 
stud; the extent of this elevation and depression being con- 
trolled by the float, d, which is stopped as it strikes the water 
at each oscillation of the pointer, 5; this pointer can be 
set to stand at the central point of the dial, c. with any 
desired heizht of water in the boiler, and in order that the 
variations of the water in the boiler above or below, whatever 
height is fixed upon as the proper level, may be properl 
indicated by the apparatus, the slotted plate, b, is provided, 
whereby’ the cam is adjusted to any desired position with 
regard to the pointer, 5, the said cam being secured when so 
adjusted by means of the set screw, b+. 

e action of the apparatus is as follows :—Motion bein 
communicated to the wheel, w, by means of the pulley, z, an 
intermediate wheels, the lever, «, oscillates on its centre and 
moves the link, r, to and fro between the curved guides, m m'. 
When the water in the boiler sinks below the proper level, 
the float, d, acts through the lever, i, spindle, 7,and cam, 5', 
and raises the end of the guide, A. The link, 7, in its return 
stroke towards the cam, 6', moves far enough to bring the stud 
or projection, 7%, a short distance away from the end of the 
guide, A, the said stud then resting on the sector, s. The link, 
r, then commences another forward stroke in the direction of 
the arrows, Fig.1. As the point of the gute, A, is now 
slightly raised, the projection, 7°, passes under the said guide 
between it and the top of the sector, s, the hook, r*, of the 
link, r, taking hold of the block, m', and moving it forward 
with the link ; this block, m!', operates the lever for opening 
the stop valve, and when the block is carried forward into its 
farthest position it will remain there, and the valve will be 
kept open till the water in the boiler rises to the proper level. 

When sufficient water has been admitted to the boiler, the 


| float, d, striking the surface of the water in its oscillations, acts 


on the cam, 5, and depresses the guide, A. The stud, 7, of the 
link, r, as the link moves forward will then pass above the 
guide and operate the block, m, which actuates the lever for 
closing the stop valve; when once closed, this valve will re- 
main so till the water again sinks below the proper level, 
when the other block will be again moved forward. A very 
slight elevation or depression of the float, d, will vary the 
position of the cam, ', sufficiently to determine the direction 
of the link, r, as it moves fewenl, and as the link acts im- 
mediately to open or close the stop valve or other regulating 
device any excessive or injurious variation of the water leve 
in the boiler is rendered impossible. 
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ON THE TREATMENT OF STEEL PLATES.* 


By Huey Suanp, Esq., of the Bolton Steel and Ironworks, 
Bolton-le-Moors, Lancashire. 

Dvrrse the last four or five ape there has been a very 
rapid increase in the use of steel in almost every description 
of engineering work both in this country and abroad, and 
taking into consideration the fact that it is not yet five —_ 
since Bessemer steel began to be manufactured on a large 
scale, it must be allowed that its use has been attended with 
wonderful success. 

Itis being extensively used in the form of rails, which 
manufacturers have to submit to tests of sudden cc ion 


strength of 20 to 22 tons square inch, and this fact has 
impressed itself so free ~ on the ‘minds of some of our 
engineers, who have given much attention to the subject, 
that they have altogether abandoned punching in favour of 
drilling, and the wisdom of this step is fully borne out -b 
the following experiments conducted under my superintend- 
ence in the month of May last. , ; 
A steel plate was cut up into pieces 7 in. broad, and 23 in. 
long, three of these were punched and three drilled, across 
the middle with fin. holes, 1} in. from centre to centre, 
for single and double riveting ; each piece was then 
carefully dapel out by machine to the form shown on 





by falling weight, and also of prolonged subjection to 
constant and repeated strains such as no iron rails could 


stain. 

: It is also being used with most satisfactory results in the 
form of axles, tyres, piston roda, &c., and in a few instances 
locomotive boilers have been constructed of it, but these have 
not been sufficiently long at work to enable an opinion to be 
formed of its advantages for that purpose. 

There has, however, been a very large number of station: 
boilers made, some partially, and some entirely of steel, 
which are giving most satisfactory results, both as regards 
economy of working and repairs, and in proof of this I may 
state that three firms in Lancashire have made among them 
277 boilers entirely of steel, and 152 composite boilers, and 
the demand for them is increasing daily. 

The use of steel is also increasing in the construction of 
ships, and it has been adopted exclusively in cases where 
light draught of water and great speed have been required, 
and the manner in which this material has withstood the 
effects of storms and collisions prove that it is highly 
applicable to shipbuilding purposes when of good quality. 

More disappointments have, however, been experienced in 
the use of steel plates than when used in any other form, 
and this may be attributed to two causes, first, that in many 
cases the lowest price has secured the order, and plates of an 
inferior and brittle quality have been supplied ; and, second, 
that too high a tensile strength has been required which can 
only be obtained at the expense of ductility. : : 

There is not any branch of the steel manufacture in which 
it is necssary to use better materials, and to exercise greater 
care, than in that of plates; and in consequence of the want 
of one or both of these requisites, steel plates of inferior 
quality have found their way into the yards both of boiler 
makers and shipbuilders, which have failed in course of con- 
struction, and have caused an opinion to go abroad that steel 
plates are not to be relied upon, and there can be little doubt 
that this feeling has prevented steel being used in many cases 
where it could , bom been with great advantage. 

Plates of good quality pron possess the following a 74 
ties, viz., ductility, tensile strength, and homogeneity ; and in 
order to secure these in steel plates great care should be 
taken in the selection of the irons from which the steel is 
made to ensure them being as free as possible from sulphur 
and phosphorus, and not containing above a certain per- 
centage of silicon, and long experience has proved that the 
best and most uniform results are obtained in the convertin 
process when a mixture of several brands of pig iron is nme j 

It is also necesary to select the steel, just in the same 
manner as the best makers of iron plates select the puddled 
bars by breaking them, and determining the quality by the 
fracture ; but with steel this is now generally done by the 
chemist, who analyses every cast for carbon, after which it 
is appropriated to the various purposes for which it is most 
suited. The ingots are then hammered, rolled into plates, and 
annealed ; but as carbon is not the only element that tends to 
make steel brittle if in excess, it is desirable to test every 
plate for ductility by bending one or more shearings from 
each cold, and this system has been carried out for a length 
of time with most satisfactory results. 

The tensile strength of steel depends almost entirely on its 
hardness, and experience has proved that plates with an ulti- 
mate strength of from 33 to 35 tons pef square inch are the 
most desirable, as they possess sufficient ductility to render 
them safe under all circumstances, andare easily worked. Each 
plate being made out of a solid ingot ensures homogeneity, 
and the largest plates that it is practicable to roll can be 
made with a perfect freedom from lamination or blister. 

There have, however, been causes over which the maker 
has had no control, which have helped to bring about the 
distrust felt in many quarters on the subject of steel, 
particularly plates, viz., the manner in which it has been 
treated. 

I can speak from personal observation on this point, 
having seen it punched and sheared by machines in such 
very bad order that it was a wonder that any material 
could be found to stand the ordeal. There is no doubt that 
punching injures all plates more or less, and the harder and 
more dense the material the more it is injured ; consequently 


N°}. N° 2, N° 3. 


PUNCHED HOLES DIA, /# CEN 


steel plates, with a tensile stren 
», gth of from 33 to 35 ton 
per square inch, suffer more than iron plates with a rater 














* Paper read before the Institution of Naval Architects. 


the pr g , after which the nett areas of metal 
left across the holes were carefully measured. ; 
When pulled asunder in a lever machine by dead weight 
they give the following results : 





Breaking |Weight per|Weight per 
Area. | Weight on|Square Inch|SquareInch 
Lever. | of Section. | of Section. 


Namber | Thick- 
of Test. | ness. 




















tons cwt. 
1D. | + | os4er 19 8| 35,22 
1P. | *& | 0.55625] 14 17| .. 26,690 
2D. | | 055 |20 10) 87.27 
2P. | | 0.562513 53] an 23.735 
3D. | ¢ | 0.5466]19 18| 36.40 
3P. | ws | 0.5593] 12 123] 22.570 


Thus proving that punching deteriorated the tensile strength 
of steel plates ,§,in. thick to the extent of from 26.4 to 37.8 
per cent., as compared with drilling or taking the average of 
the experiments to the extent of 33 per cent. 

There are, however, so many cases in which punching is 
much more convenient and cheaper than drilling, that it was 
considered very desirable to try and overcome the difficulty 
attending the former process, and with this view the 
fractures of punched plates, some broken by tensile strain 
and others by being bent across the holes, were very carefully 
examined with a magnifying glass, and for a certain distance 
round each hole (the thickr and harder the plate the greater 
the distance) the steel had the appearance of being harsh 
and brittle, which led to the conclusion that annealing might 
overcome the difficulty, and some pieces off the same plate 
as those used in the previous experiments were prepared with 

unched holes, and were afterwards annealed; and it was 
‘ound that the breaking strain rose to 35.86 tons per square 
inch, that is to say, the annealing restored the plate to its 
original strength. 
he process is very simple, and can be carried out with 
very little expense, all that is required being a slow furnace 
into which the plates can be put after being punched, and 
allowed to remain until they have got to a dull red heat all 
through ; they are then brought out and laid on a brick or 
sand floor, and covered over with fine ashes or dry sand to 
prevent them cooling either too rapidly or unequally. 

I do not wish to be understood as advocating punching 
and annealing in preference to drilling; but in cases where 
drilling is inconvenient or too expensive, the process de- 
scribed may be resorted to with every confidence, all sub- 
sequent experiments having given the same results which 
have been fully confirmed by a series of elaborate tests con- 
ducted at H. M.’s Dockyard, Chatham, the results of which I 
am able, through the courtesy of Mr. Barnaby, Assistant Con- 
structor of H. M.’s Navy, to lay before you. 

In these experiments; eight plates $1n. thick were taken, 
and four holes $in. diameter were punched in each. The 
plates were then cut in two, so that each plate made two 
test pieces, one only of which was annealed. 

The whole sixteen plates were torn asunder in an hydraulic 
testing maching, pao the eight unannealed plates gave an 
average ultimate tensile strength of 21.097 tons per square 
inch of section, whereas the average of the eight annealed 
plates was 32.839 tons per square inch of section, being an 
increase of 11.742 tons per square inch, or 55.66 per cent., 
and it will be observed from the following Table that the 
annealed plates showed a much greater uniformity in strength 
than the unannealed, the difference between the two ex- 
tremes in the one being 5.416 tons as against 9.372 tons in 
the other. It will also be seen that the annealed plates stood 
the usual forge tests very much better than the others. 


























td 
- 
he <= oo ft 6) 
2 $ 2a oc S&S oa Ss 5 3 
2's 2+ B&B OSG Ow 
es a as aA NH wo 5 
23 3 “ZT aanrrnew ™®Rm 
ae | 2 
ee 
=a 3S Bol 
ort @ tt 
“ae | 2 . 3 2 & 22 -s 2 
2 S S 1B: 2 rm rN 1m 300 
= Oo °a i 6 °*s 8s °es fat 
a e on 8 © S 5 8 % 
< 
: Bsooooceoceceoc|ececsc“e 
4 = 
be 
F4 GOONS ONANNOCNSCNSCOCAN 
i) : 
Ss Eoenwonnnoncen 
| 3 ree mo del sted 
& 2H 1DOH On ORS a ved 
Q BRN GOALS CO OOS 
= 
-¥- ny) WD 1D 1D 1D 1 
Y Be ee Sh OM OMOMmive 
‘3.3 VIISIRESSSSSS5S5 
ef Xx XXX KX XX XX XX X X XX 
N 62 6m eo 
ad OY GG 68 OY ms OG OF OS a ON A ON OG OT OU SR 
ANNANAN BAA AAA A Aa 
se Sdddudndid ere a 
af <4 qd dnd 
Ag PI ONION eo 68 HHI 1 OO DO 

















276 





ReMARKS.—Steel plate, 4 in. 
thick, with holes § in. diameter, & & 
punched as per sketch. The holes 
were punched before the plates 
were cut for testing. 











Force Trsts, Coup. 
‘ roof. 

With the grain... ew 70° Bent to 74°, 
Across oe eve eo» 40° Broke off at 30°. 
With the grain 4. ~~ «46: 70°) Bent considerably over 
Across ove eee eo 40° § proof without fracture. 
Note.—The data relating to the annealed portions are 
shown in italics, 


Having fully proved the great advantages 'to be derived 
from annealing punched stall lates, it appeared to me the 
next point to ascertain was if the results arrived at in the 
experiments just described could be relied upon when the 
work was carried a step further, and with this view a number 
of steel plates were prepared with riveted joints of various 
construction, as shown by the diagram on the next day; the 
pieces were all cut from one plate—the lengthway of the 
grain, one half were drilled, A the other half punched and 
annealed, after which they were all riveted across the full 
width by a Garforth machine, and then reduced in the 
middle on a shaping machine to an uniform width. 

The plates were ,'; in. thick, and the rivets ,% in. diameter, 
placed 1} in. from centre to centre, this being the rule gene- 
rally adopted in making steel boilers, which, I may remark, 
are all double riveted. 

The rivets were made of the “best best” double worked 
rivet iron. 

The po was proved to have an ultimate tensile strength 
of 36.22 tons per square inch, and the elongation was 1,3, in. 
in 6in., which is about the average in plates of this strength. 

When these plates came to be tested, the rivets gave way 
in every instance but one, viz., in No. 7, with Sunched holes, 
where the plates gave way across the upper row of holes 
with a load of 39.12 tons per square ‘adh of nett sectional 
area of plate, thus proving that with this one exception the 
iron rivets were too weak. These same plates were then 
riveted together as before, but with mild steel rivets instead 
of iron, and when tested gave the following results : 





v4 Steel Plates Riveted with Steel Rivets, 























¢ 3 | + 2 

#| 42), | #2 S| a 
BR) oe |g £3 | How broken. Z 2) sm 
2| 32 | 23|33 ge | 38 
$| 8 |&3|\5¢ &s | 38 

tons | tons in. 

1. | 0.78125) 28.3 |36.22 | Elongation. |1y% 

2 D.| 0.76170; 19.0 |24.928| Rivets sheared. |0.745 | 25.53 

2 P.| 0.754 19.8 |26.254 Do. 0.7653 | 25.87 

8 D.| 0.7617 | 82.25 |42.83 Do, 1.2425 | 25.95 

8 P.| 0.754 27.9 137.0 Do. 1.275 | 21.88 

4D.| 0.7617 | 18.05 |23.68 Do. 0.744 | 24.26 

4P.| 0.754 | 18.5 [24.53 Do. 0.7658 | 24.17 

5 D.| 0.7617 | 29.9 |39.25 |Plate and rivets. 

5 P.| 0.754 82.9 [43.63 Plate. 

6 D. | 0.7617 | 27.9 |36.62 | Rivets sheared. |1.488 | 18.75 

6 P.| 0.754 80.9 }40.98 Plate. 

7 D. | 0.7617 | 82.7 142.93 Do. 

7P.1 0.754 | 29.6 39.11 Do. 














Average diameter of rivets in punched holes = 0.57 in. 
ap a drilled ,, = 0,5625in. 

‘i ae of yin. drilled hole = 0.2485 ; area of punched hole, 
From this it will be seen that in Nos. 2 and 4, with single 
riveted joints, the rivets sheared with an average load of 
24.848 tons per square inch on the nett sectional area of the 
plate, and of 24.96 tons per square inch on that of the rivets. 

No. 3, double riveted lap joint, the ‘rivets sheared in the 
drilled ow with a load of 42.33 tons on the nett sectional 
area of the plate and of 25.95 tons on that of the rivets, in 
the punched plate, with a load of 37 tons per square inch on 
the nett sectional area of the plate, and of 21.88 tons on that 
of the rivets. 

No. 5, double riveted joint, with one welt: in the drilled 
plate both plate and rivets gave way with a load of 39.26 
tons per square inch on the nett sectional area of the plate. 

The punched plate gave way through the holes with a load 
é - tons per square inch on the nett sectional area of 
the plate. 

o. 6, single riveted joint, with two welts: in the drilled 
plate the rivets were double sheared, with a load of 36.62 
tons per square inch on the nett sectional area of the plate, 
and of 18.75 tons rel square inch on the area of the rivets. 

The punched plate gave way through the holes with a load 
of 40.98 tons per square inch on the nett sectional area of 


the J oy 

o. 7, double riveted joint, with two welts. Both these 
ey ve way ee the holes—the drilled plate, with a 
‘oad of 42.9 tons, and the punched plate, with a load of 
39.11 tons per square inch of nett sectional area. 

Taking all those plates that gave way through the holes, 
we find that the drilled plates gave an average ultimate ten- 
sile a of 41.075 tons per square inch, and the punched 
plates of 41.24 tons per square inch, from which it may 
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fairly be assumed that riveted joints in steel plates with 
punched holes are quite as strong as with drilled holes, if 
proper precautions have been taken to anneal the plates after 
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Whilst making these experiments, it was suggested to me 
that steel plates might be punched with holes sufficiently 
taper to do away with the necessity of countersinking the 
holes with a drill, and also that this method of punching 
would injure the plates much less than that generally 
adopted. In order, therefore, to test it, a steel plate } in. 
thick was taken and cut in two. One piece was punched 
across the middle with holes }}in. diameter, the punch and 
die used being of the usual proportion, the clearance being a 
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bare \ of an inch; the other piece was punched with the 
same punch, but the die had a clearance of ¥, of an inch, 
being jin. diameter, the holes formed being taper. The 
plates were then cut on a planing machine into strips, and, 
when tested, gave the following results : 
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fl) leules!| 246! 3a 
ai. Ss jasis¢| 3 xe | 83 
* 36/ Ss [Be | B48 Ge 2£o | 2 
“| 23) #6 | 23 | si. § | Bo) ee 
eff™| S (SEF) By | BB] Fs 
dt f= prveen ‘asad 8 Sei <a& 
| in, in, =| im tons cwt. 
1) 8 | 1.75 |0.8476 | 27. 6 32.208 |) 59 597 
2/ 1.6562 0.8022) 26° 7 32.847 | f°""* 
Bl tt bare./1.8598 |0.9007 | 23° 7 '25.924 26.004 
| bare’ 1.81265 |0.8779 | 22 18 26.0849 — 
; in. 
Thickness of plates... ove oo 


Pitch of holes ... eee ove oo 

Plates not annealed after being punched, 
from which it will be seen that the ultimate tensile strength 
of the strips with ordinary holes averaged 26 tons per square 
inch of nett sectional area, whereas that of the strips with 
the more taper holes was 32.527 tons per square inch, show- 
ing a difference of 26 per cent. in favour of the taper 





punching. 


The fractures of the strips with taper holes showed much 
tougher and more fibrous t the others, and it was observed 
that it took much less power to punch them. 

I have not had time to make further experiments on_ this 
subject, but think it is well worthy of attention, particularly 
in cases where holes are required for countersunk rivets. 

It is not my intention to occupy your time in pointing out 
the many and great advantages to be gained by the use of 
steel plates. There is no doubt that their use is extending 
rapidly in almost all engineering works, and I feel sure they 
will, in the course of a few years, be generally adopted, 
particularly in all cases where strength combined with light- 
ness is required, but it is very essential that in all structures 
only steel of a thoroughly reliable quality should be used. 

In conclusion, I wish to observe that all the plates used in 
the experiments described in this paper, were taken indis- 
criminately from among plates which were being rolled in 
the execution of orders, and the experiments have been con- 
ducted with an earnest desire, not only to determine the 
valuable. properties of steel plates, but also to’ ascertain the 
causes of failure which have taken place, and, if possible, to 
find out a means of overcoming them. 





ON THE ENGLISH MEASUREMENT OF 
TONNAGE* 

By M. Anantas DEKxe, of Bergen, Norway, M. 1. N. A. 

As there appears to be a general desire among several of the 
Western nations to adopt an uniform standard of weights, mea- 
sures, coins, and so forth, throughout the world, and as the 
English rules for measuring ships seem the most likely to be 
accepted, at least as groundwork for an uniform system, I think 
it may not be unreasonable to seek the opinion of the Institu- 
tion upon some points in the Merchant Shipping Act of 1854 
respecting the measurement of tonnage. In raising this ques- 
tion, | am very far from any idea of venturing to propose any- 
thing different from the present English rules as best suited to 
England, but I am desirous to do all in my power to facilitate 
the adoption, in my own country, of the English rules, in order 
to secure the benefit of an international system. I have the 
honour to be a member of a commission appointed by the Nor- 
wegian Government to examine the English system with re- 
ference to its introduction into Nofway, and so I have had the 
opportunity of observing that England has asked the opinion of 
the Norwegian Government about the allowance for engine- 
room in* steamers, and for the berthing of the crew between 
decks. These questions have apparently been stated solely 
with a view to their international import, and this consideration 
leads me to conclude that there is an opportunity for going a 
little further in the consideration of the English rules for the 
measurement of ships. 

I need hardly remark that the observations which I shall take 
the liberty of making are, of course, made entirely in a private 
capacity, and have no official authority. I make them solely in 
the hope that the Institution may discuss them, and nothing 
would give me greater pleasure than to hear that the meeting 
agreed in my views 

Each country will probably compare my proposed interna- 
tional system with its own existing rules, as every one requires 
to be satisfied of the benefit of a proposed alteration before he 
changes his present practice. I think this view will be taken 
by Norway, and I hope it may not be uninteresting to the In- 
stitution, which takes so lively an interest in everything relating 
to naval architecture, that, before going further, I should first 
state the Norwegian rules, and thus give the Institution an 
opportunity of testing them—minute details being of course 
omitted. 

The Norwegian rule for the measurement of ships was estab- 
lished in 1845, and is as follows: 

“ Measure the length of the ship on the deck from inside of 
stem, or inside of stem or inner edge of hawse timbers placed 
alongside stem; if this gives a greater length, to the after edge 
of sternpost, both measures at the height of the deckline. 
From this measure deduct 14 per cent., and the remainder is to 
be reckoned as the length of the ship, called DE. Divide this 
length into four equal parts, and set them off from the stem. 
Then find the transverse areas of the three different points of 
division, called F for the foremost, M for the middle one, and A 
for’the aftermost (the first and last points at the stem and stera- 
post going for nothing), as follows: 

“1. In ships with only one deck. 

‘* Take the upper breadth, called CC, from inside of ceiling 
of one side to the other close below the deck ; then take a hori- 
zoutal breadth, A A, at 0.75in. above the lowest point of the 
ship’s bottom of the ship DE, divide the product by 3, and 
the quotient is the cubical content of the ship. 

“2. In ships with two decks. 

* In the lower hold the measures ure to be taken, as in a single 
decked ship; but in the upper hold, at the three points of 
division, F, M, and A, there must only be taken the height 
between the decks and the breadth at half the height. These 
two measures are then to be multiplied together, and the con- 
tent of the three areas are added to the respective areas of the 
lower hold before the calculation of the cubical content of the 
whole ship is commenced, The cubical content is divided by 
165, and the quotient is the burden in Norwegian commerce- 
leesters.” 

From this it will be observed that the Norwegian rule from 
1845 is based on the same principle as the present English, 
this last one being only different in a few details, and that 
mostly in having the numbers of measurements that are to be 
taken, increasing in proportion to the size of the ships. Although 
it might be thought the most just way of measuring to have 
the numbers of measures to be taken, alike for ull ships, of what- 
ever size, because it is not easy to see why a large ship should 
be measured in a more strict manner than a small one; still I 
shall not speak any more about this, because it is made for the 
sake of getting the cubical content as accurate as possible ; and, 
further, has the advantage that it prevents bad forms of ships 
being made to evade dues upon tonnage; but what I think ought 
to be altered in the English rule is the standards upon which the 
increased numbers of areas are to begin. 





* Paper read before the Lustitution of Naval Architects. 








The English rule states the stations of areas as follows: 
Class 1. Length of 50 ft. and under into 4 parts. 
2 » above 50 » 1208 , 6°, 
” 3 ” ” 120 ” 180 ” 8 ” 
” 4 ” ” 180 ” 225 ” 10 ” 
» 8 ” ” 225 ” soo. ” 12 ” 

These, I think, are too many areas, particularly for the smaller 
ships; and although it is made to secure the greatest possible 
accuracy, it gives, on account of the great number of areas, in 
many cases quite a contrary result, because it cannot be carried 
through in all ships, but makes the use of Rule 2 necessary for 
a great number of them; and I need not say how inaccurate and 
unjust this rule is, but shall only call attention to the following 
list of ship-drawings of the differe:. forms, that I enclose, and 
which I have measured for the purpose, not only with the 
numbers of areas as presented in Rule 1, but also divided in 
four parts with only five areas (including the one at stem and 
stern), and further with the English Rule 2, the Norwegian 
Rule 1 and Norwegian Rule 2, which last one, like the English 
Rule 2, is an outside measure, namely : 
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And any one, I think, will confess that there is a much greater 
injustice done to all those ships which are obliged to be measured 
by Rule 2, than advantage gained by taking the grest number 
of areas in ships whose fittings in the hold permit it. It is true 
that the difficulty of using Rule 1 only exists with ships that 
are already in use at the time when the new system is intro- 
duced, and that it can be carried out on all new ships before the 
fittings in the hold are made up, and I should therefore not 
have any objection against it for all new ships; but on a very 
great number of our present shipping it is impossible to use 
Rule 1, on account of their having cabin and forecastle below 
deck, which interferes with the foremost and aftermost sections 
in the hold. The average size of the commercial fleet of Nor- 
way is about 64 commercelesters, or about 120 register tons, 
and it will easily be seen that when, as is often the case, the 
cabin and forecastle are below deck, and ships of this average 
size, of between 50 and 120 ft. length, are to be divided intosix 
parts, then there will be only from 8} to 20 ft. from the points 
at the stem and stern to the nearest sections, and in almost all 
these cases the cabin and forecastle will interfere with Rule 1, 
when below deck, and thereby make Rule 2 necessary. 

The only loss is not either the unjust increase of higher dues 
that are paid by those ships that are measured by Rule 2, but 
as a certificate for tonnage measured by Rule 2 probably has no 
international value. Then these ships are also obliged to be 
measured again and again in the different ry at different 
times, and with such operations money as well as time is lost; 
and of course they have no benefit at all from an international 
system, if the English Rule 1 is to be carried out in its present 
form as a standard for an international certificate. 

Now, the increase of tonnage by the adoption of Rule 2 
averages 17.25 per cent. in all classes, and may reach 44 per 
cent., as shown in my comparative list of measurements by 
both hulls, taken from drawings of actually existing ships, and not 
of fancy ones. When these classes (including the one whic 
loses 44 per ceut. by Rule 2) are measured by -Rule 1 with ‘the 
full sneer of sections, or by the same rule with only four 
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parts or three intermediate stations, in only one case exceeds 
2 per cent. It reaches 2.32 per cent. in the case of a two- 
decked ship, while in another case it is 1.11 in defect; in five 
cases the difference does not reach 1 per cent., and in all the 
seven classes tuken together, the aggregate error is not more 
than 0.81 per cent. I hope, theretore, that it will be admitted 
that some reduction may be advantageously made in the number 
of sections, and that this reduction will help to secure a fair 
and just system applicable to.all ships, seeing that it will render 
it possible to measure by thesame rule (No. 1), ships having 
cabins.and forecastle between decks. 

The saving of time in measuring with less sections I do not 
care so much about, and I should not..propose reductions in the 
number of sections for that reason, although loss of time and 
thereby expense is also a thing to be considered; but, as before 
said, it is the consequences arising from the impossibility of 
carrying Rule 1 through ina great many--eases- that I think 
most about. 1 should therefore wish that. the number of sections 
should at least be reduced to S. pred , 

150 feet length and under in’ 4 parts” 
from 150 ,, to 200 feet. 9, 6. 4, 
” 200 ” ” 250 ” ” 8 ” 

and above 250 ,, wa om 5 ot 2 
by which. two the.above-named. vessels, tbe Lina and the Hebe, 
would be measured with 6 sections, and the result would then, 
for these two, be: 
tule 1 with 6 


1 ; 
Rule 1. sections only. Difference. 

Lina 758.30 765.37 0.93 per cent. 

Hebe 463.79 464.69 0.19 per cent. 


and when the sum of these two differences is added to the sum 
of the differences in the other five cases, which remain un- 
altered, then the average difference would only be 0.34 per cent. 

I now ask the Institution to be so kind as to pronounce their 
opinion about this, not because with reference to the use of 
English rules in England, as I bave said before, but because | 
think upon the possibility of introdneing the English rules into 
Norway, and because I think. Norway would so.much more 
readily accept them when the worst consequences of the system 
were no more. I think it also, of course, quite sufficient:for my 
country if England would only say that it, for already existing 
ships, approved a certifidate of tonnage, measured. with: this 
proposed reduced number of sections in cases where Rule 1, as 
ow consisting, could not be carried through, and I think that 
this object would be facilitated (if Norway desired to adopt the 
plan) if the Institutin would give an opinion in favour of my 
proposal. 

About the way of taking the length of the ship, I should-also 
wish to see an alteration, although it is of no importance at all, 
compared with the question about the number of sections, be- 
cause it is not quite an easy task for a custom-house officer, 
without any knowledge about shipbuilding, to determine with 
accuracy the point at the stern. ‘There is generally a thick 
strake or waterway across the stern that exceeds the height of 
the deck several inches, and the officer has then to calculate not 
only the rake of the stern timber in the height of the waterway, 
but also the shape of the stern timber below deck, and the rake 
in the thickness of deck and one-third round of beam. This is, 
I think, really too minutious and, iu many cases, impossible to 
determine with absolute accuracy, and at the same time I do 
not see why this very small piece, which generally is of no use at 
all worth mentioning, should be reckoned in the tonnage. More- 
over, this addition in length gives not either a result propor- 
tional to its increase, because it brings the sections so much 
further aft, where the ship of course is sharper; and with all 
this I think it better to fix the length as that between stem and 
sternpost as points that are much easier to be found with accu- 
racy, and to take the length at the upper side of the deck, and 
not care about the deductions for rake in thickness of deck.and 
one-third round of beam. 

I should also wish that the deductions for the 4 round of 
beam were entirely omitted in the rules, because it goes a great 
way to make the operation more tedious, and the increased 
tonnage that would result from taking the height close to the 
deck amidship would perhaps be about counterbalanced by the 
loss of tonnage on account of the shorter length if taken omly 
from stem to stern-post, and in no case could the difference be 
angthing to speak about. But asI said before, I do not con- 
sider these remarks about length and } round of beam of any 
importance; but still I should wish that the Institution would 
also discuss them, and I now conclude, regretting that I cannot 
have the pleasure of being present at the meeting myself, and 
with the hope that my paper will meet with a friendly reception 
from the Institution, and may perhaps not be altogether without 
interest. 








TONNAGE AND FORM OF SHIPS.* 

On the Legal Method of determining the Tonnage of Ships, and 
the Influence Jf that Legislation upon the Form of Ships, and 
upon recent Shipwrecks. 

By M. Evcrene Friacnat. 
(Translated by the Honorary Secretary.) 

_ Tue tonnage of vessels has been established to serve asa 

basis for the calculation of what are culled tonnage dues ; that 

is to say, taxes levied upon the vessels in ports, docks, basins, 
and so forth. 

The calculation ascertains the internal. capacity of the ship, 
7, means of its dimensions, in board, in leugtb, breadth, and 

eight. 

In stedm vessels the’space occupied by the engines and coal 
bubkers is deducted. The methods udopted in different coun- 
utes have all the same object, that of gauging the internal 
capacity of the hall, but they differ in actual application, and 
therefore give a different volume for the legal expression of a 
ton of shipping. 

Dut these differences are of very little consequence compared 
with that which depends on the ciivice of the principle on which 
the estimate of the ship's capacity, for fiscal purposes, is 
founded. This system gives the charterer one sole object, 
haliely, to‘ curry the greatest weight in the smallest possible 
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.ing over it, by the mere effect of’ the difference’ 





space. It thus tends to increase the density of the ship, that is 
to say, to deprive it of the most precious of its nautical qualities, 
liveliness. \t will, therefore, be interesting to examine the 
effects of the legal system of tonnage on the density of ships. 
In general, one ton (French) weight of cargo corresponds to a 
displacement of 1.50 cubic métres,* which implies that the 
cargo goes for two-thirds, and the weight of hull and equip- 
ment for one-third, in the total displacement. We find, more- 
over, in old French.works that the view taken by the legislators 
was that a vessel ought to-float’satisfactorily if it carried a 
of the density of water, and occupying two-thirds'of its internal 
capacity. But Mr. Meorsom, vers general of tonnage, has 
ascertained (“‘ Transactions of the Institution of Nayal Arehi- 
tects,” vol. i., p. 185) that holds of vessels generally measure 
57 enbic feet, or 1.90 métres per ton. We know, as a matter of 
fact, that the English tonnage rule is more favourable to the 
— than the one used in France. ; 
e density of ships, that is to say, their weight in:proportion 
to the whole volume of the hull or « watertight every~ 
where) varies’ with their purpose: whose upper deck 


covers extensive Neca seven aaen eer out of the | build 
‘~ in 


water, and have, ‘there lower density. 
the waves rising against their sidesraige the’ tt wash- 





tween the floating body and the surrounding water.’ 
carrying merchandise only have ‘their decks nearer the-sarfate, 
of the water. The waves, as they reach them, do not‘ mest 
with capacity enough to give them a sufficiently rapid upward 
movement, and then they wash over the ship. This is doubt- 
less inconvenient and dangerous; but the inconvenience con- 
tinues, and the danger is risked, because it is important to carry 
cheaply, and because a vessel of which the capacity—that is to 
say, the legal tonnage—is disproportioned to the freight it Gan 
carry, pays, in every port it sails to; heavier tonnage dues than 
the same eargo with a less legal tonnage. The cheapest carriers 
are the Dutchmen, who generally load their vessels until their 
decks are almost flush with the water, They thus serene a 
large portion of the tonnage dues, by-giving their ships a high 
density ; but’the life they lead on board them in foul w is 
hard and dangerous. . 

The legal system of tonnage has thus a considerable influence 
on the form of ships. It is hardly necessary to add that-it-is to 
the public interest that this influence ought not to tend in any 
other direction than that of public safety and good carriage. 
But the law does prejudice public safety ; we shall now see how. 

A transatlantic vessel (on the model of the French Com- 
pany) at load draught has her plane of floatation measuring 
1000 square métres. Her upper deck is 4 métres out of water; 
the:displaces, 5000 cubic métres ; the gross external volume’ is 
thus 9000 cubic métres; and its weight, 5000 tonnes. Its 
density is therefore 0.57. 

A vessel of the same length and beam, but of the type of 
the. London (of unfortunate memory), intended for the carriage 
of merchandise, with its passengers accommodated in a raised 
poop, will have its deck, at the waist, 1.50 métres out of water 
at load draught. Its gross external volume will be of 6500 
cubic métres; its weight and displacement will be 5000 tons; 
its density, 0.77. 

The former of these vessels rust sink 0.44 of its capacity 
before foundering; the latter will go down when the waves have 
filled its holds to the extent of 0.23 of-itsvolume. In a violent 
storm ‘the former will keep its deck nearly dry, owing to the 
liveliness given to it by its low density-and the height of its 
deck out of water. The second will ‘have its deck constantly 
swept by the waves; it will rise slowly; the engine hatches 
will be carried away by the se#;*and ail the efforts of the 
crew, Constantly impeded by thé’ sea, will be unavailing to 
secure’'them. ‘The water will react the fires; the vessel, losing 
its driving power, will no longer obey the helm, will move more 
and‘more heavily, and end by # plunge into the deep sew, its 
open deck rendering all chance of a straggle hopeless. 

This description is not imaginary. “It was the story ‘of the 
London; doubtless, also, it was the story of the Ivanhoe. It is 
the story of all ships in which a tempestuous,sea destroys all 
the works on deck, and then fills them. 

Is this law justified by avy advantage Whatever ? 

The first idea which presents itself to the mind is to ask what 
other basis than volume can be taken for fiscal measurement. 
The weight of cargo being an impossible measure, what remains 
but the volume? 

If this were really so, we should still not hesitate to affirm, 
that it would be better to impose no tax at all, than to choose a 
dangerous basis for taxation; but it is not the case. Volume 
has three dimensions—length, breadth, and heigiit. Why not 
stop at length, and rest the foundation of the fiscal charge on 
that dimension, and not on the volume? Where is the necessity 
for introducing the height, that is to say, the content, into the 
calculation ? 

From a _jiscal point of view there is no interest in looking be- 
yond the length ofa ship. As regards construction, it is not to 
be supposed that the legislator’s intention is that a ‘fiscal law 
should tend to reduce the capacity of ships. It is no answer, 
that in allowing a considerable volume, 1.44 métres in France 
and 2.83 métres in England, for a weight of 1000 kilog., or 
1 ton, traders are left with complete latitude to give their 
vessels the capacity suited for obtaining good nautical qualities, 
Far from it, the law makes it directly’ protitable to reduce the 
capacity and to increuse the weight carried. Besides, asa 
matter of principle, it is not expedient that any description of 
tax should be allowed to have any influence on the practice of 
any art or business, so as to make it depart from the line de- 
manded by the progress of that art and the interest of the 

ublic. 
: There remains but one argument in favour of the system of 
tonnage which we are criticising. It is the hypothesis that the 
capacity is a condition derived from the other dimensions, as 
well as from the conditions of a ship’s stability, both statical 
and dynamical; that these things all enter into it as a whole, 
and that it is not at the option of the constructor. 

I will not return to the discussion of-this question. I think 





+ The tonne is supposed to be a cubic métre of pure water.— 
Translator 








1 proved before this meeting, last year, that the capacity, as fa 
as regards the height of the deck above the water-line, has no 
influence on the navigable qualities of a ship, except through the 
weight of the upper works, their moment, and the relation of 
the position of these weights in respect to the centres of gravity 
of the ship, and of its displacement. We have established that 
the form of theupper works, as regards height, only enters to 
this extent—this small extent—into the question. 

J mentioned there that in wooden ships, whose upper works 
have considerable rélative weight, there is a definite relation 
between the capacity and the other dimensions; that it was, so 
bon se a gauge made beforehand of known weight,.and thus 

iy to enter into the calculations of the statical and dynamical 
equilibrium’ of the!whole; but that the use of iron in ship- 
building; allowing’ of light and very streasepet decks being ¢on- 
sti , left us far greater liberty im®the construction of the 
topsides and that we ought to take advantage of this to raise 
the decks. RESIN): A yet x ih satin in “ 






tonnage measurement, ‘which makes it the “interest of trade to 
use vessels with i ent freeboard. I think it is a duty to 
point out the efféet.of this law; and I also think I have pointed 

male and @asy way of assessing the tax, without inter- 
forty W the -zood sailing and sea-going qualities of the 
ships." 


oe) Dies, AMERICAN RAILWAYS. 
‘Daw State of Massachusetts, 7250 square miles in extent, 
antlhaving @ population of rather moré:than one million, has 
1612 miles of railway, of which but one-third is double line. 
These lines have cost. $87,309,134, or $64,162, or, say, 11,0007. 
per mile. They last’ ‘year carried 22,928,302 passengers and 
6,843,096 tons’of goods. ‘The passenger trains ran.6,007,199 
iles, the trains 4,268,901 miles. The ipts per 
train mile were’7s. 09d., ‘and the expenses 5s. d.,or 70 per 
cent. The nett return upon the cost of lines was 6 percent. ; 
but the average dividend sa by the dividend-paying com- 
panies was 8 per cent: . The working expenses appear very 
high. Thus, the repairs of way cost 300/. per: mile, or 
12.4d. per train mile; fuel, 9.3d. ; ogee repairs, 6.2d. ; 
carriage and wagon vepairs;»)6.66d., &c. Dividing the 
total ‘of train miles by 313 days in tlie year, and the 








quotient’ by: the le: of railways, we, find ‘that. there 
was an ave of 9.2 trains, or, say, 9 each way daily 
over the w: length. The American reports show what 
none of our English railway reports give, viz., the “ passenger 
mileage” and “‘goods mileage,” which in each case is the 
sum of the miles travelled’ by all;the ers or tons of 
goods, ‘Thus, if one rides foo ies and another 
6, the two are tabulated:as ‘106 passengers one mile.” These 
totals, in the cas¢’of the Massachusetts. railways, in the year 
1867, were 349,614,820. passengers amid’ 2: ma bx 1b tons of 
ag co ot. Dividin| barn by the’ or 
we find that there wasn average of 69:8 ngers (bay 7 
and 53¢ tons ofigoods*earried for each pe every mile run by 
passenger and» goods trains respectively. The average, 
passenger fare per.mile—there being but one ¢] ras but 
1.12d., which is remarkably low. ‘lhe average Tate of freight 
of goods per milé (dividing the total goods receipts by 

“ tons carried One tile”) was 1.84d. ere xo 
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Sas Ngo OSS , : 

Rio Janerno.—In 1864 985 ships; ofan igcogale parthen 
of 842,753 tons, entered this important herbie “In 1865, 
the total rose to 1063 | jot an aggregate burthen of 
387,151 tons; in 1866,t6) ships, of bet nh burthen 
of 430,883 tons ; and in 1867, to 1260 ships, of an aggregate 
burthen of 477,350 tons. As regards the points from which 
these ships came, Platean ports occupy the first rank. Then 
in the order of their importance, come- Liverpool, Cardiff, 
Newcastle, New York, London, the Cape de Verd Islands, 
Lisbon, Havre, Baltimore, Hamburg, Oporto, Marseilles, 
Bordeaux, Trieste, Glasgow, Cette, and Southampton., The 
United States furnished most of the agricultural implements 
imported at Rio last year; but French agricultural ma- 
chinery begins, nevertheless, to be émployed in the Brazils. 
As regards industrial machinery in use in the Brazils, Eng- 
land supplies nearly the whole of it, with the exception of 
what is employed in the’ manufacture of sugar. In this 
latter particular, Brazil is one of the best clients of French 
mechanical. firms, and especially of the house of J. F, Cail 
and Co. . 

Tux Danuse.—The works undertaken for the improve- 
ment of the Salina mouths of the Danube appear to have 
been successful, the depth of the channel having been in- 
creased to an average of 15 ft. to 16 ft,, while the Salina, pass 
formerly regarded as one of the dangers which shipping had 
to encounter, has now become one of the best refuges on the 
coasts of the Black Sea. Among various supplementary 
works executed, we may mention the removal of the sand- 
banks of Argaguy, the dredging of the flats of Batmich- 
Kavae and Gorgova, the removal of sunken wrecks, the 
establishment of buoys and mooring posts, the erection of a 
lighthouse to indicate the embouchure of St. George, and the 
construction of a quay for steamers in the port of Salina. 

Tux Merropouitan District Raiway.—the recent 
report of Mr. J. Fowler, engineer-in-chief, and Mr. T. M. 
Johnson, states that the works of this railway between the 
Richmond-road Junction with the West London Extension 
Railway, and the Prince Albert’s-road at Kensington, and 
between the Warwick-road and South Kensington Station (a 
length ‘of 2§ utiles of double line) are ready to receive the 
permanent way, and the rails and sleepers have been already 
delivered for the purpose. The most important portion of 
the snibng. | wast of Westminster-bridge, remaining to be 
constructed, is along Tothill-street, between the Broadway. 
and the Broad Sanctuary, but, fortunately, the works are of 
a nature which will admit of rapid progress. 
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ROCK-BORING 


MACHINE. 


DESIGNED BY MR. GEORGE LOW, AND CONSTRUCTED BY MESSRS. E. R. AND F. TURNER, ENGINEERS, IPSWICH. 
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In the first volume of Enoiueertne (vide pages 119 
and 120) we described very fully the arrangements of rock- 
boring machinery designed by Mr. George Low; and a few 
months ago (vide page 496 of our third volume) we noticed 
the performance of one of these machines which had been 
constructed by Messrs. E. R. and F. Turner, of Ipswich, for 
the Mount Taraugower Tunnelling and Gold Mining Com- 
pany, of Victoria, Australia. Since that time Mr. Low has 
designed the form of rock-boring machine which we illus- 
trate in the above engravings, this machine being specially 
intended for working in situations where the space is ex- 
tremely limited. It is made in the shortest possible form 
to enable it to bore holes in directions and positions where 
it would be impossible to apply a longer machine, holes 
thus placed being frequently necessary to obtain the largest 
and most effective displacements of the stone by the pro- 
cess of blasting. It will bore holes perpendicularly near 
the top of the tunnel, as well as parallel with it, or at 
acute angles in any direction on the face. 

The machine in this form is adapted to bore 2 ft. deep at 
one operation, whilst its entire length over all from back 
end of cylinder to end of tool, when ready for work, is only 
89 in. It will bore 2 ft. deep without stopping, provided 
the tool does not require changing for a sharper one before 
that depth is reached. The air cushion at the back of the 
cylinder, and the principle of advancing the tool by pressure, 
which in former machines gave so much satisfaction, and 
which rendered the whole machinery durable, are strictly 
adhered to in this design. 

It will benoticed that by thepeculiararrangement hereafter 
described, the stuffing glands are dispensed with. This will 
cause the tool to work with greater ease and freedom, by 
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reason of the absence of any friction caused by,the tight- 
ness of the stuffing round the piston rod, A self-acting 
arrangement rotates the tool, the rotation being accom- 
plished by a gentle motion. This self-acting rotating 
motion is a reversion of previous arrangements, where the 
cylinder itself is turned by hand. In this case, however, 
the rotating gear is not fixed in any way to any part of the 
machine subject to percussion, the turning being effected 
by causing the piston rod to slide in gentle spiral grooves 
on the return strokes. It will consequently not be deranged 
by the rapid blows on the hard rock. This arrangement 
gives a superiority to this machine over others, where the 
self-acting motion is affixed to parts of the machine sub- 
ject to percussion, and which are consequently far less 
durable. The tool can be changed either at the front or at 
the back of the cylinder according to the position of the 
machine in the tunnel. 

Referring to the engravings, it will be seen that the 
cylinder, A, is a double casting, forming two cylinders 
open at both ends. These are bored out to two different 
diameters, and in them work the pistons, B and B', fixed 
on one rod, The larger piston, B, is used to give the 
forward or striking blows to the tool, the smaller, B', to 
return the tool by constant pressure maintained through the 
passage, 6 6, The admission and release of the air is effected 
by an ordinary slide valve, C, worked by the levers, D D, 
which in turn are moved by the rollers, E E, being raised by 
gentle inclines on the piston rod at F F. These inclines are 
arranged so as to work the valve gently, and without 
shock, and only to move it when the pistons nearly com- 
plete their strokes, thus giving full force to the blows. The 


division between the two cylinders is bored out to fit the 
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piston rod, and the latter is packed by the cupped 
leather, G. 

The piston rod is hollow, and is constructed of larger 
diameter than usual; it is bored inside, and an internal 
screw of 3in. pitch is cut in it from end to end. The 
piston nut, H, holds the tool and advances it, and is chased 
to fit the thread. It is of the same area as the larger 
piston, less the constant pressure area on the smaller piston. 
On the back of this piston nut, H, is the cushion block, J, 
turned to fit the bore but not the screw thread. This block 
is provided with a flanged leather, which is fitted to the 
bore and into the bottom of the internal screw thread by 
a plate and spring, so as to be air tight. It is constantly 
pressed against the piston nut H, and the end of tool (which 
it keeps in its place), by the air in the cushion chamber, 
K, which is supplied through the passages, LL, from the 
constant area space. This cushion block, J, receives the 
recoils of the tool, communicating them to the air cushion, 
K. This arrangement prevents crystallisation, and relieves 
the machine from the shocks of the blows. ' 

The piston nut, H, with the tool, advances 3 of an inch 
for every 3 inch bored, the advance being effected by the 
pressure of air on the piston nut, H, in the following 
manner:—While the machine bores 3 inch forward, the 
piston nut and tool are equally prevented from turning or 
advancing, by the latter (which is an octagon) being 
clamped by a steel ring, M M, made in halves, and = 
inside the piston rod at the forward end. This is provid 
with four stop projections, N N NN, on its circumference, 
against two of which catch levers, O O (having their ost 
in the piston rod), press, being kept down by springs, P P. 
As soon as the tool advances } inch into the hole, the 
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other ends of the catch levers, O O, are depressed by the 
wrought-iron ring, Q, which raises the other end out of the 
stop projection ; the ring, M, being then free, allows the 
piston nut and tool to turn and go forward, by the pressure at 
back, till stopped, after making ; revolution, by the next 
projections, N N, on the ring M coming against the catch 
levers, OO. This is repeated as the boring progresses, 
the feed of tool being thus effected at the same rate as it 
bores. 

To wind the tool back and remove it, the tap, R, with a 
bayonet joint, to which is attached a short piece of flexible 
pipe leading from the main air pipe, is inserted into the 
hole, S, at the forward end of the piston rod, and turned 
half round. This secures it in hole, and turns on the air at 
the same time against the front of the piston nut, H, 
causing the latter with tool to wind back; one half of the 
clamp ring, M, is then taken out by depressing the spring, 
T, with the finger. The cover, O, is screwed off, when the 
cushion block, J, is taken out by hand, after which the tool 
can be removed. In certain positions of the boring cylinder 
in the tunnel, when the back of it is close to the sides or 
top of tunnel, it is necessary to change the tool in front, 
and this is done in the following manner :—Before putting 
the borer into position to bore the hole, a false tool or 
shank, made of an octagon section (same as the tool), is 
inserted in the piston nut (in the same manner as described 
for the actual tool), and having the other end, on which is 
a socket, projecting beyond the end of piston rod, into 
which the actual tool is secured by a screw gland in halves, 
and fixed by a ratchet spring. After this is done, the false 
tool is put in, and the boring cylinder is put into the posi- 
tion for boring. This step (as before said) is only neces- 
sary when the cylinder is in such a position in the tunnel as 
to preclude the changing of the tool through the back, as 
above described. 

The self-acting turning motion is arranged as follows :— 
On the outside of the piston rod are four grooves, V V V V, 
two of which are gently curved throughout the stroke, 
the remaining two being parallel. The ratchet wheel, 
W, works in the spiral grooves, and the ratchet wheel, X, 
in the straight ones. These ratchet wheels are placed with 
their pawls, YY Y Y, to work in opposite directions to 
each other, and are secured inside the front end of the 
cylinder by the gland, Z. The turning motion is accom- 
plished by the spiral recesses cut on the external piston rod 
working on corresponding projections on the ratchet wheels, 
The wheels are fixed by pawls, and the projections on them 
act as guides, in which the spiral recesses on the piston rod 
run during its backward stroke. A slight turping motion 
is thus given to the rod. The other ratchet wheel, X, 
turns with the piston, and allows its pawls to slip over one 
tooth. On the forward strokes the piston is guided in a 
straight direction by the ratchet wheel, X, working in the 
parallel grooves, which prevents any liability to turn back, 
in causing the ratchet wheel, W, which works in the spiral 
grooves, to turn and slip over a tooth, preparatory to re- 
peating the turning motion of the piston on its return stroke. 
The piston with tool is turned at every back stroke +,th 
part of a revolution—thus it makes one revolution for 18 
strokes. This turning motion is not effected by the blows 
on the rock, nor by the varying length of the stroke. 








THE TESTING OF IRON BY MAGNETISM.* 
By S. M. Saxsy, Esq. 

I HAve the pleasure of offering some remarks on a new 
method of testing iron, both as to condition and quality, by 
means of magnetism. 

Its main feature is, that articles made of iron can be rapidly 
tested without damage to them or defacement. 

Onur only present means of ascertaining the condition of iron is 
one which often causes the evils we wish to avoid; we have 
only an imperfect and destructive system, and this only applies 
to quality of the metal, not to condition. By “condition,” I 
mean the state of iron, whether as regards adventitious and 
accidental combinations, either chemical or mechanical, or with 
regard to faults and accidents in the process of forging, welding, 
and so forth. 

My method is not yet fully developed ; but so far as I have 
gone, enough has been proved to show that, in the hands of those 
who have more time and ability than I have, something might 
be done with the question of testing iron which might eventually 
place in the hands of manufacturers, and all persons interested 
in the extensive use of iron, a powerful means of avoiding acci- 
dents which frequently happen from the use of faulty material. 

me account of many of my experiments has already a 
peared in The Engineer and other newspapers. I will only refer 
slightly to one or two of them, rather ceting some points of 
the general subject which bear prominently on the application 

my discovery to the wants of engineers, first explaining the 
extent to which I have successfully applied the test, and then 
explaining the mode of operating with it, adding a few remarks 
} ape the general theory involved, but not more than is sufficient 
or the establishment of a firm foundation on which to rest my 
deductions. 

To prevent misconce tion, it is better at the outset to declare 

tI do not profess { never have professed) to be able to do 
ey than test forged articles or castings, whether of iron or 
two. Whatever comes off the anvil (with an exceptional case or 

wo, which I will explain presently) falls within the scope of my 
ms but I wish it to be distinctly understood that hollow 
et oy purposely made hollow, excepting guns and small-arm 
testi ) have scarcely bad any of my attention beyond a casual 
m at the request of parties, whose anxiety to witness the 
Possible limits of a novel and interesting operation, could scarcely, 





* Paper read before the Institution of Naval Architects. 





with any consistency on my part, have been treated with indif- 
ference. Nor am I consequently responsible for any unexpected 
results in my first attempts. It is one thing to study results of 
testing a bar of iron, the particulars respecting the preparation 
of which have been previously communicated to me, and in 
which known facts could be compared with results of testing, 
and quite another thing to have placed before me a suspected 
bar, the tamperings with which I had possibly reason to imagine 
to be the work of some of the ablest smiths in the kingdom, and 
devised on purpose to mislead and deceive me. 

My experiences have been chiefly derived from these severe 
ordeals, which surely are better calculated to confuse and dis- 
courage than to instruct and explain. 

In the former case we can profitably and calmly investigate, 
but in the latter (and especially when we are expected to ex- 

lain every step of what we are doing), even if we are accumu- 
ating facts, they are only heaped together without connexion or 
time for arrangement. It is like the requiring of a student of 
a language who has not mastered his accidence to pass examina- 
tion in its idioms. 

But, Sir, I am not complaining ; this is only for explanation, 
and to account for the slow progress I have made in magnetic 
testing during the past six months. I am, however, satisfied 
that if, under such disadvantages I have been at all successful, 
the more deeply welcome to me ought to be these successes. 

Passing over some disappointments I may have caused 
through inability to discriminate between clay and sand, and 
zinc and copper, &c., when filling cavities in bars which have 
been placed before me as solid (tricks which were really 
worthless, as impossible to occur in commerce), I may ,at once 
remark that in truth the general public (I had almost said the 
educated general public) know so Fittle of the magnetic theory 
that I have had to submit to decisions made by appointed 
judges, whose total and confessed ignorance of the whole sub- 
ject obliged me first to instruct them in the merest elements of 
magnetism. 

Their decisions were, I doubt not, honest enough; but, from 
circumstances, must have been less just than honest. Perhaps 
this has been unavoidable; nor could I have submitted thereto 
except that, on the other hand, every man of real science who 
saw my work encouraged me to continue it, until at length it 
seemed wrong to be burdening my daily and hourly thoughts 
with what might lead to further expenses and a hopeless 
struggle. 

I trust, Sir, the novelty of the subject will be accepted by 
this assembly as my excuse for having made these allusions to 
myself ; it, however, too often happens that the unfortunate origi- 
nator of what is new and useful must not expect success without 
some previous heart-burnings. That I am this day resuming my 
work is due to my having since the formation of this truly 
valuable and national Institution, narrowly watched and ad- 
mired, year by year, the spirit of honourable and above-board 
inquiry after truth which has so strongly marked its important 
discussions. 

At our meeting in 1867, I heard an eminent engineer in this 
room declare impressively, that any one who could throw the 
least light upon the molecular condition of iron would confer a 
great boon on engineers and manufacturers; and this, Sir, is 
my additional apology for presuming to accept leave to read 
this paper. 

Now, without occasion for entering into minute speculations 
as to the connexion between iron and magnetism, it will perhaps 
suffice to assume (what I believe is fully admitted) that a mass 
of iron is an aggregation of distinct particles, each of which has 
polarity. That these particles are, among themselves, not in 
immediate contact. 

I also assume, that what we call ‘‘pure iron” (as used in 
commerce) is that which is best adapted for general manu- 
facturing purposes, so far as regards strength in every direction. 

As an illustration of this I produce a sample of iron which, 
when pulled into this form cold, only broke at a strain of 
43 tons per square inch; and that a test of the goodness and 

urity of iron is reasonably acknowledged to be, its capability of 
eing (like the specimen) tied up cold into a compact knot. 

I also assume that tensile strength, however useful for some 
purposes, is but an insufficient test of what is called “ goodness” 
in iron, inasmueh as it only indicates strength in one direction, 
and is not incompatible with brittleness. 

I further assume that if each | penne of iron has polarity, the 
whole mass which is made up of any number of such particles 
isa magnet—inductively so—if the iron is pure and soft, and 
permanently so it in the state of steel or cast iron (the mag- 
netic force having a decided connexion with the presence of car- 
bon). Hence, I assert, that the old notion of magnetism existing 
only on the surface of iron is an error, and onethat I will presently 
refute by direct experiment. 

I assume still further that strength in iron is a consequence 
of a certain molecular condition, resulting from magnetic 
causes. 

Now, the above form the groundwork of my system of testing, 
and, if conceded, enable me at once to proceed to illustration. 
But I would first suggest that it will be necessary to further 
admit that we never know when we have put a piece of iron 
or steel into a blast heat (as in a forge fire) whether it will 
come out thereof in an altered or uvaltered condition. Last 
year, in this room, an eminent steel manufacturer, Mr. Ro- 
chussen, told us that he doubted whether in the process of 
forging a shaft of steel as put into the furnace did not come 
out an iron one. His words were, “If ina puddled steel shaft 
when it is finished we have reached perfect homogeneity, it 
may also follow. that , Bes frequent reheating which it 
has required in order to ome a perfectly w mass 
it has been reduced to iron.” “If a shaft made on that 
principle is sound, it is iron; if it is steel, it has all the ele- 
ments of weakness from not being prepared. Steel which 
will work well, which will equal iron in all its virtues, and 
which will excel in its working strength, cannot be made 
beyond 34 and 35 tons per square inch.” 

My experiments and observations on a smail scale had con- 
vinced me of the same thing; and I arrived at my opinion 
in the following manner. 

Steel may be described as iron plus certain other ingredients. 
Now, to remove any part of these “ other ingredients,” is to 





alter the character of the steel, and to remove them almost 
entirely, is to leave the iron (in a state of greater or less pnrity 
in the place of steel; the “other ingredients” are the flui 
rticles which fly off under the blows of the hammer, and these 
lows when given at a welding heat are essentially a purifying 
process. On examination we find that the squeezed-out por- 
tions are not iron, because the specific gravity of iron is about 
7.7, whereas these globules have a specific gravity of at most 
about 5.5, generally less; and, again, iron is malleable, but this 
oxide dross and impurity, as we may call it, is easily pulverised 
in an agate mortar. (I bave a sample here in the state of an 
almost impalpable powder. It has not the tenacity of. the metal 
iron at all) So that the conversion of a shaft of steel into iron 
by the mere process of forging is what we might expect. 

But admit this, and where are we? We are calling things by 
wrong names; we call that steel which was only once steel, and 
where we are thinking that we have the qualities of steel we 
have absolutely those of iron. And whether iron purified in 
the manner just alluded to has superior qualities remains to be 
proved. I can only say that Bowling iron (of which I shall say 
more presently), when subjected to my magnetic testing, shows 
many characteristics of steel. 

With so great a variety, then, in the condition of forged 
articles, without at present any means (excepting a destructive 
one) of knowing this condition, or of detecting it, I submit that 
if 1 can offer you a ready method of examining iron articles, I - 
may, with confidence appeal to bed kindness to receive my 
imperfect demonstrations with indulgence. 

t us ask a smith the quality of a piece of iron; if he may 
cut, or file, or break it, he will tell you its quality ; but ask him 
as to its soundness, and he can only prove that by the testing 
machine. This is what I propose to remedy. 

Before illustrating my practice of testing, it will save some 
time if I just call to mind one or two oe in magnetism, 
which are, however, of so elementary a kind that I must apolo- 
gise for naming them, except that they are necessary for my 
present illustration. 

We are told that if we take a magnetised bar of iron or steel 
and divide it we shall have two separate magnets, each having 
its north and south poles; further divisions of these produce 
smaller and smaller magnets, until our powers of continued me- 
chanical division are exhausted. It is easy thus to bring the 
mind to recognise the minuteness of the polar particles of a 
mass of iron as held together by means of such polarity. 

That this ‘holding together” differs from what is commonly 
called cohesive force (and which belongs to all oorw and is a 

uliar and distinctive characteristic of a few metals, such as 
iron, cobalt, &c., we can easily demonstrate. 

There is the well-known experiment of suspending a series of 
small steel pins at the end of a powerful bar magnet. If that 
end be the north pole, the upper end of each needle will be a 
south pole, and the lower end a north pole. The pins are, of 
course, sustained in wereye by magnetism, which, in this case, 
acts as a cobesive force; whatever may be its nature, let us 
imagine its action to be analogous to that which exists among 
particles or molecules of iron when favourably placed (that is 
to say, when north and south poles alternate, as thy do in the 
diagram) ; let us, in fact, for the occasion, view the mass 
up of bar and pins as a solid, its parts as simply held together 
by cohesion. If we reverse or interrupt the force which con- 
nects the pins and bar (and we can easily do it), separation of 
the pins instantly follows—cohesion is destroyed—but the so- — 
called cohesion which we are using in this case is i 
magnetic foree—and that cohesion unmistakably constituted the 
tensile strength of the solid; therefore, who can say that mag- 
netic force in iron is not strength in iron? This, then, is the 
main point. 

If we interfere with that favourable condition which is the 
element of strength in iron (viz., north pole to south pole, and 
south pole to north), we cause weakness in the metal. Hence 
my proposed axiom that “continuous altermate polarity in iron 
‘and steel constitutes strength, while its disruption or solution 
“ is weakness,” and all flaws and faults are examples of such 
weakness. 

Now, the amount of magnetism in a piece of iron (or rather 
the amount and peculiarities of polar condition in a piece 
of iron) are mensurable; therefore, if strength in iron is mag- 
netism, so is strength in iron mensurable; and as any common 
compass is a magnetometer, so ought we by the use of a com- 
pass to be able to measure strength in iron and detect its weak- 


nesses. 
And this is all ipo to be able to do; and the diagram 
gives illustrations of what I mean by d and d 
ness in iron, as referable to molecular condition. But lest the 
old-fashioned notion should still cling to the minds of some, 
whose avocations have kept them, as regards magnetism, out of 
the influence of that stream of knowledge which is ever on the 
onward move, I would ask leave to produce the results of an 
experiment which I think settles at once all controversy as to 
the penetrability of a mass of iron by magnetism. It is the 
only point on which those who have fancied it was to their 
interest to suppress a means of detecting faults in forging iron 
(faulty weldings, &.) have attempted to base any opposition to 
my views; and unless this be cleared from all doubt, my pre- 
tensions must fall to the ground. 

This—is a wooden model to full scale of a piece of round bar 
iron 14 in. long and of 4in. diameter. 

The piece of iron which it represents was prepared, as to size, 
under my directions in order to test the power of a magnet 
over the interior of a solid mass; and as I am not aware of any 
direct experiment having been recorded on the subject, I would 
ask leave to give some rather important, perhaps interesting, 
details. By permission of the Captain-Superintendent, I re- 
quested a most able and intelligent master smith at Sheerness 
to heat the mass to a bright heat, to slit a hole in the side of 
it at the middle, and while hot to drive in a piece of steel, so 
that it might lie exactly in’ the axis of the bar. Instead of 
complying, he thought it better (as it undoubtedly was) to drill a 
4 in. hole in the axis of the bar‘from one end, in a steel 
pin, and then cautiously and partially, as he thought, weld the 
mass together, so that I should have what I wanted, viz.,a 
piece of steel imbedded in a solid coating of iron in every direc- 








tion, quite away from the surface, but in such manner that 
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neither the situation, nor size, nor shape, nor condition of the 
steel should be known to me previous to testing (nor had I the 
least idea of either; indeed I tested under the impression that 
he had complied literally with my request). I mention these 
details, because the value of the experiment defends entirely 
upon them, and they will convey to you those insights into the 
power of magnetic testing, which, without them, would need a 
great deal of illustration. It is better to describe in detail one 
experiment than to imperfectly glance at many. 

naturally felt with my compass carefully about the centre of 
the bar in this manner, but could find no steel there, and at 
once said so (fully then expecting some trick); but the master 
smith said that he Aad enclosed the steel. Under some very 
natural, but momentary, perplexity (for it was a most severe 
trial) I carefully ran my compass up and down the side of the 
bar (thus), placed the iron in the magnetic meridian, out of the 
meridian, in the line of magnetic dip, &c., nutil corroborations 
of com disturbance near one end (just here), advised me of 
evident local interference with, or disruption of, that molecular 
“alternate pclar continuity,” to which I have called attention— 
placing, as I now do, a chalk mark, saying, “ The pin is here. 
Am I right?” He replied, “ Not exactly.” I requested him to 
lay off with his rule the exact position of the pin, instead of 
which he merely said ‘‘ That is only one end of it; where is the 
other?” I could not at first, with certainty, find it, and here 
my experiment might have ended, but I had noticed that the 
needle showed diminishing unsteadiness as it approached the 
one end of the bar. A moment’s consideration, therefore, con- 
vineed me (and I confidently declared) that the one end of the 
steel pin, as at first detected, could not have been properly 
welded into the mass of iron: that the other end must have 
been thoroughly combined with the iron. The master smith 
then accurately measured off the position of the pin (as seen 
in the diagram), and punched in both my chalk marks, and his 
own marks, to fix them. 

Perhaps, however, | have yet to state the most extraordinary 
and most significant result of this examination, consequences 
which, I believe, if followed up in a right spirit, will prove an 
immense saving of public money. 

With all brevity, I will say that next morning I obtained 
leave from the Colonel-Commandant of Sheerness Garrison 
(Colonel Crofton) to try my hand at testing a large gun; and, 
sapposing that an Armstrong was more complicated in its make 
and form than others, I obtained permission to test a 40-pounder 
Armstrong for flaws or fractures. Within half a minute’s 
testing 1 had exclaimed to Lieutenant Gaimes, the Gunnery 
Instructor (who had kindly placed the gun for me in the mag- 
netic equatorial plane, E and W), “something wrong here,” 
and on again using my magnet (the one now in my hand) “1 
“ can trace something wrong, and a fault of some sort runs 
“ half round the circumference of the gun,” and I traced a 
spiral curve with my finger (I had then no idea that the barrel 
was made up of coils). On his sending his sergeant for the 
gun's register (No. 183), he read in it the record of a flaw not 
far from the muzzle, just under where I had marked it. 

With equal facility and success, on the same occasion, I 
tested twoe32-pounders and three small-arm gun barrels, in each 
case pointing out defects which had been previously known to 
the sergeant armourer to exist, but not even suspected by myself, 
the lieutenant watching with much interest the action of my 
testing compass and confirming the accuracy of my deductions 
from its motions. 

Thus, Sir, 1 presume to indulge a hope that I shall, in due 
time, contribute not only towards a source of great national 
economy, but add an additional safeguard to the gallant hearts 
who man our guns both at sea and on shore. 

I was soon afterwards describing my success with the steel 

in in the mass of iron, when it was kindly hinted to me that 
it was all very well tostate my opinion as to the condition of the 
pin, but that, with strangers, some ocular demonstration was 
necessary. I therefore bad the bar cut; and, to avoid the 
destruction of the precise end of the unwelded part I had my 
first cut made so as, it possible, to show it. It proved that I 
was correct, for one end is not welded and the other is; and I 
have the pleasure of producing an unimpeachable proof of the 
soundness of the principles on which I found my test by 
magnetism in showing you that specimen itself. 

Now if Professor Barlow were living, with his opinions still 
unchanged, he would probably assert (as a few of his disciples 
still do) that magnetism cannot penetrate beyond the mere sur- 
face (1 think the tenth of an inch has been mentioned as the 
limit), and be would quote his celebrated experiment of the 
sphere or short cylinder of iron, But Dr. Scoresby, from his 
very elaborate investigations of iron of all shapes, fully explained 
this. We cannot too carefully guard ourselves against miscon- 
— in the ony stages of discovery. 

‘he case is simply this: I have never seen it satisfactorily ex- 
plained by direct experiment, and offer my solution with all due 
deference. Whatever else may be the properties of magnetism, 
which, under some circumstanees, it is known to possess, certain 
it is that its molecules (if we may so speak of minute portions of 
a merely imponderable influence) have a powerfully repellent 
property, such as we see when we put together the like poles of 
the magnet. That is to say, if we take, for instance, a 2 ft. bar 
magnet, nearly all the magnetic force it possesses will be found, 
not equally distributed through the bar, but accumulated near 
its ends; and the longer the bar in proportion to its diameter, 
the more the force would, 1 b:lieve, collect near its ends, and 
(per contra) the shorter the var, the more equally would the 
repellent force be distributed about the whole mass of the bar, 
until, when every part of the surface was at an equal distance 
from the centre of gravity (as in the case of the sphere (abso- 
lute polarity would be scarcely perceptible), the cube and 
solid cylinder would, of course, exhivit rather more polarity, 
but still it would be but feeble. 

Now suppose we have a sketch of a square bar magnet 
of some length; were it ible to instantly detach the 
portion marked brown in the diagram from the centre of the 
magnet, without any disturbance of mugnetic force, that 
= would be a fair representation of the condition of Bar- 
ow’s sphere and cylinder, or cube, or any dumpy form, in its 
imperfectly polar condition, Hence we see that it is difficult to 
apply a magnetic test tosuch a “dumpy” mass. I admit this 








(nor was Barlow wrong), but fortunately for us, such pieces of 
iron, forged on an anvil, never require being tested for strength ; 
therefore, as an objection tomy system, it is totally unimportant. 

It would be difficult to condense within the expected limits of 
this paper even an outline of the extent to which the question 
of a reliable magnetic test might influence the work of the builder 
of iron ships. The huge forgings of parts of our ironclads are 
of the first importance. 

It might seem to be hopeless to look for any means of testing 
these, but be it remembered the laws under which one tests 
with a small compass are immutable. We may as well declare 
that the huge stern-post of the magnificent Hercules, lately 
launched at Chatham, could not have been forged at all, be- 
cause of the customary smallness of the ordinary smith’s 
furnace. 

We have only to imagine the substitution of a larger and more 
perfect form of testing magnet for those in present use (and 
more intelligence and more experience in those who use them), 
and there opens before the mind’s eye a prospect which may at 
least encourage us to attempt the solution of those problems as 
to crystallisation and fibrosity, which ail admit are loudly 
calling for investigation ; and every step we take in examining 
into the molecular condition of iron and steel (even such a mite 
as I am now hoping to contribute), will, if excepted in a cherish~ 
ing spirit, and in a manner free from prejudice, benefit in some 
way the interests of this great commercial kingdom. 

To use this magnetic test effectually a fair knowledge of the 
main points of terrestial magnetism is incispensable ; but where, 
at the present day, is the master smith (or his assistants), who 
are unequal to a comprehension of it? Let it even be that in 
due time an officer be attached to a testing room in every 
factory where iron articles are forged or iron made, and it will 
amply remunerate. 

And further, if we consider for a moment the importance 
(what I beg now to suggest) of more attention being given to 
the mode of casting iron, we shall desire more strongly a better 
acquaintance with the method in which we can best secure the 
greatest strength from the least quantity of metal. My early 
experiments showed me that in this respect the prevailing pro- 
cess is defective. 

The want of a convenient and better mode of testing (in fact, 
the want of a better estimation of what I have called the 
“continuity of alternate polarity,”) bas been a source of much 
weakness in iron castings. It has, moreover, been a source of 
waste; customary fractures occurring at particular parts of an 
article, naturally lead to the strengthening of those parts with 
additional metal, whereas, according to my observation, I believe 
in many cases that such weaknesses arise from the imperfect 
manner in which the molten metal is run into the mould, for 
unless the junctions of the surfaces of the hot metal occur at 
the same temperature, the molecular condition is defective. It 
is nothing uncommon with me to find opposite polarities occur- 
ring in castings within the space of small portions of an inch, 
Now these are equivalent to flaws in wrought iron; they are 
absolute weaknesses, and in most cases easily remediable. 
Irregularity of cooling causes molecular disruptions, 

There is but little difficulty in the testing of many articles, 
such as shafts and spindles, axles, girders, braces, knees, rail- 
way wheels, and so on, and especially such articles as revolve in 
a lathe during manufacture. Among these in particular are gun 
barrels; and perhaps I cannot better employ a few remaining 
minutes than in adding a few remarks on this (I believe) nation- 
ally important branch of my subject, and especially as it bears 
much on the safety of sailors working guns in a turret or 
between decks, 

I believe guns upon the largest seale are being built up of a 
stout iron or steel internal cylinder, and various outer cylinders. 

The two 32-pounders which I tested were of this kind, and 
yet I found no difficulty in testing them. But how much more 
conveniently could I have tested each part separately, before 
being put together? How much more thoroughly? Had }] 
been permitted to practise for a day or two (as I volunteered to 
do) at Woolwich, a few months since, I should have increased 
my experience. In the case of small arm gunbarrels, how 
much easier to test them before the additions of staples and 
portions of iron or steel, which are braced on to complete the 
barrel, than with all the complications they afterwards cause in 
testing by magnetism ? 

I scarcely doubt that we shall before long be able in a great 
measure to dispense with proving guns by gunpowder, confining 
its use in testing to the proving of those guns only, which give 
unsatisfactory results with the magnetic test. We should thus 
be substituting in magnetism a perfect method of proof for an 
imperfect, because that by gundowder is only partial, and 
limited to the quantity of powder used. 

A few very brief remarks as to power of testing by the com- 
pass will convey ample information as to its value. 

The piece of iron marked M was brought to me ‘for my 
opinion ; it was said to be good, but I marked it as faulty, and 
on cutting it at the mark, such was found to be the case. It 
was the same with the piece marked N. I have dozens of 
similar specimens. The two bars marked § MS are samples; 
the round ene of good iron, the — one of bad. 

My very few examinations of rolled plate have led me to suspect 
that electricity (of which magnetism is, of course, a mere condi- 
tion) possesses a property in some measure analogous to that 
pertaining to light when passing through media of different 
densities; if so, this would explain the difficulty I experience 
in testing plate-iron known to be laminated. At Chatham I 
pronounced a plate to be “ good” in quality (as it proved to be) ; 
it was stamped “ best best,” which had very extensive lamina- 
tions, and this called my special attention to some peculiarities 
I had not before witnessed, and which I for the first time make 

ublic. 
4 Now, in penetrating a substance, light is subject to three 
different laws, viz., reflection, refraction, and dispersion. View- 
ing electricity as but another imponderable influence (if it be 
right to speak of it as a distinct influence), it is easy to con- 
ceive that electricity may in like manner be subject to a law of 
dispersion, If it be so, it would amount for tve distortion of 
what (when a rolled plate stands vertically east and west) ought 
to be the place of the equatorial plane, viz., at right angles to 
the line of magnetic dip Coide diagram). This law of *‘ disper- 





sion,” if applicable to electricity, is possibly evidenced by, and 
may be the cause of, the zigzag progress of a flash of lightni 

as seen on a large scale, as it passes through atmospheric strati- 
fications of different densities, and on a small scale may be seen 
in the examination of a powerful electric spark by means of 
photographic paper. 

But allow me a passing word or two as to this suspected law 
of magnetic dispersion, as illustrated in the diagram (which J 
willexplain). Now we are accustomed to associate in our ideas 
light, heat, and electricity, as ifidentical. But it is as easy to 
suppose that light and electricity are the same, as that light and 
heaé are so. 

Both Professors Stokes and Tyndall have already demon- 
strated that light and heat are the same thing. May we not, 
then, when obscure facts point to some novelty in the use of 
magnetism, and lead us directly to notice an unexp»cted appa- 
rent “ divergence,” may we not, I say, reasonably suspects its 
cause to be that property of dispersion which is known to exist 
in light, and which, if light be identical with electricity, may 
also exist in magnetism? I submit to the distinguished men 
who compose this assembly that an investigation of this part of 
the question seems to be very desirable from the immense con- 
sumption of plate iron by iron shipbuilders, and the great loss 
attending the present means of destructive testing. 

My humble suggestion becomes strengthened when we recal 
to mind the assertion of a surveyor of the Board of Trade, made 
in this room in April last, who said “that the great difficulty 
“ that has to be overcome is the want af reliability in a number 
“ of the plates supplied to steel ships; for although we may find 
“two or three plates in a great number that may be bent and 
“ twisted, and worked into any shape, yet it is quite probable 
«that the majority of plates delivered in that parcel may be 
“ quite unfit for use or safety, if put into the bottom of a ship.” 
He added, “ one of the angle-iron frames was put under the 
“ shears in my presence, and fell in three pieces like a piece of 
“ crockeryware.” 

It is remarkable that in general we know less of the condition 
of iron than of its quality. ‘The best of iron, when in bad con- 
dition, is virtually bad iron. 

I could give a striking ep of the necessity for greater 
attention to condition, when I allude to what is know as 
“Bowling iron.” It is costly, and bears the highest character. 
I did not specially select it for scrutiny, and if I notice what 
would appear to be an imperfection in it, such imperfection is 
not, I am bound to say, confined to bowling iron, as specimens 
on the table of iron of high repute will prove. 

But Bowling ironis certainly that which has caused me great 
surprise in testing, and as it is used whenever great tensile 
strength is called for, my magnetic examination may possibly 
be turned towards their own interests by its manufacturers, 
Certainly we need some better means of testing the condition in 
which accidental circumstances may place the best of iron. 

Now, the characteristic of bowling iron seems to be its great 
toughness—its tensile strength; but my experience in testing 
points prominently to the fact that such toughness is in con- 
nexion with great aptitude for lateral separation of its fibres, 
and a strong tendency towards partial crystallisation; and as 
absolute pertection of strength is incompatible with a want of 
uniformity of condition, I cannot, in my humble judgment, 
avoid the conclusion that much of what iron I examined at 
Chatham Dockyard as ‘‘Chatham iron” is for general purposes, 
and from the ab: of this tendency in its fibre to separate 
laterally, even, if possible, superior to bowling. 

I wanted to procure at Chatham a sample of the very best 
iron which experience could select for me asa standard of purity. 
The master smith employed one of his best workmen to work a 
carefully chosen piece down to }in. equare bar. But what was 
our joint astonishment to find the testimony borne by my com- 
pass to be depreciating? My compass showed the condition to 
be wnsound, and I marked the spot it condemned. On cutting 
the bar at my mark it was found to be partly crystallised and 
partly fibrous, and therefore of different strengths in portions 
of the same section. (Here it is, ¢.) What other test could have 
detected this? 

And, again, the specific gravity of bowling iron varies very con- 
siderably. Taking for comparison the specific gravity of the best 
Swedish to reach 7.86, I find one sample of bowling to be 7.878 
(?) (Diag. 13); another was 7.874 ; another 7.770 (Diag. 29); 
while another was as low as 7.613 (Diag. 14 atc.) Now, in all 
these specimens (which I have with me) 1 beg to call attention 
to the fractures they exhibit, defects which would be quite un- 
looked for in iron of such purity as the specific gravities would 
indicate (7.7 being the average of good bar iron). From many 
testings of bowling iron I should almost have ranked it with 
steel. 

I should be exceedingly sorry to be misunderstood in my re- 
marks as to bowling iron, and will now show a sample which 
can scarcely be surpassed for toughness (marked ¢), although 
on cutting it where it disturbed my magnet I detected a fault. 
Perhaps Dr. Percy is not far wrong when he tells us that “ the 
occasional, perhups accidental, introduction of bad ores, and 
other causes, may at times produce inferior qualities of iron. 
Ican.only appeal to facts. I may have been unfortunate m my 
selection’ of samples, but the majority have been selected for 
me. Here are several on the table. ’ 
A few noteworthy defects in the common mode of forging 
iron have been detected by the magnetic test. For instance: 
the upsetting of a piece of iron should always be done at as near 
a welding heat as possibie. If otherwise done, it causes flaw 
perceptible to the magnet, and here let me remark that many 
taults in condition migbt be remedied by annealing. As an i- 
stance. At Chatham my attention was called to the fracture 
of a leag piece of 4in. square which was being forged out of 
best scrap. During manufacture it broke in two near the 
slings, certainly from vibration having caused it to erystallise. 
I believe it to have been very carefully worked, and very ¢ 
in quality ; but the condition, had it not broken, would doubt- 
less have been greatly benefited by subsequent annealing. 
And again, experiments have shown me that whether iron be 
forged in one direction or another as regards the — 
meridian, so will its strength vary. Samples on the table — 
trate this. Indeed the specimens, ¢ and 8 and D, I _— . 
at Chatham to have been most certainly forged ina N. ani 
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direction. Hence we may reasonably question whether all test- 
ing machines should not be placed in a direction of E. and W., 
and for chain cables especially (in the iron of which we wish to 
avoid destruction of elasticity). 

And again, in welding iron, it is bad to use the ends bevelled, 
laying pieces of filling-up iron across them. This crossing of 
fibres, even after a sound weld, is an element of weakness, and 
it has been clearly proved by the magnet test to be very objec- 

jonable. 
7 We have already therefore seen some benefits from testing by 
the simple pocket compass, and, such as they are, I beg to offer 
to the public. 

I beg to apologise for eecupying so much time, and I will 
conclude by showing the difference between the action upon the 
magnet of good iron and of bad iron. Whether this square 
bar be bad iron im qtality or iron tampered with, I cannot say. 
I suspect some trick*in it, but know nothing of its history ex- 
cept that it was brought to me, with others, a year since as a 
piece of unsound iron. It is much at the service of any gentle- 
man who likes to test it and have it eut where I have marked 
it, so that. it be restored to this room before the close of this 
session of the Institution. 





On tHe TRANSVERSE STRENGTH OF STEEL Raits 
AND OTHER ANALOGOUS BEAMS. 


Havine sufficient evidence before us as to the 
direct tensile resistance of steel of various makes and 
in various forms, we may proceed with the investiga- 
tion necessary to determine the value of the. same 
resistance when excited by transverse strain; or, in 
other words, the apparent tensile resistance of the 
extreme fibres in a solid steel beam. We could not 
obtain more satisfactory data for this purpose than 
that afforded by the experiments on the broken steel 
shaft, since we have then the direct tensile resistance, 
and also the necessary information for deducing the 
apparent tensile resistance, of practically the same 
specimen of metal. 

Thus, in Table C, we have the several values of 

WL 
hb 
a rectangular cross section the apparent strain per 


, and since, as we have already shown, for 


square inch on the extreme fibres will be F=-777, > 


we can at once deduce the value of that strain from 
the several experiments by simply multiplying the 
tabular value of S by 6. 

Now in Table C we find the mean value of S to be 
28,302 lb.; the highest value (No. 740) 30,438 lb., 
and the lowest (No. 758) 26,142 lb.; and in Table 
A we find the mean value ofthe tensile resist- 
ance per square inch, /, to be 95,221 Ib. Refer- 
ring now to Fig. 6, we find the specimens tested by 
direct. tension adjacent to the one offering the highest 
transverse resistance (No. 740) to be Nos. 739, 753, 
and 741, the ultimate strengths of which are shown, in 
Table A, to have been 103,447, 95,624, and 103,225 lb, 
per square inch; we may, therefore, take the average 
of those amounts=100,768 lb. per square inch as the 
true value of fin the specimen (No. 740). 

Proeeeding in the same manner with the weakest 
beam (No. 758),-we find the nearest specimens to it 
to be Nos. 749, 751, 762, and 757, with resistances 
respectively of 70,752, 87,928, 92,479, and 93,619 Ib. 
per square inch. The mean value of / in this instance 
will, consequently, be 86,194 lb. per square inch. 
Tabulating the preceding results, we arrive at the fol- 
lowing values of: F, /, and 9, for the average, strongest, 
and weakest specimen tested by transverse stress. 


TO, RT aoe 
Average ...|'6X28,302=169,812| 95,221) 74,591 | P=—.785f 
Strongest...| 6 x 30,438—182,628) 100,768) 81,460 | P=.807/ 
Weakest ...| 6X26,142=156,892| 86,194| 70,658 | 2—.820f 
Mean ss aes Ire = of 








We may check this mean value of @ by dealing in 
the preceding manner with the highest and lowest 
results attained by any specimen under pulling and 
bending stresses, irrespective of their relative positions 
in the cross section of the shaft. The results are as 
follows : 














a ad 

Strongest ...| 182,628 104,642 77,986 o=.745f 
Weakest...... 156,852 84,472 72,380 o=.855f 
Mean... ...... a mi das o=.8f 





The deduced value of ¢ in both instances being 
‘Sf, we may safely adopt that amount for cast steel 
similar to that employed in the manufacture of the 
broken shaft. 

It is necessary now to supplement the foregoing 
a, 0g wu by some others on other makes of steel. 

our bars of soft chisel steel 3 in. square were 
tested by direct tension, and by weight applied at the 
centre of 12 in. bearings ; the mean breaking weights 





under the respective conditions proved to be 26 tons 
and 1.85 tons. ; : 
Now, putting W for the breaking weight in the 
centre of the span L, and w for the direct tensile re- 
sistance of the same square bar, the side of which 


. 
=d; we have f=5 and yao Se. 

But ¢=F—/, hence, the value of ¢ in terms of / 
will be P 


Quod 
Substituting the several values given by the experi- 
ments, we have al 
3X 1.85 tons x 12 in. 
=fc os J] hence $=.7f. 
? 2X26 tons x 3 in. = 

The following experiments were made by Mr. 
Kirkaldy : 
Four bars of hammered hematite steel, 2 in. square, 
were planed down to 1.75 in. square, and tested by 
bending stress applied at the centre of 25 in. bearing ; 
the strongest bar sustained 16,7201b., the weakest 
15,784 1b., andthe mean result of the four experiments 
gave 16,474 1b. as the ultimate transverse strength of 
the bars. . 

Again, four bars of the same steel forged to 1} in. 
diameter, and turned to 14, were tested by direct ten- 
sion, when the maximum resistance offered was found 
to be 81,108lb. per square inch. ‘The minimum, 
69,145 lb., and the average, 722,80 lb. per square inch. 


Now since F = hte we have, by substitution, 
3 
F= ows hence F=7W. Tabulating the re- 
4 x 1.75° 


sults, as before, we obtain the following results : 








| PF | Sees? 
Average sel 115,318| 72,280 | — 48,038 @ = .595 
Strongest..| 117,040] 81,108 85,932 QP = .432 
Weakest ...| 110,488] 69,145 41,343 Q = .525 
Mean... | ne & ser Q= dt 





Again the highest value of @ given by any two ex- 
periments would be as follows: 


| F | £ | e=Fr—s] 
| 115,318] 69,146 | . 46,173 | 9 =.66 


We may, therefore, consider tlie true value of ? in 
these specimens of steel to be about .6/; and, since in 
other experiments we have deduced the values .8 /, and 
7f, we may assume that its range will be comprised 
within those limits, aad that for the several forms of 
cross sections enumerated, the values will vary as 
follows, according/t0 the nature of the steel: 

Rectangular cross,section = .6 to .8 
Circular 9—.7to 9 
Square (strained diagonally) ? — .8 to 1.0 

The preceding deductions, edupled with those pre- 
viously arrived at when treating on the ultimate 
tensile resistance of various specimens of steel, will 
make it evident to. any one, who has followed the in- 
vestigation so far that the probable tranverse strength 
of a given section of steel rail will be comprised 
within’ rather wide limits. We have, however, ad- 
vanced sufficient data to enable those limits to be 
defined, If we knew the actual value of F in the par- 
ticular case under consideration, of course the trans- 
verse strength of the rail could) be obtained imme- 
diately ; but we have seen that not only does the 
the component ? increase in value relatively to / in 
proportion to the hardness of the steel, but that the 
latter component also is governed to a still greater 
extent by the same conditions. From numerous ex- 
periments on pieces of metal cut out of Bessemer steel 
rails, the tensile resistance, /, appears to range from 
35 tons to about 52 tons per square inch, according as 
the steel is soft or hard. 

From a careful general consideration of the be- 
haviour of rails under falling weights, compared with 
the ascertained tensile strength of the steel in the 
same rails, we have arrived at the conclusion that in 
Bessemer steel rails exhibiting the most desirable 
mean of hardness and toughness, the tensile resist- 
ance of the metal ranges from 40 tons to 45 tons per 
square inch, in double headed rails, and from 35 tons 
to 40 tons per square inch in flanged rails; and we 
consider rails which bear greater or smaller bending 
stresses than those due to the above values of / to 
be alike undesirable. 

There are several preter! reasons why a rather 
softer metal is preferable for a flanged rail, and there 
is one of immense importance arising from the neeces- 
sity of punching or drilling holes in the flanges for the 
fang bolts, by which such rails are usually secured to 

















the sleepers. This system involves an almost in- 
credible diminution in the power of the rail to resist 
a heavy blow; in fact, with a punched rail of too 
high tensile resistance, with its accompanying excess 
of hardness, it is quite within the bounds of possibility 
that imperfect packing of the sleepers would be suffi- 
cient to induce fracture under the pounding action of 
the driving wheels of a heavy locomotive. 

It will be well now to recapitulate briefly the 
general principles developed, and data deduced, up to 
the present stage of the investigation. 

It has been shown ‘that the direct tensile strength 
of cast iron, wrought iron, and steel, of different makes, 
varies from some 50 per cent. in the instance of the 
former metal to as much as 150 per cent. in steel; but 
that for average practical cases, as far as beams or 
girders are concerned, the direct ultimate resistance 
to tension might be taken as 7 tons per square inch for 
east iron, and treble that amount for wrought iron, 
and that the strength of steel again might be considered 
to be double that of the latter metal, These results, 
however, show that the customary method of propor- 
tioning a structure to a given unit strain, irrespective 
of the particular quality of metal proposed to be em- 
ployed, should ‘be exercised with discretion. 

_ A still greater want of uniformity was exhibited in 
the rates of elongation, and the reduction of area at 
the point of fracture, of different specimens of metal 
under the ultimate strains, involving, of course, great 
irregularities in the amounts of work done in effecting 
rupture in each case. 

It was proved by experiment, also, that the resistance 
ofa short column of either of the metals to direct 
compression was far in excess of its resistance to 
tension; and that, consequently, the former element 
might be safely neglected in estimating the probable 
strength of a solid beam, and need only be taken into 
account when the compressed member was governed 
by the laws affecting long columns, or the buckling 
of thin plates, as in the instance of the top flanges of 
ordinary plate girders. 

An analysis of experiments on the transverse strength 
of each metal showed that in all instances, and for all 
forms of cross section, the deduced mathematical 
value of the maximum strain on the extreme fibres 
was in excess of the ascertained direct resistance to 
tension, and that, consequently, another element of 
strength must exist. It was ascertained that the de- 
parture from the mathematical value of the maximum 
strain was greatest in cast iron, when for a rectangular 
section the excess of strength averaged 125 per ceut. ; 
and that for wrought iron the excess was A sa one- 
half that amount, whilst steel occupied an inter- 
mediate position between the two. For other forms 
of cross section the value of the new element of 
strength appeared to vary directly as the thickness 
of metal in the “web” portion, ag,compared with 
the mean width of the ‘ flange” portions. 

A method was exhibited by which the mathematical 
value of the maximum strain on the extreme fibres 
could be ascertained geometrically ; andit was shown 
that by increasing the value of the amount. so arrived 
at by a certain percentage, indicated. by the pre- 
ceding considerations, the probable transverse strength 
of any given section of beam might be easily esti- 
mated. 

Having waded through this necessary amount of 
preliminary investigation, we are now in a position 
to predict with confidence, and with a full apprecia- 
tion of the various principles involved—a very different 
thing to blind empiricism—the maximum resistance 
any steel. rail would offer to a bending stress, or to 
any other test which might be applied to it. 

B. B. 





THE COLTNESS TRONWORKS. 
To Tue Epitor or ENGINEERING. 

Sir,—My attention has just been called to an article on 
the Coltness Ironworks, published in your journal of 28th 
February last. 

You there describe a direct-acting steam hoist, as having 
been made by Mr. A. Barclay, engineer, Kilmarnock, 
according to Mr. Hunter’s designs. In this you have made 
a misstatement, as the hoist was made to my designs, while I 
was engineer at the works. The two steam hoists at the 
lower row of furnaces, were made in the works, also to my 
designs, and under my direction. 

I am, Sir, your obedient Servant, 
R. Scorr, Manager. 
Addiewell Chemical Works, West Calder, March 31, 1868. 








Coat 1n Japan.—Coal has been discovered in the neigh- 
bourhood of Hiogo, and a trial has been made of it by Mr. 
Sutton, chief engineer of the English steamer Serpent. 
Further surveys have been made this spring in order to 
ascertain the quality and extent of the Hiogo coal beds. 
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MALTHOUSE WITH DUPLICATE FLOORS, FOR 25 QUARTERS EACH. 
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BREWING AND BREWERIES.—No. III. 
Matertats Empioyep 1x Brewixe—Bar ey, AND 
THE Process ow MautiInG.—( Continued.) 

Tue process of malting may be described as one 
of restricted germination. In order that seeds may 
germinate, it is necessary that they should be supplied 
with a certain quantity of moisture, that they should 
not be exposed to too low a temperature, and that air, 
or oxygen, should have free access to them. Under 
the requisite conditions the process of germination 
proceeds as follows :—first, the husk or envelope of the 
seed becomes swollen, and bursts, and the plumula, or 
acrospire, commences growing from one end of the 
grain, and gradually elongating under the skin towards 
the other end. In the case of seed buried in the 
ground, this plumula, which afterwards becomes the 
stem of the plant, eventually emerges from the end of 
the seed ~S rises to the surface of the soil, being 
forced upwards by the root radicles, which are thrown 
out by the enlarged embryo. The cotyledon, or leaf- 
lobes, which contain the nutriment for the young 
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plant, are also carried upwards by the growth of the 
root radicles, and eventually they either rot off or 
become leaves. Not only is the process of germina- 
tion dependent upon a certain supply of air, heat, and 
moisture, but it is powerfully influenced by the action 
of sunlight. Direct exposure to the sun’s rays is 
injurious to germinating seeds ; but it has been dis- 
covered, by Mir. Robert Hunt, that the dark chemical 
rays of the solar spectrum exert a beneficial influence 
on germination, even if the seeds are buried in the soil 
to a considerable depth. The knowledge of this fact 
has been turned to practical account in some instances 
by glazing frames or cases, in which seeds have been 
planted, with glass of a deep cobalt blue colour, this 
glass permitting the chemical rays of the spectrum to 
es freely, but allowing but few light-giving rays to 
e transmitted. 

Whilst the growth of the seed is going on in the 
manner above described, certain chemical changes are 
also taking place. A species of slow combustion is, 
in fact, established, the temperature of the seed rising, 
oxygen becoming combined with carbon, and carbonic 


y) 
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acid being liberated. As the acrospire creeps along 
the surface of the seed also, the starch becomes con- 
verted into sugar and mucilage, and at the same time 
the glutinous constituent almost entirely ges 
and is supposed to pass into the roots or radicles. 
The change which takes place in the starch contained 
in the grain is similar to that which is caused if that 
substance is digested with a little gluten at a tempera- 
ture of about 160° Fabr. When thus treated the 
originally thick paste becomes liquid, transparent, and 
sweet tasted, it Loca in fact, transformed into a solu- 
tion of gum and sugar together with a little starch 
in an unaltered form. 

If germination is completed, the grain becomes ex- 
hausted; and in malting, therefore, it is arrested be- 
fore this can occur. The object of the maltster is to 
obtain the greatest possible amount of conversion of the 
starch without loss, and for this purpose the germination 
is generally allowed to proceed until the acrospire has 
elongated ‘to about two-thirds of the length of the 
grain, when it is — by the process of drying on 
akiln, The heat of the kiln not only arrests germina- 
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tion by effecting the expulsion of moisture from the 

i but it also effects the conversion into sugar of a 
portion of the starch which had remained unc anged 
during the partial growth of the acrospire. The 
nature of the changes which take place during the 
process of malting are clearly shown by the compara- 
tive analyses of barley and malt which we published in 
our last number. 

During the process of germination, there is deve- 
loped in the grain a peculiar principle termed diastase, 
which possesses the most important property of, under 
certain circumstances, converting starch into dextrine, 
or starch gum, and further, into sugar. Dextrine 
was so named by the French chemists from its pola- 
rising light to the right hand instead of to the left, 
like ordinary gum, and it may be prepared from starch 
either by torrefaction, by the action of dilute acids, 
or, as we have already stated, by that of diastase. 

The discovery of diastase, which derives its name 
from the Greek word “ diastomia,” I separate, is due 
to the researches of Payen and Persoz. It is a 
white flocculent substance, free from azote, insoluble 
in alcohol, but soluble in water or proof spirit. It 
forms a tasteless and neutral solution which changes 
with greater or less.rapidity according to the tempe- 
rature, and becomes sour at from 149° to 169° Fahr. 
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25-quarter malt kiln in duplicate with loft and attic 
for barley and malt, together with a kiln of the capa- 
city necessary to dry the produce of the duplicate 
floors. These engravings, we should state, have been 

repared from drawings kindly — to us by Mr. 
| Steel, of Glasgow, a gentleman whose expe- 
rience, both as a brewer and brewer’s engineer, is well 
known, and to whom we are indebted for much 
valuable information. Referring to our engravings, 
a a are the steeping cisterns, 4 4 the couching frames, 
ec are the shoots through which the barley is con- 
ducted from the loft to the cistern, d d are the drain- 
ing valves, and e e are rows of perforated plates sunk 
into the bottom of the cistern to facilitate the drain- 
ing. Some of these details are more clearly shown 
by Figs. 8 and 9, which will be given in our next 
number. It will be seen that the cisterns are at one 
end of the two working floors whilst the kiln is at the 
other, this kiln, which we shall describe in detail 
presently, being of sufficient capacity to dry for both 
floors. In the engravings, a charge of gram, marked 
1, is shown in the couch frame, and this may be 
supposed to have been just thrown out of the 
cistern. The grain, abel 2, on the malting space 
may be considered to be the young “floor” recently 
taken from the couch, whilst that numbered 3 would 
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Diastase may be obtained in a tolerably pure form, 
by moistening malt flour for a few minutes with cold 
water, pressing it out strongly, and filtering the solu- 
tion which should afterwards be heated in a water 
bath to a temperature of from 158° to 170°. By heat- 
ing the solution in this way the greater part of the 
alhuminous nitrogenous matter is coagulated, so that 
it may be separated by a second filtration. If the 
clear liquid thus obtained be then treated with alcohol, 
the diastase will be thrown down as a flocculent preci- 
pitate, or it may be obtained, although not quite 
pure, by evaporating the solution to dryness at a low 
om We shall speak further of the action 
of diastase on starch when describing the process of 
brewing. 
Having considered the changes which take place 
uring germination, we must now proceed to describe 
the manner in which the process of malting is prac- 
tically carried out. The malting process consists in 
steeping, couching, growing, withering and drying, 
the raw grain being first steeped in water, then short 
in a “couch” or species of box in which it can be 
, then spread upon floors to allow the growth 
of the acrospire to take place, and finally dried to arrest 
further germination. The arrangements, by the aid of 
which these various operations are carried out, can 
perhaps be best explained by reference to the en- 
gtavings on the preceding page, which represent a 





be the old floor, its predecessor having been taken 
to the kiln where it is marked 4, The plan, Fig. 2, 
shows the vacant space from which the grain at 
present on the kiln has been lifted. 

The form of malt-house, above described, is a 
favourite in the north; but Mr. Steel recommends 
that wherever there is plenty of space the malting 
floors should all be placed at, or rather below, the 
ground level, on account of the greater equality of 
temperature which can be thus obtained. It is also 
recommended that there should be an independent 
kiln to each floor, as if a steeping is made in each 
cistern every four days, there are, if there is only one 
kiln, but two days allowed for drying off each working. 
This time can be kept and the malt dried in two days ; 
but it requires more skill and attention than if the 
time is less limited, and there is a greater chance of its 
being improperly done. 

oe malt-houses are made with two or three 
working floors, but with only one cistern and couch. 
In such cases the kiln should be at the opposite end 
of the building to the cistern, and the “ steep” should 
be divided out between the different working floors 
direct from the couch, the floors being well watered to 
prevent them from taking up the moisture from the 
grain. Where there are two floors, the cistern and 


couch may be placed on the lower one; but if there 
are three, they should be placed on the middle floor, 


as by that arrangement much labour is saved in dis- 
tributing the grain from the couch. 

We must now proceed to consider more fully the 
various details of the malting process; and we shall 
begin with the construction of the cistern and the 
method of conducting the steep. The cistern ma 
be made of wood, of iron, or of brickwork lined wi 
lead or Portland cement. Brickwork set in Portland 
cement and lined with the same material makes ex- 
cellent cisterns, and is both economical in first cost, 
and requires but little keeping up if properly con- 
structed. According to law a cistern must not exceed 
40 in. in depth ; but it is advisable that it should always 
be made quite that depth, and in calculating its capacity 
allowance should be made both for the swelling of the 
grain and for a slight head of water—about 3 in.— 
over the latter. Thus, if the cistern is 40in. in 
depth, it should be of such area that it will hold 
its nominal charge of dry grain without the depth 
of the latter exceeding about 32in. After the grain 
has absorbed its quantity of water this depth will have 
become increased by the “swell” to about 37 in. and 
the remaining 3 in. in depth will be sufficient for the 
head of water, and will also allow a slight margin for 
any excess in the swell above the expected amount, 

The law provides also that the sides and ends of 
the cistern must be straight, and at right angles to 
each other; and the bottom must be even, and with 
no more inclination for draining than $ in. per foot. 
The cistern must be so placed that there is a clear 
open space of at least 4ft. above every part of it, and 
it must be situated so that there is sufficient light for 
the excise officer to take the gauge correctly. If 
sufficient daylight cannot be obtained, the maltster is 
compelled to keep lamps or candles burning during 
the time that the corn is in the cistern. In cases 
where the duty is charged by weight, the cistern is 
required to be provided with a cover formed of wood 
or iron, or of strong wirework. In the latter case the 
wire must not be less than ,}, in. in diameter, and 
the meshes must not be larger than 2in. For very 
large cisterns the cover may be formed in sections ; 
but in any case the fastenings must be so arranged 
that the whole cover can be secured by one lock, so 
that the grain cannot be removed from the cistern, 
although the wetting and draining of the grain are 
not interfered with. 

We have said that the depth of the cistern is not 
permitted by law to be more than 40in., and in 
determining the other dimensions, it is advisable that 
the breadth should be limited to 8 ft. or 8 ft. 6 in. at 
the most. If it is made wider than this, it is difficult, 
if not impossible, for the men to throw the grain at 
once fairly from the cistern to its place on the couch. 
The cistern should also be provided with efficient 
means of draining, the best plan probably being to 
form a drain 12 in. or 14 in. wide nt 6 in. Moony right 
down the centre of the cistern for its whole length, 
and to cover this drain with perforated plates. This 
drain should communicate with a cock or sluice valve 
placed outside, and having abundant water-way. 

Maltsters are required to give notice in writing 
twenty-four hours before wetting grain, and they must 
only commence to steep’ between the hours of 7 a.m. 
po | 5 p.m. The least time during which the grain 
must be kept covered with water is 40 hours, or 50 
hours if the maltster desires to sprinkle the grain on 
the floor before it has been twelve days out of the 
cistern. The water may, however, be drained from 
the grain once during the steep, if the maltster states 
in his notice the time at which the draining is to take 
place. This time must be between the hours of 7 a.m. 
and 5 p.m., and the grain must be again covered with 
water within an hour of the time at which the drainin 
was commenced. Although the water is only allowe 
to be drained off in this way once during the steep, it 
may be changed as frequently as desired, care being 
taken that fresh water is run in as fast as the old is 
drawn off, so that the grain is kept constantly covered. 

Some maltsters never change the water in the cistern 
during the steep; but the advantages of such a prac- 
tice are more than doubtful. ‘The water in which the 
grain is first placed extracts from the hysk a certain 
amount of glutinous matter, which is apt to turn sour, 
and which it is advisable to get rid of. A change of 
water appears to be particularly beneficial in mild 
weather, or when the grain is stale, the water in the 
latter case becoming more highly coloured by the ex- 
tractive matter of the husk than when the grain is 
fresh. A good practice is to drain off the water at 
the expiration of twenty-four hours, and on the day 
following any slimy matters may be washed away by 
running fresh water through the cistern in the manner 





we have already mentioned. 
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On its way to the cistern the grain is frequently run 
over a screen, by which any dust or small corn 
may be separated, and the engraving on the previous 
page represents one of Messrs. Gretton and Abbott’s 
screens, as fitted up by Mr. Boby, for use in this way. 
The principle of these screens was explained in our last 
sanken The waved line at the lower part of the figure 
represents, one-fourth the full size, the shape of the 
corrugation of the perforated plate or riddle. As 
the grain is run into the water in the cistern, it should 
be roused about, and all the light corns and rubbish 
which may rise to the surface should be removed by a 
skimmer, which is simply a perforated iron plate turned 
up at the edges and provided with a suitable handle. 

The time during which the steeping is allowed to 
continue will depend upon many circumstances, and 
may vary from 40 hours—the shortest time allowed— 
up to 90hours. Practically steeping is represented by 
the short and long hours’systems. On the first the barley 
is steeped for about 50 hours, and on the second for 
about 72 hours ; the 50 hour system being associated 
with sprinkling on the floors, which, after a 50 hour 
steep, is permitted after the grain has been turned out 
of the cistern for 90 hours. The object of proceeding 
in this way is to keep the swell whilst the grain is 
in the cistern or couch at a minimum; the long 
hour system is generally followed by brewers making 
malt for their own use and malting the heavier kinds 
of barley. In Mr. William Ford’s excellent treatise 
on malting an account is given of two experimental 
steeps made expressly to determine the quality of malt 
made on the two systems just mentioned. There was 
found to be no apparent difference in the two samples 
of malt produced, and they were sold at the same 
price; but in brewing from them the following results 
were obtained :—Twenty quarters made on the 50 hour 
system weighed 162 lb. per sack, and yielded 1758 lb. 
of extract; whilst a similar quantity made on the 
72 hours’ system weighed 163 1b. per sack, and the 
extract obtained from it was 1788 1b. The malt pro- 
duced by the long hour system was thus by far the 
most valuable to the brewer ; but as far as the maltster 
was concerned the reverse was the case, as, from the 
swell in the cistern being greater, it incurred a 
slightly higher duty. The difference in the weight 
(as there was no difference in the increase of the 
two samples) appears to have been due to the greater 
exhaustion of the grain worked on the 50 hour system 
occasioned by the extra and sudden growth of the roots 
after sprinkling. ‘The vegetation of the grain which 
had been steeped 72 hours was steady throughout, as 
it was not subject to the excitement of either heat or 
additional moisture. 

A general mode of ascertaining whether the barley 
has been sufficiently steeped is by measuring the in- 
crease of bulk, as shown by gauging the depth of the 
grain as it lies in the cistern, and it can also be deter- 
mined by noticing the compressibility of the pickle 
when squeezed endways between the thumb and finger. 
If a barleycorn, when thus pressed, continues entire 
in its husk, it has not been steeped long enough, or if 
its substance exudes in a milky form, the steep has 
been continued too long. When properly steeped, the 
skin of the pressed corn will separate from the kernel, 
and the latter will be shed in a flowery state. By 
steeping, the farina of the barley is expanded, and the 
seed fitted for germination when subsequently exposed 
to the air. If the steeping is continued too long, the 
germination is prevented from taking place at the 
proper time, owing to the excess of water, and there 
is, moreover, a loss of saccharine matter. 

Whilst in the cistern the grain is liable to be 
gauged for duty. The duty on malt made from barley 
or other corn or grain (except on malt from bere or 
bigg made in Scotland or Ireland for home consump- 
tion) is 2s. 7d. per imperial bushel, and 5 per cent. 
additional. Inthe case of malt made from bere or 
bigg only in Scotland or Ireland for consumption 
there, the duty per bushel is 2s. and 5 per cent. addi- 
tional. The malt may be gauged for duty either in 
the cistern, in the couch, on the floor, or on the kiln. 
In the cistern and couch te allowance for swell is 18} 
per cent. for ordinary malt, 100 bushels in the cistern 
or couch being charged as 81} bushels ; but in the case 
of malt made duty free for distillers, it is required by 
law that the maltster shall produce 83 bushels of malt 
for every 100 bushels gauged in the cistern or couch, 
or pay dat y on the amount deficient. The allowance 
for swell and growth when the malt is gauged on the 
floor or kiln is 50 per cent. ; and as the duty is always 
charged on the largest nett quantity wherever gauged, 
it is always calculated from the cistern or couch 
gauge unless these are exceeded by the floor gauge to 
the extent of 63 per cent. in the case of ordinary 
malt, or 66 per cent. in the case of malt made duty 





free for distillers. For instance, if the couch gauges 
100 bushels then the charge due to that gauge would 
be the duty on 81} bushels in the case of ordinary 
malt. If, however, this malt increased on the floor to 
such an extent as to measure 164 bushels, then the 
allowance of 50 per cent. would only reduce the floor 
gauge to 82 bushels, and this, being greater than the 
cistern gauge, the duty would be charged on it ac- 
cordingly. In the case of duty-free malt for distillers 
the 100 Sociale in the cistern or couch would have 
to increase on the floor to more than 166 bushels 
to render the nett floor gauge greater than the nett 
cistern or couch gauge. In cases, also, where the 
weight of the grain does not exceed 53 1b. per bushel, 
the duty may, if the maltster desire it, be charged by 
weight, the grain being weighed when dry before 
steeping. When the duty is charged by weight the 
cistern must, as we have already stated, be provided 
with a cover which can be secured by a revenue lock. 
To return, however, to the process of malting. When 
the steep has been continued long enough, the cistern 
should be drained, and a quantity of water should be 
run through, sufficient to wash away any slimy mat- 
ters. The grain can then be thrown out into the 
couch-frame, this being simply a box with three per- 
manent and one movable side, in which the grain is 
required by law to remain at least 20 hours. The 
i is placed in the couch-frame to facilitate gauging 
y the excise officers; and, according to law, the sides, 
ends, and bottom of the couch must be straight, and 
at right angles to each other, whilst the movable side 
must be made of planks, at least 2 in. thick, and must 
be stiffened or braced, so that it may not bulge from 
the weight of the corn. The depth of the couch is also 
limited to 30in., and the clear space above it must, 
as in‘the case of the cistern, be at least 48in. The 
reason for limiting the depth of the couch-frame is 
that, when thrown into a frame to a certain depth, a 
given quantity of steeped corn will gauge less than 
when it is distributed to a less depth over a larger 
area ; and this being the case a maltster should take 
care that the size of the couch-frame should be so 
proportioned to that of the cistern, that when the 
grain is thrown into the former it may occupy it to as 
nearly its full depth as possible. For the same reason 
the couch-frame should never be made of less than the 
maximum depth allowed by law. In many cases the 
couch is provided with a drain down its centre, but if 
the cistern is constructed so as to drain the grain 
properly, this is not necessary. The couch-frame 
should be placed close to the cistern, so that the grain 
may be thrown direct from the latter to its place in 
the former, thus obviating any further disturbance for 
levelling. In order to obtain greater compactness in 
the couch, some maltsters have their cisterns arranged 
from 2 ft. to 6 ft. above the floor, so that the grain is 
thrown down from them into the couch-frame. After 
the couch is filled it should be shielded from currents 
of air in order to prevent, as much as possible, evapo- 
ration from the surface of the grain. However care- 
fully the grain may be thrown in, the couch gauge 
commonly exceeds the cistern gauge by about 5 per 
cent., as in the cistern the lower Teas of corn are 
prevented from swelling to their full extent. 








Imports or 1867.—In the year 1867 merchandise of the 
value of 275,249,853/. was imported into the United King- 
dom—an increase of 4,177,568/. over 1865, but a decrease of 
20,040,4217. as compared with 1866. The merchandise im- 
ported from foreign countries was of the value of 214,446,719/., 
and that from British possessions 60,783,134/. From the 
United States we imported merchandise of the value of 
41,048,0267. The value of the imports from the United 
States in 1867 was less by 5,800,000/. than in 1866 ; the value 
of the cotton imported thence was less by 9,000,000/. than in 
1866, but the quantity was larger. France stands next. Our 
imports thence in 1867 reached the value of 33,740,660/., 
being 3,300,000. less than in 1866, the only year in which 
the amount for 1867 has been exceeded. In 1866 there was 
a very large import of wheat into this country from France, 
but little arrived thence in 1867. Russia sent to us an 
enormous quantity of wheat in 1867, and the whole value of 
our imports from that empire in 1867 reached the unprece- 
dented sum of 22,286,9267. The fourth country that mainly 
governs the character of these returns is India. 
the imports from India fell from 36,901,997/. in 1866 to 
26,489,344/. in 1867; the raw cotton imported from India 
declined in quantity from 5,493,770 ewt. in 1866 to 4,449,259 
ewt. in 1867. 

A Triuser Brrver.—Thirty-two miles distant from Jersey 
City, the Erie Railway is carried across the Ramapo, a 
tributary of the Passaic river, on a wooden bridge, con- 
structed after a modified design of the Howe truss. It is 
about 170ft. span, with three girders 25 ft. across. Every 
timber in the structure has a 4in. hole bored longitudinally 
through it, to remove the heart of the wood, where rot 
always commences. The perforations also admit air freely 
through the centre of the timbers, which has the effect of 
thoroughly drying and seasoning the material of which the 
bridge is ted. 


The value of 





THE TREATMENT OF STEEL PLATES IN 
THE SHIPBUILDER’S YARD*. 
By T. A. Rocnussen, Esq. 

THE use of iron for the conveyance of goods and passengers 
on roads, and the consequent application of large quantities of 
wrought iron to rails and bridges, stimulated a facility for the 
production of « material which, almost at the same time when 
railways became in use, entered into the construction of ships. 

The iron manufacture of that period was limited to a com- 
parative small number of makers, who, trained to good work, 
supplied a metal, the excellency of which we see illustrated by 
rails of more than twenty-five years’ life on some of our leading 
railways, and the hulls of iron steamers, such as the Lord John 
Russell, the Sir Robert Peel, sailing from London, and others in 
the north, who, notwithstanding a hard-worked career of thirty 
years, still enjoy a green old age. 

The railway system, under the mg of a very rapid 
development, encroaching chiefly upon landed property, fortu- 
nately found only one controller of its organisation in the diffe- 
rent Acts of Parliament regulating expropriation and compen- 
tion, and the infliction of a very slight and inefficient supervision 
of the Board of Trade, and was thus enabled to select the best 
material for the working of its traffic. 

It stimulated the production of the finest locomotive engines, 
and when these — gers of ce destroyed the 
iron rails upon which they ran, railways, as far as their 
finances would allow, substituted steel rails. 

The traffic on land, therefore, accommodated itself to cireum- 
stances, and the genius of man rose to the requirements which 
man had created. The human being, born and living on terra 





Jirma, appears from time immemorial to have looked upon the 


sea as an element where existence was extra dangerous, and 
thus almost every nation, except the bold sailor population of 
Holland and Scandinavia, allowed itself, in the matter of ship- 
ing, to be guided and coerced by governments or by corporate 
ies, especially invested with conventional authority, such as 
English Lloyd’s, or French Bureau Veritas. 

The interference of both, expecially the former, has in its time 
done an immense amount of good ; and, while defining equitable 
averages of sea risks, they have at the same time endeavoured, 
by the accumulated experience of generations, to establish whole- 
some rules for the construction of wooden ships, offering the 
greatest security to man and merchandise. 

When iron entered into the construction of ships, the material 
was not well understood by those who, by force of habit, had to 
determine the mode of its application, but who were simply 
accustomed to the dumb strength of wood, viz., resistance to the 
pulling strain on a fibre, and thus sought in iron only one equi- 
valent, that is, a high figure of breaking strain. 

This was fixed by Lloyds at 20 tons, and subsequently by the 
Admiralty, following in its wake, at 22 tons per square inch 
with and 18 tons across the so-called fibre. 

Never was the adage of “ a little knowledge being a dangerous 
thing” more true than in the instance of this single Admiralty 
test. It was established in deliberate ignorance of the intelli- 
gent iron industry, not only of this country, but of Europe in 
general, at a time when the splendid qualities of such irons as 
Yorkshire, Sweden, and Westphalia produces, ought to have been 
appreciated, because they were known. It gave rise to the 
manufacture of an iron, responding to the demand for one ele- 
ment of strength ouly, to the construction of ships, many of 
which have gone down or broke up under circumstances where 
no injury ought to have been caused, more of which are still 
floating with the false hall-mark of a high class and sea worthi- 
ness; and finally this Admiralty test has failed to educate the 
shipbuilder into the knowledge of good material, and given him 
the temptation to use the cheapest and worst iron, provided it 
tested up to 22 tons. 

It was but natural that common sense would at last emanci 
pate itself from the trammels of absurdity ; and, therefore, while 
those merchants who had simply an insurable interest at heart 
continued to own ships built of regulation test iron, there were 
others who, independent of insurance, sought security in the 
material of their ships, rather than in policies: and thus we find 
that, beginning with the large steamtugs on the Rhine, as early 
as 1851, private yachts, channel and shallow river steamers, 
steel was already recognised as the best material for shipbuild- 
ing, when the American Confederate war, and the consequent 
blockade running, called into life a fleet of steel steamers. These 
ships were built with a total disregard of the conditions of ordi- 
nary insurance—a sort of ocean-butterflies, the thickness of 
their plates bordered upon the bounds of imprudence; and yet, 
I believe, only one, the Leila, was lost in a terrific gale of wind 
going out of the Mersey. 

While the yards of the Clyde and Mersey were full of blockade 
runners, it was natural that the material came under more 
general notice, and thus at that period several steel vessels were 
built for the ordinary long passage trade, which, although 
classed Al Excellent, 20 years in the Liverpool book, did not, 
in the definition of Lloyd’s, rank higher than iron. 

It so happens, fortunately, that no official control has been 
exercised over the material of masts and other spars, and thus, 
until the owner had no interest in improving upon iron for the 
bull of his ship, he could with direct benefit to himself, rig his 
vessel with steel spars, which, in the China clippers of modern 
build, are now almost universally adopted. It would be folly to 
waste time in demonstrating why a light and strong material 
should take the place of a heavier and weaker, or to calculate 
the time, when steel in shipbuilding will receive its official 
recognition, as distinguished by various tests from ordinary iron. 

It already takes part in the most important armaments of the 
country, and in this instance, at least, the administration of the 
War Office and the Admiralty, if not on a par with that of other 
countries, is more alive to improvement than tLe more pacific 
authorities. I am justified in looking upon steel as the material, 
which our period requires, and will adopt as soon as the com- 
munity is technically free to use it to the best advantage, and 
here we enter upon the consideration of the material itself. 

We are aware that steel is made from different irons, by 
different processes, so it presents almost as many varieties 38 
wrought iron, and whether made by puddling or Bessemeri0g, 
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every make will in time obtain a distinct qualification of merit, 
such as iniron we apportion to Sweden, Westphalia, and York- 
shire. Notwithstanding this we have to deal with the general 
rties of steel applying to all makes, which, if well under- 
stood, will facilitate its treatment in the builder’s yard, as dis- 
tinguished from the handling of iron, and the absence of this 
knowledge of the nature of steel, demands the more urgently 
supplying, sinceeven in this hall well-wishing friends have 
stumbled over bad material or good material badly handled. 

We often hear, and probably with justice, that steel is not 
reliable, that it is not homogeneous, and people who have spent 
a life in successfully treating iron, point with scorn at a steel 

late which has split or snapped, under circumstances where 
on would not have sustained any injury. Thus steelyards 
have snapped in the truss, topmasts split in the fid-hole, plates 
cracked on sharp curves, and, saving the — of bad 
material, inherent to all human production, the quality of the 
steel may, for all that, have originally been unimpeachable. 

Steel, as many a young beginner in life, had to be saved from 
its friends; the belief in its breaking strain was at first un- 
fortunately based upon the knowledge of tool steel, and it was 
not uncommon to specify in construction, steel equal to 42 to 
45 tons per square inch. That metal, supplied by ambitious or 
sanguine makers, did not work well, or committed suicide after 
working, and the effect of such failures has taken some time to 
work off. The fault did not always arise from want of homo- 

eity, because of all the varieties of iron manufacture, that of 
making steel ensures more than any other, an even distribution of 
component particles. Having split upon the rock of hardness, 
and knowing what steel could not do, it seems to be agreed by 
makers and ship constructors, that we are within bounds of 


annealed plate always has a rougher surface, unsightly to the | 
eye, and eT to be avoided in a ship’s skin. 

Annealing of large masses therefore being impraeticable, the 
builder must have furnaces which cannot be overheated, or he 
must work the steel cold. 

In order to settle both points I have conducted a number of 
experiments with 127 plates of all thicknesses of the quality 
usually supplied to shipbuilders. 

Collecting opinions on the Clyde and in England, I found that 
in the different yards, the same steel in one yard, heated simply 
to a temperature touchable by hand, in the other yard to a 
cherry red, was reported to yield the same results, and that 
therefore a low temperature, say of molten lead, would be 
sufficient for all ee 

Operating with plates, equal to a breaking strain of 38 tons, 
and an elasticity modulus of 21 tons, the dipping into a bath of 
molten lead made no difference in the strength of the steel, 
while it worked well in punching or bending, and I therefore 
conclude that while this heat could not possibly hurt a good 
material, it may serve to let down the temper of hard steel, 
while the expense of a lead bath, involving scarcely any con- 
sumption of that metal, would be only a trifling increase to the 
plant of a building yard, the more so since the heat communi- 
cated by molten lead is instantaneous, though limited to an un- 
varying temperature, while a coal furnace is less certain, and 
the heating of one plate takes from eight to ten minutes. We 
now proceed to treat the same steel perfectly cold, taking care 
to reserve from every plate a length which is afterwards to be 

handled with a cherry-red heat. The cold plates, indiscrimi- 
nately taken from stock during cold winter weather, withstood 
bending and punching to perfection, and 1 have put on the 





safety by exacting a tensile strength of 32 tons per square inch. 





table pieces of a jin. plate bent toa Qin. circle, across the 
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This mild steel is adapted to every purpose intended by the 
builder, viz., bending to curve and aioe but with greater 
care than would be observed with iron, inasmuch that we have 
not the free command of heat which iron allows with impunity. 


And it is just this important point of heat which has to 
decide the part which steel can play in shipbuilding, and the 
careless application of which has been the primary cause of 
such mishaps as may have occurred. 

Heating for the purpose of bending through rolls where the 
material does not receive any elongating pressure, under all cir- 
cumstances, entails a loss of tensile strength both in iron and 
steel. But with steel we run two risks, either the steel may 

me overheated, and, slowly cooling after bending, remain 
very soft and weak; or, on the ge of the heated plate from 
the furnace through the rolls, a = draught of wind, a shower 
of rain, or dragging over wet ground, may chill the metal, and, 
while making it wholly, or in part, hard, render it unfit for a 
construction requiring elasticity. 

Building yards are, as a rule, constructed for the require- 
ments of wooden ships, viz., plenty of room for bulky timber. 
There is free access to wind and weather, and almost every 
Operation of iron and steel is carried on, in the open air. The 
bending rolls are seldom roofed over; the reheating furnaces 
are fixed from the back or sides; thus when opening the doors 
there is a rush of cold air upon the hot plate, which then, 
getting a chill, cracks when bending through the rolls, or when 

mmered to a curve. 

Pri all things, it is therefore necessary either so to control 

e heat given in the yard within a limit which cannot be ex- 
—_ orto dispense with heat altogether. 

; revious annealing has been suggested as the sovereign cure 
overheating hard steel, or as affording indemnity against the 

— of cracking when steel is worked too cold in the building 
yard. But looking at this question from an economical point of 
view, it must be settled whether the shipbuilder is expected to 
erect furnaces sufficient for the annealing of a large number of 
s tes, and devote Attention to the careful issue of an operation 
: 4 metal to which he is a stranger, or is the annealing to be 

gal the steel manufacturer ? 
on nce teaches that the annealing of cast steel gun 
nan , cannon, &e., in furnaces of from 10 to 18ft. long, with 
; 7 of from 24 to 7 tons, takes five to seven days. Assum- 
ed ~~ Plates from } to y% in. thick, in sizes up to 30 ft. 

Rand Git. wide, will require only half-day firing, and a da 
and a half cooling down, the annealing of 300 t ot I J 
week would ental ’ ealing ons of plates per 





such an extension of plant and labour as ma- 


to affect the price of the steel, independent of which the 
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fibre; of a 14in. steel plate bent toa 5 ft. circle; of a yin. 
plate rolled up like a sheet of paper; of plates punched Near 
edge, all treated quite cold. 

The corresponding halves of these ge treated hot, of course 
permitted shaping and tooling equally well, but not better. 

Looking at the subject superficially, it would have appeared 
that both heated and cold plates yielded the same result. But 
in order thoroughly to sift the question, the different plates 
were put on the testing machine, and gave the figures of merit 
illustrated by the diagrams on the wall. 

In diagram 10 we have a bar or a L, with a real section, 
A, elongating under pulling strain to L’, and at the same time 
reducing its area at the point of greatest distress to A/. 

A’ will ,be large, and P small, in hard metal, and vice versd 
in dnetile material, and thus the shaded portion of this diagram 
represents the ductility or power of steel to contract and 
elongate ; in other words, the Seale to distribute strength to 
adjoining parts. The area of this shaded portion grows with 
the diminution of A’ and the increase of L’, and it determines 
exactly the value of resistance to ultimate breaking strain. 

By assuming the sides of the plate to be straight instead of 


parabolical, we arrive, with sufficient approximative truth, at | t 


the formula ry 
w{Lxa- (“+ ; 

W being the breaking weight applied per square inch. But we 
have to consider an equally important element in steel construc- 
tions, viz., the amount of strength which the material still 
possesses after its elasticity has been overcome, and it is here 
that steel treated cold showed immense superiority over that 
which has been wrought at a red heat. 

Diagram 1 represents cold-worked steel which lost its elasti- 
city at 21 tons, and broke at 30 tons, showing a difference be- 
tween the point of elasticity and breaking point of 17 tons. 

No. 2. The same metal treated hot produced the respective 
figures of 20, 34, and 14 tons. 

No.7. The same steel purposely overheated, but gradually 
cooled, lost its elasticity at 15 tons, broke at 25 tons, with a 
contraction of area of 45 per cent. 

No. 8. The same steel heated and purposely chilled, did not 
elongate till 34 tons, but broke at 36. tons, with a contraction 
of only 2 per cent. 

This tenacity of the steel temporally to hold together after its 
elacticity has been conquered is a useful adjunct of what I term 
stored strength, and represents the power which an injured ma- 





terial may still exercise in a moment of supreme danger. And 
in order to illustrate this stored strength more fully, I have 


added diagrams resulting from a. few varieties of well-known 
iron. The red diagonal is the ascertained ultimate breaking 
strain in tons per square inch, and the parallelogram of forces 
sufficient to balance this resultant of destroying forces has for 
its one side the ascertained difference, of elasticity and i 
strain, and the area of this parallelogram is thus represented by 
the formula: ; : 
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Thus No. 1 is the stored strength of ‘cold steel No, 1, the 
ultimate breaking strain of which, with a contraction of 24 per 
cent., is 50 tons per square inch, a difference of elasticity of 
17 tons, showing a stored strength equal to 833. 

2. The same steel worked hot, contracting 30 per cent., 
with a breaking strain of 34 tons, gives an ulsimats strain of 
50, which, with a difference of elasticity, gives.a relative value 
of stored strength of 672. 

' 3. Hard East Coast iron, yielding elasticity at 25 tons, break- 
ing at 28 tons, with a contraction of 7 per cent., giving a stored 
strength of 89. 

4. 5c. Crown iron, breaking strain 23 tons, with 12 per cent. 
contraction, difference of elasticity 10, gives a stored strength 
of 240. 

5. Lowmoor iron, with a breaking strain of 27 tons, contract- 
ing 41 per cent., yielding elasticity at 15 tons, gives a stored 
strength of 528, 
6. Very hard steel, not yielding elasticity till 39 tons, break- 
ing with 45 at a contraction of 4 per cent. only, gives a stored 
strength of 276. 
7. Overheated steel, before quoted, gives a stored strength of 
440, and, lastly, 

8. Heated but chilled steel leaves but a figure of 36. 

And now, reconstructing all my parallelograms, asin Diagram 
9, on the base of the Admiralty test of 22 tons, we see at once 
how, for extreme power of endurance, the different metals 
occupy an order of merit, the mild steel at the top, the hard 
stee] and iron lowest in the scale, showing that these metals, 
although possessing a nominally high tensile strength, have no 
power in reserve to resist a sudden excessive strain. ‘This por- 
tion of the diagram at a glance exemplifies the metal which we 
can star with the blow of a rivet hammer, or snaps when a 
vessel takes an uneven bottom. 

The thickness of the pg operated upon prove that eve 

portion of a ship of 1500 or 2000 ton BM. (excepting rivets 
can be worked cold; that heat is not required, may be injurious 
or even dangerous, and the weakening by heat of a few plates 
destroy the calculated strength of the ship, while at all times 
the fact of a steel plate working cold is a conclusive test of its 
good quality. 
I have purposely abstained from analysing the different 
methods by which steel is produced; sufficient be it to mention, 
that as the merecost of melting crucible steel, both in Englandand 
in Prussia, is 9/. per ton, the choice for the present lies between 
puddled and Bessemer steel. An experience of. many years has 
taught to prefer puddled steel for Somer as ing a greater 
amount of stored strength. On the other hand, angle bars, T, 
double T, and bulb beams of Bessemer steel, show a much 
higher figure of merit than Bessemer steel plates, and this arises 
probably from the fact that the metal passing through a series 
of rolling of different sections, gets a thorough kneading, and 
thus gains, in homegeneity and ductility, more than the plate, 
which is simply elongated from the bloom. 

The Bessemer process certainly offers the advantage of satis- 
fying a demand for very large blooms without weld, which the 

nddle steel mukers endeavour to approach by making puddle 

lls of from 2 to 7 ewt., and itis remarkable that blooms, 
made solid from these balls instead of piling hammered slabs 
produce a material of immense strength. 

I have laid on the table a specimen of this manufacture, 
taken from a cold bent plate, and testing up to 51 tons on the 
original area of fraction. 

The time bas now arrived when failures through heat need 
no longer occur; by manipulating all steel cold, the builder will 
effect a considerable amount of saving in fuel and furnace 
appliances, practically test in work, almost every plate passing 
through his yard, and while emancipating himself from the 
tisks attending rough and somewhat unskilled labour, unite 
with the steel maker in producing a perfect structure. 








Rattway Companies’ Accounts.—The Board of Trade 
Bill for the regulation of railways requires that in future the 
companies shall issue, besides other accounts, a half-yearly 
balance sheet. On the one side of this account will be shown 
the capital raised, the liabilities, specifying the amount of 
“ Lloyd’s bonds,” of temporary loans or floating debt, 
banker’s account overdrawn, and. debts owing; the 
amount of any reserve funds, and of the di bie balance, 
gether with a stat t appended of contingent liabilities. 
On the other side will be the property and assets of the com- 
pany, viz., the ‘cost of the line, plant, and stock, and other 
capital expenditure ; the value of surplus lands, stores, and 
other assets, and the debts owing to the company ; cash and 
investments ; accounts in suspense, inéluding cost of re-con- 
struction of stations and works to be liquidated in a series of 
years. There is also to be an estimate of future expenditure 
on capital account, distinguishing the items; and a statement 
of the half-year’s cost of maintenance of way and stations, 
with a certificate showing what ——- is part of the 
half-year’s expenditure bears to the value of this part of the 
property; and the ae is to certify “that the way, 
stations, and works under his charge have been kept in per- 
fect condition and repair, have not depreciated, and the cost 
has been charged to revenue account, with the exception of 
the construction of X station, to be cleared by annual pay- 
ments.” There is also to be a statement showing what per- 
centage the half year’s expenditure on the maintenance of 
locomotives bears to the value at: which they stand in the 
company’s books, with a certifieate from the superintendent 





“ that lant and locomotives. have, been. maintained in 
perfect condition and repair, and have not de ted be- 
yond what has been set aside under that ing to meet 


renewals, and that the total cost has been charged to revenue 





account,” 
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MOUNTAIN LOCOMOTION. 

Tue prolific brain of Mr. Charles de Bergue has given 
birth recently to another ingenious invention. The me- 
chanical problem involved in the economic working of stiff 
gradients was too fascinating long to have escaped the 
consideration of such a patentee of multa, as well as multum. 
If endurance, strength, and a “ talent’’ for climbing be the 
qualifications required, Mr. de Bergue’s locomotive train is 
decidedly eligible as a member of the Alpine Club. The 
words “locomotive train” are used advisedly, because in 
this system, although the motive power or vital force is 
concentrated at the head, yet, asin a “wily serpent,” or 
some myriapod, each segment of the length contributes its 
quota to the propulsion of the whole. The plan adopted is 
as follows :—It must be premised that the engine, tender, 
bogie trucks, or carriages, as the case may be, are each 
coupled together by a single link, or by a laterally flexible 
steel strap, without the intervention of draw or buffer springs, 
so that the length of the train will be constant under all 
conditions. Each of these segments is carried on four 
wheels, coupled in the ordinary manner, the set of wheels 
being driven from a pair of rocking shafts fixed in bear- 
ings at one end of each truck, and set in motion direct from 
the engine by a continuous pair of connecting rods, running 
the whole length of the train, and lying in the plane of its 
centre line; so that a flexible strap, or a sort of universal 
joint at each of the connecting rods, will suffice to allow the 
trucks to adjust themselves to all probable curves. It may 
be gathered from this general description that the solution 
of the problem is not mathematically true for any curve, 
since the levers on the rocking shafts, vibrating in different 
planes, whilst the length of the train remains constant, the 
length of the connecting rods should vary slightly. Owing, 
however, to the great length of the rods in proportion to 
the stroke, this condition is of no practical moment, Thus, 
the variation in the length would be given by the square of 
the length into the stroke divided by four times the square 
of the radius, so that with 16-feet trucks on a 4-chain 
curve, the error, with a stroke of two feet, would only 
amount to 2th of an inch; the bearings, therefore, need 
only be slack to that extent to permit of the passage of the 
train round that sharp curve without any abnormal strain 
on the rods or couplings. In fact, although, in common 
with Watt's parallel motion, this arrangement of Mr. 
de Bergue’s is not mathematically true, it is practically so 
within all useful limits. There are, however, many other 
obvious objections to the plan. 


THE LATE CAPTAIN CLAXTON, R.N. 

Tue death of Captain Christopher Claxton, which has just 
been announced, weil deserves notice at our hands, for although 
by profession a sailor, he was connected with some of the 
most remarkable engineering works of the past thirty years. 

He was born in 1789, and entered the Royal Navy at an 
early age. He distinguished himself during the Peninsula 
war, receiving the thanks of Lord Hill for his gallantry in 
going almost alone up the Tagus to destroy some of the 
forage for the cavalry of Massen\’s army, then before the 
lines of Torres Vedras. This forage was in barges, high and 
dry on the shore. Mr. Claxton went in a small boat with 
two men, and creeping up through the tangled weeds and 
mud, with a port fire set fire to the barges containing three 
weeks’ supply of forage. The destruction of this forage pre- 
cipitated Massena’s retreat. 

At the peace Captain Claxton left the active service of the 
me yal Navy, and commaded a vessel trading to the West 

ndies. 

Some years afterwards he was appointed to the office of 
Quay Warden in the harbour of his native city of Bristol. 
In 1835 he became one of the principal promoters, and subsr- 
quently the'secretary of the Great Western Steam Ship Com- 
pany, by which the Great Western and Great Britain steam 
ships were built. To his zeal and energy must be attributed 
in a great measure the success of those great experiments by 
which transatlantic steam navigation was proved a possibility, 
and iron used asa material for large ships, and the screw as 
an efficient means of propelling them. 

When the Great Britain was stranded in Dundrum Bay, 
Captain Claxton went there at the request of Mr. Brunel, 
who informed the directors that he was the best person who 
could be entrusted with the difficult task of protecting the 
ship during the winter. Captain Claxton fully justified this 
confidence, and not only carried out Mr. Brunel's instruc- 
tions, but suggested most important modifications of the 
breakwater placed round the ship. His labours were re- 
warded by the complete success of the measures he adopted, 
and although he had to navigate the ship round to Belfast 
and Liverpool in so leaky a state, that when she got over 
the gridiron she sank on it. The Great Britain, which had 
been given up as a wreck, is now performing her regular 
voyages between Liverpool and Melbourne. 

After this great achievement, Captain Claxton was 
(through the introduction of Mr. Brunel) employed by Mr. 
Robert Stephenson to superintend the nautical portion of 
the arrangements for the floating of the tubes of the Con- 
way and Britannia bridges. He subsequently assisted Mr. 
Brunel in similar operations at Chepstow 

Since the death, in 1859, of his two friends, Brunel and 
Robert Stephenson, Captain Claxton has become well known 
as a witness on nautical matters before Parliamentary Com- 
mittees, where his great reputation and engineering know- 
ledge give him a high position. 

'y his death many persons have lost a firm and affec- 
tionate friend, who in his day was prominently concerned 
in the successful accomplishment of several most important 
engineering operations, though of his own share in their 
success he was not known to boast. 
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_ Gas Leaxs.—The London Gas Light Company were cast, 
in a suit tried this week at Kingston, in oak damage, for 
a causing and permitting the continuance of an 
escape of gas in the pipes serving a coffee-house at Wands- 
A nuisance had been thereby caused, and customers 

driven away. 
Coast Dereyces.—Sir John Pakington, as Secretary of 
State for War, has nominated the following gentlemen to act 
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as a committee to inquire into the character and 
of our coast defences, whether of iron, masonry, or 
as recommended by the Royal on 
Defences :—Admiral the Hon. Sir F. G. Grey, G.C. 
man ; jor-General Collingwood Dickson, C. 
a: > gn Simmons, C.B., Royal 
Major- Harness, C.B., Royal Engineers; 
Hawkshaw, civil engineer. 
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THE INSTITUTION OF CIVIL ENGINEERS. 


Report from the Council of the Institution of Civil Engineers: 
upon the Building Question, to be presénted at the Special 
General Meeting of Members and Associates, summoned for 
Tuesday the 7th day of April, 1868, at 8 p.m. 


Tue council have had under their consideration the im- 
portant question of providing additional accommodation for 
carrying on the business of the Institution, remitted to a 
previous council by the resolution of the adjourned special 
general meeting of members and associates, held on the 
26th day of June, 1866. 


The council first instructed the Honorary Architect of 
the Institution, Mr. T. H. Wyatt, to ascertain and report 
whether there were any eligible sites, other than the present 
site of the Institution, in order that they might be con- 
sidered by the council. 


Several sites were suggested ; but of these only one, on 
the south side of Victoria-street, immediately west of the 
buildings known as the Victoria Chambers, appeared to be 
deserving attention; and the consideration of the council 
has, in consequence, been confined to the relative advantages 
and disadvantages of the present building, with the addition 
of a portion of No. 24, and of the said Victoria-street site. 

Mr. Wyatt was instructed to prepare plans and estimates 
of the cost in each case; and the plans of both have been 
submitted to the council, and reduced lithographed copies 
are sent with this report, together with tables showing 
comparative areas and costs. ’ 





Great GErorGE-sTREET SITE. 

The present Institution buildings are now held on lease 
for the unexpired term of 39} years, at an annual rent 
of 375/. The owner of the property has been communicated 
with, and he is willing to extend the term of the lease to 
99 years, at a yearly rent of 450/., giving to the Institution 
the option of making it freehold at any time within 10 
years on payment of 12,000/. 

Mr. G. R. Stephenson, Mr. G. P. Bidder, and Messrs. R. 
Stephenson and Co., who are the owners, in thirds, of 
No. 24, have been communicated with, as to the terms on 
which they would lease or sell so much of the back part of 
No. 24 as will be necessary to carry out the architect's 
designs ; and they are willing to grant a lease for 99 years 
at a rental of 3507, per annum, with an option to the In- 
stitution to purchase the fee for the sum of 7000/. (the 
estimated value given in the architect's report), at any time 
within 10 years; and they are further willing to agree that 
should they at any time decide to sell the remainder of 
No. 24, Great George-street, the Institution shall have the 
first offer of it. 

Mr. G. R. Stephenson stated to the council that he had 
contemplated leaving a sum of money to the Institution as 
a legacy ; but should it be decided to continue the Institu- 
tion on its present site, he would at once make the Institu- 
tion a present of one third of the value of the back part of 
No. 24 required for the Institution (4rd of 70002, or 23330) ; 
and Mr. Bidder also stated that he would make the Institu- 
tion an immediate gift of 5002, in reduction of the value of 
his third. (Appendix iii. p. 5.) 

The council feel that the best thanks of the Institution 
are due to these gentlemen, for so liberal a mark of their 
interest in its prosperity. 

In the event of its being decided to remain in Great 
George-street, provision must be made for the occupation of 
temporary premises during the construction of the works. 
The architect has made inquiries, and estimates the expense 
of this at. 1607. 

Mr. Wyatt has estimated that, to complete the accommo- 
dation shown by the plans, with all contingencies, architect’s 
fees, and fittings, it will require an expenditure of 16,8104. 

The estimate, therefore, for the present site will be: 


#@ 8s. d. 
Rent of No, 25, ona 99 years’ lease, ove ww. 450 0 0 
Rent of No, 24: 
Purchase at,,, 4. os  o. £7000 0 0 
Mr. G. R. Ste- 
phenson’s in- 
terest oo» £2333 6 8 


der’sinterest .,, 500 0 0 
——— 2833 6 8 


4166 13 4at5°/, 20813 4 


Annual Rental bias ia ... £65813 4 


— 








Original estimate of cost of building .. £13,000 
Add for widening entrance and for 


white tiles in court tee 500 
Furniture .. a. jane bee 2,000 
Commission and allexpenses ... .., 900 
Rent of offices ese ooo ee 


60 
£16,810 0 0 





The extent of accommodation is shown by the plans, and 
in the comparative tabular statement annexed, (Appendix 
ii. p. 4.) 

VictoRIA-strREET Sire. 

The rental asked for this site, on a lease of 99 years, is 
4097. 10s. ; or, if purchased as a freehold, thé fee would be 
11,4662 





The estimate of the architect for completing his design, 
with all contingencies, as in the previows case, is 26,500/. 
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The cost of the Victoria-street site would therefore be 





rent we eee 
Cost of building ... ton ese £22,000 
Furniture ose ose «. 8,000 
Gas eee eee eee 800 
Commission and all expenses 1,200 
£26,500 0 0 


From this calculation of cost will have to be deducted the 
value of the lease of the present premises, of which very 
varied estimates have been given. 

The extent of accommodation is shown, as in the other 
site, by the plans and comparative tables. (Appendix ii, 

. 4 


The architect is of opinion that, if the question is at 
once decided on, and he is at liberty to employ a builder in 
whose resources and energy he has full confidence, he could 
have the whole of the new building in Great George-street 
ready for resuming the meetings in November, though cer- 
tainly not perfectly dry; and that, in the event of the 
Victoria-street site being adopted, the meeting-room might 
similarly be ready for occupation in November, and the 
whole building by the end of next session, ready for the 
conversazione in May, 1869. The architect is, however, 
strongly of opinion that it would be more prudent not to 
attempt to occupy either of the buildings until May, 1869. 

The invested property of the Institution, which might be 
applied to any of its purposes, would realise a sum esti- 
mated at 16,0001. ; besides a legacy of 2000/. from Mrs. 
Locke, not yet received, making a total of 18,0002 The 
finance committee of the council have estimated the probable 
future excess of revenue over expenditure at 604/. per 
annum, exclusive of funded property, life compositions, and 
building fund fees. (Appendix iv., p. 6.) 

Many arguments have been used for and against each 
site; but (having given the subject their best consideration) 
the council recommend that the site of No. 25, Great 
George-street, with the back of No. 24, be adopted, and 
that they be authorised at once to take the necessary steps 
for enlarging the Institution on these premises, entering first 
into an arrangement for a 99 years’ lease of both premises, 
and reserving the question of the purchase of the freehold 
for further consideration, 

Cuar.es Hutton Grecory, 
President. 
The Institution of Civil Engineers, 
25, Great George-street, Westminster, S.W., 
24th March, 1868, 





The Institution taking a lease for such a period as they 


£409 10 0 |may desire, at 5 per cent. on the cost so arrived at, as 


above, and having the option of converting the leasehold 
into a freehold at any period within, say ten years, by pay- 
ing in cash for the same, on the amount originally settled. 

I have only to add that the council know Mr. George 
Robert's intentions, and that I am further prepared to con- 
tribute 5001, say five hundred pounds, towards acquiring 
this site. 

I remain, dear Manby, faithfully yours, 
(Signed) Geo. P. Broper. 


APPENDIX IV. 
Report of Finance Committee of Council. 

Having been requested by the president to prepare, for 
the use of the council, a succinct report on the amount of 
capital now available for the purposes of building, and also 
on the amount of surplus revenue which might be safely 
counted upon, in aid of the new building, or of increased 
rental, we have, with the assistance of the secretary, care- 
fully investigated the accounts of the Institution, and have 
availed ourselves of a very comprehensive summary pre- 
pared by him. 

We find that the nominal aggregate value of the general 
land building funds is 18,679/. 4s. 9d. This amount will 
|probably now realise about 16,000/, which is now dis- 
|posable, exclusive of all trust funds. 

We have to add that a sum of 2000/. is shortly to be re- 
leeived, free of all legacy or other duty, from Mrs. Locke’s 
| bequest, 

It may also be mentioned that, in the event of leaving 
25, Great George-street, the sale of the reversion of the 
jlease of these premises, estimated by Mr. Wyatt at a value 
lof 4000/., would be available towards a new building. 
| We find the annual income may be very safely 
| 





estimated, exclusive of all receipts of life 
compositions, building fund fees, and dividends 





| of alll kinda, at i eae tam Sealy, 
The annual expenditure, on a most liberal cal- 
culation, and adding 20 per cent. as a margin 

of possible increase, we estimate at .. eve 4,321 

Showing a surplus of ... ese £605 


per annum, which is available for any useful purpose, and 
|which we are confident is an under-estimate of the excess 
jthat may fairly be expected. (Signed) Josepa Cusrrt, 
G. W. Hemans, 

JAMES ABERNETHY. 
| February 20, 1868. 


APPENDIX I. 
TABLE A. 
Relative Cost of the Two Sites, 24 and 25, Great George-street and Victoria-street. 





Estimated Cost 








Rental for 99 
‘aioe, Purchase of Fee. of Building. | Total. 
£ s. a. £ s 4 £ 8. d. £ s. d. 
No. 25, Great George-street, and back of No. 24 658 13 4/ 16166 13 416,970 0 0*| 33,136 13 4 
28 years’ purchase, 
Victoria-street Site gee eee «| 409 10 0} 11,466 0 0 (26500 0 Of 37,966 0 0 





_* Original estimate, 13,000/. 5007. is included for additional works in widening entrance, taking down internal walls, white 
tiles in court, &c. 3310/. is included for furniture, lighting, commission, &c., and 160/. for temporary offices for a year. 
t Original estimate, 22,0002 4500/. is included for furniture, lighting, commission, &c. 
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TaBLe B. 
Table showing Comparative Areas and Heights of Rooms, Wall Space in Library, Seats in Meeting Room, & 




















C. 
32 @ | wo |» « -_— ~» oo s sere] s.3 
‘| 2 Cy £& } Ow, 3 L | 2 2 a | bi 
* & Fd 23] % letbmal & 2. (esee| 282 [Fs 
23) Ess jess} S. | $2358) 3 gb Es! SoS les 
ee) R22 Sa] sg [Fee 38) 3 | ag see) Sey BE 
= ses -=: _s =~ 3.8 = 
"| gg fee] ga (SSF S25) os | sh dea] 323 - 
a" I< - & = | < = _ es Ens 
» a | ft. ft. sq. ft.| sq. ft. | ft. sq. ft. sq. ft. sq. ft ft. 
Present building ...| 30 60 3178 1246 | 23 957 903 | = =(975 245 7 
including | including | 
back room. | back room. | 
Do. enlarged... | 80] = 146 4471 2480 | 3016 | 30 1693 1617 7 522 12 
(including exclusive of including | including | including 
Court 51 ft.) | gallery. | Gallery. and} gallery. gallery. 
withput 
Sa P . gallery. 
Victoria-street Site...) 65 210 =| 4867 2480 | 8016 | 30 1610 1384 | 776 | 522 15 
exclusive of including | including | including 
gallery. | small do. |small room,! gallery, 
and and which holds 
| 1240 884 | in each case 
[without do./without do.| 150 














APPENDIX III. 

Letter from Guo. P. Brpper, Ese., Past President Inst. CE. 
Ri bury, Dartmouth, March 8, 1868. 

C. Mansy, Esq., 

My dear Sir,—I now write to state the terms on which 
the owners of 24 are prepared to dispose of the back part of 
these premises for the use of the Institution. 

We paid for these premises 70004 in cash, leaving 13,0004, 
of the total amount of the purchase-money standing for a 
certain period at 5/. per cent. 

We are willing to agree to dispose of the area suggested 
on & valuation, assigning to such portion its proper share of 
the total cost, taking into account area and position, that is 
to say, setting a proper difference of value between the back 
premises as against the frontage in Great 











SUGAR MAKING MACHINERY. 

We give on page 308 an engraving of a sugar mill driven 
by a horizontal engine, as constructed by Messrs. Mirrlees, 
Tait, and Watson, of the Scotland-street Ironworks, Glas- 
gow. This engraving forms the first of a series of illustra- 
tions, showing a complete set of sugar machinery, as made 
by the above L.. which will appear in succeeding numbers 
of ExGIngeRiIne. For convenience of reference, we shall 
postpone our description of this machinery until the publica- 
tion of further engravings. 








Coast Derences.—Sir John Pakington, as Secretary of 
State for War, has nominated a ittee to inquire into 
the character and construction of our coast defences, as 





AMERICAN MARINE ENGINES. 


Tue American fleet of fast, unarmoured vessels of 
the Wampanoag class was intended to prey, in time of 
war, upon the commerce of the enemy, and to run 
away from his fighting ships. We commented, last 
week, upon the faults of design of the engines of these 
ships, and we now unexpectedly find our remarks 
most ably confirmed by an American authority, viz., the 
Army and Navy Journal, of New York. Says that 
journal 

We have demonstrated that, even conceding all that was 
claimed for the Wampanoag on her trial, she was com- 
pletely inefficient as a war vessel—and that her inefficiency, 
and the inefficiency of the whole fleet of new screw vessels 
which she represents, was almost solely due to the charac- 
ter of the steam machinery supplied by the engineer-in- 
chief. We showed that the enormous quantity of machi- 
nery put into the Wampanoag had ruined her as an efficient 
war vessel; that it had encroached upon her storage room ; 
that it had encroached upon the quarters of the officers and 
men ; that it had fatally diminished her battery power; and 
that it had no less fatally diminished her sailing capacities, 
We also showed that, while thus making havoc in four so 
important particulars as the storage, sailing, berthing, and 
battery capacities of the ship, it had done so at a greatly 
increased expense and unwieldiness ; and that, in fine, not 
only an equal, but a greater power than the Wampanoag’s 
machinery develops is habitually obtained from engines of 
ordinary types, at less expense, with far greater economy of 
space, and without injuring the ships themselves as vessels 
of war. 

It only remains for us now to show how the fuller official 
reports, just published, corroborate our conclusions, and 
attest the inefficiency of the Wampanoag as a war vessel. 
The data which the engineers’ report furnishes show (by the 
ordinary calculation) that when the Wampanoag was at 
her “maximum” speed, her machinery developed only 
from 4000 to 4200 horse power. Now, as we have often 
shown, there are scores of well-known instances of direct- 
acting screw machinery weighing nearly 300 tons less than 
the Wampanoag’s occupying from forty to fifty per cent. 
less space, which develop from 5400 to 6700 horse power— 
that is to say, from 1400 to 2500 more horse power than 
her own engineers claim for the Wampanoag. What more 
conclusive point against the Wampanoag’s machiney need be 
made? 

Take, for example, the engines of the Warrior and the 
Achilles, They run off over 5400 horse power in service. 
Yet, they are old-fashioned engines. They have neither 
surface condensers nor superheaters, and the Wampanoag 
has both. Their engine-room is only 31 ft. long and 
35 ft. 9 in. wide, while the Wampanoag’s is 56 ft. long by 
36 ft. wide—and, including the space occupied by Mr, Isher- 
wood’s superheaters, 64 ft. 9in. long. They have but 40 
furnaces for their boilers, and the Wampanoag has 58, 
They have but 850 square feet of grate surface, and the 
Wampanoag has 1128. Their engines and boilers occupy 
a total length in the vessels of 108 ft., and the Wam- 
panoag’s a total length of 175 ft. Their cylinders are 
104 in. (effective) in diameter by 4 ft. length of stroke, and 
make from 55 to 60 revolutions per minute; while the 
Wampanoag’s, though 100 in. in diameter by 4 ft. length 
of stroke, yet, on account of the cog-wheels connecting 
the engines to the propeller, make but 31 revolutions. 
Consequently, their piston measures off from 48,000 to 
52,000 cubic feet per minute, and the Wampanoag’s but 
25,600 ft. per minute, Need we go further than this 
simple parallel to show how, with far less weight, at far 
less original cost, at far less daily cost, and with perfect 
economy of space, the machinery of the Warrior and the 
Achilles produce upwards of 1000 more horse power than 
the Wampanoag’s; and that, though everything is sacri- 
ficed in the Wampanoag to speed, and the vessel thereby 
rendered inefficient as a war vessel ? 

But we must go further, We must compare the Wam- 
Pp g's hinery with that of vessels fitted like her 
with superheaters and surface condensers, and, therefore, 
more properly comparable to her. The Lord Warden has 
700 ft. of grate surface, against the 1128 in the Wam- 
panoag; and yet the former runs off no less than 6700 
horse power. The Bellerophon has 850 square feet of 
grate, and runs off over 6000 horse power. The Lord 
Clyde has 700 square feet of grate, and runs off over 6000. 
The Pallas has 420 square feet of grate, and runs off 8700. 
The “ highly expansive” Constance has but 275 square feet 
of grate, and runs off, for eight days on a stretch, over 1700 
horse power. In brief, while these ships get from 7 to 9 
horse power for each square foot of grate, the Wampanoag 
gets but 3 1-2 horse power. That is the case in a nu 

And we think our readers will now have some idea of the 
hopelessly inferior character of the design of the Wam- 
panoag’s steam machinery. . 
But now let us suppose that it is not desired to get this 
enormous increase of power, which we have said 
machinery, occupying much less space would give. Let 





us suppose that we are satisfied with 4000 or 4200 horse 
power—the power developed by the Wampanoag’s m&~- 
chinery. In that case, a simple measurement of m 
practical examples will show that this same power © 
be developed by ordinary direct-acting engines, 

boilers, superheaters, and condensers, occupying not more 


any 
uld 





recommended by the Royal Commission on National De- 
fences. 








and 27 ft. for the 


than 92 ft. in all (65 ft. for the fire-room, 
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engine-room ), instead of — ft. Lg occupied a 
ag. In weight, producing the same power, there 
veel to 2 ewing of at least 400 tons. In money, there THE INSTITUTION OF CIVIL ENGINEERS. 
would be a saving of over 300,000 dols. on every ship in ( For Deserip tion. eas Page 305.) 
the whole fleet. In sailing, there would be but one smoke- ? 
pipe, which could be made telescopic, to lower out of the GENERAL PLAN. 
way of the sails, instead of four standing ones, sticking up — 
nearly as high as the main-top. And, besides all this 
economy in weight, in space, in money, in sailing power, 
for each vessel, we should have a fleet of war-vessels of 
equal s while the steam machinery of the Wampanoag 
fleet has rendered them useless for any purpose of naval 
= article already referred to, we explained at length 
how this machinery had ruined the sailing powers of the 
Wampanoag fleet. In corroboration of this view, which we 
know to be held by all naval officers of experience, we now | 
turn to the official opinion of Captain Nicholson himself, | 
made after a short run along the coast, ‘‘ with a fresh breeze 
“aft of the beam,” and clearly written with a desire to 
sien the case in the most favourable light. This officer | ~ a a 
suggests “that her forward boilers could be dispensed with, | , ——— 
“ giving increased room for storage, and then she would be | 
a twelve-knot steamship. He further says: “I would | 
“recommend that a light spar deck be built on the vessel, 
“and that she be rigged'as a ship. : . . The accommoda- 
“tion, with this additional deck, would be ample for her 
“ crew, and it would also giye room for storage. In both 
“ these particulars the ship is at present cramped.” 

Here, then, we have thesé deficiencies reported officially 
as existing under the most favourable circumstances. , They 
all obviously result from the unprecedented space occupied 
by the steam machinery—deficiencies in storage capacity, 
in berthing room, and in sailing,power. The three remedies 
proposed by the commander, viz., the removal of part. of 
the machinery, the building of another deck, and the 
rigging of the Wampanoag as a ship, directly lead to the 
same conclusion. As to the impossibility of -berthing the 
crew, we may add, that when she returned to Norfolk, 
after her run along the coast, no less than sixty-five men, 
as we are informed, were taken out of her, and furnished 
with those accommodations in the receiving-ship which 
they were unable to get in their own. 

Carry out the suggestions of Captain Nicholson, and 
what becomes of this four-piped hybrid? He says: “and 
“then she would be ‘a twelve-knot steamship.” These 
vessels were built to ‘destroy the enemy’s commerce” and 
to “run away from fighting ships.’ But, with the proposed 

alterations, what do we have? A “twelve-knot steam- 
ship,” of over 4000 tons displacement, but with thirteen 
guns—a species of naval canoe that could be overtaken 

and whipped by scores of vessels of half her size in the 

navies of Europe ! 

With regard to the heating of one of the journals 
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in a rough sea, our contemporary says :— 

Certainly the coincidence of the heating of the journal 

; and the “heavy” sea was worthy of being looked into, 

, Long wooden ships all bend longitudinally in a heavy sea ; 

i and engines attached to the bottoms, without bed plates or 

: longitudinal trusses, like those of the Wampanoag, must P : 

; inevitably bend with the vessel, causing severe strain upon OARS, 7 HEAD vaas 

: the journals, with attendant heating. A few hours’ run 

4 with full steam-power, under the reported altered circum- 

1 stances at the expiration of the thirty-eight hours, would 

5 have decided the point urged against the design more satis- 

" factorily than a dozen “trial trips” in a smooth sea and 

" “afresh breeze aft of the beam.” 

8 

. BRIDGE PLERS IN SEA WATER. ilo 

"i An English engineer, called to put down a bridge pier in a hina 

" shallow depth of sea water with forty fect of mud beneath, ni] 

. resting upon a clay and gravel bottom, would employ iron screw } 

; piles, if he did not sink iron cylinders, and, after dredging out F : 

“e the contents, fill them with concrete. In the States iron costs wi \ 

y more than timber, and a report of the works connected with il 8 
the renewal of a railway bridge at. Providence, Rhode Island, Oo het 

- explains to us how iron was saved by the use of timber. The - by 

r bridge was not a long one. It had three spans, respectively " hs 

e, 108} ft., 113 ft., and 20 ft., besides a draw span of a total length ‘ 

8 of 154ft. The former bridge stood upon piers formed of timber > a = 

= iles, driven in a rapid tideway, with 7 ft. depth at low water, 8 

: he r P ay, p w Me 

0 neath which was a crust of 4ft. of oyster shells, and nearly z iS 

if 40 ft. of soft mud, overlaying a firm stratum of gravel and clay, = 

4 commonly called *‘ hard pan” by the American engineers, The 

: piles had been eaten almost completely through by worms, but See oe 4 

3 ouly above the bed of thetidewsy, ‘The lower part of each pile 

0. drawn out of the mud was quite sound, showing that the worms oT 

et preyed only in the water. Mr, Samuel Ashburner, the consult- hi 

0 ing engineer of the work, proposed to ferm the piers of iron @o—se tna - 2265 9 —————-f- > 

9 cylinders filled with concrete. Bone piers requiring cofferdams : ; 

g of such great depth in so rapid a tideway, were practically out 

iL. of the question. ‘Mr. Cushing, the resiaent engineer, recom- 

he oe rar wg ae Plan if driving wooden piles in “s 

¥ roups down to the “ har ” and afterwards enclosing them 

« With iron cylinders sunk toa depth of six or eight feet” in the GREAT CEQRCE STREET 

E mud. This plan, it is believed, will effectually cut out the VICTORIA STREET $ 

nis worms, and so long as this is accomplished the encased wooden & 

at Piles should last as long as the historically famous wooden piles : any 

at of old London bridge. 

- y 

1a . Tae Brussers Exupit10n.—One of our first engineers {— 

ny in the art of constructing exhibition buildings is engaged in 

ald designing a building for the forthcoming Exhibition at Ni wcrno---- |. 

ry Brussels. The principal portion of the building is, accord- ' - Yavent : ground \ oe 4 

“e on" design, to be a dome of the enormous diameter of = = _— 
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SUGAR MILL WITH HORIZONTAL ENGINE. 


‘CONSTRUCTED BY MESSRS. MIRRLEES, TAIT, AND WATSON, ENGINEERS, GLASGOW. 
(For Notice, see Page 306.) 
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PUBLISHER’S ANNOUNCEMENT. 








An untruthful paragraph has appeared weekly, for 
a few weeks past, in The Engineer, stating that the 
circulation of that journal exceeds, by many thousands, 
that of all the other engineering journals combined. 
The circulation of The Engineer sas but 5000 in May, 
1862, and it is barely more than that number now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily dechined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires Me The Engineer weekly. The circulation of 
ENGINEERING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


INSTITUTION OF NAVAL ARCHITECTS, 

The Council of the Institution of Naval Architects 
have, as in 1866 and 1867, arranged with the Editor of 
ENGINEERING fo have a full report of the proceedings 
of their meetings this week published in this journal. The 
two numbers containing the report will be forwarded by 
the Secretary to every member and associate. Gentle- 
men not duly receiving them are requested to communicate 
with the Secretary of the Institution. 


Owing to the great space taken up this week by our 
reports of the proceedings of the Institution of Naval 
Architects and the Aéronautical Society, we are com- 
pelled to leave over until our next number many articles 
already in type, as well as a number of engravings. 








Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 





Le bureau @ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez EB. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIE CIVIL are received 

by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the Nouveau PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 
* D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue InstituTion oF Crvin EnGineERs.—Tuesday, April 
7, at 8 pM. First discussion: “The City Terminus Ex- 
tension of the Charing-cross Railway.” Second discussion : 
“On the Experimental Determination of the Strains on the 
Ties of a Bow String Girder.” By Wilfred Airy, Assoc. 
Inst. C.E. 

Socrety or Encinzers.—Monday evening, April 6, at 
74 PM. A paper will be read on “ The Sewage Works at 
Redhill.” By Mr. Sydney A. Reade, M.A. 

Civi AND Mrcnanicat Eneingers’ Soctety.—Wednes- 
day, March 11, at 8 p.m. “On the Preservation of Stone.” 
By Walter Rutt. 
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OUR SHIPS OF WAR. 


TuerE is no subject connected with our public 
establishments upon which more popular misconcep- 
tion exists than upon the question of turret or broad- 
side ships of war. Public opinion is, to some extent, 
influenced by journals like the Zimes; and the Times 
has been lately advocating the adoption of turret ships, 
as if the security of the British nation wholly depended 
upon our doing so. When we ask for the reasons 
why turret ships are inherently better than broadsides, 














we are told that the former can mount heavier guns, 
that they present less exposed surface, and that ob- 
liquely, as a target to the enemy, that they can, there- 
fore, carry thicker armour over that surface, and that 
they are steadier in a seaway. We wish to cite every 
claim in favour of turret ships, and we believe these 
are all. 

Now, no naval architect will admit that one ship 
of a given displacement and form (under water) can 
“carry” a heavier gun, or a heavier deck weight of 
any kind, than another of the same displacement 
and form. And whatever the weight of guns 
in ships of either kind, they must be run out, ele- 
vated, and depressed, by the same means, and at 
present only by hand. In a turret ship a gun 
of 20 tons’ weight may be trained upon an object by 
revolving a total weight of, perhaps, 200 tons upon a 
turntable. In a broadside hie the weight of the gun 
alone would require to be traversed right or left 
through the necessary angle, and, the right line of fire 
once obtained, the gun need hardly be again moved 
laterally during a whole engagement. In turret ships the 
ports are now protected by “ port stoppersg’ to save 
the necessity of revolving the turret at every fire, but 
these port stoppers may be fitted as well to one kind 
of ship as the other. The broadside ship Dunderberg, 
purchased by the French Government, has guns of 
the heaviest class yet floated, and these are worked, 
without difficulty, by gear which we long ago 
illustrated and described. Whatever the weight 
of the gun, even were it 50 tons, the conditions 
securing it from breaking loose, of running out, 
elevating and depressing, would be identical in a 
broadside and in a turret ship. Its lateral traverse 
would be opposed by a resistance of less than one ton, 
and this would be quickly overcome either by winches 
and gearing, or, which is as applicable as in the turret 
ship, by steam machinery. 

The turret ship, we are told, presents less exposed 
surface to the enemy. It does so simply because it 
carries fewer guns than the broadside ship, and be- 
cause it exercises, messes, and berths its crew below 
the water-line, As for the turrets—and the advocates 
of turrets insist upon at least two, and Captain Coles 
has proposed five or more for a single ship—nearly 
half of their diameter, in whatever position they are 
turned, is always early square across to the enemy, 
the average obliquity of a width of 13 ft. of every 
26 ft. turret being but 15°, whereas a broadside ship 
can work her guns effectively with her whole side sur- 
face inclined 30° from the plane at right angles to the 
enemy’s fire. Gun for gun, a turret ship must present 
as much exposed surface, practically square across 
the enemy’s fire, as a broadsider; indeed, more, for 
the latter can be laid, say, 30° either way out of the 
plane opposed to direct fire. 

If it Be desirable to exercise, mess, and berth the 
men below the water-line, and to resort to artificial 
ventilation, this can, of course, be done as well in a 
broadside as in a turret ship, but that such a sub- 
aqueous imprisoument is not desirable is shown by 
Captain Coles’s late publishéd design for a huge nonde- 
script craft, with all the officers’ and men’s quarters in 
a three-story iron house rising as high out of the 
water as the sides of a three decker. 

To the turret ship a certain height of freeboard, 
always very little, is assigned. It may be, say, 2 ft., 
and, therefore, it is urged, you may put on six times 
as much thickness of armour, with a given total 
weight, as if the freeboard were 12 ft. ‘This is a most 
specious argument, and it will not bear examination. 


| In the first place, our monitors, if we have them, must 


be sea-going vessels, and, having no sailing power, 
must carry, say, 1000 tons of coal. They must, with 
this weight, have their freeboard of, say, 2 ft., in order 
that they may be sure of floating at all. But they are 
as likely to meet an enemy when their coal is nearly or 
quite exhausted as when they have their full supply, 
and unless water is to be let into the coal bunkers to 
keep them down, they will, being so much lighter, 
show 4 ft. or 44 ft. of freeboard, which will require the 
same thickness of armour as, or possibly even more 
than, if it were 2ft. The armour, too, must in any 
case be carried some distance below the water-line, 
say from 4 ft. to 6 ft., so that there is, perhaps, 10 ft. 
height of side really requiring protection, as against, 
perhaps, 20 ft. in the broadside ship. The difference, 
then remaining, would be in favour of the turret ship, 
were it not that, by keeping the guns at two or three 
oints in the length of a broadside ship, the rest could 
e cut low down as well as on the turret ship. To 
counterpoise any saving which the turret ship might 
be supposed to have, there is the os circumference, 
generally 80 ft., of the very heavily armoured surface 
of the turret, protecting but one or two guns, which, 











whatever their weight, could be equally carried, and 
worked with equal ease, in broadaide, It needs 
neither 80 ft. nor 40 ft. length of armour to protect a 

un in broadside; yet in one of Admiral Halsted’s 

esigns for a seven-turret ship 560 lineal feet of heavily 
armoured side were to be anges for the protection 
of but 14 guns. Were they mounted in Srenioide, 
even 20 ft. from centre to centre, in a ship 60 ft. wide, 
the total length of armoured sides and ends would not 
exceed 400 ft., and hence, with the same weight, 21 in. 
armour could be employed on the broadsides where 
15 in. would be used on the turrets. It is true the 
turret ship might fire a// her guns on either beam, or 
half of them at once oneach beam. This is an undeni- 
able advantage, but it is the only one we can see on 
the side of turret ships, for in rapidity of training, a 
twin-screw ship is not far, if at all, short of a revolving 
turret. 

Steadiness depends upon the form and dimensions 
of a ship under water, and upon the relative positions 
of the centres of gravity and displacement, and it does 
not depend upon mere height of free board per se. A ~ 
ship may have the same steadiness whether her guns 
are in broadside or in turrets, as the difference in this 
respect alone has nothing to do with the question of 
steadiness. 

If we are to adopt the turret ships which the Times 
is now urging upon the Admiralty, we at once relin- 
— all the advantages, such as they are, of sails. 

e now have fine ships of war which, whether to save 
coal or because of the failure of their machinery, could 
sail round the world. Turret ships having no masts 
would always be wholly dependent upon their ma- 
chinery, po ought, to compensate for their absence of 
sailing power, to carry one-half more, if not twice as 
much more, coal than masted ships of the same 
tonnage. 

Again, turret ships can never be as habitable as 
broadsiders, and a great proportion of our fleet may 
never be engaged in war at all, hundreds of ships being 
for years cruising or on a station, and, as such, merely 
the residences of their officers and men. Even in one 
of Captain Coles’s own ships, The Captain, he has seen 
the necessity of petra a poop and forecastle which 
effectually cancel one of the eae claimed for 
turret ships, viz., that of fighting “ end on.” 

We cannot think that any advantage which a turret 
ship can be proved to possess can compensate for its 
manifest deficiencies. 








INSTITUTION OF CIVIL ENGINEERS. 
On Tuesday next, at three o’clock, a meeting of 
the members and associates of the Institution of 
Civil Engineers will be held to decide upon the ques- 
tion of increased accommodation for the meetings and 
general business of that body. The meeting will be 
asked to choose between an extension of the present 
building, or a new building in Victoria-street, or to 
reject the plans for both. The Council recommend 
the purchase of Mr. Bidder’s and Messrs. Stephenson’s 
back premises at the rear of 24, Great George-street, 
and overlooking Boar’s Head-yard. ‘The price asked 
is 7000/., of which Mr. George Robert Stephenson 
offers to present his third, or 2333/. as a gift, while 
Mr. Bidder offers to deduct 500/.. from the sum of 
2333/. forming his third. ‘'here would thus remain 
4166/. to be paidin cash. The cost of the enlarge- 
ment of the existing building is estimated by the 
honorary architect, Mr. Wyatt, at 13,000/., and other 
items, enumerated in his report, bring this up to 
16,810/., or, including the cash payment to Messrs, 
Stephenson, Bidder, and Co., 20,976/. ‘To this is to 
be added the price asked for the freehold of the pre- 
sent property, viz., 12,000/., making 32,976/., or, say, 
33,0007. 
If the Victoria-street site be adopted, Messrs, 
Stephenson, ‘Bidder, and Co. will give nothing, which 
is 2833/. dead loss, supposing their gift of their share 
of the back premises of 24 Great George-street to be 
worth that amount. But the members will have no 
difficulty in recalling the fact that a sum of nearly 
25,0002. subscribed for a new house was wholly lost 
to the Institution, less than two years ago, because 
Mr. Bidder, Mr. Hawksley, Mr. Gregory, and Mr, 
Manby would not even concur in its purpose, much 
less subscribe for themselves. The leading men of 
the profession had subscribed from 500/. to 2000/. each, 
Mr. Fowler, Mr. Hawkshaw, Mr. McClean, and Mr. 
Whitworth subscribing each the last named sum, 
while Mr. Vignoles, Mr. Brunlees, and Mr. G. R. 
Stephenson subscribed each 1000/. The o — 
of Mr. Bidder, who had a site to sell, and of Messrs. 
Hawksley and Gregory, lost the promised gift of 
24,438/., inasmuch as their opposition alone threatened 
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to break up the Institution. All the subscriptions, to 
that amount, were cancelled in consequence. 

The Victoria-street site—beyond all comparison 
superior to the present Great George-street site— 
would, from the greatly superior character of 
the building to be erected, cost rather more 
than the proposed Great George-street enlarge- 
ment. The freehold is put at 11,466/., and the 
building, furniture, &c., at 26,500/., or say 38,0007. 
for a far superior site and building, as against 33,000/. 
for a nondescript house on and near the present site. 
Towards the difference of 5000/. in cost would be con- 
tributed the value of the lease, for nearly forty years, 
of the present site at 375/. a year, a lease of which the 
present value is estimated by the architect at 4000/., 
so that the real cost of the two sites would be almost 
exactly the same, notwithstanding that the Victoria- 
street house would be much more spacious and elegant, 
and be much better lighted and ventilated than the 

resent one. On the other hand, again, would be the 
oss of 2833/., which Messrs. Bidder, Stephenson, and 
Co., will contribute only on condition that their 
property be taken. Possibly other members, knowing 
the circumstances, would make up the loss, if the 
Council would consent to donations under such cir- 
cumstances: consenting, as they consented two years 
ago, to receive nearly 25,000/. towards a far better 
site and building than either of those now proposed. 

As between the Great George-street and Victoria- 
street sites, the latter may be considered as at least 
equal to the former in every essential respect, and 
greatly superior to it in many. ‘The building would 
cover 4867 square feet of available area within the 
walls as against 4471 in the enlarged building in 
Great George-street ; it would have 65 ft. of frontage 
as against 30 ft., 210 lineal feet of wall for light and 
air as against 95 ft., or, including a close courtyard, 
146 ft., while the corridors, landings, &c., would be 
considerably wider, affording additional space for 
statuary, &c. 

The loss of 25,000/., subscribed and afterwards 
cancelled nearly two years ago, is not likely to be 
again made good. But for the opposition of at least 
one of the gentlemen who now asks nearly 2000/. for 
his one-third share of a back yard, the Institution 
might have possessed the freehold of one of the finest 
sites in Westminster, and have now had nearly or 

uite completed a house not inferior to that of the 
Jollege of Surgeons, College of Physicians, or the 
Hall of thg Incorporated Law Society. 

It should be kept in mind, on Tuesday’s meeting, 
that if the interests of the Institution are to be sacri- 
ficed to an interested minority—insignificant in 
numbers, yet powerful in combination and influence— 
it may be impossible for our profession ever to be 
housed as one of the first professions of modern times 
should be housed in the first capital in the world. 





MECHANICAL FLYING. 

At a meeting of the Aéronautical Society of Great 
Britain, held last week at the Society of Arts, the 
Duke of Argyll presiding, Mr. F. H. Wenham said 

was very much pleased to be able to inform the 
meeting that he had just received authentic informa- 
tion that one of their members (Mr. Spencer) had 
actually accomplished the wonderful feat of flying, not 
by starting from an elevation and soaring down to a 
lower level, but by starting from level ground, raising 
himself up aud flying horizontally some sixty feet. Mr. 
Spencer not only had succeeded in flying horizontally, 
but had during flight been able to soar down after 
rising, almost touch the ground, and then rise again 
after the manner of a bird swooping down upon its 
quarry. This feat having been done by imperfect 
apparatus, Mr. Spencer was engaged in improving 
upon it, and was confident that he would be able at 
the approaching exhibition of the society in June, at 
the Crystal Palace, to effect flight horizontally a dis- 
tance equal to the length of the Crystal Palace, by his 
muscular effort alone. Mr. Spencer has to run some 
distance to obtain momentum before commencing 
flight. Mr. Wenham added that he had not the least 
doubt of the truth of the information 2e had received. 

Should this wonderful feat be successfully ac- 
complished in June, all the world will admire the great 
talent and enormous muscular strength of the man 
who can fly horizontally from one end of the Crystal 
. Palace to the other by his muscular power alone. 

In order to see what a portion of the work to be 
done is, we will make a few calculations. In the first 
place we must assume the weight of the man and flying 
apparatus to be a certain weight, say, 200 lb., and we 
must also assume the supporting surface of his wings, 
or flying apparatus, to be a given area, say, 200 square 





feet. This will give the pound weight to each square 
foot of surface, which is about the average weight and 
wing surface that strong flying birds have. Under 
these conditions, when supported by the atmosphere, 
the downward pressure in the air would be, of course, 
200 Ib., and to keep this weight or body at the same 
altitude the upward pressure would have to be 1 lb. 
per square foot, which pressure would have to be ob- 
tained by working the wings or apparatus with 
sufficient velocity. If the wings are extended hori- 
zontally, and not worked, the body would descend at 
the rate of about 1200 ft. per minute; this velocity 
being multiplied by 200 lb. gives 240,000 pounds feet, 
equal to a little more than 7} horses power. But if 
the wings are worked with sufficient velocity to keep 
the body at the same altitude, then some percentage 
of power must be added for friction, and the upward 
strokes of the wings, which would certainly make the 
power required equal to eight or nine horses. 

If a man weighing 2001b. runs up a flight of 
stairs or a ladder to a height of, say, 40 ft. in one 
minute, the utmost power he exerts is 8000 pounds 
feet, reprgsenting a little less than } horse power. 
This amount of work is the most a strong man can 
do even for a short time. How is it, therefore, pos- 
sible for any man to support himself in the air at 
the same altitude for even a short time by his muscular 
power alone? If in addition to the power required to 
simply support the weight in mid air we add the 
sq necessary for onward flight, we shail certainly 
ye convinced that birds are gifted with a far greater 
amount of muscular power in proportion to their 
weight than the strongest man. See how quickly 
many birds can ascend to a great height on an in- 
clined line, and then take a long and rapid flight 
for miles, while a man would not run up a flight of 
stairs to the same height in ten fold the time that the 
bird took to ascend. 

It has been said that the reason birds can fly is be- 
cause their bones are filled with a very light gas; this 
is simply nonsense, because if in the hollows of their 
bones there was a perfect vacuum (which is lighter 
than any gases), they would be but a few grains less 
in weight; in fact, the first worm they picked up 
would far more than counterbalance any loss of weight 
in that direction. One would be much more inclined 
to believe that they had the power at pleasure to throw 
away or lose their gravity ; but one cannot for a mo- 
ment suppose they have such a wonderful power. Why 
should not birds fons a far greater muscular power 
than man? There are many animals gifted with far 
greater strength, in proportion to their weight, than 
man. Look at a squirrel, springing from branch to 
branch, and tree to tree. Watch a cat jump, and see 
with what ease it jumps many times its own height, 
while the utmost a man can do in jumping is to spring 
upwards about 5ft. Itis only reasonable and natural 
to suppose that birds have a far greater amount pro- 
portionally of muscular power than man. 

At the present time, and with our present appliances, 
it appears utterly impossible to make a machine with 
sufficient lightness and power to navigate the air in 
any required direction. If, by the greatest skill, we 
were to make a steam engine with the least possible 
weight, and to give the greatest possible power, we 
should still want additional lifting power before we 
could ascend from the ground. The only additional 
power that could be applied with effect would be the 
well-known balloon, which would be so large that both 
balloon and machine would go with the current of the 
air in which it was floating. We may, therefore, just 
as well leave the machine behind us, and go with the 
balloon alone. 

The direction inventors should go towards making a 
successful flying machine is to endeavour to take the 
power of the steam o— without its weight. One 
step towards this would be to heat before starting the 
necessary quantity of water to such a temperature 
that when the pressure is relieved it can all be used as 
steam, and expanded in work from its highest to its 
lowest pressure. This would save having to carry fuel, 
and would also save having to carry about eight-tenths 
of the water that would be required if the steam was 
used only at the ordinary pressure. But, even then, 
the machine would be too heavy for successful flight. 
It would be possible to put a large amount of power 
into steel springs (similar to clock or watch springs) 
before starting by winding them up; but could suffi- 
cient power be stored in the springs to carry them- 
selves? Inventors of flying machines must first in- 


vent some method of storing up any amount of power 
required in something almost without weight, and 
until some such invention is made there is not much 
chance of inventing a successful flying machine. 
Could we but find a material as strong as steel, having 


a very light specific gravity—say, lighter than the 
lightest wood-—then there might be a chance of taking 
a voyage over land for many miles, having the atmo- 
sphere for a “ permanent way.” 

But even if we had flying machines and could go in 
any direction and almost at any speed, would they be 
as certain on the wing asa bird? If when going at 
the rate of, say, 60 miles per hour, at about half a 
mile above the earth, what would be the consequence 
if some little thing should go wrong with the machinery? 
All machines are liable to get out of order, and many 
often do even when arranged to work on steadily. We 
should certainly prefer to be in a railway train going 
at the rate of 40 miles per hour, and running into a 
goods train, than being in a flying machine, even if 
only 100 yards overhead, when some little pin got 
loose and spoilt the action of its wings. 

It will be some time before any very extensive 
aérial voyages are made by man, except in the well- 
known balloon. However, we wish the Aéronautical 
Society every success, and sincerely hope that some 
material will soon be found possessing the necessary 
strength and specific gravity for making a machine 
and car to travel in any direction through the air. 








SHORT TRAFFIC RAILWAYS. 

Tae working of intramural lines, like the Metro- 
politan, having stations at very short intervals of dis- 
tance, presents conditions wholly different from those 
offered by ordinary railways. The average distance 
between stations on the Metropolitan Railway is less 
than $ths of a mile, there being, besides the termini, 
no less than seven intermediate stations on a line but 
44 miles long. Underground or other railways, ac- 
commodating districts of even greater traffic, may be 
expected to require stations every half mile, and they 
will be even nearer to each other on a considerable 
portion of the Metropolitan District Railway. The 
time lost in these frequent stops, aud in getting away 
from each station and pulling up at the next, amounts 
to much more than would, upon first thought, appear, 
and it very greatly lessens the proportion of the average 
to the maximum speed. The maximum speed on the 
Metropolitan Railway seldom exceeds 25 miles an 
hour. Were the train moving continuously at this 
speed, it would occupy but if minutes between sta- 
tions ths of a mile apart, and less than 12 minutes 
over the present line of 44 miles. But the average 
stop at stations is 45 seconds, and this would at once 
bring down the average speed to 16% miles an hour, 
even were no time lost in pulling up at, and getting 
away from, stations. In t ~ wever, there is a 
further and considerable loss of time. If the speed be 
uniformly accelerated from rest to 25 miles an hour 
in a distance of 4th of a mile, and be as uniformly re- 
tarded in the same distance in stopping, then but gths 
of a mile will be traversed at the maximum speed, the 
remaining 3ths being really equivalent to half a mile, . 
in so far as time is concerned. The account will then 
stand thus: 3ths of a mile at 25 miles an hour in 0.9 
minute }th of a mile at 12} miles (average) per 
hour, in 1.2 minutes, and stop at station 0.75 minute 
(45 seconds), or, in all, 2.85 minutes, and average 
speed 133 miles an hour. 

Where the stations are more frequent, say half a 
mile apart, and the time occupied in getting the train 
into motion is greater, the average will bear a still 
lower proportion to the maximum speed, and may 
hardly exceed that of a good hansom cab. 

The power required in starting, and wholly lost in 
stopping, trains at such short intervals is easily cal- 
culated, and it amounts to very much more than any 
one who has not considered the subject would be pre- 
— to believe. A speed of twenty-five miles an 

our is 363 ft. per second, and to impart this rate of 
motion to a body requires as much power, indepen- 
dently of all resistances from friction and gravity, as 
would be consumed in lifting it 21 ft. in vertical 
height. Could a train, moving at 25 miles an hour, be 
instantly directed straight upwards, it would rise 
21 ft. high in the air, and it would, in again falling, 
acquire its original velocity when about striking the 
ground. If the train is put into motion at the rate 
of 25 miles an hour within the distance of 4th 
of a mile, or 660 ft., the resistance, independently of 
rolling friction, gradient, curves, &c., will be the same 
as if it was hauled up an incline rising 21 ft. in a dis- 
tance of 660 ft., or lin 314. This resistance is equal 
to no less than 71 1b. per ton. If the distance run in 
getting into speed is } mile, the equivalent incline 
omes 21 ft. in 1320 ft., or 1 im 63, equal to a re- 
sistance of 354 lb. per ton for that distance. With 
the longer run, the average s over the whole line 





is, of course, diminished. If the line, as is the case 
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on several portions of the Metropolitan Railway, is 
inclined 1 in 100, there will be an additional resistance 
of 22.41b. per ton from gravity, besides the ordinary 
resistances of from 12]b. to 15 Ib. for friction, so that 
in getting away from a station the resistance may 
amount to even more than 100 Ib. per ton, although 
but for a few seconds. 

Certain strictures have lately appeared as to the 
proportion of dead weight to useful load in the trains 
of the Metropolitan Railway. It would be most 
desirable that the dead weight should be lessened, and 
whoever will point out how this may be done, will 
deserve the thanks both of railway sharelrolders and 
our own profession. It must be done, however, with- 
out the sacrifice of the necessary strength of carriages, 
or of a fair average speed of trains. To maintain a 
fair average speed on lines with very frequent stations, 
it is of eourse necessary to get away quickly and to 
pull up quickly, and we have shown above how great 
are the resistances thus encountered. Nothing, under 
the present conditions, can lessen them, although there 
is the bare possibility that the power now wholly lost 
in stopping may, by some means, be accumulated and 
again given out in starting. This is the great thing 
required for the improvement of short traffic railways. 
Many expedients might be devised for the purpose, 
but we can foresee none which will not involve con- 
siderable complication, and of which the practicability 
is doubtful, unless it be in making such lines with an 
undulating profile, placing the stations on a succession 
of summits. The inclines descending each way from 
a station would be of concave section, and might vary 
for a length, each way, of one-eighth of a mile or more, 
at the rate of from 1 in 20 to 1 in 80 or 100. Even 
then, the engines would require to be sufficiently 
powerful to bring the whole train over the steepest 
incline, in case of a break down or detention between 
stations. 

Taking level, or continuously inclined lines, it is 
manifest that the short traffic railways can only be 
worked successfully and satisfactorily by very power- 
ful engines. Where each ton, under the circumstances 
we have examined, involves a tractive resistance, for 
however short a time; of 100]b., then 100 tons (the 
engine encountering the same resistance per ton as 
the carriages) will require a tractive force of 10,000 lb. 
to get it into the required rate of motion. To exert 
such a force, with an engine of even 17 in. cylinder, 
24in. stroke, and 5ft. 9in. wheels, would require 
more than 100lb.°mean steam pressure upon the 
pistons, and an adhesion weight of hardly less than 
30tons. The conditions being fixed, the necessity is 
inexorable, and the skill of the locomotive engineer 
cannot do more. 

The carriages, too, which are to be strained each 
with a force of possibly 100 lb. per ton, not merely of 
their own weight singly, but of the whole weight drawn 
by the engine, must be strongly built. Every carriage 
is liable to be made up in any part of the train, as 
often next to the engine as elsewhere, and it may thus 
have a strain of two, three, or even four tons exerted 
through its framing or draw irons. The arrangement 
of the draw irons and draw springs should, of course, 
be continuous throughout the train, so that the 
body framing of each carriage should be strained 
only to the extent of the resistance due to its 
own weight. In designing carriages for short traffie 
lines, also, it is to be borne in mind that it is neces- 
sary for the comfort of passengers that they should 
have greater head room and more space between 
the seats than is requisite for carriages on trains 
making but few stops. 

On underground lines the carriages, if they do 
not have liberal head room, are stuffy, and more head 
room means more weight. There is, besides, the con- 
siderable weight of the gas apparatus required for 
lighting them. 

We must confess that we do not see how the weights 
upon the Metropolitan Railway can be materially 
‘lessened, unless the line were to be reconstructed as 
an undulating one, with the stations at the severai 
summits. We cannot go quite to the length that Mr. 
Fowler has done in saying that the dead weight is 
absolutely less than the least on other lines, but there 
are sufficient reasons why, for equal accommodation, it 
should be considerably greater. The engine, espe- 
cially, must be heavy. Whatever the average weight 
of trains may be, the engines must have power for 
maximum trains—an inevitable condition, but one 
komm to economy. Again, as they must condense 

I their steam in tunnels, they have to carry 4} tons 
of water, besides the weight of tank containing it, for 
this purpose only. And as they must condense all 
their steam, and are thus deprived of theit steam 





blast or, to put it more correctly, as no considerable 
active combustion can be permitted in the tunnels, on 
account of the great consequent. productions of car- 
bonic acid gas, the firegrates must be larger than 
usual, the boiler more capacious, and the cylinders 
also larger to obtain sufficient power when the pressure 
has fallen, as it does and must fall, to perhaps 60 1b. 
or 70 1b. only, from the want of an active fire. 

That absolutely no saving in dead weight can be 
effected in the rolling stock of the Metropolitan Rail- 
way, we do not for a moment assert. But, taking the 
gradients of the line and the demands of the traffic as 
they are, we see no way to any saving of very great 
magnitude, or approaching what has been lately 
asserted to be possible. 








THE “ HARGREAVES” STEEL PROCESS, 


Ir is to be regretted that the hopes lately raised as 
to the possibility of making steel from Cleveland iron, 
by a certain process, are not, at present, likely to he 
realised. The plan proposed was to place an alkaline 
nitrate, such as a nitrate of soda, or of pagash, in the 
bottom of the melted iron, the heat decomposing the 
nitrate and giving off oxygen. Of course oxygen could 
be more cheaply obtained from the atmosphere which 
could be cheaply pumped in, in any quantity. But 
there happens to be a patent for this, the direct mode 
of purifying iron, and it was an br ay to evade the 
patent by a roundabout process. ‘The use of nitrate 
of soda, and of nitrate of potash, and even of some of 
the chlorates, is not at all new, and the trials with 
them have heretofore resulted in failure; yet, notwith- 
standing, we find them all again re-patented. It has 
been lately represented, however, that these nitrates 
possessed some power, beyond that previously under- 
stood, of counteracting the effects, if not altogether 
removing, phosphorus from the iron; and as Cleveland 
iron contains somewhat more than the common pro- 

ortion of phosphorus, this treatment was for a time 
elieved to be particularly suitable for the Cleveland 
make. 

Mr. Hargreaves, however—a gentleman as yet to 
fame unknown, except as the reputed inventor of the 
so-called “‘ Hargreaves Steel Process”—read a paper a 
fortnight ago to the Cleveland Institute of Engineers, 
and it contained no record of the slightest success, 
unless the fact of keeping the nitrate at the bottom of 
a converting vessel be success. There was nothing 
communicated to show that good steel had been made. 
The fact was admitted that the use of nitrates and 
chlorates had often been attempted as substitutes for 
the costless and inexhaustible store of oxygen in the 
air. ‘The only step in advance was in the preparation 
of the nitrate in a sticky mass, having sufficient adhe- 
sion to the bottom of the vessel to remain there until 
it was wholly dissolved away. Beyond this Mr. Har- 
greaves appears to have done nothing, and proved 
nothing. Mr. Hargreaves’ sticky compound is formed 
of the nitrate or chlorate, mixed with “some inert 
compound,” in which he now prefers oxides of iron 
and manganese. Enough, however, is now known of 
the rationale of the iron manufacture to make it clear 
that nothing in these compounds will remove the fatal 
impurities of Cleveland iron. Mr. Hargreaves’ paper, 
so far from recording what he had done, is, to a great 
extent, a speculative essay upon the advantages which 
would be derived if (that trying word) phosphorus 
was removed from the Cleveland ores, ts there is a 
fine estimate of what the phosphoric acid would be 
worth as manure (say 56/. per ton as phosphate of 
lime), if (¢/, again) it could be extracted. Every one, 
we should say, will wish Mr. Hargreaves the utmost 
success in his labours; but we do not yet see how 
success is to be attained. 








THE BOGIE SYSTEM. 


Apams, in his “ English Pleasure Carriages,” gives 
us the history of coaches, which, curiously, appear to 
have been of Hungarian invention, and he tells us 
how Walter Rippon, a famous craftsman in his day, 
made a coach, nearly three hundred years ago, for the 
Earl of Rutland, and another for Queen Mary. 
Whether the moving temple which he constructed for 
her sanguinary majesty had a fore-lock history, sayeth 
not; but there can be no doubt that this really elegant 
expedient for facilitating turning and easing traction 
on sinuous roads is: of very respectable antiquity. If 
our coaches, wagons, omnibuses, and all our other 
quadrirotal vehicles were made without it, we should 
soon have, if not a rebellion of horse-flesh, at least an 
equine protest quite intelligible to the driver, or the 
“jarvey.” Were a Long-acre coach-builder to try 








the experiment with his customers, he would soon dis- 
cover evidences of frigid scapula, or in plain English, 
cold shoulder, in his cash-book. 

A railway carriage is not intended to turn as sharp 
corners as a coach, but the former, in turning, has the 
disadvantage that its wheels are fixed to its axles. 
When railways came in, however, there was to be no 
turning, except upon turn-tables. The lines were laid 
out practically straight, but “practically” is one of 
the most elastic terms in the language, and it covers 
an amount of mechanical sinning almost beyond belief. 
Unlike the coach, the railway carriage runs, virtually, 
in a groove, with an insignificant amount of lateral 
play, and its wheel base may vary from 9 ft. to 18 ft. 
or more, and instead of a quarter of a ton on a wheel 
some of our engine driving wheels are loaded to seven, 
and a few to eight, tons, These we drive round 
curves of from ten to twenty chains radius—once in 
a while round curves as short as five chains—and yet 
we never employ perch-bolts for the carriages, and but 
seldom for the engines. 

William Chapman, of Newcastle, worked a railway 
wagon, with a bogie at one end, more than fifty years 
ago, and the late Mr. Robert Stephenson once men- 
tioned to us that he recommended the bogie to a 
deputation of American railway engineers, Messrs. 
Macneill, Whistler, and Knight, who visited him at 
Newcastle, about 1830, with reference to the cha- 
racter of the rolling stock to be employed for the 
Baltimore and Ohio Railway, a line then laid out with 
six chain curves. The Americans adopted the bogie 
almost immediately afterwards, both for engines and 
carriages, and there is no doubt that its use has greatly 
contributed to the successful results which their lines 
have achieved. ‘The little outside cylinder engines 
sent from Philadelphia to the Birmingham and 
Gloucester Railway had bogies, and engines were 
made at Neath Abbey, in 1838, for the Rhimney 
Company, in which two groups of coupled bogie 
wheels, or eight wheels in all, were driven by gearing 
from the crank shaft. (See page 456 of our last 
volume.) Sir Daniel (then Mr.) Gooch not long after- 
wards adopted the bogie for the South Devon engines, 
and it is now found on many of the Great Western and 
Bristol and Exeter engines, the four pivoting wheels 
serving in place of the ordinary leading wheels. With 
its suecessful use on the North London, Great North 
of Seotland, Stockton and Darlington, Great Kastern, 
and Metropolitan Railways, most railway engineers 
are now familiar. On at least the two first and the 
last-named lines it is regarded as indispensable. It 
distributes the weight of its load upon four instead of 
two wheels, and in the engines of the Metropolitan 
and North London lines, the weight on the bogie is 
12 tons. Were asingle pair of leading wheels used, 
they would require to be placed sufficiently behind the 
smoke box to clear the cylinders, and would thus bear 
an even larger proportion of the total weight. The 
bogie, pivoted under the centre of the smoke box, 
gives a longer and steadier wheel base, and the freely 
radiating action of the bogie axles renders this longer 
base much easier on curves than a shorter but rigidly 
rectangular group. When our ordinary types of 
engine and tender were sent to the Grand Trunk 
Railway of Canada, they could not face the compe- 
tition of the bogie as fitted to engines, on the same 
line, built in the States, and so the leading wheels 
were taken out and bogies put in. Mr. Watkin, M.P., 
who managed the Grand Trunk for a time, mentioned, 
in his address to the shareholders in 1862, that the 
substitution of bogies under the four-wheel and six- 
wheel tenders on that line had greatly lessened the 
breaking of rails during the previous winter; and 
Captain Douglas Galton, in an official report made, 
nearly twelve years ago, to the Board of ‘Trade, 
stated that the bogie rolling stock of the Ame- 
rican lines would go safely where our own would 
jump the rails. e lately illustrated the Russian 
imperial carriage on the Nicolai Railway, a carriage 
nearly 90 ft. in total length, yet supported only on end 
bogies with eight wheels in each, or sixteen in all. Six- 
wheel bogies are extensively employed under Jong pas- 
senger carriages in the States, and a few have been 
made—-and among them one for the Viceroy of 
Egypt—which had bogies upon bogies, each end of 
the carriage having a pivoting under frame beneath 
it, while, in turn, each end of these frames rested 
upon a pivoting four-wheel bogie, making sixteen 
wheels in all. This, however, is a heavy complicated 
arrangement, not to be recommended. 

On the American lines every wheel of every car- 
riage, and almost always of every wagon, has. its 
brake-shoe. On the Baltimore and Ohio Railway 
there are continuous inclines of 1 in 45} from eight 
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to eleven miles in length, and on these, where the 
brakes have to be often applied, the bogies work per- 
fectly, and that around nine-chain curves. It has been 
objected by locomotive engineers who have not had 
opportunities of —— the practical working of 
bogies, that they could hardly be steady and safe 
when, fitted with brakes, these were applied on steep 
inclines. So far from this, bogie tenders, carriages, 
and wagons have been safely worked, for periods of 
from six months to two or three years, on temporary 
inclines of from 1 in 10 to 1 in 17 in Maryland, Vir- 
ginia, and Brazil, and that where the brake was ap- 
plied to every wheel in descending. 

The motion of the long bogie carriages is almost 
like that of sailing. The momentary shock caused by 
any given fnognity directly affects but one-eighth of 
the whole weight, and before this shock reaches the 
body of the carriage it is not only softened by the 
springs, but divided between at least two wheels, so 
that really the shock which does reach the body of the 
carriage, even were there no springs, is that due to 
but one-sixteenth of the total weight, and this again 
is distributed over a length of framing of perhaps 30 ft. 
or even 45 ft. Even where the wheel base is 35 ft. or 
more, the axles radiate almost exactly to ten-chain 
curves. As to ease of traction, we have had in our 
own practice the most indubitable proofs that long 
trains of bogie wagons have run, at slow speeds, with 
a total resistance not exceeding six pounds per ton. 
Indeed, they run with less resistance, and thus require 
less power, than rolling-stock with rigidly rectangular 
wheel bases, just as an ordinary four-wheel road 
vehicle with a fore-lock runs lighter than one with- 
out it. Even without this advantage, the distribution 
or greater subdivision of weight, radiation of axles to 
curves, and the facility which the bogie affords for 
long steadily running engines and carriages, render it 
superior, even on practically straight lines, to the ordi- 

arrangement of running gear. 

othe indisputable advantages of the bogie would be 
even better secured by its application, not merely to 
the leading, but also to the aie wheels of locomo- 
tives. This was done, in a rough way, thirty years 
ago at Neath, and it is worthy of note that an engine 
rhea and greatly different construction, yet having 
double bogies of coupled driving wheels, is now work- 
ing with excellent success, out of Neath, on the Neath 
on Brecon Railway. We refer to the engine designed 
by and built for Mr. Fairlie, who has done so much to 
bring the merits of bogie locomotives before the pro- 
fession and the managers of railways. The double 
bogie engine, with a boiler of double length, having 
its firebox at the middle of its length, and having also 
four cylinders with their dependent working parts, is 
somewhat complicated, but its whole weight is utilised 
for adhesion, and the weight is equally distributed 
upon eight wheels, or, in other engines upon this plan, 
upon twelve. The weight upon the rail at any given 
point is thus kept down to 3, 4, or at most 5 tons, 
according to the number of wheels and the total 
weight. The engine is remarkably steady at all 
speeds, Captain Tyler, who has recommended engines 
of the same class for the Grand Trunk Railway of 
Canada, having compared its motion, around quick 
curves, to sailing. Yet the unwillingness of certain 
locomotive engineers to even examine the working of 
this engine is remarkable, and almost incredible in- 
stances might be cited of the discourtesy of certain of 
the English jurors, at the Paris Exhibition, who were 
invited to examine Mr. Fairlie’s model there. But for 
the timely and energetic interposition of M. Flachat, 
a gentleman of the highest eminence in the profession 
in France, the model would have been passed by un- 
noticed. It is certain that the employment of long 
engines, which, having bogies each of short-wheel 
base, are nevertheless very steady, and which weigh 
but from 3} to 44 tons on a wheel, would very greatly 
lessen the present heavy wear of rails and tyres, and 
this great reform is so much needed, that every loco- 
motive engineer is morally bound, in the best interests 
of his profession, to give the whole subject the most 
unprejudiced and dispassionate consideration. 








Paris Exursirion Prizxs.—A question with regard to 
the value of the prizes awarded at the Paris International 
Exhibition to Messrs. Howard and Messrs. Ransomes and 
Sims, for agricultural machines, having been referred to Mr. 
Fairbairn, the —- he has decided that the prizes 
awarded to each of these firms were of equal value. 

Screntivic Iystrtvutions.—Mr. H ’s Bill, for ex- 
tending to religious and scientific bodies associating together 
for charitable and benevolent p and who wish to 
a sites to the extent of two acres of land, and erect 

uildings for their institutions, the same powers as were 
given by the Companies Act to Joint-Stock Companies, was 
read in the House of Commons on Wednesday evening. 








RECENT IMPROVEMENTS IN THE ELECTRIC 
LIGHT. 


Ar the ordinary monthly meeting of the St. Andrew's 
Literary and Philosophical Society, held in the United 
College, on Saturday last, Professor Swan delivered a most 
interesting address on “ Recent Improvements on Electric 
“ Tilumination,” illustrated with several beautiful and highly- 
successful experiments. The professor, before describing 
Foucault's electric regulator, said that he should recall a few 
of the leading facts in the history of the electric light. For 
the electric light, produced by the passage of a current of 
voltaic electricity between certain points, we are indebted to 
Sir Humphrey Davy, who, soon after the beginning of the 
present century, by means of a battery of 2000 copper and 
zinc elements, belonging to the Royal Institution, obtained, 
between carbon terminals, a luminous electric arc, 4 in. in 
length. The improved voltaic combinations of more recent 
times enable us to obtain an efficient electric light by more 
moderate means, while the light to be exhibited by him 
(Professor Swan) would be obtained by means of a Grove’s 
battery of 40 cells. Sir H. Davy discovered that platinum 
and other refractory metals were readily melted, and in 
most cases consumed, in the intense heat of the electric arc. 
Some of these results were shown to the Society, by the 
combustion @% the metals silver, iron, and mercury between 
the terminals of the Grove’s battery. The light produced 
by the combustion of mercury had been proposed by Pro- 
fessor Way for purposes of lighthouse illumination. Way’s 
light was shown by allowing mercury to stream from a 
glass funnel, with a capillary orifice—one wire from the 
battery dipping into the funnel, another into a glass phial, into 
which the mercury ran. A brilliant bluish-white light was 
thus obtained. The value of the electric light as a powerful 
means of illumination had rendered it an object of importance 
to devise means for its steady and continuous exhibition. But 
this was by no means easy of accomplishment. The carbon 
points are continually wasting by combustion, and the dis- 
tance between them thus tends to increase until the current 
ceases to pass and the light goes out. Again, if by chance 
the carbons get into contact, the current, indeed, passes 
even more freely than before, but merely heats them to a 
dull red, without producing any effective light. It is neces- 
sary, then, for the certain and uniform production of the 
light, that by means of appropriate mechanism the carbons 
be kept at a nearly constant distance from each other— 
never separating so far that the current is unable to pass 
through the interval between them, nor coming into con- 
tact. Moreover, if the voltaic are is employed for purposes 
of lighthouse illumination, it is absolutely necessary that 
its position should be fixed. Of the two carbon terminals 
one is always found to waste much faster than the other, 
and it is therefore necessary to provide that the carbons be 
moved towards each other with velocities proportionate to 
their rates of wasting. Professor Swan stated that these 
conditions were being perfectly fulfilled by the regulator of 
Serrin, and by the new regulator of Foucault. Foucault, 
to whom we owe one of the earliest forms of electric regu- 
lator, contrived the ingenious automatic arrangement by 
which the varying strength of an electro-magnet—formed 
by the electrical current itself which furnishes the light— 
is made, by appropriate mechanism, to regulate the distance 
of the carbons. In Foucault's first regulator, as constructed 
and improved by Duboscq, there is a train of clock-work 
wheels, driven by a spring and controlled by a fly, for 
causing the carbons to approach each other with a slow 
steady motion. So long as the current passes in full force 
the electro-magnet attracts a piece of iron or keeper, which 
acts upon a detent, preventing the train of wheels from 
moving, and thus maintaining the carbons immovable ; but 
so soon as, from waste, the distance between the carbons 
increases and the light tends to be extinguished—the cur- 
rent becoming feebler—so does the magnetism which it 
generates. The magnet then allows the keeper, with its 
attached detent, to fall away, the train is released, and the 
carbons approach each other, until—the current once more 
attaining its full strength—the magnet again attracts its 
keeper, stops the train of wheels, and brings the carbons to 
rest at a proper distance from each other. ‘The peculiarity 
of Foucault's new regulator (which was described to the 
Society) consists in this, that it has two independent clock- 
work trains—one to cause the carbons to approach, the 
other to cause them to recede from each other. A balance 
is kept up between an electro-magnet, formed by the cur- 
rent, which attracts a keeper, and a spring which tends to 
pull away the keeper from the magnet. Variations in the 
strength of the current, due to variations in the distance of 
the carbons, thus cause the keeper to approach or to recede 
from the magnet, and to move a lever, whose long arm, 
furnished at its end with a cross-piece like the head of a 
hammer or pickaxe, lies between the flies which regulate 
the motions of the trains, and which are for that end placed 
close together. When the carbons are at a proper distance 
to let the current pass, the magnet attracts the keeper just 
so much that the pickaxe-shaped detent lies equidistant 
between the two flies, its extremities reaching far enough 
to touch both, and thus to keep both trains stopped, and to 
maintain the carbons at rest. When the waste of the car- 
bons weakens the current, the spring begins to overcome 
the magnet; the lever, with its pickaxe head, moves to one 
side, and the point of the pickaxe recedes so far from one 
of the flies that it is free to move. The train connected 
with this fly then brings the carbons together, until, the 
current attaining full strength, the magnet brings back the 








lever and detent to their first position, both trains are 
stopped, and the carbons are at rest. But if the carbons 
are by any chance in contact, or too near each other, the 
magnet overcomes the spring, and moves the lever in the 
opposite direction to its former motion. The detent now 
releases the other fly which is connected with the train, 
causing the carbons to separate. The carbons accordingly 
immediately recede from each other, until—the current 
falling to its normal strength—the lever comes back to its 
position for stopping both trains, and the carbons once more 
come to rest at a suitable distance for the production of the 
light. The regulator having been placed in a Duboscq 
lantern, the useof the light in exhibiting physical phenomena 
was then illustrated by a number of experiments. Among 
these were the projection on a white screen of the image of the 
ignited carbons and the electric arc itself; the exhibition 
of specimens in natural history by the solar microscope ; 
the projection on the screen of the phenomena of the de- 
composition of water; and the formation of a “lead tree” 
by the decomposition of acetate of lead by voltaic electri- 
city. The prismatic spectrum of the voltaic are was then 
projected on the screen ; and the bright lines in the spectra 
of salts of sodium, strontium, and of zinc and other metals 
were exhibited, the regulator having been removed from 
the lantern, the electric light was next exhibited 
alongside of the lime light and the magnesium light, 
which last was kindly improvised for the occasion by 
Dr. Heddle. Although hydrogen, and not coal gas, as 
is frequently the practice, was used for the lime light, 
the result of the trial was decidedly in favour of the 
electric light, as compared with these other sources of illu- 
mination. The apparatus used on this occasion is the pro- 
perty of the University of St. Andrews. The battery was 
furnished by Ladd, of London, and the lantern, Foucault’s 
beautiful regulator, and the other optical apparatus, are of 
the exquisite workmanship of Jules Duboscq, of Paris. It 
may be stated that the apparatus generally was in all 
respects equal in quality to that of the Royal Institution 
lately exhibited by Dr. Tyndall in the Kinnaird Hall, at 
Dundee. 

Professor Heddle, at the close of the experiments, pro- 
posed a hearty vote of thanks to Professor Swan for his 
very interesting and in all respects most successful experi- 
ments. Not long ago he had attended a trial of similar 
experiments by a Professor in Edinburgh, which turned out 
an utter failure. He had witnessed those by Professor 
Swan with sincere pleasure and satisfaction. 


THE SOCIETY OF ENGINEERS. 

A LARGE number of the members of the Society of Engi- 
neers assembled on Friday evening last, at the Bridge House 
Hotel, London-bridge, to take part in the presentation of a 
handsome silver service to the honorary secre’ , Mr. Alfred 
Williams. Mr. Williams was one of the earliest members, 
and has long been the most active promoter of the interests 
of this large and rapidly increasing body, now numbering 
nearly 500 members and associates, ook comprising many 
gentlemen of eminence in the profession. None who know 
the earlier history of the Society will dissent from the 
opinion so often expressed at its social meetings, that Mr. 
Williams has been the life-blood and soul of its existence 
since its formation. The presentation service consisted of 
a large silver salver, urn, and the usual accessories, of a total 
value of about 150/. The chair was occupied by Lewis 
Olrick, Esq., with Mr. Williams on his right, supported by 
‘Thomas Hughes, Esq., M.P. for Lambeth. Mr. Williams 
received the highest compliments from all the speakers for his 
services to the Society of Engineers. 














Deatn or Mr. 8S. H. Brackwett.—This gentleman, 
whose name has been intimately associated with the iron 
trade, died on Thursday last, at the comparatively early age 
of 52. Though Mr. Blackwell was unfortunately unsuccess- 
ful in business, the iron trade owes much to his great 
practical attainments. As a scientific man he possessed 
accurate and extensive knowledge of geology, mineralogy, 
and chemistry. The geology of the South Staffordshire dis- 
trict was greatly elucidated by his investigations, especially 
the relations of the igneous rocks to the coal measures. 
His intimate knowledge of the iron trade caused him to 
occupy & prominent position in connexion with the Great 
Exhibition of 1851, to which he contributed a comprehen- 
sive series of the iron ores of the country. Shortly after- 
wards he discovered the oolitic ironstone of ~ ey 5 
tonshire, and may therefore be justly regarded as the 
founder of one of the most promising industries asso- 
ciated with modern iron manufacture. Notwithstandin 
his pressing business engagements, he found time to len 
active help to ali educational and scientific movements in 
the neighbourhood of Dudley. With most indefatigable 
energy he contended against his adverse business circum- 
stances, but in 1860 he was compelled to succumb. For a 
time he remained in South Staffordshire, but afterwards re- 
moved the the Yniscedwyn Works, near Swansea, where he 
produced some most important results in the employment of 
anthracite for smelting purposes. His eminent attainments 
naturally led to his services being required at the Paris Ex- 
hibition, and it was while there that his health gave way, and 
he was compelled to withdraw from business altogether.— 
Iron Trade Review. 

GOVERNMENT AND THE TELEGRAPHS.—The Chancellor of 
the Exchequer brought in his bill, on Wednesday evening, 
for giving to the Postmaster-General power to buy up and 
work the telegraphs. The bill was read the second time. 
The Right Hon. Arr. Hunt promises excellent things when 
the —— are sold up. More stations, greater om 
tion, and lower rates. Ae are disposed to believe 
although there is much, in the interests of telegraph science, 
for which we fear under governmental management. 
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PORTABLE DRILLING 


MACHINE. 


CONSTRUCTED BY MESSRS. WESTRAY AND FORSTER, ENGINEERS, BARROW-IN-FURNESS. 





WE illustrate above one form of a very conveniently ar- 
ranged drilling machine which is now being made by Messrs. 
Westray and Forster, of Barrow-in-Furness, this machine 
being designed so as to enable the drill to be worked at any 
angle, and to be used to drill holes anywhere within range of 
the machine when fixed. 

The accompanying 7 s show one of these machines, 


of a portable size, intended to be used in the place of a ratchet 
brace. Upon an upright pillar, with a cranked base, which, for 

reater strength, is made of cast malleable iron, a cast-iron 
Code is made to slide from end to end. The flange of this 
bearing is cut in the mould, and when the two parts are drawn 
together by the bolts shown, the bearing is caused to gripe the 
pillar. At the opposite side of the bearing there is a circular 
face or flange, upon which another bearing, with a 
similar face or flange, bears and turns,.one of the faces being 
recessed, and the other having a corresponding projection 
turned upon it. The first bearing has circular or quadrant- 
shaped slots cut in it, through which set pins are passed and 
screwed into the face of the bearing. The first can thus be 
turned to any angle on the face of the second bearing, and 
fixed in position by tightening the set pins. 

This movable bearing is cast in a similar way to that 
upon the pillar, and gripes a hollow cast-iron crossbar, with 
a forked end. This crossbar is free to move from end to 
end in the bearing, and also to turn round within it, an 
when placed in any position can be firmly fixed there by 
tightening the screws in the flange. 

In the hollow crossbar a shaft or spindle is placed, with 
a small flywheel (having a handle) keyed on at one end. <A 
the other end a bevel pinion is fixed, working into a bevel 
wheel, with a long boss that fills the space in the forked 
end. 
The second bevel wheel drives a spindle similar to an ordi- 
nary drilling machine, which slides within it, but, by means 
of a long keyway and fixed key in the wheel, is made to revolve 
with it. The feed motion is imparted by a screw working 
through the forked end of the cross bar, and receiving the 
end of the drilling spindle. The drills are fixed in the spindle 
in the usual manner. 

It will be seen that the first bearing being free to move from 
end to end of the pillar, the other bearing being arranged 
to turn upon it, the cross bar free to move endway in the first 
bearing, and also to turn round within it, the drill can be 
fixed so as to drill a hole anywhere within range of the 
machine. 

This form of drilling machine is particularly useful for 
drilling holes in any piece of work too heavy to be moved to 
an ordinary machine, and works at about four times the 
ee of an ordinary ratchet brace. The total weight is 
about 1001b., and is no drawback to the machine being taken 
to out-work repairs of boilers, and such like. Power can be 
— for working the machine by means of a grooved 
pulley and a cord worked from any engine or shafting near 
to it, or ina larger drill by a small engine fixed to it. 








Crvpap-REat anv Bapasoz Ratuway.—Spanish railways 
have thus far proved financial disappointments, and the 
Ciudad-Real and Badajoz has been no exception to what 
must, we fear, be pronounced a genera! rule. A considerable 
amelioration in the position of the Ciudad-Real and Badajoz 
is, however, anticipated on the opening for traffic of the 
nee Svan upon which poy tratic was commenced 

ch 10, while the mger service was inaugurated on 
Wednesday. abo - 


t | varied from 24 ft. 8in. at the abutments to 25 





THE INSTITUTION OF CIVIL ENGINEERS. 
March 31, 1868. 
Cuar.es Hutron Grecory, Esq., President, in the Chair. 


Tue paper read was, ‘ The City Terminus Extension of the 
Charing-cross Railway,” by Mr. John Wolfe Barry, M. Inst. C.E. 

This line was authorised by Act of Parliament, dated June 
28th, 1861, and the works comprised (1) a bridge over the river 
Thames, (2) the Cannon-street Station, and (3) viaducts south 
of the river, for connecting the bridge over the Thames with the 
main line of the Charing-cross Railway. 

The bridge over the Thames had been constructed to carry 
five lines of way from the south abutment to the pier next tu 
the Middlesex shore, at which point the five lines branched out, 
and were connected with nine lines of way in the station. There 
were two footpaths, one on each side of the bridge, intended for 
the use of the public on payment of a small toll, but they had 
not yet been opened for traffic. The extreme length of the 
bridge between the abutments was 706 ft. This length was 
divided into five spans, the two side openings being each 
125 ft., and the three centre openings being each 136 ft. 
in the clear on the centre line. The width of the straight por- 
tion of the bridge outside the footway parapets was 80 ft., and 
the width of the railway portion between the inside parapets 
was 61 ft. 8in. The fan, which extended over the Middlesex 
opening, was widened out to 202 ft. at the abutment, and accom- 
modated, in addition to the lines of way, portions of two a 
senger platforms, engine sidings, foreman’s offices, &c. The 
height of the soffit of the bridge above Trinity high-water level 

ke 4in. in the 
centre span. The object of this arrangement was to prevent 
the bridge appearing depressed at the centre. The height of 
the rails above the soffit of the bridge was 9 ft. 10 in. 

The southern abutment was built on cast-iron caissons, sunk 
side by side, partly by means of divers working in helmets, and 
partly by dredging inside the caissons with a bag and spoon 
dredger. In the case of the north abutment, neither caissons 
nor coffer-dams were used; short lengths of ground were exca- 
vated at low water, a small “ stank” dam of clay was employed, 
and the water being pumped out as the tide ebbed, the excava- 
tion was continued and the footings were got in. ‘The piers 
were each formed of four cast-iron cylinders, placed in a line at 
right angles to the longitudinal axis of the bridge, and connected 
by two wrought-iron transverse girders at the top. The outside 
diameter of the cylinders was 18 ft. below and 12 ft. above the 
bed of the river; a conical reducing ring being introduced to 
effect the junction between the two diameters. The cylinder 
plates were fluted from 5 ft. below Trinity high-water mark up 
to the level of the ornamental cap mouldings. In sinking the 
cylinders the bed of the river was first smoothed by dredging ; 
then the two bottom rings, together 13} ft. in height, which 
was equivalent to the greatest depth of water at low tide, were 
put together on timbers, between strong timber guides, exactly 
over their destined position. This portion of the cylinder was 
next raised by a travelling crane so as to permit the removal of 
the supporting timbers, and was afterwards lowered into position. 
A third ring of plates was then added, and a bag and spoon 
dredger was employed inside the cylinder, to take out the mud 
and jgravel. As the cylinder descended additional rings were 
bolted on until the London clay was reached, when the sinking 
was continued by ordinary excavation until the final depth was 
attained, which was from 59 ft. to 65} ft. below Trinity high- 
water mark. The cylinders were filled with Portland cement 
concrete up to the level of the bottom of the reducing ring, and 
on this brickwork, also in Portland cement, was carefully built 
for the full height of each column, being capped with large bed 
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stones 2 ft. thick. Each of the cylinders was weighted at the test- 
ing line with 850 tons of iron. This weight was calculated to repre- 
sent the dead weight of the structure above that line, a rolling 
load of 1 ton per lineal foot for each line of way — by 
the cylinder, and a moving load on the footpaths. The order to 
remove the load was not given, until it was ascertained that no 
subsidence had taken place for seven days. The test sub- 
sidence under the full test load was 2 in., and the least fin. 
The heaviest weight on the London clay at the bottom of any of 
the cylinders was 5.84 tons per superficial foot, with a rolling 
load as stated; and the heaviest weight on the brickwork in the 
cylinders was about 9 tons per superficial foot. 


The particulars were next given in detail of the bed-plate 
girders, of the outside main girders, and of the intermediate 
main girdars. The girders for the two side openings were in- 
dependent of the other — but those for the three centre spans 
were continuous over the three openings. The flooring of the 
bridge was composed of flat plates of wrought iron } in. thick, 
which were riveted to the top flanges of the main girders, and 
were further strengthened by angle or T irons; for, as the floor 
of the bridge formed the station yard, and was occupied by 
cross roads, as well as by the through lines, it was necessary 
that it should be capable of carrying the rolling load in m4 
direction. Upon the flooring plates asphalte was laid, whic 
was covered with an average thickness of 5in. of ashes, as 
ballast, and on this the ordinary permanent way was placed. 

The piers of the bridge, from the bottom of the cylinders to 
the bed-plate girder contained in all about 2500 tons of cast 
and wrought iron. The superstructure contained about 4200 tons 
of wrought iron in girders, floor plates, &c., and about 1100 tons 
of ornamental castings. ‘The cost of the Cannon-street Bridge, 
including the abutments, signal bridge, and all things connected 
with the work, with the exception of the permanent way, 
signals and signal apparatus, gas and water mains, amounted 
to 193,0002 This sum gave 2/. 15s. as the cost per superficial 
foot, and 250/. per lineal foot, or 507. per lineal foot for each 
line of way, including the fan and footpaths. 

The length of ground occupied by the Cannon-street Station, 
between the river Thames and Cannon-street, was 855 ft., dis- 
tributed as follows:—The forecourt was 90 ft. wide, the booking 
offices were 85 ft. wide, and the length of the covered portion 
of the station south of the booking offices was 680 ft. The 
width of the station outside the walls was 202ft., and inside 
the walls, at the platform level, it was 187 ft. The whole of the 
station was built on a substructure of brick piers and arches, 
excepting the booking offices and the part which was over 
Upper Thames-street. At the crossing of this street, which 

ed underneath the station at about midway of its length, 
wrought-iron girders were used. Openings were left in all the 
piers, to allow tramways to be worked throughout the basement 
if n ; and provision had been made in the arches for an 
hydraulic lift to raise and lower the wagons, The cross open- 
ings north of Upper Thames-street were mostly carried up 
through the springing of the large arch, and were groined into 
it. The groining, which was 27 in. thick, was built in Portland 
cement, and the keystone was of Bramley Fall. It was adopted 
in consequence of the height of the ground not allowing com- 
munication between the different main archways, by transverse 
arches below the springing of the large arch. Without inter- 
communication the value of the vaults would have been com- 
mercially much diminished, and they would not have been 
available, as they were now, for parcels offices, stores, and rail- 
way purposes. The station walls were almost entirely of brick- 
work in mortar—the only exceptions being the arch over pe ay 
Thames-street, and a few courses at the top of the walls, which 
were laid in cement. 





} 






314 


ENGINEERING. 


[APRIL 3, 1868: 








The main trusses of the roof consisted of segmental ribs 
with a tie bar looped up. The clear span of the trusses was 
190 ft. 4in. The rise of the rib at the centre was 60 ft.. and 
the rise of the tie bar was 30 ft. The truss was, therefore, 30 ft. 
deep at the centre. ‘The particulars of the different members 
were then given in detail. The ordinary distance from centre 
tocentre of the trusses was 33 ft. 6in., being the same as the 
distance between the centres of the piers of the substructure. 
In crossing Upper Thames-street, however, the distance apart 
was increased to 35 ft. 1fin., in order to. suit the abutments of 
the bridge over that street. "The weight of a single truss was 
47} tons. The parts of the roof not g' were covered partly 
with zine and partly with slating,,, A lantern, 22 ft. wide, ex- 
tending nearly the whole length of, the roof, was glazed on the 
top, and had the sides fitted with louvres, which afforded m 
of ventilation. Two movable timber stages, designed by Mn 
J. Phillips (Assoc. Inst. C.E.), were used in the erection of 
the roof. One was as high as the 4 of the segmental ribs, 
and was employed in the erection of the trusses; the other was 
smaller, being low enough to pass under the tie bar, and was 
used for painting, glazing, and finishing. The cost of the roof 
of the Cannon-street Station had amounted to 492 10s. per 
square of 100 superficial feet of area govered, measured between 
the walls. The cost of the roof of the Charing-cross Station 
was 391. per square. In both instances the price of iron was 
high, the contract price for wrought iron in place in the roof 


being, 2d, 5s. per ton. 

The booking-offices, waiting-rooms, refreshment rooms, &c., 
were at the north end, at right angles to the lines of way, and 
were chiefly situated on the ground floor of the building, which, 
above and toe them, formed the City Terminus Hotel. 

The parcel offices, stores, cellerage, &c., were in the basement 
of the station, access from the rail level being given by means of 
stairs; while hydraulic lifts were provided for raising and lower- 
ing the parcel trollies. were nine lines of way in the 
station, of which eight lines were a platforms, one line 
being set apart for spare stock and standing room. The eastern 
and western platforms were each 13}ft. wide at the centre, 
the general departure platform was 19 tt. wide, and the general 
arrival platforms were 12) ft. wide opposite the cab road, and 
about 3u ft. wide beyond. The principle of having a line of 
railway on each side of the platform, instead of a platform on 
each side of a line, was believed to be the most economical in 
space, and, relative to the space occupied, the most economical 
in working. The area of the platforms which were alongside 
trains was 43,877 superficial feet, and the lengths of the trains 
accommodated was 4778 lineal feet, giving about 9 superficial 
feet of platform for each lineal foot of train. 

The station-yard and signals were then described ; and it was 
stated that the arrangement adopted was, that every line should 
approach every platform without back-shunting, excepting only 
the platform on the western side, which was toa great extent 
devoted to the short traffic to and from Charing-cross. This 
principle had been carried out by means of about 40 pairs of 
points. The signal-box was 42ft. long by 9ft. wide; there 
were 4 posts, with 24 semaphore arms, 8 arms being for “ out” 
trains, and ,16 for “in” trains. The signal-box contained 67 
levers, of which 37 worked signals, and 30 worked points. 
The signals locked the points and each other, so that no con- 
tradictory signals could be given; nor could the permission for 
ingress to or egress from any platform be given, until the points 
were arranged in accordance with the signal for that particular 
platform. An idea of the duty performed by this apparatus, 
which was erected by Messrs. Saxby and Farmer, might be 
formed from the fact, that 775 trains had passed under the 
ro bridge in a single working day. One morning, lately, 
85 trains were signalled and ed in or out of the station in 
35 minutes. Mr, Walker's electric telegraph apparatus, which 
woiked a miniature semaphore distance-signal in each box, was 
used for signalling the trains on the block system. 

The cost of the works of the City Terminus Extension was 
505,836L, and of the whole Charing-cross Railway, including 
the extension, 1,160,1182, or including land, somewhat more 
than 3,000,000. sterling. In this sum, it was to be remem- 
bered, were included about 44 miles of railway for a double 
line, two large bridges over the river Thames, a considerable 
number of expensive street bridges, and two of the most exten- 
sive metropolitan termini. The importance of the traffic, 
which was not at present fully developed, might be gathered 
from the fact that, during the year ending the Ist of January, 
1868, being the first year since the City Terminus Extension 
Railway was opened, about eight million passengers used the 
Cannon-street Station, of which number about three million 
and a half were local passengers between Cannon-street and 
Charing-cross. At the present time about twenty-six thousand 

ngers used the Cannon-street Station daily, and the South- 
ee Railway now conveyed about ‘ifteen million passengers 
annually, 


NOTES FROM THE NORTH. 
Griascow, Wednesday. 

State of the Pig-Iron Market.—During the past week the 
ig-iron market has been very unexcited, and comparatively 
ittle business has been done. Prices have shown a decided 
tendency downwards. From 4d. to 5d. Jess than was obtain- 
able a week ago is now the prevailing price. Yesterday's busi- 
ness was done at 52s. 6d. cash, 52s. A fourteen days, and 52s. 
8d.a month. To-day the market bas been still further de- 
pressed, and the prices have fallen to 52s. 4d. cash and 52s. 6d. 
one month. No, 1 Coltness and No. 1 Gartsherrie are still 

quoted, respectively, at 59s. and 57s. 6d. 
_ Glasgow Ironmasters in Cumberland.—Arrangements bave 
just been made by Messrs. Gilmour Brothers and Company, an 
enterprising Scotch firm, for commencing the iron manufacture 
in Cumberland. They have selected an eligible site on the Bent 
Hills, near Maryport, extending to about twenty acres, on which 
paw tee to erect their furnaces for smelting the famous Cum- 
berland hematite ironstone. It is proposed in the mean time to 
erect four furnaces, and one is expected to be ready for putting 
in blast by the Ist of September. It is estimated that one 
furnace will require nearly 1000 tons of material per week, and 
that no fewer 100 persons Will be required to do the work. 








Mr. John Blair, brother of Mr. Robert Blair, of the Scotch firm 
of Bain, Blair, and Patterson, whose smelting works are at 
Harrington, has also just made a selection of a site on which to 
erect furnaces. It is situate between Maryport wet dock ana 
the Whitehaven Junction Railway. As soon as tenders can be 
got in the works will be proceeded with. 

Opening h Waterworks.—On. Thursday last 
the town of Helensburgh, a "great resort for well-to-do Glasgow 


extraordinary deodorising power that it should be universally 
employed in connexion with sewer gases. Mr. Stanford showed 
a great number of substances obtained by the chemical treat- 
ment of both solid and liquid sewage. At an early meeting of 
the Association the president is to review the whole of the plans 
which have been submitted to the notice of the members, and 
suggest what portions of them should be recommended to the 
Town Council for adoption in Glasgow. 





citizens, was quite en féte, on account of thé public opening of 
the new waterworks that have been in course of ¢dnstruction 
for the last nine or ten months. It is somewhat ‘interesting to 
learn that Henry Bell, the pioneer of steam navigation, Was the 
first provost of Helensburgh after it was constituted a Burgh Of 
Barony, and that during his term of magistracy he actually 
gutveyed ground with the special object of supplying the town 
With:water, He proposed a different source from that now bad 
recourse to, but it is not improbable that Helensburgh may 
soon outgrow the present supply, when Henry Bell’s proposed 
source, the Fruin, may have to be fallen back upon. ,The follow- 


ing is a brief description of the new works:—The water is ¢ol-' 


lected from the two streams that intersect the Mainshill lands 


before’ they reach the mossy portion of them adjoining the upper | 


or compensation reservoir; the contributing ground is about 
400 acres in extent, is of a hilly and pastoral character, from 
which the water quickly flows. Taking the average rainfall of 
the district at Sft., and supposing it could be retained and 
stored, there would be a supply of water for a population of 
nearly 40,000, The water is taken off the streams by two pipes 

15 in. in diameter, the surplus water discharges into the upper 
reservoir, from which it is passed down to supply parties having 
aright toit. The lower or storing reservoir, into which the 
15 in. pipes are discharged, has been thoroughly cleaned of mogs 
and vegetation. It is eleven acres in extent, and has a storing 
capacity of 3,700,000 cubic feet, or 23,160,000 gallons, which is 
equal to a daily supply of 25 gallons to each inhabitant jfor a 
period of five months. This, under every circumstance 
that may arise, in this part of the country, is ample 
and abundant, and a period of drought extending to 
even three months so seldom occurs that there is no 
probability of it ever being exhausted. Provision has 
been made for supplying the town from the upper reservgir, in 
the event of its being necessary to empty the storing Feservoir, 
or during a rainy season to allow of its being quickly filled. 
The water is drawn from the reservoir at either of two levels, so 
that the se of the water is sent to the filters, the main being 
8in. in diameter. Before passing to the filter, the supply is 
regulated by a valve in connexion with the distributing basin, 
which causes the quantity used in the town to be drawn from 
the reservoir, and keeps the pure water in the basin at a height 
that will prevent waste, passing directly into a well, where the 
supply is measured and diverted into the filter, and from thence 
to the pure water well and basin. The valves and piping are so 
arranged in the house that water can be supplied uninter- 
ruptedly to the town, and any portion of the works examined or 
repaired at the same time. The cast-iron piping comprising 
the mains and branches from the basin to and through the town, 
extending to ten miles in length, have all been tested, and not a 
single burst or serious leakage has taken place, although up- 
wards of 500 service cranes have been bored and screwed into 
them. The lead-piping extends to about four miles. The works 
are well and substantially made, and are of such a character 
that they can be extended to meet the wants and increase of the 
population without interrupting the supply to the town. The 
engineer is Mr. William Robertson, C.E., and the contractors are 
Mr. Robert Simpson and Messrs. Thomas Leadbetter and Com- 
pany, all of Glasgow.? 

_ Kilmarnock Waterworks.—A few weeks ago the Commis- 
sioners of Police appointed a committee of their number to make 
certain inquiries regarding the condition of the Water Company, 
with the view of entering into negotiations for purchasing their 
works for the town. At a meeting of the committee, held on 
Saturday, it was agreed to report to the meeting of the board, to 
be held on Thursday, that, owing to the large amount of pur- 
chase money required, and the extra expenditure necessary to 
put the works in proper condition for supplying efficiently the 
inhabitants, it would not be to the advantage of the town to ac- 
quire the works. 

The Sewage Question in its Chemical Aspects.—At the 
meeting, on Monday night, of the Glasgow Sewage Association, 
Mr. E. C. C. Stanford, F.C.S., read an interesting and excellent 
paper on this subject. After discussing the method of removing 
sewage hy water, and the proposals for disposing of it in con- 
nexion with earthy deodorisers, he indicated a preference, both 
with reference to sanitary considerations and the value of the 
material as manure, for a system which should remove it from 
the city in its uormal condition. He described the apparatus 
contrived by Captain Liernur for effecting this object by atmo- 
spheric pressure. According to this plan the material was to 
be collected in barrels, and in that state disposed of to farmers. 
A formidable objection to such a system was, in Mr. Stanford’s 
opinion, the impossibility of disp of the manure at all sea- 
sons of the year, or of storing it for any considerable period. 
As a perferable method, he proposed an apparatus of cast-iron 
pipes and pumping engines, to collect. the material by atmo- 
spheric pressure, and transmit it, through the same agency, to 
manure works outside the city. Once there, the further dis- 
posal of it might, he said, be left to chemists. Any chemist 
could convert it into good saleable manure, which could be 
stored to wait a demand. As fur chemical sewage, the whole 
tendency of chemical manufacture at present pointed towards 
the utilisation of its own refuse. Messrs. Tennant, for in- 
stance, were fitting up plant at St. Rollox Chemical Works for 
recovering sulphur from the Pinkston Bog liquor, and he had 
no doubt the operation would result in a profit. It is proper to 
mention that Mr, Stanford proposes to collect the liquid sewage 
for the purpose of treating it so as to get from it an artificial 
guano containing all its manurial ingredients, the ammonia 
being converted into sulphate, and the phosphoric acid being 
resolved into phosphate of lime, while the solid excreta would 
be mixed with and deodorised by means of sea-weed charcoal— 
a substance produced at Stornoway from common tangle in 
Mr. Stanford’s patented process for extracting iodine and other 
chemicals from sea-weed. This sea-weed charcoal has got such 








Impr t in Gas Lighting —On Monday night a series of 
experiments were made on the street lamps in South Bridge, 
Edinburgh, with the view of testing the efficiency of a new 
application to gas burners recently brought6ut and patented by 
Mr. Hogg, of Montague-street. This: i e which is 
quite different from anything of the saniie kind hither uced, 
js stated, among other advantages, to @ouble thé light with a 
less consumption of gas, and the iments fully proved the 
superiority claimed for it by the patentee. *Alopg the west side 


burners, ta each of which was attyched the illumi and 
along the east side one-half of the lamps had’ No."14, "and the 
remainder with No. 0; the smallest burner thade. The’ great 
increase of light wa8 quite apparent on looking at the other 
stréet lamps, the No. 0 with, the’ Mluminator giving ly as 
much light as the No. 2.without it; and it was the opinion of 
Mr. Paterson, the, inspector of lighting, under; wHdse ‘stiperin- 
tendence the experiments were made, that the light given by 
the No, 1, with the illuminator, was vastly superior to the No. 2 
without it—the latter being the size at present generally in use 
throughout the city—and that the amount of light given by the 
No. 14 was unnecessarily Jarga, for street purposes. To the 
ropri¢tors of public works, &c., where a large quantity of 
[i catgamed, this improveméut will be particularly acce table, 
the apparatus costing but ‘a trifle, and the saving it effects in 
the consumption being considerable. 

Glasgow Water Commission—New Scheme.—At the last 
month] meray | the Water. Commissioners, an interesting 
report from Mr. Gale, the engineer, was read andadopted. The 
scheme detailed in it has for its object the supplying of a num- 
ber of factory owners with water from the Clyde instead of 
from the Loch Katrine supply, in aecordance with the terms of 
ant Act of Parliament obtained a year or two ago. Mr. Gale 
= to construct two sets of reservoirs, each capable of de- 
ivering 7,500,000 gallons of water daily, and to raise the top 
water level from 60 ft. to 65 ft. above Ordnance datum. The 
lowest range of reservoirs only will be constructed in the mean- 
time, and the highest when the demand for the water makes it 
necessary to do so. Mains of 42 in. diameter will be used. 
Mr. Gale recommends horizontal engines for pumping the water, 
and proposes to divide the work among four engines, each of 
874 indicated horse power, with a spare engine of about the 
same power. The area of land required for the reservoirs for 
the whole 15,000,000 gallons a day, and for the engines, will 
be about 21 acres, being 14rd acres less than in the Parliamentary 
estimate. 

‘Edi 


of the street the lamps were fitted with common i A.iron 


h Industrial Museum.—The people of Edinburgh 
are at present in a state of justifiable wrath at their corporate 
authorities. One of their noblest and most popular institutions, 
the Industrial Museum, now known as the Museum of Science 
and Art, is erected to only one-half the extent originally intended 
according to the designs of the late Captain Fowke, and it was 
fully expected that the Government would propose a vote in this 
year’s estimates for the erection of the other half of the’build- 
ing. ‘Those who know Edinburgh will know that the museum 
is only approachable by a miserable narrow street, which is 
totally unfitted for the display of the architectural features of 
such a magnificent pile of buildings. On the suggestion of the 
University professors the Government made it a condition that 
if the street were properly widened by the city authorities the 
vote would be proposed in supply in the House of Commons. 
The Treasury wrote to the Town Council on the subject, but no 
reply was received after waiting two months, and accordingly 
the vote was struck out of the estimates. ' The Chancellor of' the 
Exchequer was seen yesterday on the subject by the Lord 
Provost and Mr. M‘Laren, M.P. for Edinburgh. He told the 
deputation that the estimates were printed, and that they could 
not now be altered. Considering that the institution in question 
is a great national museum, destined for the illustration of the 
products of the industrial arts and applied science in a manner 
such as no other museum in this country has yet attained to, 
it is natural to expect that there should be some strong expres~ 
sion of opinion on account of the laxity and lukewarmness— 
apparent or real—which bave caused the postponement of the 
completion of the museum building. 

Raihoay Items.—Daring the last week we have been flooded 
with notices of the half-yearly meetings of Seotch railway com- 
panies. In two cases at least very long re have appeared 
of the meetings. The most notable thing that has arisen out of 
the meetings just held is the announcement made at the meet- 
ing of the Caledonian shareholders yesterday by the chairman, 
Lieutenant-Colonel Salkeld. It is that peace is now established 
between the directors and those shareholders who raised objec- 
tions to their mode of doing business. The board is reconstituted, 
and the chairman, after nine years’ service, now retires from 
office, or, rather, he only holds office for a fortnight to await the 
result of a legal precess that has just been raised against the 
directars in the Court of Session. ' 








Frencu Rattways.—It is, perhaps, not generally known 
that 763 miles of new railways have just been con to 
the French companies. The undertakings, to which the 
largest mileage additions are made, are the Western, the 
Paris, Lyons, and Mediterranean, and the Charentes. 

Manure Facrories—A Mr. Salmon was convicted, at 
Kingston, on Wednesday, for causing a nuisance by 
working of his manure factory in Bermondsey. Decayed 
fish were worked up for manure, and the smell pervading the 
neighbourhood was described as horrible. Judgment was 
reserved. 

A New Ratway Sprive.—The Engineer seriously in- 
forms its readers that the Baillie volute springs fitted to the 
engines of the Madras Railway are made of Lowmooriron! 
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RAISING THE SHIP LYDIA WILLIAMS. 

Tuts ship was driven ashore in the storm on the night of 
the 1st of December last, and sank on Salt Island, just out- 
side the old harbour at Holyhead. The after end rested on 
the rock, and the fore end was bedded in the mud, the hull 
being about 15 ft. by the head, and never wholly covered, 
and occupying a prominent position in the way of the mail 
steamers entering and leaying the harbour. Her remark- 
able appearance has attracted the attention of the passen- 
gers by these steamers for the last four months. 

She is an iron vessel of over 1000 tons register, and is 
insured for about 15,0007. in London, Liverpool, and 
Glasgow. Several attempts have been made to save the 
vessel, as it was supposed the bottom had sustained but 
little damage. Until Thursday, the 26th ult., these attempts 
all proved ineffectual, but on that evening she was 
successfully floated off the rock into a safe position on a 
soft bottom, where she now sits on an even keel, and at low 
water no one would ever suspect the fine-looking ship was 
even yet a wreck, 

The time chosen for the floating was the evening of 
Thursday, on the flood of the highest spring tide, which was 
about midnight. The ship had been lightened of her cargo, 
with the exception of about 500 tons, principally iron, 
which yet remained in the fore hold. As the after part 
only was on ‘the rock, it was of the utmost importance that 
it should be floated clear of the rock before the tug power 
was applied. The operations on Thursday were conducted 
with a greater pumping force than had been previously 
used. There were in all seven steam pumps and boilers 
employed in the work ; viz., one large Y pump, with two 
7in. suction pipes; one Gwynne’s pump, with a 10 in. 
suction ; another Gwynne’s, of smaller size ; three Appold’s 
pumps, with 7 in. suctions; and one Appold’s pump, with 
5 in. suction pipe ; and the aggregate discharge is estimated 
at over 2000 tons per hour. 

At 4 p.m. they commenced to raise steam, and as soon 
afterwards as possible the pumps were set to work, This 
being the first time she has been floated, it was to a great 
extent an experiment, as nothing certain was known of the 
real trim of the vessel. The cargo aft having been entirely 
removed, and the remaining cargo being before the centre 
of displacement of the ship, when the pumps were brought 
into action, it was found that she rose at even a greater 
angle than she had when aground in her original position. 
She floated clear above the rock about 7 P.m., and she was 
dragged by tug-power inch by inch, with her forefoot on 
the bottom, a distance of about 1000 ft., the tide still rising. 
Temporary bulwarks had been raised, about 3 ft. high, above 
the main rail at the fore end and lower aft. As the tide 
rose, and the pumping was continued, the after end rose 
with the tide, but the fore end still remained embedded in 
the mud, and the water at the fore end rose outside higher 
than the main rail, and exerted a considerable pressure on 
the temporary bulwarks, and found its way on to the deck. 
As the men were preparing to leave the vessel these tem- 
porary bulwarks suddenly gave way, precipitating an 
immense volume of water on the deck, and capsizing a 
small boat alongside, into which two of the men were in 
the act of entering ; they were immersed, and had a narrow 
escape, one of them having got under the boat. They were 
got out safely, and the hands were mustered in the flats 
alongside, when it was found that all were safe. It was 
now about ten o'clock, the hull had sunk immediately the 
bulwarks fell in, and in as favourable a position as could 
have been desired on a mud bottom with even keel. One 
of the superintendents—who was the last to leave the hull 
—was standing immersed up to the armpits when the vessel 
settled aft. The diver finds that she has made a furrow 
about 2 ft. 6in. deep all the way she has been dragged in 
the mud. The rest of the cargo is being now removed, and 
it is expected that on the 6th of April she will be safely 
placed in the graving dock. While the tide was falling, on 
Friday afternoon, those engaged in the work were glad to 
find that the water stood 2 ft. higher inside the vessel than 
it was outside, showing that there was not a very great leak 
in her bottom. Although the vessel is not yet quite out of 
danger, all agree that she would now fetch 8000/. more than 
if sold where she was before; and this success is highly 
creditable to all engaged in the operations. 

The wreck of the Bublina, at Liverpool, has not yet been 
raised. The after portion of the hull has been moved nearer 
the Liverpool side, with the view of beaching it nearer the 
Herculaneum Dock, but it is still covered by several 
fathoms at low water, and little more is known about the 
damage done, further than that the port boiler is injured. 

The Wolf is still where she sank; the lifting appliances 
are now completed at Messrs. Harland and Wolff's, Belfast, 
and the delay has been solely to wait for the better weather, 
which may be reasonably looked for in April, and it is ex- 
pected that the lifting will be successfully accomplished be- 
fore the end of this month, 

The Earl of Dublin, which was raised by Messrs. Har- 
land and Wolff, is now ready for launching, again fitted out 
by them as a new vessel, and she is in every respect equal to 
anew one. They have added strength beyond that which 
she originally possessed. 








Forrten Mecuanicat Inpustry.—The Eastern of France 
_ Railway Company has ordered twenty-four locomotives from 
the Creusot Works and eighteen from the house of Cail and 
Co., of Paris. We have not heard the contract price for each 
engine, but it is said to be low. 








INSTITUTION OF NAVAL ARCHITECTS. 
Thursday (Morning) April 2, 1868, Mr. Samupa in the Chair. 

THE gp (Mr. Merrifield) read the Annual Report of 
the Council, and said he regretted to inform the meeting that 
Sir J. Pakington was unable, from indisposition, to take the 
Chair; but that Mr. Samuda had kindly consented to do so. 

The Chairman: Gentlemen, it is as a matter of duty that I 
fee] myself obliged to intrude myself upon _ on the present 
occasion. I deeply regret that you should have been deprived 
—and more particularly on account of the circumstances by 
which you have been deprived—of the presence of our Presi- 
dent here to-day; and I have to regret, in common with 
you all, that we are prevented by that means from having 
the advantage of the address which he no doubt would have 
given, and which he, on all previous occasions, has so ably 

id before us to guide our proceedings and to direct us in 
these matters. I still hope, however, from a letter which has 
been received from Sir John Pakington, that the Institution 
may not be altogether deprived of the advantage which it has 
on previous years received at the hands of our President. He 
in his letter still expresses a hope that he will be well enough 
by Saturday to be among you, and I trust upon that occasion 
you and I may not be prevented from having the advantage of 
hearing his address, and that all the shortcomings which must 
necessarily attend that which I now state to you, will on that 
occasion be supplied by our President. Gentlemen, I must 
crave your indulgence on many points, and one more especially, 
because, as I have only been asked to preside within a few 
minutes of entering into the room, many of the matters which 
are coming before us are more strange, and, of course, I am less 
intimately acquainted with them than [ could have hoped 
to have been before venturing to speak to you uponthem. The 
first thing which calls for our special attention is the financial 
position of the Institution. Gentlemen, the financia! position of 
the Institution, most of you are aware, has never been in a par- 
ticularly flourishing condition; but there are circumstances 
connected with it which lead me to hope it is far from retro- 
grading at the present moment. Without troubling you with 
any figures, I may tell you that the general result appears to 
be this—that the deficiencies which we had in 1866, or I may 
say in 1867, were somewhat short of 200/., and as to the esti- 
mated deficiency of the present year, upon calculating it very 
carefully, it appears that the receipts will very nearly, if not 
quite, balance the expenditure. Further, there are some expec- 
tations, which I hope also will be realised, of some advantages 
with regard to assistance from Government; but as those are 
only at present in an embryo state, I think it would be well not 
to refer to them further on the present occasion. 

The next matter I have to enlarge upon I am happy to say is 
one of a very much more satisfactory and favourable character, 
and that is the School of Naval Architecture. The School of 
Naval Architecture appears to be progressing very favourably. 
The increased number of private students this year has been 
five, while the total number of students altogether is forty-two. 
The Admiralty are making some change in their arrangements 
with reference to sending pupils there, which might, perhaps, 
if referred to by the comparative numbers this year and the 
last, lead to an erroneous idea of the advantage which is being 
taken of the Institution ; but it will be sufficient to say that so 
far from being diminished, and so far from underestimating the 
value of it, the Admiralty are seeking to avail themselves of it 
in a larger degree than previously, and that the operation which 
is taking place at the present moment is merely changing the 
number fixed upon ir the first instance to a rateable or regular 
number to be supplied in each year, and it is the object of the 
Admiralty, by the equalising process, to send ten new students 
annually, each to be ponte for a period of three years, 
consequently the Admiralty students at the establishment will 
be maintained at the point of thirty. The references which 
we have had show that a considerable number of these pupils 
who have left the school, and are now in the service of the 
Admiralty, are giving the greatest satisfaction to their officers, 
and there is generally an equally satisfactory information re- 
ceived with regard to those in foe yards. Gentlemen, when, 
as in the present day, so much importance is attached both b 
the Legislature and by the public to the advantage of practical, 
and what is called technical, education, I think that this Insti- 
tution may take some credit to itself for having, to a very great 
degree, pointed out the direction that that technical education 
should follow. For my own part, I think that if by technical 
education is to be understood that which it is, by a great many 
of its advocates understood to represent an education in a parti- 
cular and single direction for the purpose of following a special 
profession or trade, then I believe that technical education will 
entirely fail and miss its object; but if by technical educa- 
tion is to be understood that which I think we do accomplish 
in this Institution, namely, to a sound education in the first 
instance, superadd the opportunity of practically working at 
the trade or occupation which it is intended that you should 
acquire proficiency in, then I believe it is one of the highest 
advantages you can give. That is accomplished by this In- 
stitution, because I lens the Institution is fully aware that 
all the students at this college have the means given to them, 
wholly apart from the instruction which they receive in the 
establishment, of visiting the dockyards, and working in the 
dockyards, at; the works there to be performed—the practical 
and actual works, not models, or theoretical works—but the 
practical works that are going on for the benefit of the country, 
exactly the same as all the other artisans thereemployed. That 
is a point to which I would particularly wish to address my 
observations, it being, as I consider, of a highly important 
nature, namely, tbat of superadding to a general education, a 
technical education in that particular pursuit, the real and 
absolute work which will form the business of a man’s life. 

The next subject I have to draw your attention to in the re- 
port of the council is that which has reference to the interesting 
subject of the safety of ships, which this Institution will re- 
collect arose in consequence of reference made by our President, 
at a previous annual meeting, to the disastrous result that had 
occurred from the loss of the steamship London, and from the 
admirable recommendation which followed his observations upon 
that catastrophe, and the great desirability of seeing whe’ 








the professional knowledge of this country, as centred in this 
Institution, could recommend such means as would i 
avoid like disastrous results in the future. The council of 
the Institution met, and they, at considerable length, and with 
avery great amount of care and attention, investigated the 
whole matter. Many of the members concerned in that inquiry 
looked at it from one point of view, and some from another, but 
all with the same object, namely, that of seeking, if possible, to 
arrive at some means by which the public could be protected 
against a similar catastrophe. The result of that inquiry is to be 
found in an elaborate report, which is given in the volume of 
“ Transactions” which is now in your hands; and, I think, it is 
not too much to say that there is scarcely a paragraph in that 
report but what is pregnant with the very greatest advantages 
for reflection and thought. The only thing which appears 
to me upon the face of this report to require considera- 
tion—and that, probably, I may say, is a balanced con- 
sideration —one which has considerable advantages and 
disadvantages—is whether having received those recommenda- 
tions, those recommendations should be allowed on the one hand 
to weigh on the minds of persons engaged in marine construc- 
tion, and to guide them to such conclusions as, having the ad- 
vantage of the information before them, they may come to, or 
whether they should be embodied in a stringent legal document 
—the legislature compelling persons to follow any particular rule 
laid down. I must say I am one of those who consider that it 
would be a very great misfortune to the country if it were at- 
tempted by legislation to restrain the exercise of that amount of 
thought, and that feeling of responsibility which makes in the 
main the character of all those engaged in any very great profes- 
sional works. I think that instead of it being a subject that ought 
to be restricted, it possibly is one that should be looked upon 
from another point of view when we find that Her Majesty’s 
Government have not at the present moment embodied any such 
instructions in a legislative, or in an authoritative and directing 
form. We do not refer to the fact that there is to be an 
amended Shipping Bill. What that amended Shipping Bill 
contains we do not profess to know, neither, do I —— is 
it at all wished to convey to you that we wish in that Shippin 
Bill to find an absolutely strong and restrictive oped upon al 
constructions laid down as rules to be followed by the Govern- 
ment; at any rate I will venture to do this, to disengage myself 
from tbat observation, so far as to point out my own views on 
that subject. I should hope whilst every care is to be taken by 
the Government at all times to protect the public from the 
possession of that which is bad, that the greatest care will be 
taken by them to avoid that direction of construction which 
might lead to a very much worse result in the long run by re- 
moving the responsibility which would exist, and ‘which, in my 
opinion, ought to rest solely upon those professional parties who 
undertake the responsibility of these works. 

I think, having passed by our report, [ may be permitted, 
probably, just to glance at the programme which is now before 
us. In that programme, judging by the title of the papers 
which we have to discuss, will be found, I think, some of the 
most important subjects that can be brought before us as naval 
architects. The very first subject we have to discuss may be 
treated, and I hope will be found is treated (I have not seen the 
paper myself) in a way to engage the most serious atten- 
tion of this Institution. I conceive there are few things at the 
present time that are of more importance in the consideration of 
naval constructions than a proper appreciation, and a proper 
use of the new material, as I wf call it, of steel. Steel, of 
course, we know ia no new material in one sense, it has been 
known from the most ancient periods of history, and almost of 
the world; but the production of steel lately has taken such a 
different form from that which it took formerly, as to enable it 
to come within that compass of price which will enable it to 
become an ingredient of very great value in the construction of 
shipping. 1 do not think, even, that the value is at the present 
moment sufficiently appreciated, which, perhaps, may result 
from the fact that some difficulties have occurred, and which 
may rot, perhaps, be altogether overcome at this moment, in the 
construction of it; but I do think that the advantages to be 
gained are so great that they should be fully recognised, and I 
believe when once those advantages are fully recognised by the 
public the little difficulties in the manufacture at the present 
moment, if they are not then entirely overcome, will be overcome, 
and the advantages gained will be immensely for the public 
good. I would just say that so long ago as immediately 
after the close of the Crimean war—nine or ten years ago—I 
had occasion to build in steel. At that time steel was 
beginning to recommend itself by the introduction of what was 
called puddled steel. Now, puddled steel was a very doubtful 
description of material. The process adopted was one which 
necessarily involved a great deal of risk in the production of the 
material, as time was ap pr peer yey time could only be 
measured by practice—in the working of the iron to convert it 
into this steel; and, in fact, I should say that I have tried 
puddled steel, seeing the great advantages to be obtained b: 
using a lighter material with a much greater amount of streng 
for its comparative weight, and I have found these difficulties 
attending the puddled steel, namely, the want of uniformity in 
in its texture and strength. But, having had my attention 
directed to it, I went at once to what I conceived to be the 
only way of dealing with a case where the absence of weight 
was absolutely necessary, that is to say, where steel was to be 
used which could be thoroughly relied on for its strength, and I 
had to pay for that steel, which I used in a sea-going vessel I 
then constructed, 50/. per ton; but the whole of that steel 
was cast steel, manufactured by the usual processes by 
which ordinary cast-steel bars are manufactured, in little 
charcoal pots, and could not be produced at that time for a 
smaller sum. It is a satisfactory thing to know that shane 
that price would have ~ the use of that material completely 
out of the range of all commercial persons for ordinary pur- 

, that the vessel then constructed—a vessel of 500 tons— 
| serps working up te this day, in a very rough sea, that is to 
say, the Black Sea, and without a ~_—. plate in this vessel of 
500 tons greater in thickness than ,%ths of an inch, and from 
the most accurate reports of the state and condition of the 
material in that vessel at the present time, if they are true, and 
I have every reason to believe they are, the vessel is as perfect 
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now as it was at the time it left England. Now, the introduc- 
tion of the different processes that have been brought forward— 
Bessemer’s process principally—has so greatly reduced the price 
of this material, that you are able now to get as good a material 
for 201. a ton as that which, formerly, 1 paid 50/. a ton for. 
That which you get at 201 this very moment may be 

merally noticed with reference to iron in this way: that 
its general tensile structure may be taken to be twice as great, 
roughly one at 40 tons to the inch, and the other at 20 tons, and 
the ductility of this material when properly produced is very 
much greater than iron, therefore you really have this very 
great advantage laid before the constructor for his considera- 
tion, and it is in this shape that it interests us as naval archi- 
tects, that after you have made all allowances (and I put this 
question to prevent you from jumping too quickly to the con- 
clusion that you can in all cases adopt it) for the difficulties in 
obtaining uniform perfection with regard to this steel, you have 
the field open before you to encourage the steel manufacturer to 
produce perfection with the knowledge that if he does so he can 
relieve ~~ absolutely from one-half of the weight of the iron 
material put into your structure, and enable you, as commercial 
men, either to carry the whole of that difference in the shape 
of profitable cargo, or, if your object be speed, to attain with a 
proportionately decreased amount of power the same speed, or 
a higher one. I must say the advantages are so great that I 
think any paper which may tend to the greater introduction of 
that material is of vital importance. 

The next subject we fin — the paper is one of very great 
importance, and it seems to be the general subject which we 
have to discuss upon these occasions in one shape or another— 
the further development of the construction of ships of war. 
This has always been since the time of its birth, now some ten 
or twelve years, a subject of great importance, and far from 
flagging in its interest. I think the general admission will be 
that it is one which grows daily in importance, and daily attracts 
more and more attention from all those who are engaged in 
marine operations. I hope that those papers which we have 
before us—attached to which I see names which are an earnest 
that they will convey to us most useful information—will not 
only repay us for the opportunity and time we shall devote to 
them, but will concideret ly add to the knowledge of this very 
important subject. 

finally, I hope I may be excused for having kept you so long 
in dealing with this subject. I also hope that you will further 
excuse what I feel bound at this opportunity to tell you is the 
necessity of the present occasion, that not having been aware I 
was going to be asked to fill the honourable position in which I 
find myself this morning, I have made those engagements to 
which I find it absolutely impossible to avoid, in fact connected 
with Parliamentary duties, and after the reading of the first 
paper I shall be ob iged to crave your indulgence to allow me to 
retire. Gentlemen, | am glad to have the opportunity of saying 
that Lord Londesdale has kindly consented to take the chair 
for the remainder of ay meeting. Iam now about to call 
upon the readers of the different papers, but before doing so, 
the secretary has called my attention to a paragraph which 
he has requested me to read to the meeting. Our President 
says, ‘In conclusion, gentlemen, I will ouly say that I hope the 
rule of former years will be adhered to, namely, that no paper 
shall exceed twenty minutes, no discussion forty minutes, and 
no speech ten minutes.” It is with a view of directing your 
attention to these facts that the secretary has requested me to 
read that paragraph, and I feel quite sure that it is only 
necessary to read it and to request each gentleman to guide 
himself by the recommendations and rules laid down to ensure 
regularity. 

[ Papers were then read “ On the Treatment of Steel Plates 
in the Shipbuilder’s Yard” by Mr. Rochussen, and ‘ On the 
Treatment of Steel Plates "by Henry Sharp, Esq. These 
papers we give on another oege 





THE ALFRED GRAVING DOCK, WILLIAMS- 
TOWN. 


Dvrtne his recent visit to Australia, H.R.H. the Duke of 
Edinburgh laid the foundation stone of a fine graving dock, 
which is in course of construction at Williamstown, Victoria. 
This dock, which has been named the Alfred Graving Dock, 
will be 420 ft. in length over all, and 400 ft. long on the floor 
within the entrance. It will be 97 ft. in width at the top, 
and the entrance will be 80 ft. wide in the clear. At ordinar 
spring tides there will be a depth of 24ft. 6in. over the sil 
at low water, and 27 ft. at high water. The dock is being 
built of the basaltic stone of the neighbourhood, known as 
bluestone, and its cost, complete, with pumping engines, &c., 
is estimated at 185,000. Th» dockyard, with which the 
graving dock will be connected, comprises an area of 
ifteen acres, and includes a slip capable of raising 
vessels of 2000 tons. The new Jock was commenced 
in 1864, and it is expected that it will be com- 

leted in 1869. The engineer of the work is Mr. W. W. 

Vardell, Inspector-General of Public Works, and the assis- 
tant engineers are Mr. W. H. Steel and Mr. A. C. Todd. 
The contractor for the works at present in progress is Mr. J. 
Leggatt, and the resident inspector is Mr. H. Woods. On 
the occasion of laying the foundation stone His Royal High- 
ness was presented with a solid gold trowel of highly artistic 
design and workmanship. The weight of this trowel is nearly 
fifty ounces, and it is said to have cost upwards of 3001, 








Tus Brussers Exurpition.—As we announced a month 
ago, an important Exhibition of agricultural machinery will 
open in Brussels on the 2lst of June next. The Société 
Agricole du Brabant offers several prizes for agricultural 
machinery, among them prizes of 12/. and a silver gilt 
medal for the best, and a prize of 8/. and a silver medal 
for the second best portable engine. Steam pumps, &c., 


come in for recompenses. The Igian railways will, w 
believe, transport articles for exhibition free from Ostend 
or Antwerp to Brussels. The secretary of the society is M. 
Parisel, 36, Rue Verte, Brussels, to whom all communications 
are to be addressed. 








PROPOSED TELEGRAPHS TO INDIA. 


In our last we dwelt on the inadequacy of our pre- 
sent means of telegraphic communication with India. 

Two separate projects have been advanced and ad- 
vocated as remedies for the evil, and we have no 
doubt these will soon be placed prominently before 
the public for their support. The first consists of the 
line set forth in the prospectus of the Anglo-Indian 
Telegraph Company issued last year, and which will 
most probably be again brought forward shortly, and 
the second consists of the scheme emanating from the 
well-known firm of Siemens and Halske, ‘but which 
has not yet been laid in the shape of a prospectus 
before the public. 

The Anglo-Indian Company’s project consists of an 
exclusive wire from Susa to Modica, in Sicily, to be 
worked in connexion with the Mediterranean Exten- 
sion Company’s line und the Malta and Alexandria 
cable as the means of telegraphic communication be- 
tween the French system and Egypt. The Anglo- 
Indian Company would willingly annex the Mediter- 
ranean Extension Company’s little but important line 
between Sicily and Malta. The latter company having 
no wish, however, to be swallowed up by the larger 
company, hold to independence, and, like the miller of 
Sans-Souci, in spite of entreaties and threats, main- 
tain 

Tl vous faut est fort-bon, mon moulin est a moi 
Tout aussi bien, au moin, que la Prusse est au roi. 


As the obstinacy and independence of the miller of 
Sans-Souci spoiled the King of Prussia’s grand de- 
signs for the enlargement of his palace and gardens, 
so we fear the determination of the Mediterranean 
Extension Company interferes with the project of the 
Anglo-Indian Company to effect telegraphic commu- 
nication even between Susa and Egypt under one 
administration except by a cable between Sicily and 
Africa, cutting Malta out of circuit. But, moreover, 
the determination of the French Government not to 
allow any exclusive wires through France makes this 
half of the line still more imperfect as an independent 
line, and, indeed, with the exception of the exclusive 
line through Italy, we should be no better off as far 
as Egypt than we are at present. 

From Alexandria to Suez, the existing wires for- 
merly erected by the Red Sea Company, purchased by 
the Telegraph to India Company, and at present rented 
by the lessees of the Malta and Alexandria Cable, 
would be used. From Suez it is proposed to construct 
a line to Bombay. ‘The prospectus does not sa 
whether any portion of this line will consist of land. 
line along the shores of the Red Sea, say to Cosire or 
Suakin, or whether it will be entirely submarine. Ac- 
cording to the plan, it would seem to be entirely sub- 
marine, touching only at Aden, and from thence on to 
the Kooria Mooria Islands, from whence it will con- 
tinue direct to Bombay, instead of following the coast 
to Muscat, and thence crossing to the Meckran coast, 
as in the case of the first Red Sea line. No doubt 
such a line would be a great improvement on our 
present means of communicating with India, even with 
the disadvantage of being dependent on the French 
lines, for we should have from Malta to Bombay at 
least a line under our administration, and on which— 
so long as no one section was broken—messages would 
pass at an average rate of three or four hours. But, 
holding to the principles we have set forth in our last, 
we maintain that it would be folly to construct such a 
line without at least two cables, laid tolerably far apart, 
and touching at at least three places between Suez 
and Aden, and two between Aden and Kooria Mooria, 
with a duplicate line between Malta and Alexandria. 
Without this it is quite certain that in a few years the 
cables will break, first in one place, interrupting the 
whole line, and then (as soon as that is repaired) in 
another, and thus the line will not be in working order 
throughout for six months out of the twelve, and thus 
the whole scheme will lead to disappointment ; whereas 
if there are two—or better, three—lines laid in short 
sections, the chance of the traffic being entirely 
stopped would be decreased in the proportion of the 
number of extra lines multiplied by the number of 
sections. 

The present single Persian Gulf and single Malta 
and Alexandria lines are examples of the disadvantage 
of single lines. On the former three sections, in 
splendid working order, are rendered useless by one 
being out of order. The cables between England and 
the Continent are frequently broken and under repair ; 
but as there are some eight or ten of these, the traffic 
is never stopped. The Atlantic cables being in dupli- 
cate is most fortunate, for the interruption caused by 
the two breaks that occurred (supposing that the cable 
that broke had been the only one laid) would have 








irritated the public, and made them lose confidence in 
such projects, to say nothing of the loss in receipts. 

To make the .* ee mary however, a scheme for 
a perfect English independent wy there can be 
no doubt that the proper route to ta is vid Fal- 
—_ and Gibraltar by means of duplicate or triplicate 
cables. 

Messrs. Siemens’s scheme consists of special wires 
through Prussia and Russia to Kertch, thence by sub- 
marine cable to Potti, and thence by land lines on 
through Tiflis to Teheran, where it will join the 
present telegraphs, which are worked by the English 
Government for the Persians. Concessions have been 
obtained which will place the whole line from London 
to Teheran under one administration. From Teheran 
the Persian lines would be used to Bushire; but these, 
as soon as the time has expired for which the English 
Government have undertaken to work them, would 
probably be worked by Messrs. Siemens’s company, 
and we should thus get one administration as far as 
Bushire. From thence the present Persian Gulf would 
be employed; so that the scheme cannot be said to 
embrace a complete duplicate line to India, but onl 
as far as the shores of the Persian Gulf. The English 
Government are about, however, to construct a land 
line from Gwadur to Bunder Abbas (on the Persian 
Gulf), and from thence on to Ispahan to join the 
Persian lines. This will, we understand, ultimately 
be worked by Messrs. Siemens, and we shall thus have 
a completely separate and duplicate line from England 
to India under one administration. 

It is proposed to form an English company to buy 
up the concessions and construct the Russian and 
Persian lines, the lines through Prussia being con- 
structed by the Prussian Government. The English 
company would then work the whole system, and as 
Messrs. Siemens would no doubt be the moving 
spirits in the whole work, we have no doubt that all 
the mechanical and electrical arrangements would be 
excellent, whilst having English clerks and super- 
intendents under one authority along the whole line 
would no doubt enable errors and delays to be easily 
traced, and the persons in fault to be punished. More- 
over, the public would be able to contract with the 
company to send their messages safely and correctly 
between England and India, and we hope they would 
be able to obtain full and prompt redress in cases of 
failure in the fulfilment of such a contract. The wires 
to be used are, we understand, to be of No. 3 guage, 
and Messrs. Siemens anticipate speaking by relays 
direct to Teheran, without any intermediate trans- 
mission by hand. 

There is no reason, in our opinion, why both Messrs. 
Siemens and the Anglo-Indian project should not have 
support ; for we believe that there is ample demand 
for efficient telegraphic communication with the East 
to keep both lines in constant work ; but it must be 
reliable and efficient. The Messrs. Siemens’s line may be 
considered as a German-Russo-Persian line, and would 
among, be useful in the event of any rupture with 
‘rance or Turkey. The Anglo-Indian, vi¢7 Falmouth 
and Gibraltar, would be independent of all foreign 
countries but Egypt, whilst it would join Gibraltar, 
Malta, Perim, and Aden with England without passing 
through any European territory. It would be, in fact, 
as its name icalien, purely <Anglo-Indian. Whilst 
having, therefore, all the advantages of the Siemens 
line as regards unity of management throughout, it is 
certainly, in a political sense, of far more importance 
to the State, and, we believe, should be constructed 
in triplicate throughout, even if it should require an 
imperial guarantee on six millions. 

Vith two such lines to India, we might safely 
extend to Singapore, China, and Australia, with the 
certainty that the full value of these lines would be 
felt, which would not be the case at present, since the 
time that messages take between England and India 
renders the gain of, say, five or six days between Ran- 
goon and Singapore of little importance, as it only 
forms a fraction of the whole time that is often taken 
between India and England. Let the average time 
from Calcutta or Rangoon and London be six hours, 
and then a matter of five or six days more to Singapore 
becomes an obstacle to inter-communication, the re- 
moval of which is worth a considerable outlay. 

We believe the lines proposed to India will both, 
like the Atlantic cables, yield handsome dividends ; and 
indeed, when we look at the dividends which all sub- 
marine cables yield, it seems strange that there 
should have been any difficulty, even last year, im 
obtaining the full subscriptions for the Anglo-Indian 
Telegraph. : 

A map of the telegraphs to India, carefully com- « 
piled by Mr. Brashir, of the Indo-European Telegraph, 
is published by Mr. Wylde, Charing-cross. 
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ABYSSINIA. 

Wirn the accompanying sketch map of the route 
taken by the British army in Abyssinia, it may be as 
well shortly to recapitulate a few of the leading points 
regarding the nature of the country, and of the line of 
march towards the interior, in order to save, as far as 

ssible, reference to back numbers of ENGINEERING 
in order to understand the map. It will not be ne- 
cessary here to go into description of the minor places 
along the line of march, which have already been re- 
ferred to, and as much information regarding them 
has appeared in these pages as we were in a position 
to give. 
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pleasant for travelling. Up to the present time the 
one great want at Zoula has been an abundant supply 
of fresh water, but recent accounts state that the 
pioneers have struck upon a good fresh supply, ap- 
parently inexhaustible, which has been found at a depth 
of 50 ft. about one mile from the landing place. 
Koomayloo is situated in a fork of the mountain, 
upon the sides of which, at some distance up, are 
pitched the camps of the various regiments and detach- 
ments stationed there. In the valley, at the entrance 
to the pass, are the lines and animals of the transport 
train, where are also the wells upon which the water 
supply entirely depends, and which promise to meet 
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From Zoula, near the coast in Annesley Bay, to 
.oomayloo there are now two modes of conveyance, 
viz., by road and by rail. The country between these 
wo places consists of a sandy waste, with scarcely any 
other vegetation beyond stunted bauboot trees. The 
ust at times, when a sea breeze springs up, is in- 
tolerable, and as soon as the rains have fairly set-in 
this loose soil will most probably become almost im- 
passable for wheels by being converted into a thick 
pasty consistency. Near Koomayloo the soil is of a 
shingly nature, and therefore less dusty, and more 








all demands that may be made upon them. For some 
two miles and a half beyond Koomayloo, the road is 
good, and easily passable by carts. Beyond this, how- 
ever, and right on to Lower Sooroo, the track is rugged, 
and thickly studded with boulders of all sizes, over 
which wheeled conveyance would be difficult, if not 
impossible, before a little clearing has been effected. 
There is nothing, however, to interfere with the 
passage of baggage cattle. The clearance of this 
portion of the road has perhaps been somewhat 
neglected, owing to the eagerness of the sappers to 





operate upon the “ Devil’s Staircase,” and other places 
affording some scope for their engineering skill, many 
of which were to be found between Lower and Upper 
Sooroo. The road through the whole pass is now ex- 
ceedingly good, with, for the most part, a tolerably 
easy gradient; there are, however, so rp | bends and 
tnrns in the pass, that the prospect in front rarely 
exceeds a hundred yards or so. 

Sooroo is literally situated in a cleft of the rock, 
resemblirg a huge quarry. Round the sides are 
picketed owe and mules, and a few yards higher up 
the tents of the Beloochees. Undal Wells is one of 
the most favourite stations in the pass, although it is 
somewhat confined for space. These two last named 
stations are very similar in appearance, there being 
the same overhanging schist rocks, boulders of gneiss, 
veins of quartz, and almost the same absence of 
vegetation. Between Sooroo and Undal Wells there 
have been no great difficulties in road making; the 
work has for the most part consisted in throwing aside 
stones and a little levelling. Beyond Undal signs of 
vegetation appear. Raraguddy is the next depdt. 
Both these latter stations might, with a very little 
work, be made to defy the torrent in whose bed they 
are situated, and operations are now in progress to 
render them thus impregnable. The pass beyond 
Raraguddy is extremely beautiful, and studded with 
shrubs and trees. After leaving the pass and com- 
mencing the ascent of the Senafé ghaut, the traveller, 
for the first time since leaving Koomayloo, can turn 
round and enjoy a good look behind him. Ascending 
a zigzag road to the top of the ghaut an open plateau 
is reached, intersected by a broad and love road, 
leading up to the camp at Senafé. The plain upon 
which the encampment is formed is large, well sup- 
plied with water, the hills and crags on either side 
affording good stations for pickets. Extensive patches 
of cultivated land are to be seen on the road towards 
Attegerat, about five miles along which is Wild-goose 
plain, where the horses and mules of the artillery are 
picketed. A mile beyond this plain there is a bare 
hill, upon which a fair is held every Thursday. 

The appearance of Senafé is thus described by a 
correspondent of the Zimes of India : “It consists of 
“some twelve or fourteen beehive-shaped buildings, 
* about three times the size of the stom and of about 
“as many diminutive barns, the latter having stone in 
“ their composition. The whole are huddled together 
** at the base of a huge sandstone boulder, so as to be 
“hardly distinguishable therefrom. It may be re- 
“ marked that since the arrival of the force here, ‘ the 
“ villages of the plain’ have continued to extend their 
“ boundaries, and new lines spring up in the night 
* like mushrooms.” 

The road from Senafé to Goona-Goona, about ten 
miles, is easy enough, and has required comparatively 
little labour to be expended on it. General Phayre 
has been surveying the country beyond Attegerat, and 
is stated to have made rapid > ge in laying out the 
roads, the preparation of which will not be by any 
means difficult. Water and grass is abundant, and 
the country is generally level. It is expected that 
much greater difficulties will have to be encountered 
between Antalo and Magdala than are to be met with 
between Senafé and Antalo, though they will be by no 
means so great as those already successfully overcome 
in the Shoho country. Dr. Krapf, who is regarded as 
the best authority in the camp, is not of opinion that 
any great delay will be caused by the nature of the 
country; but, at the same time, steep and trying 
places will be met. By way of Lasta, the route is 
altogether impracticable; the King’s road must be 
followed, by way of Lake Ashangi, whence the road to 
Magdala is level enough. 








Coat IN THE Braziis.—There is at present only a single 
coal mine in working order at the Brazils, viz., that of Condista, 
which begins to furnish the coal required for the steamers of 
the Jacaby Company. It is England, however, which at 

resent furnishes the considerable quantity of coal consumed 
in Brazil for the imperial and merchant navy, gasworks, 
railways, and private industrial purposes. One of the great 
steam lines running to Southampton has a depdt on an 
island in the bay of Rio Janerio, at which the steamers of all 
the English, French, American, and Brazilian lines plying 
to the port supply their wants. Coal is one of the most con- 
siderable articles of importation in the Brazils, and this fact 
places Cardiff and Newcas:le in the first rank among the 
ports which maintain commercial relations with the capital 
of the Brazilian empire. 

Mapkras.—A movement is on foot in Madras for the erec- 
tion of a new school of art, the present building being con- 
sidered unworthy of the school, which is the best in India. 
The Governor-General has sanctioned a grant of two lakhs 
of rupees for the erection of a Senate House and Presidency 
College in Madras. 

Bankruptcy AnNvLLED.—The bankruptcy of Mr. John 
Dickson, res, Any ove of Neath, which was announced 
some time ago, been annulled, 
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. 7 ’ , the car, and the air again impinging on the belt will still 
a2 pte Ft pel OF GREAT urge the balloon in the same direction, and by a series of 
: ‘ : . these ascents and descents the balloon will be caused to 
A GENERAL meeting of the members of this Society took make progress in any required direction, by means of a 
place in the theatre of the Society of Arts, on the evening | number of such traverses, in a zigzag course through the 
of Thursday the 26th March. The Duke of Argyll, | air like vertical tacking. The means by which the author 
President, took the chair at 8 p.m., when the proceedings proposes to obtain these alternate ascents and descents, 
commenced with the reading of a paper by Mr. John | without the expenditure of either gas or ballast, is by in- 
Heath. 
On the Control of Balloons by Pressure. 
The plan proposed by the author was to encircle the 
sphere of the balloon by an exterior ring or belt of the same 
fabric stiffened by whalebone, and maintained at some 
Fic, I. 
7 a —_— 
a 
i per | > t 
h h h. 
= mx 
I ae Machinery for Descent without loss of Gas 
d a prior ntabots oe or 
x a One of eight lines of support. 
| 6 One of eight brake pulleys. 
F e Centre of converging lines. 
N i d@ Platform. 
e Shaft for screw slide. 
FS Screw slide for contracting lines. 
9 Rollers. 
h Platform brakes. 
b i Crank. 
j Horizontal wheel. 
k Section of circle above the car to which break pulleys are 
Ordinary position of Bett. attached. 
a The subere drial f Final issue of pressure on the platform. 
b The e c Arrows denote the points ag which pressure accumulates. 
¢ Its buffer. creasing or relieving the pressure of a stated weight at due 
d@ Internal direction of cone. intervals upon the bottom of the car, by means of a system 
f _ apex. lo of tho belt of cords and friction pulleys worked by a kind of windlass. 
Jpper circle of the belt. 
Lower » » ” Mr. Wenham: The whole success of this plan must de- 
A Its lines of support. , pend upon the force employed in obtaining an ascent or 
i Neck for filling, attached to the car. Sseaall teas bat f mast readin thas 1 canal ith 
j Lines connecting the circle of the car with base of cone. | ‘ oe jaye sr " ' ere , ty ont bat t 
¢ External circle and inner lines to support the cone. how any effect is to be obtained this way from an abutmen 
4 contained within the machine itself. We have no power 
a — the — re as - —_e ‘ — ara under such circumstances, that I am aware of, of destroying 
uring the ascent the lower loop of the belt is drawn | the force of gravity or creating it. Then the elaborately 
eccentrically close to the balloon, and the upper one thrown | constructed car shown, and its contained machinery, is sure 
out similarly in an opposite direction, it will set the whole | t) be broken up on reaching the ground in eyen a seven- 


belt in an inclined position relative to the axis of the 


| mile breeze. As Mr. Glaisher can inform us, if the grapnel 





balloon, and consequently the current of air caused by the | secures a hold the balloon is sometimes ripped open by the 
ascent rushing between the sides of the belt and balloon | wind from the base to the summit; and, on the contrary, 
| if the grapnel fails in its hold—to make a rude but compre- 
| hensive comparison—the car is subject to a rough treat- 
| ment similar to that of a tin kettle tied to a dog’s tail. 

| The next paper read was by Mr. Stephen Brown, 


FiG.2. 


| “Showing that for Sustaining a Body in the Air by Me- 
| ‘chanical Action more depends upon the Application of the 
| ‘“* Power than on its Actual Amount.” 


It is not creditable to the present age that the principles 
|employed in flying have not been elucidated. That it has 
| not yet been practically demonstrated how an animal pos- 
| sessing a heavy body—like a bird—is able to support itself 
| with such ease in so attenuated a medium as the atmo- 
| sphere, More especially is this felt when it is considered 
that the problem is of a mechanical kind, and that its solu- 

tion involves the most perfect system of locemgtion with 
which we are acquainted, For not only is it fund that-a 
| bird can fly faster than it can run; but what igsmore, it can 
| fly faster than the fleetest quadruped can jfup, notwith- 
| standing that the quadruped is specially adapted for moving 
| on the ground, and makes use of its four limbs for that pur- 
| pose, whilst the bird is not specially adapted for moving in 
| the air, and can therefore only use two of its limbs in doing 
so. Now, considering that muscular action is the common 

| source of power in both cases, it follows that the difference 
| in results must be ascribed to the merits of the respective 
| media—unless it be assumed that birds make use of more 
| muscular force in proportion to their weight than other 
The Belt in action. janimals. That they possess a greater amount of power is, 
Supposed to be in ascent. The upper circle being con- | I believe, quite true; but that they use it, or rather use it 
tracted on the starboard side, is thrown out on the larboard, | continuously, in flying is not possible, for the reasons which 
and, catching the air, carries the sphere in that direction. _| will be presently given. Indeed, I am inclined to think 
a Section of netting supporting the belt. that the average amount of force consumed in flying is not 

4 Section showing the termination of netting of the sphere. | greater than in walking, and certainly not greater than in 

* e Contracting lines of lower circle. running, for it can be continued for a longer time than 
d@ Contracting lines of upper circle. either. Most people still believe that a bird is buoyed up 
will cause the latter to rise in a path determined by the | in the atmosphere by air cells; although the merest tyro in 





air, any support derived from such a source can only count 
as “ the dust in the balance.” Others, with more correct 
views, while fully comprehending that the support is due to 
motion, yet insist that the force required to accomplish it is 
so great as to preclude all hopes of being able to do so by 
machinery. ‘This opinion may be correct, when confined to 
the principle upon which the screw has, as yet, been em- 
ployed as a sustainer, where the action has been continuous, 
which is not necessary for merely obtaining support in the 
air, but causes an immense waste of power. In natural flying 
the force is employed intermittently, and great economy is 
the result. For example, the wing of a bird, although 
moving at the rate of 60 ft. a second when exerting its useful 
action, may then only pass over a space of 1 ft., which it 
would do in the sixtieth part of a second, the remainder of 
the time being consumed in slower motion, in making re- 
turn strokes, and in a state of rest. Again, it is well known 
that a body falls, by the force of gravitation, 16 ft. in a 
second, and supposing it to weigh 1000 1b., this would re- 
present a force equal to 30 horses; but by reason of the 
motion being an accelerating one, the same body would only 
fall 1 ft. in the first quarter of a second, representing a 
power of less than 8 horses, and in the sixteenth part of a 
second the fall would be 3in., equal to 2 horses power, 
whilst in the sixty-fourth part of a second the fall would be 
less than the twentieth part of an inch, or at the rate of 
3 in. in a second, which represents only half a horse power, 
When, therefore, it is considered that the wings of insects 
vibrate more than a hundred times in a second, causing so 
many interruptions to the accelerating motion of gravita- 
tion or minute elevations, how astonishingly small appears 
the power for sustaining under such circumstances. Nor 
after all is it surprising, for in theory, at least, no power is 
required for support. It is for lifting, not sustaining, that 
force must be consumed. The velocity acquired by a body 
in falling from any height is sufficient to carry it back to 
the same elevation from where it fell, as seen in the pendu- 
lum of a clock, and still more to the purpose in the flight 
of a bird when making a swoop. I have not deemed it 
necessary to touch on the subject of propelling in the air, 
because it is precisely analogous to screw propulsion in the 
water, which is too well understood to need any discussion, 
and the same applies to steerage, which is dependent on it. 
But as regards the supposed great difficulty connected with 
artificial flying, namely,’the power required for sustaining, 
I have endeavour to show that this depends more on the 
application than on the actual amount ; and should this view 
of the matter (corroborated as it is by the valuable contri- 
butions of Messrs. Wenham, Smyth, and Artingstall) be 
deemed correct, the prospect before us will be indeed cheer- 
ing, for it cannot but be believed that, with the immense 
engineering resources now at our command, means will be 
found to apply force in any manner that may be required, 
and thus by machinery we may soon achieve the same 
locomotive triumphs in the air as have already been ob- 
tained on the water and on the land. 





The Duke of Argyll: I entirely agree with the principle 
just laid down, that there is much more to be done in study- 
ing the application of power than in increasing the quantity ; 
but I think Mr. Brown is rather too sanguine as to the pos- 
sibility of obtaining a sufficiently light motive power in 
the present state of science. The steam engine at the pre- 
sent day represents the greatest force to be obtained as yet. 
It is, however, not only a very heavy, cumbrous, metallic 
body in itself, but it requires a large supply of water and 
fuel to enable it to do its work; these are additional heavy 
bodies, and the combined weight of the machine altogether 
precludes the hope that an engine can be so made as to raise 
or move itself in the air. Still, the absence of the lighter 
motive power required ought not to stop us from investi- 
gating the principle from which it is to be applied. Science 
one day will no doubt attain to this desired power, and I 
think that Mr. Wenham’s paper, in addition to this one just 
read, goes far to show the principle upon which the power 
may be applied. 

The following paper, contributed by Mr. A, Alexander, 
C.E., was read by Mr. Fred. W. Brearey, the Honorary 
Secretary : 

Power in Relation to Weight in Aérial Navigation. 

Among the comparatively few in number who believe in 
the ultimate accomplishment of aérial navigation—i.e. in the 
discovery of principles or invention of methods which will 
enable us not only to rise in the air, but to move at will 
therein from place to place—there is observable of late years 
a decided and, doubtless, a wise disposition to base calcula- 
tions and endeavours more and more strictly upon the pro- 
portions and constructive details observable in nature, upon 
the force, form, and arrangements, which in birds are 50 
combined as to solve this difficulty, but, as their flight seems 
to show, not wholly unpracticable problem. These dird 
proportions are, of course, chiefly interesting to those who 
look upon them as the prototypes of aérial machines, and 
who have little confidence in any advantage to be derived 
from the use of balloons, as such methods of acquiring 
buoyancy, involving as they do an immense displacement 
of air, will necessarily involve a large amount of power m 
propelling them against even a very feeble aérial current. 
It is very important, therefore, that the real source of 
bird flight should be fully understood and admitted, 
and that the most important data connected with the 
wing apparatus should be determined. I observe that in 
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last, a writer on this very interesting subject criticises 
rather unfavourably the views of the Duke of Argyll and 
Mr. Glaisher, both members of this Society ; and it was the 
perusal of these remarks that chiefly induced me now to 
forward a few further notions on this subject. 

The writer above referred to does not approve the doc- 
trine that a proper relation between power and weight is all 
that is necessary to achieve aérial flight, and introduces, as 
chiefly explanatory of this fact, the theory of gas inflation 
in the hollow cells and vessels of the bird. This idea has 
been frequently stated, but, so far as I am aware, it is 
not supported by any facts which prove that it is more 
than an idea, 

We have yet to learn with what curious gas the cellular 
spaces ean be filled, possessing a levity which will afford 
any appreciable buoyancy. 

The word “ gas” seems to suggest some, magical sort of 
power in the minds of some, while in fact the total buoyancy 
derivable from the use of any gas, is measured simply by 
the difference between its weight and that of an equal bulk 
of air. The air channels of all warm-blooded animals are, 
we know, filled with gas, which is, of an average composi- 
tion, heavier than the surrounding air; but even if we 
could imagine that much absolutely vacuous space existed 
in the interior of the bird’s body—which would be more 
advantageous as regards buoyancy—than its occupation by 
any gas, however light, the elevating effect would always 
be of the most trifling amount in relation to that required 
for the bird’s support. If we take the whole displacement 
of a bird weighing 2 lb. at about jth of a cubic foot, as 
the weight of a cubic foot of air may be assumed at ordi- 
nary temperatures = 1} 0z., it is obvious that if we could 
conceive the whole outward.envelope of the bird’s form, 
enclosing an absolutely vacuous space when on the wing, 
the additional buoyancy thus obtained would only amount 
to 0.104 0z., or 0.3 per cent. (say 4rd of 1 per cent.) of 
the weight of bird. 

This is not only altogether inadequate, even could it be 
realized, but might be entirely removed without practically 
affecting any powers of flight; and, so far as we are aware, 
there remains no other source of the powers of aérial 
motion possessed by birds and insects than the amount of 
dynamic force in relation to their weight with which their 
muscular system is endowed. This appears to be the case 
in exactly the same sense as the power of motion of a steam 
vessel up a rapid current is due to the dynamic efficiency 
of the engines on board in relation to the midship section 
and displacement of the steamer. 

When the relation between them is sufficient, the steamer 
can, at the velocity depending upon that relation, success- 
fully pursue its upward and onward course, and until that 
relation becomes sufficient, all attempts at upward naviga- 
tion of the opposed current will be unavailing. As in the 
case of the supposed steamer, there are two directions in 
which a satisfactory relation between power and resistance 
can be established, either by increasing the power on board 
by improved machinery, while the mid-section and displace- 
ment of the vessel are retained unchanged, or by retaining 
the power constant, and reducing resistance by the employ- 
ment of more suitable materials, or improved methods of 
constructing the vessel. 

So we may suppose that the sufficient relation of power 
to weight for aérial navigation would be equally attained 
either by improved machinery, which could develop a 
greater power in relation to its weight than that in use, or 
by the application of improved methods of construction in 
the flying machine. 

As regards the latter method, it is to be feared that there 
is very little prospect of surpassing the lightness, com- 
bined with strength and efficiency, of the wing structure. 
But as this wing structure has to perform other functions 
than those of a mere propeller—as it is partly pervaded by 
muscular and nervous action—there is nothing to prevent 
a reasonable hope that an instrument considered merely as 
a propeller, may be constructed as light in relation to the 
power transmitted through it, as even the wing of several 
birds. The direction, however, in which most progress is 
possible, in establishing a satisfactory relation between force 
and weight, lies in the improvement of any present me- 
chanism for applying dynamic force—in reducing its weight 
and bulk, and increasing the tenacity of the several parts 
in relation to the power which can be developed. 

The events of the last thirty years—the great strides 
which have been made in the art of transport, both by sea 
and land in that period (accompanied as these have neces- 
sarily been by great advances in the very direction to which 
we now direct attention)—with the greatly increased effi- 
ciency of a given weight of motive-power mechanism— 
afford a very cheering hope that we are even now in the 
path which will ultimately lead, though, perhaps, by 
devious windings to the application of force, in a far more 
concentrated form than has yet been attained, 

In days not very long past, the great principles to be 
studied by those interested in land transport were those of 
Macadam. The well-appointed stage coach, the pride of 
each district through which it passed, delivered its pas- 
sengers and mails with something like planetary regularity, 
and seemed the very acme of what was possible in facili- 
tating intercourse and disseminating intelligence. 

In these days it might have been said, and it was said, 
that it was hopeless to attempt to surpass nature, and that 
it could hardly be imagined that man could ever build up 
any combination of mechanism to excel in results the 





wondrous organs already impressed into our service. Such 
was, in fact, a line of argument frequently pursued, and we all 
know that the expectations held out by those interested in 
steam transport were considered even by most competent 
and intelectual men as wholly chimerical. 

But the organ of living creatures owe much of their 
wondrous beauty and refined complexity to the performance 
of other functions, apart from those of mere motors ; and, in 
fact, we have, as is well known, in building machinery with 
only one function in view, greatly surpassed anything of 
the kind to be found in the works of nature. 

In the locomotive we have a machine which not only 
surpasses the race-horse in speed, but has a tenacity of per- 
sistence quite beyond those of fleshly muscles and sinews. 
It can keep up its speed for hours together, while the horse, 
when urged to his utmost, cannot maintain it for more than 
a few minutes. But the superiority of the machine, con- 
sidered merely as an instrument of transport, be it observed, 
is also very manifest when the ratio of weight to power is 
examined, and it is mainly on this account that attention is 
directed to the contrast, as affording a hope, by analogy, 
that the same satisfactory contrast may yet be extended to 
other fields of progress. 

The power which may be exerted by a first-class locomo- 
tive at express speed, is very frequently in excess of 300 
horse power—i.e., the pressure or tractive force applied to 
the train, combined with the speed of motion, are equiva- 
lent to the dynamic effect derivable from 300 horses—sup- 
posing these to work in the most favourable circumstances. 
As a horse at high rates of speed, such as these supposed, 
can exert no tractive power whatever, it is necessary to 
imagine an arrangement of mechanism by which the horses, 
when moving at a few miles per hour, can impart a rapid 
motion to the load. The weight of such a locomotive, 
supposing it to carry its own supply of fuel and water, will 
vary from 30 tons to 40 tons, while the weight of the horses, 
without taking into account the mechanism interposed be- 
tween them and the load, will not be less than 180 tons. If, 
then, we are already so greatly ahead of natural phenomenon 
in one direction, there is surely nothing unreasonable 
in hoping that we may ultimately rival at least such 
natural phenomena in one direction, there is surely nothing 
unreasonable in hoping that we may ultimately rival at 
least such natural phenomena in another direction, where 
the difficulties appear to be almost wholly mechanical. As 
regards the actual power developed by birds in flying, 
further discussion is still required, and it is much to be 
desired that the principles upon which this is determined 
should be settled and adopted. I have observed in some 
cases—but it is very seldom one meets with any calcula- 
tions on this subject—that the space through which the 
bird would fall during a given time, under the influence 
of gravity solely, is made the basis of calculation, this 
distance or a certain part of it depending on the velocity 
of wing stroke, a number of such per second being 
reckoned on the spaces through which the weight must 
be raised per stroke. The space passed through in a 
given time multiplied into the weight expresses the 
stored-up energy in consequence of the fall, and the 
mechanical power or units of work required to project 
the body from a state of rest to the height fallen. It 
would appear, therefore, but natural that the pulse of the 
wings at each stroke should produce a dynamical effect 
corresponding to that represented by the fall of the bird 
in the same time through the height due to the time of 
stroke. But when we take the time of stroke in large 
and slow-winged birds, the power required to be developed 
on this principle of calculation, in consequence of the 
great fall corresponding to each vibration of wing, be- 
comes very great, and it seems obvious that the beat of wing 
upon so yielding a medium as air does not afford a 
means of storing up a supply of power corresponding to the 
energy ofa heavy body which has fallen through a con- 
siderable space. An approximation, to what appears to 
be nearer the current power, is obtained in the cases where 
the number of wing strokes is great in a given time, which 
leads us to the notion that the power must be supposed as 
applied constantly, and not be consecutive efforts, and that 
the terms upon which it depends are the weight of the bird 
multiplied by the space passed over in a given time by the 
centre of pressure of wing. We do not require to consider, 
whether or no, as to what extent the upper stroke con- 
tributes to the buoyancy of the bird. It will not be dis- 
puted that if not contributing much to buoyancy it is very 
effective in propulsion, and hence, in doing work which is 
equivalent in some ratio not yet ascertained, we have to 
deal with the bird, in fact, as we should do with one hypo- 
thetical steamer, mentioned previously, supposing it were 
engaged in stemming a current. If just stationary the 
force of the downward current on the hull being balanced 
by the reaction of the propeller, if the force of the current 
on the hull were known, this force multiplied by the velocity 
of the propeller would represent the dynamic force in 
action. 

In like manner, as we know that the force to be balanced 
in the case of the bird must at least amount to its weight, 
this weight multiplied by the space passed over by the 
centre of pressure of wing surface will represent the power 
requisite to be applied to the medium of buoyancy and pro- 
pulsion. As regards the power actually required in any 
source of power applied, we have also to bear in mind that 
none of our prime movers give out, or apply to the 
mechanism on which they act, the amount of power due to 








the energies of the agencies of which they are the mere 
instruments, a certain amount being absorbed in friction 
and mechanical imperfections. The amount of power 
applied to a shaft by a steam engine, for example, can 
never amount to that recorded by ‘the indicator in the 
cylinder, and yet as comparative statements of the power 
of such engines are universally based on these indieator dia- 
grams, or records, it is necessary when referring.to them 
to allow for a certain absorption of the power between the 
cylinder and its point of application. It is not likely that 
we can ever compete here, either ‘with the direct action of 
the muscular system in the wing, which is, probably, 
transmitted with very little loss; but, if we suppose any- 
thing in the nature of a steam engine applied, it will not be 
safe to reckon upon a loss of less than 16 per cent. in 
transmission, and hence the necessary weight per horse 
power obtained at first must be still further reduced 
in the ratio of 85 to 100. As an example—which is 
produced, however, not with a view of giving absolute 
results, but merely of exhibiting the method proposed— 
suppose a pigeon weighing 2 lb. makes 180 completed 
strokes per minute, the centre of pressure of wings moving 
9 in., or her complete stroke 1 ft. Gin., then 1.5 ft. x 180 
strokes=270 ft. x 270 x weight of bird, or 2 lb. =540 ft. Ib. 
This, in a minute, is 0.0163 horse power, and hence, if the 
proportion is to be maintained, 1 horse power must not 
weigh more than 1221b. This power, however, is that 
measured at the propeller, and as explained above, the 
weight in relation to the power exhibited in the cylinder, 
supposing a steam engine or any similar motor employed, 
must not exceed 122 x 85,—=103.7 1b. Some calculations 
of this kind, made several years ago, led me to the conclu- 
sion that a relation of power to weight approximately given 
by the above figures, would suffice for the requirements of 
the aérial machine, The conditions did not appear to be at 
all the same with different classes of birds, or even with the 
same bird at different times. With the few I examined, 
which were only the ordinary pigeon crow and wild duck, 
the results seem to indicate a necessity for a motor with 
all accessories not exceeding from 80 to 150 1b. in weight 
per horse power. On the whole, 1 arrived at the conclusion 
that with a power of 1 horse power for every 112 1b. weight, 
aérial navigation in the true and comprehensive sense ought 
to be possible. Now, it is to be remarked that in some of 
the most advanced cases, as in steam fire engines, 1 horse 
power in the cylinder has been obtained from 112 Ib. weight ; 
but it must be remembered that this is the weight of the 
lightest form of engine yet coustructed, with a pump and 
wheels for transport certainly, but with no supply of water, 
no weight of passengers or parcel, no car for their convey- 
ance, no propelling apparatus or mechanism connected there- 
with, while in the weight suggested, it is obvious, must 
be included the total weight of everything to be elevated. 
While, therefore, further progress appears to be necessary, 
there does net seem to be any insuperable difficulty in ad- 
vancing so far that even the steam engine may be able to 
supply the power required. 

It would be extremely difficult to arrive, in the present 
state of our knowledge, at any absolute statement, for it 
must be remembered also, as some former cxperiments 
showed me, that birds generally are not fully loaded, but 
can rise, though with difficulty, even when weighted to an ex- 
tent equal to their own weight. This is also an encouraging 
circumstance, for, while it is obvious that such a margin of 
power is necessary with sentient mechanism, in which exer- 
tion at full power leads to speedy fatigue and cessation of 
efforts, such a margin is not required with inert mechanism 
which continues indifferent to mechanism, so long as all 
elements of the energy it transmits (ic., fuel and water in 
the case of the steam engine) are regularly supplied. And 
this principle, if adopted, would of course lead to the con- 
clusion that a yet heavier machine than we have supposed 
would be sufficient. 

There are certainly several elements connected with aérial 
flight which appear anomalous. The resistance of the air 
at the speed of wing observed, estimating by established 
rules, does not suffice for the reaction apparently necessary ; 
but I am inclined to think that this may be at least partly 
explained by the fact, that, so far as I am aware, no experi- 
ments have been made to establish the resistance of recipro~ 
cating surfaces, which it will probably be found are much 
greater than in the case of uniform motion in one direction. 

The efficacy of a narrow blade of propeller, which is 
in favour of reduction of weight, has been illustrated in 
marine practice, not only by the fact that better results are 
obtained when only a small portion of the screw, or spiral, 
is used than with the fully developed thread, but also by 
the shape of blade found to give the best results. It was 
the custom, and still is, in some quarters, I observe, in the 
French marine, to preserve a very much larger amount of 
surface of blade at the periphery than near the centre. It 
is, in reality, found that the best results are obtained froma 
totally contrary arrangement, by reducing the surface, 
or tapering the blade, as we recede from the centre; and 
this is, in fact, the shape of the Griffith screw blades, now 
almost universally adopted in the Royal Navy and the 
chief mail packet companies. The width of blade necessary 
is, in fact, smaller as its velocity increases, and it appears 
obvious that when the blade is just sufficiently wide to im- 
part backward motion to the particles of the medium in which 
it works any further development of it can only be injurious, 
There is also less development of blade necessary in a 
light than in a heavy medium, and hence even a much less 
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proportion of breadth for all oblique propellers seems suitable 
in air as compared with water; and if we could suppose the 
density much diminished, as at great heights the most 
effective breadths would probably resemble (especially for 
high speed) more lines. 

The object of the present communication is not to dogma- 
tise on any point whatever, but to elicit opinion and to 
direct attention (with a view of really determining valuable 
data) to the importance of adding to the records of the 
society all information possible regarding the performances 
and actual structure and proportion of birds. It is to be 
hoped that some models, or perhaps machines, on a larger 
scale, may be shown at the approaching exhibition of the 
society. Should there be any of the latter description 
they should be tested on a weighing machine, so that 
their actual elevating power may be noted, even though it 
fall far short of what is required for ascent. By experi- 
ments at different velocities, even with ani mperfect ma- 
chine, valuable information might be obtained as to the 
law of buoyancy connected with the peculiar propeller 
used. All such models or machines should be considered 
and examined in a spirit of genial and cordial criticism, for 
the thanks of all promoters of human progress are due to 
those who give such evidence of labour in the “ uphill” 
field of effort. 

(To be continued.) 


THE WORLD'S IRON AND STEEL. 

A rerort of great interest has been made to the 
American Secretary of State (Mr. Seward) by Mr. 
Abram 8. Hewitt, United States Commissioner to the 
Paris Exhibition. This report, which, but for its 
great length we would have reprinted in full, relates 
to the iron and steel exhibited, and to the relative 
power of production of iron by the nations of Europe 
and America. Mr. Hewitt is himself a large iron 
master, and he is also an able writer, and we have 
reason to know that during his six months’ investiga- 
tion, both in France and England, of the questions 
dealt with in his report, he not only displayed great 
industry, but a sound and practical, and withal philo- 
sophical, spirit of inquiry. 

The consumption of iron, throughout the world, 
now amounts to 9,500,000 tons yearly, and taking the 
total population of the world as one thousand mil- 
lions, this is equal to 201b. per head. In England 
the rate of consumption, after allowing for iron ex- 
ported abroad, is, according to Mr. Hewitt, 189 lb. 
er head yearly, Belgium nearly the same, in France 
Pat 69}1b., while in the States it is not far from 
1001lb. Were the industry of the whole world de- 
veloped to the same extent as our own, the consump- 
tion of iron would be 9} times what it now is, or, say, 
90,000,000 tons yearly, or if even France be taken as 
the standard, 30,000,000 tons would be required. Mr. 
Hewitt carefully considers the reasons which lead him 
to the conclusion that, 

So far as the production of iron is concerned, and so long, 
at least, as any human being now in existence may have 
an interest in the question, I see no good reason to doubt 
why England should not maintain her position, as the 
source from which one-half the required amount will be 
obtained ; but beyond this I do not think she can or will 
go, from the intrinsic difficulties of producing the required 
supply of materials and labour, without an enormous in- 
crease of cost. There will, therefore, remain a very large 
deficiency which must be supplied from some other source, 
and that source can only be the United States of America, 
for in no other quarter of the globe are the supplies of ore 
and coal sufficiently large, or so related to each other geo- 
graphically as to admit of its production, not merely 
within reasonable limits of costs, but on any terms what- 
ever. 

In natural resources the States possess all that is 
required for an almost infinite production of iron. 
Only cheap labour is wanting. What these resources 
are may be best stated in Mr. Hewitt’s own words : 

The position of the coal measures of the United States 
suggests the idea of a gigantic bow] filled with treasure, the 
outer rim of which skirts along the Atlantic to the Gulf of 
Mexico, and thence, returning by the plains which lie at 
the eastern base of the Rocky Mountains, passes by the 
great lakes to the place of beginning, on the borders of 
Pennsylvania and New York. The mm of this basin is 
filled with exhaustless stores of iron ore of every variety 
and the best quality. In seeking the natural channels of 
water communication, whether on the north, east, south, or 
west, the coal must cut this metalliferous rim, and, in its 
turn, the iron ores may be carried back to the coal, to be 
used in conjunction with the carboniferous ores, which are 
quite as abundant in the United States as they are in Eng- 
land, but hitherto have been left unwrought, in consequence 
of the cheaper rate of procuring the richer ores from the 
rim of the basin. Along the Atlantic slope, in the high- 


land range from the borders of the Hudson river to the 
State of Georgia, a distance of one thousand miles, is found 
the great magnetic range, traversing seven entire States in 
length and course. Parallel with this, in the great lime- 
stone valley which lies along the margin of the coalfield, are 





the brown hematites, in such quantities at some points, 
especially in Virginia, Tennessee, and Alabama, as fairly 
to stagger the imagination. And, finally, in the coal 
basin is a stratum of red fossiliferous ore, beginning in 
comparatively thin seam in the State of New York, 
and terminating in the State of Alabama, in a bed of 
15 ft. in thickness, over which the horseman may ride for 
more than one hundred miles. Beneath this bed, but still 
above water level, are to be found the coal seams, exposed 
upon mountain sides, whose flanks are covered with magni- 
ficent timber, available either for mining purposes or the 
manufacture of charcoal iron. Passing westward, in 
Arkansas and Missouri, is reached that wonderful range of 
red oxide of iron, which in mountains rising hundreds of 
feet above the surface, or in beds beneath the soil, culmi- 
nates at Lake Superior in deposits of ore which excites the 
wonder of all beholders; and, returning thence to the 
Atlantic slope, in the Adirondacks of New York, is a vast 
undeveloped region, watered by rivers whose beds are of 
iron, and traversed by mountains whose foundations are 
laid upon the same material, and in and among the coal beds 
themselves are found scattered deposits of hematite and 
fossiliferous ores, which, by their proximity to the coal, have 
inaugurated the iron industry of ourday. Upon these vast 
treasures the world may draw its supplies for centuries to 
come, and with these the inquirer may rest contented, with- 
out further question, for all the coal of the rest of the 
world might be deposited within this iron rim, and its 
square mifes would not occupy one quarter of the coal area 
of the United States. 

But it is likely to be a long time before the price of 
labour in the States can be reduced to a point to com- 
pete with English iron even in American markets, ex- 
cept a heavy import duty be levied against us. Mr. 
Hewitt admits all this. 

American iron cannot possibly be delivered in New York 
at a less cost than 60 dols. in gold, against 40 dols. in gold 
for the foreign article, and the entire difference consists in 
the higher wages, and not larger quantity of labour re- 
quired for its production in the United States, where the 
physical, mental, and moral condition of the working 
classes occupy a totally different standard from their 
European confréres, and where the wages cannot be reduced 
without violating our sense of the just demands of human 
nature. 

Although we must send our iron 3000 miles or 
more to reach New York, the total freight from Wales, 
or even Staffordshire, is actually less than that from 
the principal iron producing districts of America to 
the principal points of consumption in that country. 
It costs more to take a ton of iron to New York from 
where it is made at Pheenixville, or Allentown, or 
Scranton, say from 125 to 160 miles, than from Dow- 
lais, or even from Dudley. 

We turn from the consideration of American com- 
petition, which has hardly ever been thought of 
amongst ourselves, to Mr. Hewitt’s views of Con- 
tinental competition. He expresses his surprise that 
any alarm has been felt here upon this point, and 
shows clearly how groundless this alarm has been. 
France, even with her unusually cheap labour, levies 
an import duty of 60 francs, or 2/. 8s. per ton on 
foreign iron, and only carries on her own manufacture 
by an importation of 7,000,000 tons of coal yearly, 
while considerable quantities of ore are also brought 
from abroad. Says Mr. Hewitt : 

Independently of the tariff, which admits of a consider- 
able importation of iron into France, it would not be 
possible for the iron business to be continued on any con- 
siderable scale, for the reason, as will be seen, that the 
wages are already at the lowest possible point consistent 
with the maintenance of human life in a condition fit for 
labour, the average earnings of all the workmen, skilled 
and unskilled, employed in an iron works, being at the rate 
of 3.45 francs per day, or about 2s, 9d., the great mass, 
however, of common labour receiving less than 2s. 

The average price of merchant bar iron at the 
works is : 


zs. 
In England eee ove 6 10 per ton. 
In France... ae . 8 0 y 
In Belgium oa ove 7 © «© 


Mr. Hewitt does not point out the reasons why 
French manufacturers sometimes cut us out in orders 
for foreign work. At Creusot the blast furnaces, 
forges, rolling mills, and engine works belong to a 
single proprietary. There is but little inter-handling 
of iron, and but a single and moderate profit on the 
whole works is expected. It is widely believed, too, 
that M. Schneider, the president of the Corps Législatif, 
is greatly assisted in his business by an imperial per- 
sonage. 

As for Belgium, the coal field of that country is 
97 miles long and 12 miles wide at the widest part, 
and the seams are 2}ft. to 3ft. only in thickness. 
Ore, too, is already imported. As Mr. Hewitt ob- 
serves, “ Belgium has no resources adequate for serious 
“ competition for the supply of the greatly increased 





“ quantities of iron which the world will yet require.” 
Prussia, although possessing a considerabie iron manu- 
facture, and having a fair amount of coal, and an 
abundance of excellent ores, cannot in the future much 
more than supply her own wants. Sweden, Russia, 
Austria, Italy, Spain, and other European nations have 
little or no mineral fuel, and they can never be com- 
petitors with ourselves in the manufacture of the brands 
of iron in common use. Says Mr. Hewitt: 

England, having the largest and most accessible stores 
of coal and iron ore, can produce a ton of iron with less 
labour than any other European nation. In the Cleveland 
region, which is most favourably situated for the cheap 
production of iron, the cost of producing a ton of pig iron is 
about 40s., which, at the average rate of wages paid 
around the blast furnace, is equivalent to 11 days’ labour 
—that is to say, the labour of 11 men for one day. It is 
possible that in one or two works this may be reduced to 10 
days, but in others it rises to 12 or 13. In the United 
States, the cheapest region for the manufacture of pig iron, 
as yet extensively developed, is on the Lehigh River in the 
State of Pennsylvania, where, taking coal and ore at their 
actual cost of mining, pig iron is produced at an average 
cost of 24 dols. per ton, which represents, at the present 
rate of wages, the labour of about 13 days. But when the 
iron business is established along the great valley which ex- 
tends from Virginia to Alabama, the labour of bringing 
the coal and ore together will be considerably less than on 
the Lehigh River, and it is safe to say that there iron can 
be made in any required quantity, when the avenues of 
communication are sufficiently opened, with as little labour, 
to say the least, as it can be produced in the Cleveland 
region. In France, Belgium, and Prussia, each now re- 
quiring a larger expenditure of human labour to produce a 
ton of iron than is required in England, there are no such 
possibilities of reduction, because every year their ore is 
becoming more expensive, and the cost of mining coal will 
increase more rapidly than in England, in consequence of 
the size and character of the veins. Hence follows the de- 
duction that if France, Belgium, and Germany are to com- 
pete with England in the open markets of the world, the 
competition can only be maintained by the payment to 
labour of a lower rate of wages; or, to state it in another 
form, the greater the natural advantages possessed by a 
country for the production of iron, the larger will be the 
rate of wages paid to the workmen ; and this is found to 
be verified by existing facts. 

Mr. Hewitt, having thus stated facts which most 
Englishmen will be glad to recognise, diverges into 
other matters, partaking largely of “social science.” 
Mr. Hewitt, like most of us, has his weak side, and 
his weakness consists in the want of a common know- 
ledge of political economy. He is, indeed, a “ humani- 
tarian,” and such ideas as these are scattered plentifully 
throughout his report : 

The actual remedy for this over-production (in England) 
would be to withdraw the women and children, as we do, 
from this class of industry, whereby the production must 
be reduced, the rate of wages raised, the cost and the 
selling price increased, capital become remunerative, and 
the ability to procure iron, made cheap by its adulteration 
with the violated laws of humanity, be for ever extin- 
guished. 

Mr. Hewitt proposes that we shall increase the rate 
of wages, restrict or prohibit the exportation of our 
coal, and do other things which would cripple our 
industry, and enable not only the French and Belgians, 
but even the Americans to compete with us. Into 
these questions we need not follow him; but it is 
satisfactory to find so well-informed an iron master 
rightly estimating our advantages, so frankly and 
ably conceding our superiority in the race of English 
industry with foreign competition. 








CROSSING OF THE HOOGHLY. 

Tae Committee appointed to report on the con- 
struction of the Hooghly Bridge aud the junction of 
the East Indian and Eastern Bengal Railways at 
Sealdah, have, with the exception of Mr. Prestage, 
adopted the view of Government, that the work should 
be undertaken by a new company, in which both 
railways are represented. The arrangements for the pro- 
osed changing station at Rishra, below Serampore, 
om accordingly been arrested, after considerable 
expenditure. ‘The works on the Chord Line above 
Raneegunge still go on too slowly, but it is to be 
hoped that Mr. Rendel’s visit will result in more pro- 
ress. There is to be a large i station at 
Yoonea, near Raneegunge. The Mutlah Railway has 
now been surrendered to Government by the share- 
holders, who have received back their capital in full. 
The line has thus become the property of Government, 
and it remains to ‘be seen what they will do with a 
railway which has hitherto proved not only unremu- 
nerative, but which has not even paid its working 
expenses. 














Apri 3, 1868.] 


ENGINEERING. 





321 





A MONITOR FOR COAST AND HARBOUR DE- 
FENCE AND ON SUBMARINE ARTILLERY.* 
By Jamzs A. LoNGRIDGE, Esq., Associate. 


Ti question of harbour defences is one which, like many 
other practical questions, does not admit of a general solution. 
The circumstances are so varying that a mode of defence 
suited to one locality would be unsuitable for another, and 
it is therefore not ae that from time to time con- 
troversies have arisen between the advocates of the various 
systems, such as fixed forts, floating batteries, torpedoes, and 
other proposed methods. Into this controversy I have no in- 
tention to enter, for I am convinced that each system has its 
own merits and its own defects, and that the seleetion of one 
or more systems, their application and combination, can only 
be properly decided on after a careful consideration of the 
special circumstances under which the application has to be 

de. . : 
There can, however, be no doubt that wrought iron will 
henceforth play a very important part in defensive structures, 
whether on land or afloat, and the extensive experiments 
which within the last few years have been made have 
afforded data from which the engineer can pretty accurately 
determine the nature of the structure requisite to resist any 
assumed power of attack. Thus it is known that a projectile 
of proper material will pierce an iron plate when its accumu- 
lated work, or one-half its vis viva, is equal to about 1.4 foot 
tons multiplied by the square of the thickness of the plate in 
inches for each inch of the circumference of the projectile. 

The effects of various kinds of backing has also been ascer- 
tained, and making use of such data the engineer can design, 
with some confidence, the protection requisite to resist any 

iven attack. 
ss The increasing power of modern artillery has called for in- 
creased thickness in armour plating, and whilst a few years 
ago a 44 in. plate was justly considered a marvel of skill, we 
have now arrived at the manufacture of plates of excellent 
quality of no less than 16 in. in thickness. eee 

But the power of artillery is still, I believe, in its infancy, 
and I am satisfied that we are very far from having attained 
its limit, and that guns will be produced which will pierce the 
165 in. plates as easily as the guns of the present day the 
plates of three or four years ago. | } 

Land defences seem to have this advantage, that there is 
no limit to the thickness of iron plating, whilst with ships 
the enormous size which would be required to carry plates of 
such thickness must soon bring their construction, according 
to the present type, toa practical limit. __ 

But the question is worthy of consideration, whether by a 
modified system of construction we may not give a greatly 
increased power both of attack and resistance to ships of 
war. This has been carried out in one direction by the Ameri- 
can monitor system, and in another b —— Coles’s turret 
system ‘of construction. Both of them have been so fully 
discussed that I will not waste the time of this meeting by 
offering any remarks on either, but will at once proceed to 
offer for consideration a design which appears to me to 
possess considerable advantage. on : 

This design is based upon two principles, the first being 
that of oblique surfaces opposed to the shot for defence, the 
second that of submarine artillery for attack. 

Before proceeding further, allow me distinctly to disclaim 
any credit for the invention of these principles. I desire 
om to lay before the Institution what I think to be practical 
methods of their application, and having done so, leave their 
methods to the consideration of those whose ee ex- 
perience renders them always the fit judges of such questions. 

It has already been remarked that in direct impact a plate 
will be pierced when half the vis viva of the projectile is 
equal to 1.4 foot tons multiplied by the circumference of 
the shot, and by the square of the thickness of the plates, 
both in inches; but in oblique firing, so far as experience yet 
goes, it confirms the law which would be given by showing 
that instead of the thickness we must use the thickness 
divided by the sine of the angle of impact. The formula 
thus becoming 

o W wd t? 
29 sin? ( 

It is obvious, therefore, that by so arranging the armour 
plating that the angle, §, at which the shot strikes shall be 
small, a very great resisting power may be given to a plate 
of moderate thickness. 

This is what is attempted in the designs represented in 
Diagrams land 2. The first is the design of a monitor for 
harbour defence, of the following dimensions : 


=14 





ft. in. 

Length between perpendiculars 180 0 
Breadth, extreme = ove 32 0 
Depth, moulded ... ove ooo 16 6 
* between girders ll 9 
Draught of water ee ove 14 0 
Tonnage, B.M. 875 0 
Horse power nominal ° 320 0 


Fig. 1 represents the general elevation. 


Fig. 2 a sheer draught. 

Fig. 3 1 transverse sections. 

Fig. 4 ‘6 section at midships, and on the line of 
the starboard gun. 

Fig. 5 - longitudinal section of bow and sub- 


‘ marine gun. 

From the arrangement of the armour plating it may be 
seen that at or above the water line it could only be struck 
at an oblique angle, even supposing that the line of fire was 
at right angles to the line of keel. 

If the maximum angle of depression of an antagonist were 
15°, the projectile stziking at the water line would strike at 
an angle of 60°, and the plating at that part being 10in. 


thick, the equivalent thickness would be—-S_ =about 11 fin. 
sin 
But, in point of fact, such a vessel should never be ex- 
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posed to such a fire. Being provided with twin screws, or 
with hydraulic propeller for steering, the vessel would — 
be kept head on to his opponent, so that the fire would 
received nearly in the line of keel. This being so it will be 
seen from Fig. 5 that, with an angle of depression on the 
part of the attack of 15°, the angle of impact would not ex- 
ceed 36° at the water line, so that the equivalent thickness of 
10 : 
=17 in. 

plate would be—— 36° 17 
This is a thickness which no gun that is likely to be 
carried afloat, and which could be depressed to 15°, could 
pierce, and therefore the object of the monitor would be to 

o straight into close quarters, in fact, not to fire a gun till 
oe bow was in contact with the hull of the enemy. At the 
moment of contact she would fire her bow gun, which places 
an elongated 9-in. shell into her opponent at a depth of 10 ft. 
below the water line, and consequently beneath her armour 
plating. Having done this she would, by means of her twin 
screws or hydraulic propellers, pivot round and fire her broad- 
side guns also at the same depth below the water line. 

She might then drop astern, and ranging up on the other 
side of her opponent, deliver the other broadside, which would 
probably be quite sufficient to decide the contest. 

There can, I think, be no doubt as to the result of such a 
conflict, if the monitor can get alongside. The question then 
is, can she do so with impunity to herself? What is to 
prevent her? In the first place she is impenetrable to the 
fire of her adversary; then she has far superior steering 
powers, and could at all times keep one end in position ; then 
again, she would have great speed, because not being a sea- 
going vessel, she could carry fuel enough to supply enormously 
powerful engines for the short time she would require to be 
under steam. 

It may be said that the attacking vessel would ram the 
monitor. No doubt she would if she could catch her, but it 
seems to me quite impossible that a = 4 vessel with far 
inferior maneuvring powers could do so. sides, the enemy 
would not have one, but three or four, of such small opponents 
to deal with, and it seems to me impossible that she could 
escape. 

Her only safety would be in running away, if she had 
superior speed, and this is exactly what is required in harbour 
Schnee. 

In the drawings apne Sie my this paper, a light upper 
deck and deck houses are shown, as also an inclined curving 
shield. When the object was simply harbour defence, as for 
instance, at Spithead, or for the ren I would abandon 
them, and the funnel might also be abolished in favour of 
horizontal apertures, voiding the products of combustion at 
the stern under the quarters, the draft and ventilation being 
provided by fans. 

Diagram 2 represents the same system applied to a sea- 
going vessel, carrying, besides five submarine guns, two 
turrets and deck accommodation for the crew. 

This vessel would have the following dimensions : 

ft. 





in. 
Length between perpendicular ... 240 0 
Breadth extreme «.. eee ose 40 0 
Depth ... ose eve eee eco 30 0 
Do. between girders ... ore ove 22 6 
Draught of water ... . ese 23 0 
Tonnage B. M. eve eee «- 1838 0 
Horse power nominal ° 0 


° «» 700 
The construction of the one and the system of working 
them may be thus described : 

Diagram 6 represents a sectional elevation of the gun and 
its application to the stern of a vessel. 

The gun has no trunnions, properly so called, but is 
mounted on four wheels, which run as a railway laid in the 
line of keel for the bow gun, and at right angles for the 
broadside guns. There are proper compressers for regulating 
the recoil. 

The muzzle of the gun passes through a valve chest, A, 
fixed to the stern or side of the vessel. This chest contains 
a slide valve, B, the rod of which passes through a stuffing 


The outside of the valve chest carries a circular face, which 
is faced truly to fit the surfaces of the dise, a cup, E, which 
is fixed to the gun. 

Thus, when the gun is run out, as shown in the diagram, 
there is a circular air chamber, F F, between the air chest 
and the disc. 

A pipe, G, fitted with a stop cock or valve, H, communi- 
cates between the space, F F, and another chamber in which 
a vacuum is kept up by the engines of the vessel, or a small 
donkey engine. 

As soon as the gun is run out and the surfaces of the disc, 
C, and the valve chest are in contact, the valve, H, is open, 
and a partial vacuum formed in F, and also in the chase of 
the gun which communicates with the space, F, by holes at 
I. The gunis thus held firmly to its place without any lash- 
ings. Instead, however, of this iar a breech strap 
with breaking bolts might be applied. 

As soon as the gun is loaded, a dise of thin wrought iron, 
J, with an india-rubber ring, is placed in a recess in the 
muzzle. The gun is then run out, the valve, B, having been 
raised, and the cock or valve, H, opened, and the vacuum 
established in the inside of the gun and the space, F, whereby 
the gun is held fast with a force proportional to the extent of 
vacuum and the area of the disc, E. 

Immediately before firing, the valve H, is shut; but, as 
soon as the gun is fired, the gases which pass by the windage 
enter the space, F F, and destroy the vacuum, and the gun 
is free to recoil, which it does. As soon asthe muzzle passes 
B, the valve drops and prevents any water entering the 
—— The gun is then reloaded and run out ready for firing 
as before. 








BieMiInenaM AND Beteium.—Although Birmingham is 
the great centre of the English chandelier trade, the chande- 
liers of the Great Western Hotel in that town, some of them 
of unusual size, have been procured from Belgium. 





ON LIQUID FUEL.* 
By Carprarix J. H. Setwyn, R.N. 


THE subject of my paper, “ Liquid Fuel,” is one that possesses 
great interest to persons in every branch of manufacture, 
especially to those who are in any way engaged in the distilla- 
tion of coal, mineral oil, or wood, or the products of these sub- 
stances; but to none of these are offered the enormous advan- 
tages attendant on a successful combustion of it that may be 
obtained by the constructors and employers of steam shi 

Therefore, I venture to claim the attention of the great body 
of naval architects here bled, while I attempt to com- 
municate the results of studies and experiments, which since 
my first paper on the subject, read before the United Service 
Institution, in 1865, have led to the magnificent conclusion, 

ractically demonstrated, that the number of days’ fuel carried 

S steam ships can, without difficulty or danger, and with 
materially diminished expense, be at least tripled. I know that 
with many persons the very idea that the advocate of progress 
who addresses them on a particular subject is, I had almost 
said, has the misfortune to be, an inventor on that subject, is 
sufficient to close the door of receptivity in their minds, and 
dispose them to regard arguments and facts they would else 
have readily accepted, as objects of the deepest distrust, the 
most jealous suspicion. 

Therefore I shall commence by declaring that on this subject 
at least I am not an inventor. I have, indeed, watched carefully 
the development of the idea, I have balanced closely the 
advantages to be gained and the difficulties to be met, but I 
trust that I have decided dispassionately, and [ am able to say 
with confidence that I have at least not overvalued the im- 
portance of the subject. 

Those who are anxious to follow the path that I have pur- 
sued will find my earlier papers in the journal of the Royal 
United Service Institution. They will also find there what I 
could never have given them—a paper far more valuable than 
any of mine—in which Professor Macquorn Rankine gives the 
grammar of the subject, and leaves nothing to be desired by 
those who wish to understand the combustion of liquid fuel 
so far as it has yet been carried bytheory. While I range under 
the head of liquid fuel every kind of fluid hydrocarbon, I must 
beg yon to recollect that the substance of which I shall relate 
the success, is not petroleum, is not inflammable under a 
temperature of 240° Fahrenheit, and having a specific gravity 
greater than that of salt water, has none of the dangerous pro- 
perties which are supposed to militate largely against any 
adoption of such fuel in steam ships. If a piece of thoroughly 
red-hot iron be inserted into a cask or bucket containing the 
fuel there is’an escape of disagreeably smelling white smoke, 
which will inflame quietly on the application of a flame in the 
open air and burn off. If such an experiment were tried in a 
closed room, and a flame (as of a candle) were there, supposing 
that the air present were kept in the proportion of from 9 to 18 
parts to one of gas, neither more nor less, then it is possible for a 
gas explosion to take place. But a good deal of trouble must be 
taken in order to secure such a result. It is most unlikely to occur 
in any steam ship, even where that steam ship is attacked with 
red-hot shot, and the effect even when it did occur would scarcely 
be so great as the explosion of one 300 Ib. cartridge In case of a 
ship catching fire it is infinitely less dangerous than coal, besides 
not being liable to spontaneous combustion—for it may be run 
out into the sea and will sink there, or even if run into the hold, 
where some bilge water existed, it would sink below it, or rather 
raise the water to thesurface, and would not take fire under 
those conditions, even when the ship is burning fiercely above it. 
Supposing a quantity, say a ton of the oil, were run out on a 
deck of pine, you could not inflame it by any device short of 
raising the temperature of the wood to 240 degrees, and the oil 
with it, and then applying flame—a spark would not light it. 
Even while burning a few buckets of water would extinguish 
the whole, and it must be remembered that no hydrocarbon 
must ever be used as fuel for ships from which the light oils have 
not been removed, or of which the specific gravity is not rather 
greater than that of salt water. A ready test of this is to soak 
a pine wood shaving in it and throw it overboard. It will sink 
rapidly if the specific gravity is right. In the contrary case it 
will float. There may be other forms of danger which have 
not occurred to me, and I hope the discussion may bring them 
out ; but I do not profess to bring before you a fluid substance 
which is not inflammable under any conditions, since in that 
case it could certainly not be a fuel. 

Tbe particular hydrocarbon to which I wish to direct your 
attention is known as “creosote,” “‘ dead earth oil,” or ‘‘acid- 
foots.” The first is the name I prefer as being most generally 
known, and the next part of the subject to which I shall refer 
is the price at which it can be obtained. Creosote is the refuse 
product of the distillation of tar for chemical purposes. About 
6,000,000 gallons of it are made, of which a great part is 
thrown away, in the London district alone. I find that the 

resent - is about 4d. per gallon, or 18s. 9d. per ton. 
The total production, as a waste or refuse, in these islands, 
probably reaches 60,000,000 gallons annually. But this is of 
the less importance, as it is certain that any required amount 
can be produced in answer toa demand without greatly en- 
hancing the price, first, wherever coke is made; secondly, 
wherever shale exists; thirdly, wherever coal distillation is car- 
ried on to obtain illuminating oils, of which this is in one form 
a refuse; and lastly, from the refuse of petroleum itself, refined 
for the same purposes. The supply is, indeed, much more 
widely distributed, more easily got at, and much less likely to 
be exhausted than that of coal, if we put any faith in the pro- 
phecies on that subject of the alarmists. 1 will just remark in 
passing how bounteous an answer this new {uel is likely to 
prove to those who doubted the care of the Creator for his 
creatures, and thought that we might soon be left without a 
basis for our manufactures, without comforts of which long 
use had made necessities to a large portion of the human race. 
The price of an article being always regulated by the facilit 
of production, it is, 1 think, sufficiently obvious that, pi aaa 
no one can be expected to sell di ds as pebbles, after he has 
discovered them to be jewels, and so we must be prepared to 
pay more than 18s. 9d. per ton for a fuel, every ton of which 
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equals for our purposes 3 tons of coal at least ; yet no such pro-| but it is certain that every excess is injurious to the effective | 
hibitive rise of = is to be a as would prevent our | heating power of the boiler in a very marked degree, and should 
using the liquid fuel wherever and whenever it is desirable. We) be carefully avoided. Still this, which is so roughly done, gives 
must, besides, allow that it would be difficult to estimate what | us nearly, if not quite, the whole theoretic value of the fuel, 
price would be too high in men-of-war for a fuel capable of doing | according to Messrs. Favre and Silbermann, and to Professor 
three times as mach as coal, bulk for bulk, while possessing so| Rankine’s paper, to which I have alluded, 27 lb, of water being 
many collateral advantages as I shall show can fairly be claimed } given as the result of the perfect combustion of such mixtures 
for it. even in the gaseous state. If, then, we can get 23 1b. of water | 
The first of these, if I mistake not, in the estimation of naval | evaporated by 1 1b. of fuel, we easily see that, independently of 
architects, is the power it gives them of arranging the weight | a more convenient stowage, and other advantages, to which on 
to be carried, as seems most desirable in the spaces hitherto | this occasion I have only cursorily alluded, as the best results 
necessurily left vacant, and thus turning the cellular structure | with coal at sea fail to give us much more than 7 lb. of water 
of iron or steel ships to the best advantage; and, secondly, the | evaporated by 1 1b. of coal three times this, or 21 1b., has been 
ey of replacing the expended fuel by water ballast, so as to | exceeded, is being daily exceeded, and ought never to be con- 
eep the ship constantly at her best trim, whereas coals or other | sidered impossible, or even difficult of attainment in our steam- 
solid fuel must be placed in large spaces, whence it can be | ships for the future. 
brought to the engine-room by the laborious operation of trun-| With these—which I cannot but call magnificent results—I 
ning or shifting the coal. A liquid fuel may be stowed in tanks, | might have been fully satistied; but I must ask your patience 
no one of which need carry more than a few tons, and which | for afew minutes more while | place before you, as succinctly 
~ be placed anywhere in the bottom of the ship. | as possible, facts, or what seem such, that have startled even 
n many instances the cellular compartments of the bottom | me, and which carry with them, if true, the most important, 
can be made use of without avy tanks other than those for the |'the most incredible consequences. After satisfying my gaze 
day's supply, which should generally be so far above the level | with what I considered a,wonderfully perfect combustion at the 
of the fire doors of the furnaces as to gravitate naturally to-| nitric acid factory, 1 went to another, not a hundred yards 
wards them through pipes, from whichever may be the higher | away, for tar distilling, and saw another Cornish boiler, this 
or weather side. Pumps attached to the engine will feed these | time without Galloway tubes, but like the other, about 35 ft. 
as the boiler is fed with water by others. But these are only | long and 7 ft. diameter. Here the furnace end of the boiler 
suggestions on subjects of which, probably, most of those who | was entirely changed, i.e., the firebars had been taken out, and 
are here are far better informed than myself, and I therefore | the end built up with firebrick. The firedoor was inserted in 
pass on to other parts of the question, feeling sure that the | this, about in its usual place, and above it was a conical hole by 
mode of stowage will soon develope itself when the advantages | which the jet or injector entered. A good deal less air was 
to be gained by the use of liquid fuel are thoroughly appre- | thus admitted, and only in close combination with the jet. In- 
ciated. side all the firebars had been taken out, and where the jet 
I now beg to refer you to the diagram, as well as to the| played there was a sort of cupped arrangement of the firebrick, 
apparatus itself, which can be handed about for inspection, in belies very like the opening for fire into a common brick kilu 
order to convince you that no complicated machinery, liable to| or clamp. Here a flame of the most vivid whiteness was pro- 
premature destruction, need be — in order to produce results | ducing a melting heat on the firebrick, and in the centre was a 
i every way satisfactory. Neither will it be necessary to make | deposit of what appeared to be solid carbon, at a white heat, of 
any important changes in existing boilers before they can burn | a crateral form, gradually increasing at the lip. You may judge 
this fuel, while, at the same time, they will remain perfectly | of my astonisnment when, on inquiring of the manager about 
ready again to burn coals, should such a course be deemed advis- | the fuel used, I was told, first, that about 3 tons of Butterley 
able. Ido not say that the construction of future boilers for | coals had been daily used in the 24 hours to fire the boiler, and 
the express purpose of burning the creosote will not be subject | then, taking me into the office, he showed me the account of the 
to considerable modification and improvement. In all but | number of gallons of oil used during the week from March 7th 
vessels designed for cruising, as men-of-war, or for the longest | to March 14th as 768, or an average of 109;%; gallons per day. 
voyages of commerce, a great saving in boiler space will pro-| That is, that 1090 lb. of oil (this was creosote) were steadily 
bably soon be effected, but the liquid fuel can be burnt well, | doing the work previously done by 67201b. of coal. I do not 
aud the necessary apparatus can be cheaply and quickly applied | ask you to believe this on my statement, but I ask you to 
to any of the forms of boiler now known. There is here no| examine for yourselves. I need scarcely tell you I soon re- 
smoke nor any deposit of unburnt carbon. ‘There will be no | visited this wondrous sight, and used every meaus in my power 
ashes to be got rid of, nor will there be any drawing of the fires. | to find out the truth. I have not been able, engaged as | was 
Banking up will be replaced by a few of the injectors being kept | at Woolwich in fitting the little oil-burning boiler to the steam 
burning under the largest boiler, and immediately the tap is | launch there, to sit by the boiler and see for myself as the manager 
turned off the fire isout. One thing requires to be noted in the | kindly proposed, but I think it well worth doing. On my second 
manipulation, The oil tap must always be turned on after the | visit I found that during that week they had burnt 160 gullons 
steam, and be turned off before it. It the oil is allowed to drop | a day, instead of 109 on the average, and I rather attribute this 
on a very hot surface at the mouth of the furnace, but which is | to the fact that the brickwork in front was no longer so tight as 
not hot enough to light in the absence of flame, there will be gas | it had been, and. was admitting more air than could be burnt. 
formed, and a gas explosion will take place, much as occurs | It seems a most extraordinary thing that, whereas in the other 
when a lively fire of coal in a steam furnace is choked with a | boiler, when the carbonic oxide was formed and burnt off per- 
quantity of slack. It is not dangerous, but it will singe the | fectly, the evaporation was 23 lb, here, where nearly the whole 
stoker’s whiskers, and very likely frighten others who are stand- | of the carbon appeared to be dropped, the evaporative effect was 
ing round. It has never occurred twice with the same person, | double, and duty amounting te more than 46 lb, of water to 
and may be — as a warning to the stoker that he must | 1 1b. of fuel appears to have been secured. Now this, if true, is 
do his work intelligently, though when once set going he may | no less than double the theoretic calorific value of the material, 
leave the engine-room, if he likes, till the state of the water or| and 1 hope some one during the discussion will give some 
something else requires his attention. As the economic value | rational explanation other than denying that anything of the 
of the fuel depends on the proper admixture of fuel, air, and the | kind ever took place. If not, [ will myself ask a question of the 
steam which induces the air current round the jet, it is most | chemists, which may perhaps help to an elucidation of the facts, 
satisfactory to find that even in the little steel launch boiler, | should they turn out to be reliable and confirmed by further 
6 ft. Gin. long by 2 ft. 6 in. wide, we can regulate the supply of | observation. 
each so exactly that a tenth of an inch in the turning of either} Never was there such a discovery for steam, if it be true, for 
tap will make the difference between no smoke at all—the | it amounts to this: that a vessel formerly able to carry ten 
yellowish smoke of unconsumed carbonic oxide, or the dense | days’ fuel would now carry no less thau sixty. 
fumes of unburnt hydrocarbon. While the pressure of steam is| 1 owe it, in the first place to the Chief Constructor (Mr. 
rising attention must be given either to shut off the steam or to | Reed’s) appreciation of progress, that the Admiralty have 
increase the oil supply ; but once the working pressure is reached | sanctioned the fitting of a steam launch, which is just com- 
there is no more to do unless the vessel alters her course or the | pleted; and although in her, tied down to the old dimensions of 
wind changes, so as to require a greater or less supply of air to | the former boiler, as we were by the nature of the case, we do 
be artificially driven in by the steam-jet. In the roughest | not expect to show great economy, yet of this there will be a 
application of the — all that is necessary is to bore a hole | fair amount, and the other features of the system are conclu- 
above the firedoor, to take two iron pipes, say } in., and bend | sively demonstrated. I hope that the next tests at Woolwich 
them so that they look into the furnace one over the other. | will show the high evaporative efficiency under a tubular marine 
Then to the lowest connect the steam, to the upper the | boiler, and satisfy even the chemists that we know what we are 
oil, and your fire-bars having been covered with a thin about. 
bed of glowing ashes the boier is ready to work night and | 
day as long as your oil lasts. The bed of ashes will require | 
renewal about once in the twenty-four hours, and a 35 horse | NOTES FROM INDIA. 
power boiler, of the ordinary Cornish form, with Gailo- | , 
way tubes at the back, has now been at work night and| -Bengal—A grant of a lakh of rupees (10,0007.) has been 
day without intermission at Hackney Wick since Christmas | sanctioned for the improvement of Belvedere, the residence 
last, doing considerable more duty, with 230 gallons of liquid | of the Lieutenant-Governor of Bengal, in the suburbs of 
fuel per day, than it had previously done with 3 tons of coal. | Caleutta. The present building is almost as unsuited to the 
In this case the fuel is a refuse product of the works which are dignity of the Lieutenant-Governor, as Parell is in the case 
for nitric acid, and has the name of coarse naphthalin. It is | of the Governor of Bombay. . bee 
melted from its original solid form in tanks by waste steam | Mr. Hugh Leonard, C.E., has been appointed to officiate 
pipes, and is then conducted to the furnace. The proprietor of | for Colonel J. E. T. Nicolls as Secretary to the Government 
the factory told me that whereas he had been paying 72s. per of Bengal, in the Public Works Department. Mr. : Leonard 
day for fuel, he now only paid 5s., and wag better satisfied with | was appointed from this country by the East India Company, 
the other results. The water evapor:tion has here been care- | on December 6, 1854, and he proceeded to India at the com- 
fully measured for a fortnight, and amounts to 23 1b. of water | mencement of the following year, when he was posted to the 
evaporated by every pound of fuel. kis, gentlemen, is no mere | Department as 4th grade Executive Engineer, on 600/. per 
experiment, but is a practically proved fact; and I have per-) annum. He was appointed a 2nd class Superintending Kn- 
mission from the owners of two factories at Hackney Wick to | gineer in 1861, and is the first Civil eBay in the Public 
invite any one, who may be desirous of seeing for themselves, to | Works Department who has yet attainec so high a position. 
accompany me to the works and inspect the two systems in full Colonel Maxwell, R.A., Superintendent of the Gun foundry 
operation. In the one I am now speaking of the combustion is | at Cossipore, is to be despatched to England to witzess the 
attended with no smoke, and but little flame or light. A blue | trial of certain pieces of ordnance at Shoeburyness. ‘ 
glow of carbonic oxide burning pervades the furnace, and through In Calcutta the aggregate nominal capital of the companies 
this, like meteors, dart vivid corruscations of incandescent | registered in 1857 amounts to 1,850,000 rupees, and that of 
carbon. The bed of ashes remain glowing, but is more blown | the companies wound up to 17,970,000 rupees. ° 
than burnt away: and as the ash-pit is not closed up, perhaps} The Government of India has replied to the memorial of 
an undue, certainly an unknown, quantity of air enters. This | the Bengal Chamber of Commerce regarding the establish- 
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and India, vid the Red Sea, that this important subject has 
received, and still is receiving, its best attention ; that a 
— on the genera] bearing of the whole matter, together 
with a copy of the memorial, has been transmitted to the 
Secretary of State for India. 

The Englishman states that Mr. H. W. Wickes, whomade 
an unsuccessful application for permission to construct a-rail- 
way to Darjeeling under a subvention from Govern. 


| ment, has applied for powers to construct a railway from 


Chittagong to a point opposite Byrub Bazar, on the river 
na. 


e total number of victims to railway accidents during 
the year 1866 in India was 138 killed and 131 injured. The 
Great India Peninsula Railway numbers the most casualties, 
and after it come the East India and the Baroda lines. The 
mileage open was 3328} miles against 3153 miles in 1865, 
when there were so many as 169 killed and 147 injured. In 
1866 the number of passengers was 13,142,522, and of rail- 
-— servants 5334. 

‘he many Anglo-Indians who are about to take flight 
homewards by the overland route, ought to know the 
dangerous state in which the Egyptian railway is at present. 
Since the English engine-drivers have left, Germans and 
Egyptians are employed on low pay—men ignorant of their 
duty. The pay of the subordinate employés has been re- 
duced 20 per cent., and the remaining 80 per cent. is not 
regularly paid. The Azizieh steamers, which run to Con- 
stantinople, are in an equally bad state. Even the Pasha’s 
yacht is undermanned. 

Punjab.—The Delhi Gazette states that two committees 
have been ordered to sit, one at Rawul Puidee to consider the 
construction of a railway to Peshawur, and the other at 
Lahore to report on the construction of branches from the 
Punjab and Delhi Railway connecting Kalka with Umballa, 
a distance of about 40 miles; Pathankote with Unmritsur, 
65 miles, and Ferozepore with Raisound, 25 miles, on the 
right bank of the Sutlej. Messrs. Roberts and Forsyth, 
C. B., and Conway Gordon are members of the latter com- 
mittee. 

Madras.—Like Calcutta, the Madras municipal commis- 
sioners have been reducing their wasteful expenditure to 
1,16,223 ru within their income. They pronounce the 
Trevelyan Waterworks to be a complete failure, and refuse 
to spend more money on them except to keep the large basin 
in repair as a reservoir. They estimate their income next 
year at 7,37,388 rupees. 

The various collectors in the Madras Presidency have sent 
in detailed reports regarding the prospects of the season. 
The reports from Corinbatore are very gloomy, and it will 
be fortunate if absolute distress be avoided, some parts 
the peasantry secured scarcely any of their dry crops. The 
construction of a road from the Tirpoar Railway Station to 
Oodoomulpelta has been undertaken, with a t of 10,000 
rupees as a special relief work. From North Arcot, where 
Mr. Robinson has been specially employed in devising relief 
measures, the reports are worse; hardly 16 per cent. of the 
land having been tilled. In Salem large remission have been 
made, and though prices are rising, the supply in the market 
still continues good. There is every reason to hope that the 
energy with which the Madras Government is applying itself 
to relief will prevent the recurrence of such ten as the 
northern districts of the presidency are unhappily familiar 
with. 

Bombay.—The work of restoring the shaky bridges on the 
Great India Peninsula Railway may now be said to have 
commenced. To admit of the trains being run as usual, and 
at the same time to allow the rebuilding operations to be 
carried on undisturbed, the line at the various points has 
been diverted out of its usual course and carried across the 
several streams. The temporary line is laid as close to the 
original one as circumstances will permit, and the observant 
passenger has a capital opportunity afforded him of surveying 
the different heaps of ruins, and of reflecting upon the 
villany on the one hand, and of the imbecility on the other, 
that hes at the bottom ofit all. Throughout Berar and the 
Central Provinces, or from Mulkapoor to Nagpore, a dis- 
tance of 213 miles, the same alarming symptoms of prema- 
ture decay have already shown themselves; and competent 
jndges declare that every bridge in that immense length 
will, sooner or later, have to be dealt with in the same way. 

The Atkola Exhibition concluded on the 3rd of February 
by the distribution of prizes. The chief attraction was the 
cotton department, to which Mr. Rivett-Carnac has devoted 
much time andattention. A piece of Dacca muslin exhibited 
by that gentleman carried off a first prize. The Coorla mills 
have obtained the first prize for Indian threads, and Messrs. 
Gleam and Co., Chinchpoogly, for drills manufactured in 
India. The gold medals have been engraved at home by 
Messrs. Wyon and Co., bearing on the obverse side an Indian 
husbandman binding a bullock, with the motto, “ Peaceful 
Industry of India,” and on the reverse side “ Akola Exhibi- 
tion, 1868.” 

The Bombay Art Exhibition was to have been opened on 
the 20th February. Government gave 3500 rupees towards 
preliminary expenses, and offered to lend 1600 rupees more, 
if needed. The Secretary of State has given 5001. to be ex- 
pended in selecting works of art for the Exhibition, which 
would afterwards serve as models for the School of Art. 

Sir Stafford Northcote has signified his approval of an 
annual grant to the Maharajah of Kishengurh of 20,000 
rupees for the loss of transit dues which his state will sustain 
by the contemplated extension of the railway through hus 
territories. ; 

An intimation has been circulated among the Great India 
Peninsula Railway proprietors, that the surplus profit of the 
first half of the past year, of which the shareholders’ moiety 
would have been 66,057/., is to be applied to the restoration 
of the works which have failed on that line, according to the 
decision of the Secretary of State. A percentage, to be here- 
after fixed upon, is to be transferred from the income of each 
half year for the ordinary renewal of the permanent way, 
and a sum of 10. per mile, accumulating to not more than 








may, or may not, be in excess of the quantity actually burut, | ment of a second line of Electric Telegraph between England 


260,0001., for extraordinary casualties. 
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CANADIAN ENGINEERING. 
To tHE Epiror or ENGINEERING. 

Sm,—No one who has watehed ,with any degree of 
interest the tendency of English capitalists to invest 
their means in public works; of a character offering 
ordinarily fair dividends, can have failed. to observe 
that of all the British dependencies, India has of late 
been the favourite field of operations. . Engineers, too, 

a 
appear to have looked to.that country as the one 
offering the largest scope for their talents and energies. 

There can be no doubt that the liberal views and 
acts of the government of that dependency, in offerin 
reasonable guarantees for capitals, judiciously investe 
in the extensive and important works, constructed, in 
progress, and contemplated, have tended to bring’ 
about this result, much to the benefit of all concerned ; 
and, more especially, to the future advancement of the 
country, in developing its resources, and. securing it 
from the fearful effects of famine,. caused by. those 
periodical seasons of drought to which it is liable. 

I do not flatter myself that anything from my pen 
will, in any way, tend to divert this tendency, nor do 
[ wish to do so; ‘buf, with. your permission, I should 
be glad to call atterition to the new “ Dominion of 
Canada,” as offering an important field: for enterprise, 
and one in which capital, judiciously expended, will 
afford remunerative results, 

It is only one hundred and five years since Canada 
proper was ceded by France to Britain. “ It was then 
known as Upper and Lower Canada, and had a popu- 
lation somewhat under 70,000 souls. 

Since that time various important changes have been 
made in its form of government, all, however, tending 
towards its present state of constitutional freedom. 
But the most important political change is that which 
has been recently effected by the Act of Confederation, 
whereby the two Canadas and the maritime provimees 
of Nova Scotia and New Brunswick are eénsolidated 
and were proclaimed as the “ Dominion of Canada,” 
on the Ist of July Jast. The extent and population of 
the dominion at the present time is shown below : 
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| ° 
" 2 | Area in : 
Name or Province. | Sq. Miles. Population. 
Upper Canada, now named Ontario sil 140,000 | 1,800,000 
Lower Canada, now named Quebec aa 200,000 | 1,300,000 
New Brunswick my eas | 27,700 270,000 
Nova Scotia... ss a «| 18,800 350,000 
. Totals . 396,500 | 3,720,000 


The Act of Confederation further provides for in- 
eluding in the dominion any or all of the crown 
colonies of British North America, and their incor- 
poration is simply a matter of time. Already steps 
are being taken by the people of Newfoundland, 
British Columbia, Vancouver’s Island, and the im- 
portant settlement of Red River, to form a part of this 
new dominion; and ‘there can be no doubt that the 
whole of British North America will gravitate thereto. 
The extent and immediate population may then be 
estimated as under : 
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} : 
Y Area in : 
Name, | Sq. Miles. Population. 
Present Dominion ... ie sol 396,500 | 3,720,000 
Newfoundland ... oe RL woe 37,000 130,000 
ne Edward Island... dee | 2,000 | 85,000 
iti h >) in 7. ver’) a 
eT root eee 8) 295,000 65,000 
Hudson’s Bay Territory dp +++| 2,800,000 120,000 
Totals ...| 8,530,500 | 4,120,000 


From the above it will be seen that if the confe- 
deration is completed in accordance with present 
auticipations, it will embrace an area of more than 
three and one-half millions of square miles, being 
within ten per cent. of the size of all Europe; anc 
while it has only now a population of about five millions, 
itis, im reality, available for a wide augmentation in 
that respect, and in a position to represent an impor- 
tant integer in the nationalities of the world. 

_ This vast country is unsurpassed in all the capabili- 

Hes of agriculture common to the temperate zone. 
Its forestial products are incomparably beyond any 
other region of equal extent, and its fisheries are inex- 
haustible. With the exception of coal, it abounds 
with every variety of mineral wealth; and is, in all 
Tespects, fitted for a home, with the means of comfort 
and prosperity for a large population. 

Vith all these present and prospective advantages, 
capital and enterprise are required to develop its re- 
Sources, to ameliorate the obstacles to the navigation 
of its extensive rivers and lakes, to open out roads 
aud railways, and fit all for the demands which a suc- 
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cessful commerce will make upon them; for, in 
reality, it is only through such means, efficiently 
brought to bear, that the agricultural, forestial, and 
mineral produots of fhe.country can become a source 
of wealth to the'community. 

These considerations, while Canada was poor and 
had a sparse population, always influenced her states- 
men and othér public'men, causing them vigorously to 
press forward improvements, especially in the main 
rivers and public thoroughfares of the province; and 
a large proportion of the present public debt has been 

d for these objects. In all cases the Govern- 

ment appéar to have acted in good faith, and with the 
best intentions, although not always with the advan- 
tree of the best advice. 
‘AJpon the improvements already effected in the va- 
rious rivers of Canada, and which appear to be now 
absolutely required, it is my intention to offer some 
some remarks; but, in doing so, I must beg your in- 
dulgence, so that I may not be restricted to avy con- 
secutive history or chronological order ; nor must the 
various costs of the works hereafter given be pre- 
sumed to be absolutely exact, it being difficult, in 
many instances, to fix dates aiid costs of works exe- 
ented. in disjointed portions, and subjected to frequent 
alterations of design, under different administrations, 
with various systems of keeping the publi¢ accounts. 

Prior to the year 1843, the navigation of. the river 

St. Lawrence between Quebec and Montréal was in- 
terrupted by the shoals in Lake St. Peter, an expan- 
sion of that river about midway between these ports. 
From about the month of July to the end of the season 
of navigation, there was not more than eleven feet of 
water over these shoals, so that all cargoes exceeding 
300 or 400 tons had to be lightened, involving serious 
cost and delay materially injurious to commerce. 
_ "With a view of remedying this evil, the Legislature, 
in that year voted a sum of money, and directed the 
Board of Public Works, to commence the operation 
of dredging so as to deepen the channel to fourteen 
feet at the lowest state of the water. .The Board of 
Works during the following three seasons expended 
about 60,000/.; when, after a careful examination of 
the progress made, the work was abandoned as a 
failure. 

After a lapse of some years the matter was again 
taken! up,'and a Board of Engineers, consisting of 
Messrs. McNeil, Child, and Gyowski, aided b Sr. 
(now Sir William) Logan, the Provincial Geologist, 
were appointed to examme the,obstructions and report 
thereon. This Board, after careful examination and 
mature deliberation, reported to the Montreal Harbour 
Commissioners that the work already executed and 
projected by the Board of Publi¢ Works should be 
wholly abandoned, and a different channel adopted, 
which they asserted could be readily dredged to a 
ace of fifteen feet at low water. 

perations were at once commenced, and in about 
three years and a half (say about 700 working days) 
the undertaking resulted in complete success, giving 
a channel of sixteen feet, at low, water, at a cost of 
60,000/., being the same amount as: the Board of 
Works had wasted in a futile attempt. |.) 

This success emboldened the Commissioners to look 
forward to a further advance, and they, therefore, 
instructed their engineer, Thomas C. Keefer, Esq., to 
report upon the feasibility of attaining a depth of 
twenty feet of water at the lowest state of, the river. 
Mr. Keefer, assisted by Captain Bell (under whose 
superintendence the dredging operations had been car- 
ried on), made a careful examination of the river, and 
reported in 1853, that, for about 60,000/. additional, 
this important improvement could be effected, but that 
this increased depth would also involve works at the 
following places, viz., Pointe-aux-Trembles, Cap St. 
Michael and Labaltrie, as well as at the shoals of Lake 
St. Peter. These works were at once proceeded with, 
and were finally completed in 1858. And now the fine 
Canadian line of ocean steamers, many of the vessels 
of which are 3000 tons burden, ply weekly between 
Montreal and Liverpool during the season of naviga- 
tion; and the port of Montreal is frequented by mer- 
chant vessels of the largest class. 

The execution of these works have involved the 
dredging of eleven miles of the river for a width of 
three hundred feet, and a depth of about nine feet, all 
of which has been culbuted at a rate of about 6/. 
sterling per cubic yard, including the plant. In an 
interim report by Mr. Keefer, to the Commissioners, 
there is the following paragraph : 

“The ordinary oe of the dredges on Lake St. 
“ Peter is to raise 287 tons per hour, estimating the 
“material dredged to weigh 120 lbs. per cubic foot. 
“ While the best work of the single dredges has been 
“to raise 400 tons per hour for the whole day; that 





‘is, 56 scows in 10 hours, each scow containing 70 
* yards in spoil, or 50 yards in solid deposit.” 

From this it will be seen that a good day’s work 
would make 2800 cubic yards, an amount very cre- 
ditable to all concerned. 

The method adopted was that known as the radius 
or traverse system, which Mr. Keefer appears to 
assume as having originated with Captain Bell during 
the execution of the works, whereas that system was 
used throughout the improvements of the river 
Shannon, a decade of years before the works on the 
St. Lawrence were done, and it was also adopted 
long before upon the river Severn, under Mr. Telford. 

The mode practised by the Board of Works, in 
their useless attempt, was that of trench dredging, 
and cost about one shilling and sixpence per cubic 
yard, in precisely similar material, and with the ad- 
vantage of a somewhat more sheltered situation, and 
consequent protection from wind. 

In a future paper I will give you the particulars of 
the improvements made upon the St. Lawrence from 
Montreal upwards, but refrain from trespassing fur- 
ther on your space at present. 

1 am, Sir, yours obediently, 
S *'* * * 


Toronto, March 12, 1868. 
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YOUNG ENGINEERS. 
To THE EpiTor or ENGINEERING. 

Srr,—Your last number contained a letter from “ A Young 
Engineer,” in which he proposes the following important 
question: “ Are we, after having spent four or five years in 
** learning the little there is to be picked up in an engineer's 
* office, to be compelled to regard it as lost time, and have to 
“ turn our attention to something else ?” 

Being one of the oldest engineers in London, I ‘will, with 
your kind permission, make a few remarks on the subject. 

I regret I cannot give a satisfactory answer to our “ Young 
Engineer’s” question ; but I think 1 may profitably employ 
a few minutes in exposing the system of which, perhaps, he is 
a victim. 

A large and highly profitable branch of several of the large 
engineering establishments in London is GENTLEMAN ENGI- 
NEER-MAKING. Qne firm I know, south of the river, netts 
above 60007. a year this way. It has genctally about sixty 
apprentices at once. The reputation and capabilities of the 
firm are of course Al. Every lad has to pay ry neem premium 
on entering, and also aconsiderable annual payment. How- 
ever profitable it may be to the parent concern, it is equally 
disastrous to the lads, for the following reasons: First, they 
learn from combination too much individual importance and 
premature independence. Secondly, the principal of the esta- 
blishment seldom or ever speaks to them, and cannot there- 
fore take that amount of interest so desirable, and on which 
the lads’ future progress so much depends. They are often 
left to pick up just as much or little as they think fit, This 
liberty is often very prejudicial to their future interests. I 
have myself known several young men who, after serving 
their term of apprenticeship, were scarcely worth their salt. 
It should also be borne in mind that in these large concerns 
the tools, appliances, and even contracts, are generally far 
beyond what the connexions or future experience of forty- 
nine out of every fifty of the apprentices in their future 
battle of life will require or be associated with. From the 
foregoing remarks it will be gathered that, if a lad of mode- 
rate means wishes to become an engineer, he should seek his 
instruction in a well-managed, smaller, and more general 
shop, where he will be soon incorporated in the working of 
the business; thus, whilst assisting the parent concern by 
making himself generally useful, he will imbibe an intimate 
knowledge of his business, and thus develop his talent for 
the profession he has adopted. A lad so instructed will, at 
the expiration of his term of apprenticeship, be generally, 
in business habits and useful experience, far beyond nine 
out of ten of those who have walked through one of the 
great shops, although, of course, some bright spirits there are 
who, with great perseverance, will make themselves a name 
under every disel vantage. 

remain, yours respectfully, 
Ricuarp WayGoop, 











From tHe Norru.—Messrs. R. Stephenson and Co. are 
stated to have received a pretty fair order for locomotives 
recently. Messrs. ©. Mitchell and Co. have launched a serew 
steamer, intended for the Norwegian passenger and mail ser- 
vice. Messrs. Mitchell have also been doing a good deal of 
work, as usual, on Russian account. Messrs. Palmer and 
Co. (Limited) are doing a large business at Jarrow. Messrs. 
Schlesinger and Davies are building a large steamer for the 
Northumberland Steam Shipping Company. 

TELEGRAPHY IN TyRKEY.—The Ottoman Porte has 
agreed to extend to international telegraphic correspondenco 
associated with Turkey in Asia, the advantages resulting 
from an international telegraphic convention concluded at 
Paris, May 17, 1865. The French Government has just 
received an official communication to this effect, 

ScaRBoRovGH.—The Scarborough Piers and Harbour 
Commissioners have resolved to consult an engineer on the 
subject of the improvement of the harbour. It is proposed 
to construct a new western pier. coal 

Sour Yorxsuire.—The tone of the South Yorkshire iron 
trade is considered more favourable. Plates, hoops, and 
sheets are, however, only in moderate request. There has not 
been much alteration in the demand for coal; to Lancashire 
about an average tonnage is being forwarded by the Man- 
chester, Sheffield, and Lincolnshire way. 
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A FURTHER CONTRIBUTION TO THE 
FICTITIOUS HISTORY OF STEEL MAKING. 
(By Samuel Weller, Esquire, Civil Engineer). 

To rue Eprtror or ENGINEERING. 

S1z,—My late guvnor’s friend, Mr. Snodgrass, was a poet, 
and parties have said as how he possessed a large ri 
horse power of poetical invention. But he lacked ambition, 
and had never mee in the wars, and another poet, a gent 
from Stratford, in Warwickshire, has sung of the “ big wars 
which make ambition virtue.” He (the Warwickshire poet) 
also interduced some remarks in the same poem by one 
Eyeago* about “ prattle without practice is all his author- 
ship.” (or soldiership, 8S. W., C.E.) 

S1r,—Noah Webster's fourth definition of poetry is “the 
language of excited imagination and feeling.” I have heard 
a good deal of sich language which did not strike me 
as particularly poetical, but if the language of excited 
imagination and feeling really constertutes poetry, I am 
ss to state that I have recently examined and 
analysed samples of poetry by Mister Frederick Arthur 
Paget which surpass Mr. Snodgrass’s highest flights, 
and he once went up in the late Mr. Green’s bal- 
loon. I have known instances of the language of excited 
imagination and feeling wery late at night, and my telescopic 
memory recals ewents on the eve of the electicn at Eatanswill ; 
but Mister Paget’s poetry comes werry late in the day, and 
this does not particularly improve it. Mister Paget belongs 
to the class of Wermes (Ep.’s Qy. Vermes?) vich feeds on 
books, and he has swallowed some foreign books lately— 
enough to set up a small international metallurgical library 
—and they have slightly disagreed withhim. Mr. Pickwick 
seldom mixed his ‘liquors. Mixing languages is vorser. 
Mister Paget has mixed high and low Dutch, Swedes, 
Frenchers, and Italians, and has thrown up the whole with 
no regard for carpets and retirement. 

Mister Paget undertook to prove that Mr. Bessemer was 
not the first to invent blowing air into molten cast iron in 
order to decarburise it ; that he was not the first to discover 
the value of, or necessity for, graphitic carbon in the cast 
iron to be converted by the Bessemer process; that he did 
not discover the use of ganister in steel making ; that he did 
not discover the necessity for manganese in the Bessemer 
process, and that he was not the first to cast a Bessemer 
ingot. 

Had Paget proved his firstly there would have been no 
need of his secondly, and so on to fifthly. But he forgets 
that the Bessemer patent was long ago, although not in open 
court, put upon its trial and acquitted. The sharpest lawyers 
and patent agents could find no valid indictmont against it. 
Paget's sole proof of his firstly, is that Hull, fifty years ago, 
blew air into a vertical pipe through which melted iron was 
falling in a number of fine streams or in drops. Hill’s patent 
was cited against Bessemer’s at least ten years ago, and the 
discussion of it was exhausted long before Paget ever heard 
of it. In every blast furnace, and in every cupola, air is also 
blown against trickling streams and drops of iron, but this 
does not convert the cast into wrought iron, nor into steel. 
And Hill did not pretend that his treatment was to result in 
anything more or less than cast iron, for he expressly men- 
tioned that it was to be afterwards puddled. That his pro- 
cess possessed no value is proved by the fact that although 
it was one of great simplicity, was well and widely under- 
stood, and was easy of application, it has never been adopted. 
But Paget has asserted, in the boldness of his ignorance, that 
the air actually forced its way up into, and through the iron 
in the vessel, which Hill provided as a colander or strainer. 
Had it done so, of course the iron would not have run 
through as Hill intended. As long as the blast was on, the 
iron would have then remained in the colander, supposing 
that vessel to be sufficiently deep, and it would have soon 
been converted into steel, and if the blast was then turned off 
this steel would have dropped through the colander into a 
well of water beneath, whence it would be recovered in the 
form ofshot. But it isenough to say that Hill never indulged 
in pyrotechnics of this sort. 

As to the discovery of the necessity of graphitic carbon in 
iron for conversion by the Bessemer procees, there was, so far, 
nothing to discover. As long ago as 1849 Overmann wrote 
clearly and fully upon the relation of carbon to iron, both 
when combined and uncombined. And he explained what 
every forge master has always known, viz., that white iron of 
light burden will not puddle into good bars any more than it 
will work well in the converter. Most pig irons contain un- 
combined carbon, and where there are not too much phos- 
phorus and sulphur present, most irons are available for the 
Bessemer process. 

As to the discovery of the value of ganister and of manga- 
nese in steel making it has not, that I am aware of, ever been 
supposed that Mr. Bessemer made the discovery. Ganister 
has been known to, and used by, the Sheffield steel melters 
almost since Huntsman’s time, and so has manganese for at 
least twenty-five years. 

Paget's ignorance of the history of the Bessemer process is 
shown by his assertion that the first Bessemer ingot cast 
direct from the converter was cast at Edsken, in Sweden, on 
the 18th July, 1858. Now there are probably one thousand 
men in England who saw Bessemer ingots cast in iron moulds, 
and direct from the converter, at Baxter-house, in August 
and September, 1856. What Mr. Géransson first did at 
Edsken was to cast ingots frora metal run direct from the 
blast furnace into the converter. In 1861 Mr. Bessemer told 
the mechanical engineers that his process had then been in 
daily operation in Sheffield “ for the last two years.” In other 
words, his Sheflield works were only started in 1859, but 
Paget construes this as an admission that he had never cast 
an ingot direct from the converter before that time! Says 
that pundit, “ The statement that Mr. Géransson was the first 
to cast Bessemer ingots direct from the converter could evi- 
dently be confirmed by Mr. Bessemer himself, and certain] 
by Mr. Jackson, of Bordeaux, and by means of the proofs 





* Mr. Weller refers to lago.—Ep, E, 
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given him by Mr. Bessemer.” Let Paget read the Mechanics’ 
Magazine for September 20th, 1856, page 271, and he will be 
wiser another time. 

This hard-reading authority made a grave misstatement 
respecting M. Galy-Cazalat’s French patent of June, 1855, 
He stated that it was for blowing air into melted iron in a 
converter in the hearth of a cupola furnace. It was nothing 
of the kind. M. Galy-Cazalat wished to make illuminating 
gas, and to obtain his hydrogen from the decomposition of 
steam. To secure a sufficient surface of unoxodised red-hot 
iron, he proposed to let the steam directly into the iron. 
What would be the gas producing result of this wonderful 
scheme I will leave Paget to imagine. 

That gentleman has also set up as a linguist, and has given 
us the term “ siderostatic” to express the “ head” of a column 
of melted iron. “‘Ferrostatic” is, he says, a “barbarous 
“* Latino-Graeco-American word, such as nomentological for 
“instance.” I had not before seen the latter word in print, 
but what does its inventor say to hydrocarbon and ferro- 
cyanide, both Latino-Graeco compounds ? 

Yours obediently, 
Sam WELLER, C.E. 





HOLMAN’S PUMPS AND PUMP-VALVES. 








Mr. StepHen Houtman, of Laurence-Pountney-lane, has | 


designed, and recently patented, the arrangements of pumps 
and pump valves, which we illustrate above. In the arrange- 





ment of pumps shown in Figs. 1, 2, and 3, there are two 











pistons, B, attached to one rod, each piston being fitted with 
a valve, C, opening towards the space between the pistons. 
A valve, E, opening into the barrel, is also fitted to each 
cover. The pistons are worked by means of the arm, K, 
which carries a roller working in the opening, L, in the 
piston rod. The arm, K, is fixed on the short shaft, N, 
which passes through a stuffing box, and is actuated by the 
lever, 1. The working of the pump will be readily under- 
stood without further explanation. It will be noticed that 
the seats of the valves, E, are formed in the covers, F, and 
by removing these covers, access to the valves, and also to 
the pistons, can be at once obtained. , 

Figs. 4, 5 and 6, refer to forms of pump valves designed » 
Mr. Holman, these valves being formed of india-rubber 0 
round section, such as is used in some valves previously 
patented by him. Fig. 4 represents a valve composed of ax 
rings arranged upon a cylindrical base, A, ne 2, 3, being 
in section, and rings 4, 5, 6, in elevation. — Vhen Tr 
pressure is applied to the interior of the cylindrical base, 
the flexible rings will be expanded, their sections will ne 
duced by this operation, and they will be compressed laterally 
to a sufficient extent to allow the fluid to escape between 
every two rings; it will be obvious that the number of -y 
will be determined by the area of discharge that op 
required. Figs. 5 and 6 represent a series of vertical s' ra 
or bars of rubber secured to a ——, flat base. om 
peculiarity in these valves, which are adapted for use b 

vorki i ts in their closing 
pumps working at high speeds, consis pat noe gh 
the pieces of india-rubber bearing laterally aga 


| other. 
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THE STRENGTH OF BEAMS.—No. IX. 


On THE TRANSVERSE STRENGTH OF STEEL Rats 
AND OTHER ANALOGOUS BEams. 

We cannot select a better example for exhibiting 
the practical application of the general principles 
arrived at in the foregoing investigation than the 
flanged steel rail, designed by John Fowler, Esq., for 
the Metropolitan Railway, and manufactured by 
the Dowlais Iron and Steel Company. 


A full-sized section of this rail, with details of the 
fastenings, has already been given in this joprnal 
(vol. iv. p. 501), by reference to which it will be seen 
that, in order to obtain adequate bearing surface on 
the cross sleepers, and room for the large fang bolts, 
the flange of the rail was made the unasually great 


difference between the apparant and the actual strain 
on the fibres of steel will be small. Assuming, as in 
previous examples, this difference to be less than that 
attained in a rectangular cross section in the ratio of 
the thickness of web to mean width of flange, and the 
value of the excess in a square bar of steel of the 
desired quality, as deduced in a previous paper, to be 
?=.6 f, we have, since the thickness of web=}, in., 
the mean width of flange jin., and /=35 tons per 
square inch, 
35 tonsx.6x11 ; 
=—— FL, 8.3 tons per square inch. 

Hence, the mathematical value of the strain on the 
extreme fibres of the rail, equivalent to 35 tons per 
square inch direct tensile strain, will be F=/+o= 





width of 63in. Now the large fang bolts, involving 









35+3.3=38.3 oa a square inch. 
Having proceeded so far, it is only necessary to 
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the large holes in the flanges, are essential to the 
economical maintenance of the permanent way, as 
proved by experience ; and since it was well known 
that the effect of the sudden reduction in the sectional 
area of the rail through the hole would be analogous 
to that resulting from the “ nicking” of a bar, the de- 
sideratum was to obtain the toughest possible steel— 
that which would show the maximum amount of 

work done” in effecting rupture—for the purpose of 
these rails. 

The various tests to which the rails were subjected 
evidence most clearly how completely the desired 
result has been attained, and the remarkable uniformity 
of quality which characterised the different lots turned 
out reflects the highest credit on the management of 

© magnificent resources at the command of the 

owlais Company. 

We will now proceed to estimate the transverse 
jarength which it is desirable these rails should ex- 

it; for, as .We have previously shown, an excess of 
cueagth in this instance, involving a falling off in the 
oughness, would be at least as objectionable as a 

eliciency in the ultimate transverse resistance. Now, 
since the steel is required to be as tough as practicable, 
we may, on the data already advanced, assume that, if 
he desired result be attained, the direct tensile re- 
sistance of the steel will be about 35 tons per square 
meh. Again, the “flange” portions of the cross 
section being of considerable area relative to the 
web” portion, the condition of the rail will be ap- 

to that of an ordinary girder; hence the 
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Fra. 8. 
ascertain the moment of resistance of the cross section, 
and to insert the preceding value of F in the equation 


w=— , in order to arrive at the ultimate trans- 


verse strength of the rail. 

Referring to Fig. 8, it will be seen the process is 
identical with that already exhibited when ascertaining 
the moment of resistance of the T-iron section. ‘he 
first thing necessary to be determined is the position 
of the neutral axis; and that is done by first assuming 
a position for it, and setting off the line, A—B, at a 
distance from the neutral axis equal to that of the 
most remote fibres in the head of the rail. The next 
step is to divide the rail vertically by equidistant and 
parallel lines, and to square down the points of inter- 
section of these lines with the contour of the rail, to 
the line A—B for the points below the neutral axis, 
and to the line C—D for those above that line. To 
complete the construction, it is only necessary to draw 
from the points so obtained on the bases A—B, and 
C—D, lines radiating to the neutral axis, and to con- 
nect the several points of intersections of these lines 
with the horizontal ones previously set off. Then, if 
the areas of the figures so bounded (shaded on the 
diagram) be equal above and below the neutral axis, 
the position of the latter point has been correctly 
assumed ; if not, a fresh trial will be necessary, and 
with a little judgment there will be no difficulty in 
fixing the new position of the neutral axis correctly. 

Proceeding in this manner, we find the position of 
the neutral axis to be 2.55 in. from the head of the 


am 


rail; the effective area of metal above and below the 


neutral axis, as shaded on the diagram, being 2.49 
square inches. 


It is necessary now to determine the centres of 
pressure of the forces acting on either side of the 
neutral axis. The position of these points will, as 
we have before shown, coincide with the centres of 
gravity of the shaded position; hence, by taking the 
moment of each portion round the neutral axis and 
dividing by the previously ascertained area = 2.49 
square inches, we obtain the required position of the 
centres of pressure, in the present instance 1.84 in. 
above, and 1.66 in. below the neutral axis. The effec- 
tive depth of the rail will, consequently, be 1.84 
+1.66=3.5 in. ; and, since the effective area is 2.49 
square inches, the moment of resistance of the cross 
section will be M=3.5 x 2.49=8.715. 





Effective area (shaded) above and 
below neutral axis = 2.49 square 
inches. Effective depth 3.6 in. 
Moment of resistance of cross section 
=2.49 x 3.6=8,716. 





In the earlier part of this investigation we stated 
that the moment of resistance of any cross section, 
although apparently involving a tedious, if not diffi- 
cult, process of computation, might in reality be de- 
termined with little, if any, calculation. We will now 
justify our assertion, and we think that it will at least 
afford an amusing illustration of the saving in 
“skilled” labour which may be effected by “ calcu- 
lating machines.” 

Let a full-sized template of the rail cut out of card- 
board, or, still better, out of tin plate, be allowed to 
hang freely from a pin passing through a hole in the 
flange (Fig. 9), and from the same piu let a fine plumb 
line be suspended, then the intersection of the plumb 
line with the centre line of the rail previously drawn 
on the template will give the position of the centre 
of gravity of the cross section of the rail, and it may 
be easily demonstrated that the neutral axis will coin- 
cide with it in position. 

Having thus ascertained experimentally the position 
of the neutral axis, the effective area of metal above 
and below that point may be exhibited on the template 
by geometrical construction, as already explained; and 
it is only necessary, then, to ascertain the area in square 
inches, and the centres of pressure of those figures, 
above and below the neutral axis, which may be done 
by the following mechanical process : 

Let a straight piece of wire, the length of which in 
inches is equal to double the area of the rail in square 
inches, be suspended by a thread attached to its centre. 





(Since the sectional area of a rail in square inches is 
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on the average, equal to 4th the weight of the rail in 
pounds per yard, the length of the wire in the present 


4 
case will be ~}5-=16.8 in.), To one end of this wire 


let the template of the rail be attached, and let it be 
balanced by a piece of cardboard or tinplate, as the case 
may be, slipped on to the opposite arm of the lever. 
Then, if the template be removed, the figures of pres- 
sure previously traced on it cut out, and one of them 
attached to the vacant end of the wire, we can, by 


FIG.9. 








slipping the balance-weight along the wire till equili- 
brium is attained, ascertain the relative weights, and, 
therefore, areas, of the original template, and of the 
figure of pressure. For, since the length of one arm 
of the lever in inches was made equal to the area of 
the rail in square inches, and since the weights, or 
areas, vary inversely as the lengths of lever, the length 
of the other arm in inches from the point of suspen- 
sion to the balance-weight will be equal to the area of 
the figure of pressure, that is, to the effective area of 
metal above and below the neutral axis in square 
inches. In this instance (Fig. 10) it will be found to 
measure 2.49 in. 


FIG. 10. 

















It only remains now to ascertain the centres of 
pressure of the forces acting above and below the 
neutral axis, and the position of those ~~ will be 
identical with the centres of gravity of the figures cut 
out of the template, which may be found by the pro. 
cess adopted when the centre of gravity of the 
entire section had to be determined (Fig. 11). 
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We have now arrived at the effective area=2.49 in., 
and the effective depth =3.5 in., without the use of a 
single figure ; and the only computation necessary to 
obtain the moment of resistance of the rail will be the 
simple multiplication of one of those ascertained 
amounts by the other; so we think our proposition, 
that little, if any, calculation was absolutely indis- 
pensable, has been clearly demonstrated. 

Having determined the moment of resistance of the 
cross section by one of the preceding methods, the 
tranverse strength of the rai] may be readily obtained. 
It must be premised, however, that since the maximum 
unit strain on the rail will be compressive, whilst we 
need concern ourselves with tensile strains only, which 
will be less than the maximum compressive strains in 
direct proportion to the distance of the extreme fibres 
from neutral axis, that is, as 1.95 : 2.55,—the 
equivalent value of the moment of cross section, as far 


as the tensile strains are concerned, and when the 
flange of the rail is in tension, will be 
8.715 x 2.55 
er 195 
Now let us ascertain what weight the rail should 
support applied at the centre of 60 in. bearings. 

e have the moment of cross section, M=11.4; 
the ultimate apparent strain on the extreme fibres 
F=38.3 tons per square inch; and the moment of 

. W x 60 in. 
weight (W)=a= an 
_ 4x11.4x38.3 tons 
we have W=—- — =29.11 tons. 
Five pieces of rail were tested at the bearing assumed 
above, at Kirkaldy’s works, with the following results : 





; hence, since w=M F, 











Exastic Lor. ULTIMATE. 
Weight. | Deflection. Weight. Deflection. 
tons | in. tons in. 
16 45 30 9.4 
9 A7 29.6 8.7 
* 4 29 10.5 
- A6 28.5 9.2 
15} A9 28.75 14.8 
Mean Result... 29.17 10.5 








It appears, then, that the strongest rail tested gave 
a result 3 per cent. only in excess of the resistance 
previously deduced, whilst the weakest rail was some 
2 per cent. below it. The average result of the tests 
(29.17 tons) may be considered identical with the cal- 
culated amount (29.11 tons). B. B. 








ON FIXED CENTRAL BATTERIES.* 
By Caprain J. E. Symonps, R.N. 


THE system of fixed central batteries is the result of one 
of those alternatives which, although appearing at first sight 
to be surrounded by difficulty ont defeat, often develop re- 
sources which lead to ultimate success. 

It may be said to have originated in the Warrior, the fine- 
ness of whose fore-and-aft body were inadequate to bear 
“ complete protection.” The armour-plated portion was there- 
fore terminated abruptly by straight bulkheads forming a 
rectangular central battery. The fore-and-after body of the 
ship being fitted with a cellular arrangement left the ex- 
tremities comparatively light, thus securing sea-going quali- 
ties for which she is still pre-eminent, giving her a superiority 
in bad weather over ships of inferior sea-going properties, 
although more heavily armed. 

Had the proportions and arrangement of later ships assi- 
milated somewhat with this magnificent specimen of naval 
architecture, better results would have been obtained, and 
some return might have been made to elegance of form, which 
is not incompatible with efficiency. 

The Achilles, having Captain Coles’s belt in addition to 
the central battery, is an instance of the efficiency of a ship 
of similar proportions, though somewhat coarser lines, to 
enable her to carry that additional weight of armour. 

It will not advance the object of my paper to go closely 
into the details of the performances of the iron-clad fleet, 
which are well known. I shall, therefore, confine myself to 
stating that in allcases those ships having central batteries, 
or central batteries with Captain Coles’s belt, appear to have 
given better results as sea-going ships than those which have 
been completely armoured, as might have been expected. 

Recent practice in these armour-clad ships in no way differs, 
therefore, from past experience, which tells us that as you 
approach “complete protection,” or, in other words, as you 
load the extremes so inevitably does the ship become generally 
unstealy. 

The first thing done when in chase is to clear the extremities, 
and thus centralise the weights as much as possible. In bad 
weather guns and even anchors are sometimes removed from 
ew places as near amidships as possible to attain the same 
object. 

t seems strange that this “ golden rule” should have been 
departed from in the Bellerophon, and other ships, especially 
when by adhering to it the balance of advantages would pre- 
ponderate so decidedly. 

The most remarkable defect in the earlier examples of 
armour-plated ships was a total absence of protected end-on 
fire (which, by-the-by, is not remedied in the Bellerophon, 
whose line ahead fire from bow guns on the main deck cannot 
de relied on). It was this manifest weak point in the broad- 
side system which was justly and severely criticised by Captain 
Coles, and which for a time gave his system such a prestige. 

As a warm advocate of the broadside system for sea-going 
ships, to meet his valid objections I degigned the arrange- 
ment for end-on fire, shown in the di No. 2, which was 
submitted to the Admiralty and to the Royal United Service 
Institution early in 1863, and at this meeting in, 1864, to- 
gether with the model now on the table. (See Transactions.) 

Although obtaining a converging end-on fire on the upper 
deck by recessing the forecastle bulwarks, the maindeck guns 
train only at an angle of 22° with the keel, through a port 
constructed at the junction of the armour plate with the side, 
with a command of 45°. This was considered a great step in 
advance of the old system by some, but much vidiculed. by 
others. It was very satisfactory to see alterations being 
made for the adoption of this system on the upper deck of the 
Minotaur in July, 1864, which have since been carried out 
in the Northumberland and Agincourt. 








* Paper read before the Institution of Nayal Architects. 


There was, in fact, no approach to efficient line ahead fire 
with protected guns, except from a forecastle breastwork as 
described, until the middle of the year 1865, beyond that 
fitted to the Enterprise, Favourite, and Research, they being 
flush-deck vessels with square central batteries, having ports 
in the transverse bulkhead, with short turn-down bulwarks, 
the guns firing over the deck at an angle of 15° with the 
keel. 

In the meantime there was no lack of designs for “ end-on” 
fire in coast and harbour defence ships. Gunboats and other 
vessels having three, and in some instances four, guns to fire 
in a line with the keel at either end, which, I may re. 
mark, were quite as capable of keeping the sea as the Royal 
Sovereign or an Lion ge cupola ship of that period, 
Among others, the model on the table, designed by ir R. 
Roberts and myself in 1860, presented to the Admiralty 
the early part of 1861, and exhibited at the Great Exhibition 
in 1862. 

This was followed by a design for a central oval bat- 
tery with two guns, and in May, 1863, for a river gun. 
boat, with a diamond-shaped shield (a diagram of this vessel 
was exhibted) pierced with eight ports, in which four guns 
were to be mounted, any three of which might be fired 
ahead, astern, or on either broadside. The guns and all 
principal weights being distributed around the centre of 
buoyancy, which, together with the action of the twin-screws 
in a vessel of her dimensions, light draught, and form would 
cause her to turn with extraordinary facility. 

I consider the angle presented by the two inclined surfaces 
better calculated to deflect shot than a turret. The guns on 
the faces of this battery train through an arc of 90° on the 
same pivot. 

Increased weight of armour and guns combined with the 
decreased number of the latter involved still further contrae- 
tion of the central battery, which thus added to the difficulty 
attending “ end-on” fire in frigates and corvettes. 

I presume it was in consequence of this difficulty that the 
Bellerophon and Pallas were both originally designed with a 





similar deck arrangement and battery to that adopted in the 
Favourite, which, though well calculated for gunboats, was 
totally inadequate for such heavy ships, but no substantial 
method for fitting central batteries with “end-on” guns firing 
through fixed bulwarks being recognised at that date, there 
was no other alternative. 

Next in order come the Viper and Viven, which have 
earned the unenviable distinction of being the most useless 
and dangerous vessels ever sent to sea under a pennant; 
and as I predicted at this Institution on March 18, 1867, 
have tended to bring the twin-screw system into disrepute 
by al inefficient and complicated manner in which it was 
applied. 

» n May 1864, I was invited by the Admiralty to send ina 
tender and design for the construction of a gunboat in com- 
petition with these vessels, fitted with twin screws on the 
plan advocated by the late Mr. Richard Roberts and myself, 
(a method which T still commend to this meeting, as the best 
and strongest for fitting them, especially for monitors and all 
full powered vessels). Objecting to the Admiralty design for 
their armament and construction, they being open or flush 
deck vessels, of 700 tons, having straight armour-plated 
breastworks thrown across them, forming a species of open 
central battery, I submitted two designs, represented by the 
model on the table, in which I proposed a method of fitti 
the bulkheads, so as to protect the guns from flank fire, an 
admit of their being trained through an are of 65° in the 
same port, viz., 15° and 80° with the keel (a decided advantage 
over the Enterprise’s port, which has a command of 12° only). 

Foreseeing the necessity for some protection from the sea 
in heavy vessels of this description, I showed two methods of 
giving it. One having a top-gallant forecastle, with an 
arrangement for moving the bulwark vertically on a hinge or 
a gate, so as to form an embrasure for the gun (instead of 
turn down bulwarks in short pieces). In the other coverin) 
the fore deck and battery with a continuous light spar-deck 
over a standing bulwark, thus forming a “fixed embrasure 
or “indent,” the guns firing clear of the deck and side at the 

eatest depression, in lieu of firing over the deck as in the 
View and Vixen without any depression, the gun being 
protected from ‘weather or débris, and always ready for 
action. 

For these inventions I received the thanks of the Admiralty, 
who complimented me on their novelty and anne, but 
although my tender was 2/7. 10s. less than that of the Vixen, 
and my designs embodied plans which have since been adopted, 
it was declined. I learn that these vessels are now being 
fitted with a hurricane deck. 

Encouraged by the reception my designs met with at the 
Admiralty, I protected them by a patent in September, 1864, 
in which I embodied the application last referred to on the 
main deck of frigates; this has been characterised as the m- 
dented side or internal sponson, in contradistinction hi 
external sponsons and other contrivances for attaining en 
on fire. 

It was contended on a recent occasion that my arrange 
ment of recessed forecastle bulwark, surmounted by a top- 
gallant forecastle of 1863, shown in diagram No. 2, Le 
anticipation of this invention. It certainly did not occur 
me at the time I designed it, nor can it be considered by any 
disinterested person as identical with the bolder and more 
important conception of forming an indent on the ray 
deck either of a corvette or frigate, some 80 or 90 ft. = 
stem, in which the departure from bow ber pe — 
of the hull at an important point involv 
tions, and elicited ve _ “y and mis oy em have not 
altogether vanished, althou, ractice , 
my the most valuable cnqubitions to naval amy 
In fact, the distinctive features in the Hercules ~ ~ her 
vention and the embrasured ports recently adop of the 
forecastle, for which I also received the thanks 


Admiral 
The Pallas was the first ship in thé English, or, I believe, «af 
other navy, in which this improvetl method of 7 a 
acentral broadside battery was Over a at rip, as Fatt 





contemplated in the original design of 
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which underwent several alterations previous to its comple- 
tion. She was originally designed, in 1863, with a rectangular 
central battery, having the flush deck arrangement before 
described in the Enterprise, Research, and Favourite. 

At the close of 1864 (about six months after the presentation 
of my plans) the original design was altered by cutting off the 
corners of her “ square box,” so as to admit of a greater arc 
of training to her guns, and, subsequently to her launch, the 
“ flush deck arrangement,” although nearly completed, was 
abandoned, a spar deck and fixed bulwark being fitted in ac- 
cordance with the plan recommended by me for the gunboat, 
but with this difference—in my design the faces of the “ in- 
dent” were rounded and inclined, so as to offer the least re- 
sistance to, and prevent lodgment of, water, and admit of the 
depression of the gun, whereas those of the Pallas are square, 
and have not those advantages. 

The Bolivar forms the next, and perhaps best, illustration 
of my principle extant. Built and engined by Messrs. Dudgeon 
originally for a blockade runner, she was afterwards converted, 
and fitted out by me for the Venezuelan Government as an 
armed transport with a central battery on my principle. 

The indents are 70ft. respectively from the stem and 
stern, so as to prevent overweighting the extremities, under 
a continuous spar deck 7 ft. high. The muzzles of her 70 lb. 
rifled guns were only 7 ft. 6in. above the water line in an 
indent of 4ft. When going at high speed against a head or 
beam sea, the guns were worked effectively at 10° with the 
keel, the flare of the bow practically throwing the wave clear 
of the indented ports, which were kept open in almost all 
weathers. 

The practical lesson conveyed in this vessel is, that, with a 
trifling alteration in the superstructure, a powerful “end on” 
armament can be fitted in the course of a few weeks, or days, 
if required, to comparatively small high speed vessels of ordi- 
nary construction, and that, in the event of an emergency, a 
fleet of such vessels might be extemporised at a trifling cost, 
that, from their high speed and sea-going properties, would 
prove an invaluable adjunct in repelling a hostile fleet. May 
I ask by what arrangement of the turret system such results 
could be attained in similar vessels ? 

Many doubts were expressed as to her success when fitting 
out ; but the extraordinary results attained by her in every 
species of weather, satisfied me that much greater scope might 
be given to the invention in vessels of a larger class. 

Acting on the experience gained in this vessel, I designed 
the frigate shown in the Diagram No. 6, “On my combined 
End-on and Broadside Principle,” having four guns at either 
end of the central battery firing in a line with the keel through 
an are of 90° from the same port without changing pivot, a 
point of the utmost importance in working heavy guns at sea. 
[t is to be regretted that, although this plan is to be adopted 
on the upper deck of the Audacious and Invincible, it has not 
been applied in the battery of the Hercules, as it would have 
materially increased her efficiency without demanding any 
compromise. In fact, by its application, the battery of that 
ship might have been reduced several feet, still retaining the 
same number of guns; or, by extending it 10 ft., those guns 
now at the bow and stern might be taken into the battery 
with great advantage, and thus relieve the extremities of their 
weight and the armour plated portion protecting them. 

This design was submitted to the Admiralty 1st October, 
1866: it also embraces a method of curving the topsides to 
repel the sea, and of recessing the broadside ports, by which 
an are of 90° training is obtained, thus materially increasing 
the command of the battery, which has in conjunction with the 
end-on guns, an “all round fire” hitherto never attained. 

Diagram No. 7 represents four designs for ironclad batteries 
made about that period, by myself and Mr. Dudgeon, which 
naturally followed in the wake of the Bolivar’s success, they 
being, in fact, but a repeat of those before shown for harbour 
defence, with the addition of a fixed bulwark and light spar 
deck, which I consider indispensable. 

There have been many sacrifices made in the construction 
of our latest ships on the score of economy and handiness. 

I believe true economy to consist in general efficiency, and 
that, no matter what the first cost, the best is the cheapest in 
the end; but I doubt if these properties will be attained by 
the curtailment of proportions which the experience of the 
last half century has proved the best for weight-carrying 
ships. As to handiness, these sacrifices are in a measure due 
to the tardy appreciation of the “twin screw system,” which 
entirely obviates the difficulty of manwuvring long ships 
either under steam or canvas. 

No one will question that a short long heeled ship, such as 
the Pallas, with large area of rudder, and a screw of great 
diameter, would describe a circle in less space than an 
ordinary single screw ship }th longer; but smartness in 
describing a circle cannot be compared, in a military point of 
view, with that certainty of pivoting on the centre alone at- 
tainable by twin screws in the longest ship, the value of 
which has been so often proved. 

To contend that the same sea speed is attainable in a short 
sharp ship as in a long one, is simply to ignore all past ex- 
perience, and to refuse daily evidence to the contrary. I will 
not deny that the same speed may be attained by a short ship 
im smooth water, but no pressure, whether of steam or sail, 
= ever force her against a head sea at the same speed as a 

onger and narrower ship of corresponding tonnage and horse 
a a will she ever have that steadiness of platform 
; 0 the longer and narrower body, provided the floor be 

~~ and the weights properly disposed. 

aun bene) | these well-known practical truths, 
- nlp @ perpetuated in the Royal Navy, that 
aida of weight with buoyancy,” so much and so 
y dwelt upon in earlier papers read at this Institution, 
Sebiie of ee tae necessary ; for to overload either ex- 
king A ron ee ip is Sek to her performance at sea. 
es ak a Ay ag of the Bellerophon’s battery deck it 
that ship, which Ae ecble has been adhered to in 
: P, accounts for her pitching heavily and losing 
qraed at sea. Had her bow battery and guns (which are use- 
ess except in the finest weather) been added to her main 
, on the plan shown in that model, and as in Diagram 


No. 8, she would be a far more powerful ship, a better sea 
boat, and steadier gun platform, and more obedient to her 
helm. 

The model referred to is that of a frigate on m — 
submitted to the Admiralty, 29th July last, by the London 
Engineering and Iron Shipbuilding Company, in competition 
with other firms, embodying my principle for lifting twin 
screws and embrasured ports. Whe proportions of this ship 
differ from the Audacious, a ship of the same class, building 
by the Admiralty, as follows : 

Competitive Ship. Audacious. 

Length ... ose. ab ete eve «. 280. 
Breadth ... oso 5B. ane ove so 
Draught ... ooo 22 ft. ios nce, Saab 
Tonnage ... eco 8794. ... one woe 8774. 
Horse power... 800. ... ove e 800. 
Displacement ... 6100. ... ooo s+» 5899. 
Coals carried ... 500.tons ... .-- 450 tons. 

The midship section of this competitive ~ : is nearly parallel 
for about one-fourth her length, having a long flat floor, the 
topside being curved to repel the sea as before described. 
The object sought to be attained in this design was to make 
her a smart easy fighting ship under steam with a moderate 
spread of canvas. ‘To fire the heaviest broadside and end on 
armament that can be carried by a ship of her tonnage with 
due regard to other qualifications. 1 claim the following 
advantages over the Audacious by adopting the proportions 
form and arrangement described, viz. : 

Competitive Ship. Audacious. 
Main Deck Battery.—Eight | Six guns to train through an 
guns to train through an are| are of 60°. 

of 90°. 

Four of the above in indents | No end on fire on this deck. 
firing at 10° with the keel 

and 10° abaft the beam, 

giving a command of 90°. 

Upper Deck. — Four guns | Four through an are of 90. 
through an arc of 90°. 

She carries 50 tons more coal, and having less area of mid- 
ship section will require less power to drive her at the same 
speed. In other words, she will attain a greater speed than 
the Audacious, while the longer floor, aided by the form of 
her superstructure, will support her in going against a head 
sea and tend to speed and sea-going qualities. Had I to 
design this ship without any restrictions, I should increase 
her 100 tons and give her a continuous light spar deck. 

It is somewhat remarkable that, with the experience afforded 
by the Bellerophon and other ships, errors so evident in them 
should be reproduced to a greater extent in the Hercules, in 
which ship it appears that neither concentration of weight or 
armament have received due consideration. As an advocate 
of the broadside type, I regret to see the ship which, for a 
time, at least, will be cited as the exponent and champion of 
that system so fatally deficient in some of its principal 
features. 

Apart from the wide distribution of her armament, from 
which it appears that the desire to place guns in a formidable 
position anywhere has overcome every other consideration, I 
think that the unprotected state of her “ fore-boiler room” 
and engine room (which will be at the mercy of the smallest 
gun when at a trifling inclination) are weak points that should 
not exist in a ship of her magnitude, which are by no means 
counterbalanced by the thickness of her plates and backing 
in other localities, the utility of which I must question. 

Ships, as well as other things, are strong in proportion to 
their weakest parts, and this, no doubt, is the weakest point 
in her. 

Having decided on so costly a structure, is it true economy 
to stop short at a few thousands, and thus peril success ? 

With an increase of tonnage, which would incur a probable 
cost of 20,0007. (a mere atom as compared with sums ex- 
pended in recent alterations), this glaring defect might be 
remediéd in future ships on the following proportions, by 
carrying out the same form and arrangement of battery 
and superstructure indicated in the model. 


Proposed Ship. Hercules. 


Length * 340 0 ... 825 0 
Beam... one ao 8 #2.) “Fe 
Draught... ot o 24 6 .o 24.6 
Horse power... ee 1200 ... 1200 
Coals... acs - 1000 tons ... 600 tons. 


These dimensions will admit of the main deck battery being 
extended so as to include the fore boiler and engine-room, and 
to carry seven days’ coal. The armour and guns, now at the 
extremes, being removed, and 8 in. plate being substituted for 
9 in. at the water-line. 

The armament would consist of the following guns : 


Proposed Ship. Hercules. 
Main Deck. 
Twelve 18 ton guns in battery. Eight 18 ton guns in battery. 
One 10 in. gun forward. 
One 10 in, gun aft. 
Upper Deck. 
Four 18 ton guns. Four 7 in. guns. 
Six 7 in. guns. 


There are many important advantages attached to this 
system beyond the mere centralisation of weights, which, 
being of importance in a structural as well as a military point 
of view, I will briefly refer to. 

By retiring the bow and stern batteries in the manner 
described, a corresponding lightness in the construction of the 
fore and after body is practicable, and the necessity for a 
level deck is avoided ; thus considerable sheer or spring may 
be given at either end, and the superstructure of the bow may 
have a certain amount of “ harping” or “ flare,” which is in- 
dispensable in over weighted ships that do not rise to the 
sea. 

The guns, being retired within the battery, have the same 
command as when on the bow, but are far less liable to inj 





from a collision. They are, moreover, protected all round, 
and therefore cannot be enfiladed; being nearer the centre, 


they are pointed with less difficulty, there being less motion 
than at the extreme, and they will not be submerged in 
pitching, as they constantly are when on the bow. All the 

being within the battery, there is far less danger and 
fitheulty in serving them, they being in close proximity to 
the magazine and shell-room. 

I may add that in the arrangement thus described, no 
“point of impunity” occurs, whereas in a sea-going turret 
ship it is represented by an arc of 23° to 25° on either bow, 
that an uninterrupted “end-on” and “all-round” fire is 
secured without any compromise of speed, sea-going qualities, 
accommodation, or health. ‘Lastly, that it involves no com- 
plexity of construction, and is readily adapted to almost every 
class or form of existing ship. 








GAS IN WELLS. 

Wes have received from a friend the following letter describ- 
ing a remarkable and disastrous explosion which occurred on 
Saturday last, in a well connected with a large brewery in one 
of the eastern counties : 

“Can you tell me where to obtain a Davy lamp, or could 
you order one to be sent here for me? I want it to act as a 
safeguard against a repetition of a sad accident that happened 
here on Saturday. One of our men was showing a triend 
round the brewery, and on coming to the well top took an 
open lamp, opened the flap, and descended the well by an up- 
right iron ladder permanently fixed. About 16 ft. down the 
cranks are fixed, and just beneath there is a close iron floor 
with a flap, and on a level with this floor are openings in the 
side of the well into the cellar. On arriving at this flap he 
opened it, and commenced to descend to the pumps, about 
20 ft. further, but beforehie head was below the flap, his light 
exploded an inflammable in which had accumulated in the 
lower part of the well, and b ew him up, burning him dread- 
fully, so much so that we ‘an hardly hope for his life, as 
besides his hands and face being completely burned, part of 
one of his ears and a portion o: his nose is destroyed. Three of 
the iron plates comprising the floor were blown through the 
side opening, blowing a lattice Joor down, and bending an iron 
bar (the fastening), and he hi nself was blown to the top, and 
there clutched the ladder, an | was partly helped out by the 
stoker, who was looking on fr »m the top. The flame from the 
explosion set fire to the laggi’ g of a boiler just near the top of 
the well, and also to some car vas some 7 or 8 ft. on one side, 
over an upright partition. You will hardly credit it, but the 
man whose business itis to go down — morning now states 
that he has repeatedly had to blow out his light and come up 
on account of a blue flame hovering round his light, and yet 
has never mentioned it, thereby often risking his own life and 
others. He was down the well at 8 o’clock that morning, and 
the explosion occurred about quarter past 2. I should tell you 
there isa gaspipe fitted down the well, but it was not lit that 
day, and I have examined the fittings since, and found them 
all right. Have you ever heard of explosive gas generating 
in a well before? Ours is dry in the chalk, and in some few 
places bricked; there are a few holes where old beams have 
been taken out with cavities perhaps 18 in. by 12 in. 

“T hear now of a former explosion having occurred in the 
town in an old disused well which was covered up, and on being 
opened and a light lowered into it, an explosion took place 
and killed several people standing round. All round here, as 
you perhaps know, is a chalk formation, and wells are almost 
as plentiful as houses. If you can throw any light on this 
occurrence I shall be very thankful. 

“T should also tell you that some years ago something of the 
same kind occurred in this well, but the man was not seriously 
hurt, and no particular notice was taken of the affair.” 








THE NORTHAMPTONSHIRE 1RONSTONE. 
To rue Epiror oF ENGINEERING. 

Srr,—The Iron Trade Review, from which you quote in 

your paper of the 3rd, is altogether wrong in attributing to 

the late Mr. S. H. Blackwell the discovery of the Northamp- 

tonshire ironstone. : 

Whatever fame or merit there may be in this discovery 

belongs to me entirely, and no one else, as the most intimate 

friends of the late Mr. Blackwell well know. 

About sixteen years ago I was engaged assaying the iron- 
stones of South Staffordshire, and had occasion to see Mr. 
Southan, the mining engineer of Messrs. Philip, Williams 
and Sons, when he said he had received from Genera 
Arbuthnot a “lot of queer-looking stuff to report on, but he 
“ had never seen anything like: it before, and did not know 
* what to do with it, and would I see if I could make out 
“ what it was?” It was sent to my house, and, on assaying 
it, I found it to contain a large percentage of iron, viz., 41.66, 
43.23, and a dark rich sample 56.41. 

I was well acquainted with Mr. Blackwell, and, knowing 
the interest he took in anything new connected with geology 
and the iron trade, I took the ironstones and the assays to 
him. He at once identified the ore as similar to some he had 
seen in Northampton some three or four years previously, 
and which he pronounced as being “an interesting specimen 
“ of ferruginous sandstone of the volatic formation, but of no 
“ commercial value,” in which opinion he was joined by an 
eminent living authority, now occupying an important public 
position. The result of my interview was Mr. Blackwell's 
joining me in working the ore, and this was his only connexion 
with the discovery. 

Some few months after the workings were commenced one 
of the partners of Messrs. Bloklow and Vaughan paid me a 
visit, and shortly after the extensive iron ore district at 
Middlesboro’ was opened, the deposit there being a carbonate, 
but of the same volitic formation as the Northamptonshire 
ore. 

The discovery of this ore is only second in importance (if 
even 80) to the “ Bessemer” process, and, I doubt not, you 
will do me the justice, and give me the credit due to such an 
important national source of industry, by publishing this 
letter. 





Yours respectfully, 
April 6, 1868, Ty. W. Sarre, 
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FORTIFICATION.—No. III. 

Fig. 10 is an example of the way in which abattis 
are sometimes set in the ditch of a defensive work, in 
the counterscarp, escarp, and at the foot of the escarp. 
It may occur to some of our close-thinking readers, 
to whom the subject is new, that an assailant who had 
forced his way into this ditch would be secured from 
the defensive fire, covered as he should be by the 
parapet in front of him, and might, with safety and 
coolness, remove the abattis, in and at the foot of the 
escarp ; but this is just the reverse of what his position 
would likely to be in such a carefully constructed 





one as perfect for its purpose as ever emanated from 
the human brain—which was the bastion system. In 
this construction every inch of the ditch was swept by 
the fire of the enciente. 

In Fig. 11 a line of abattis forms an important 
part of the accessories. The trees are strongly 
picketed to the ground, and completely covered by a 
glacis from the direct fire of the assailant. It will be 
readily seen that to remove this obstacle under the 
most effective, direct, and rapid fire—of men, cool and 
determined, standing safely behind their parapets— 
would test the bravery of the bravest troops. 





ditch. In a work with suc’ a parapet as we have here 
given, unless in some pe ‘uliar instance, the ditch 
would be swept by such a flanking fire as would be 
terribly destructive to tho ie who should have forced 
their way into it, and the delay of removing the 
abbatis would tell upon the n with effect at the time. 





We have referred to defensive troops “ standing 
safely behind their parapets.” It may occur to some 
of our readers that, according to the dimensions we 
have previously given, the tread of the banquette was 
44 ft.* below the crest of the parapet, and hence a 
man standing behind it, as he must do to fire with all 


As we proceed, when we c me to the description of | possible effect and rapidity, would be exposed from the 
enclosed, or partially encl sed works, of w ich we Three 
shall give both trace and pro ‘ile, we shall describe the 
arrangements for the auxiliary defence termed flank- 
ing fire. 
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The advantage to the assailant which this 
it stands, suggests, was the great evil o 
system of fortification. An enemy who had made his way 
into the ditch of an old fortress, with its long straight 
walls forming the sides of the polygon of the enciente, 
was safe from the defensive missiles. It was the keen 
consciousness of the magnitude of this evil which set 
to work the quick inventive faculties of the Italian 
engineers, in the early part of the sixteenth century, 
to devise a remedy. The remedy was soon devised, 
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shoulder upwards, but this he need not be. 

sand hags in front of each man will completely cover 
him. These bags are 2 ft. 8 in. in length, 1 ft. 3 in. 
in diameter, and hold a bushel of earth: when filled 
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they are musket proof. Two of them laid on the 


the old| top of the parapet at right angles to the crest, 


a few inches apart, with a third laid across them, 





* The superior crest of the parapet is sometimes, in our 


defensive works, but 4} ft. above the tread of the banquette. 
| In the — defences the banquette was but 4 ft. below 
| the crest. Th 


is was surely a defect; but only one of many 

exhibited in these weak works—of which it may be said that 

in no respect did they = proof of thoughtful engineering, 
Bite, 


| but in the selection of 











form an excellent loophole. Thus protected, the de- 
fensive troops are all but completely safe from direct 
musketry fire. 

In Fig. 11 we have palisades in the ditch, and 
fraises in the counterscarp. Fraises so placed should 
be of such strength as not to be broken by the weight 
of an assailant, and so near the crest of the counter- 
scarp that the enemy, when destroying them, should be 
exposed to the fire of the parapet in front of him. A 
very effective arrangement for defence is shown below 
the fraises. The 
scarp would render leaping into the ditch rather an 
awkward experiment. And even if the assailant suc. 
ceeded in destroying them, accumulating in strength 
in the ditch beyond, owing to its angular bottom, would 
be a serious difficulty. The depth of the ditch of such a 
work is very important, but the labour of increasing it, 
after sinking 12 ft., is serious. Here, as will be seen, 
it is increased, and much increased, with little labour, 

In Fig 12 we have a varied combination of obstacles, 
Fraises in the exterior slope, on the berm, in the 
escarp, and counterscarp, and palisades in the ditch; 
beyond the glacis a line of abattis, covered with a 
second glacis, and beyond this four rows of ¢rous-de- 
loups, or trap-holes. 

Palisades may be made of rough stakes, but generally 
they are baulks of timber, 10 ft. in length, triangular 
in section, each side of the triangle being Sin. They 
are, as we have shown, pointed and set vertically, or 
inclined, towards the enemy. 

The process of putting together and setting them is 
as follows:—The palisades are spiked to a strip of 
strong plank, (or riband) placed at right angles to 
their Tength, about 6 in. from their lower ends, and to 
a similar riband about 18 in. below their points. The 
palisading is then set where required, in a trench of 
18 or 20in. in depth, with the ribands and flat sides 
inwards, and the trench is filled with well-rammed 


earth. 
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lant, he might use 


Fraises, as we have already st 
in the scarps. They are seldom, 
scarps, less than 7 ft. — 
If lower, within grasp of the assailant, 
them to his own advantage, when climbing up ol 7 
of the escarp. If set horizontally, as shown * “ 
on the berm, and in the face of the ——, bh — ri 
may also afford an advantage to the assavabis. 
Fort Picurina, at Badajos, in 1812, the storming Pet, 
rested their ladders on the horizontal fraises, al 


isades at the foot of the counter.. 
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them such firm footing when they landed on them, that 
they were enabled to pull up their ladders, rest their 
lower ends on the fraises, and their upper on the face 
of the exterior slope, and in this way quickly forced 
their way into the work. oi ear 

Trous-de-loups (or trap-holes) are excavations in 
the form of an inverted cone or pyramid, the shape of 
those in this illustration. ‘They should be from 2 ft.to 
4ft., or 7 ft. to 8 ft. in depth. In the Peninsula and 
other wars, bold marksmen have crept into them from 
the enemy’s side, and used them as rifle-pits. With the 
depths we have specified, they would be either too 
shallow or too deep for this purpose. They should 
always have a sharp-pointed stake in the centre. It 
is clear that they are thus a very formidable obstacle, 
especially to cavalry. When placed in front of lines 
of abattis, the earth raised in their excavation may be 
used to cover the abattis. Otherwise it is formed into 
a glacis, as here shown, to cover themselves, They 
should be covered over with straw, coarse grass, heath, 
or brushwood. The small branches cut from the abattis 
will serve good ae thus applied. Trous-de-loups 
are sometimes placed further apart than here shown— 
where the soil is loose; and they are often arranged 
chequerwise, those in the second row on the end next 
their profile having their centres in a line drawn 
through the centre of the intervals, between each 
pair immediately before them, parallel, say, to the 
side of the plan we have here given. With the third, 
&c., the same rule is followed. If known by the 
enemy to exist, yet well concealed, their moral effect 
is often great, like ‘‘snakes set here.” In shallow wet 
ditches, they may do good service. They were found 
very effective before Sebastopol. 

Fig. 13 is a work that requires no artificial ditch. 
A stream that an enemy must cross in the assault, may 
be very effectively utilised in the defence. The 
strongest parts of the defences of Torres Vedras and 
Santurem were the Zizandre and Rio Major. This, 
with a sedgy marsh, such as we have shown, covered 
a great part of Massena’s front. The Zizandre, when 
swollen after rains, that fell very opportunely, rendering 
it unfordable —an impassable marsh—was far the 
strongest part of the defences of Wellington, from 
Torres Vedras to the sea. 

The lines at Yorktown, so fatal to M‘Clellan, derived 
much of their strength from creeks and inundations. 
These lines, being one of the most striking proofs on 
record of the importance in defensive warfare of 
ordinary field works, claim notice here. No account has 
been given by any of the Federals or others that they 
exhibited anything new or specially ingenious. And as 
General MacGruder, who constructed and defended 
them, was only an ordinary Westpoint man, we are 
not warranted in inferring that he departed either in 
trace or profile from the ordinary types. Their effect, 
however, is among the certainties from which the 
thoughtful military student will derive a useful lesson. 
M‘Clellan, as will be remembered, landed his army of 
the Potomac (designed for the taking of Richmond) at 
Fortress Monroe, in 1862. Thence marching up the 
peninsula formed by the York and James rivers, without 
the slightest suspicion that such a barrier lay before 
him, he was brought to a sudden halt by the lines of 
Yorktown, where the brave Cornwallis surrendered to 
young America, 

These lines were traced at the narrowest part of the 
peninsula, and mounted with heavy guns. They were 
strengthened in front, as we have stated, by creeks 
and inundations. The flank on the York river was 
covered by a battery, the fire of which was crossed by 
the fire of Fort Gloucester. Hence an attempt by the 
Federal gun-hoats in this river to enfilade the works 
bein not to be thought of. The celebrated Merrimac 
on bea ¢ in the you river, keeping Federal 

sUn-boats at a respectful distance, ren - 
site flank safe ho enfilade fire. ee 
Bi anaes M‘Clellan’s forces was 130,000; the 
macnn acGruder’s was 12,000. And these, 
ed by their works, kept M‘Clellan’s forces a 
ee upon such exposed ‘and marshy ground as 
Subjected them, morally and physically, to one of the 
Severest tests that could be well applied to an army 
composed of such materials. 
* pre General MacGruder abandoned these works, 
futher up te by ee, ba to co- perate with troops 
pone Pp the penins a day before M‘Clellan was 

We. rb movement. - 
we, — eparepe a py incident of the American 
Confederates, N Cola we aiuable agent to the 
in the lines ; ear Volquests Salient—a strong work 
Vigorou def m which they made their last, long, 
of ws ie fence—a ravine ‘crossed the general line 
Sema r at right angles, across which a dam was con- 

» With sluice-gates at each end. On a rising 





ground near the stream was the great rendezvous of 
the Federal piquet. One night, when there was a 
heavy fall of rain—the sluice-gates were shut—the 
waters accumulated to an unfordable depth in a hollow 
between the Federal piquet and their own works. By 
daybreak they were attacked by the Confederates, who 
quickly broke their line, and made the greater number 
risoners. The Federals did not re-occupy this un- 
ucky ground. Hence the Confederates, trom this 
time, found the defence of the opposite section of 
their works a simple duty. 








ON THE REVERSE CURRENTS AND SLIP 
OF SCREW PROPELLERS.* 
By Artuour Riae, Jun., Esq. 


Tue outline of a new theory on the relations of the screw to 
its reverse currents was described in a paper read during the 
last session of this Institution; and as the subject is one of 
some importance, it may not be uninteresting to pursue the in- 
quiry further, especially as this theory throws a new light on 
many obscure questions, and bears very directly upon the sub- 
ject of “slip.” 

In order to remove needless complications, attention will first 
be directed to the influences exerted by only one section of a 
single blade, and having investigated this point, an amplifica- 
tion of the result most readily applies to the whole area a 
by the screw. A brief recapitulation of the theory may 
given with advantage. 

Take for illustration a screw blade, making an angle of 41° 


¥ FIG. b 





























with the plane of rotation, Fig. 1, and let the distance, F E, be 
its path — upon a straight line and represent the entire 
circumferential movement of one revolution, Although the 
screw actually moves from F to E, yet the action will be more 
readily followed if the water be assumed for the present to 
move from E to F, and the screw blade to remain stationary. 
Water moving from E upvn the surface, A B, would be reflected 
to L, and the force expended along E F would be precisely 
equal to that along F L, the angles EK F B and L F A being also 
equal. ee | A B, the surface of the screw blade, re- 
ceives the blow, E F, and also the reflected impact, F L, both 
of which are equal and opposed forces acting on F, and giving a 
resultant force, GF, perpendicular to the surface, A B. This 
represents both in direction and magnitude the effect of a move- 
ment of the water from E to F, or conversely the movement of 
the screw blade from F to E; that is to say, that one revolution 
of the screw at this radius would move a particle of water 
from F to G. 

But while the water is thus free to move in any direction, the 
screw can only pass along C D, and a part of the effect of rota- 
tion is given to the water backwards, and part to the screw 
itself forwards. In whatever proportion, therefore, the whole 
propelling power of one revolution may be separated, the screw 
will advance along C D while the water is deflected along F G. 
But friction plays a very important part, and increases the 
obliquity of the water, because the movement of the blade along 
FE will induce the eurrent towards F K, so that while the 
screw moves along CD the water moves along F K, and is 
deflected to the angle C F K. 

Let X Y Z be the total work of one revolution of the screw 
blade, of which X Y is the reverse current, and Y Z the coin- 
cident advance of the screw and the ship which is being pro- 
pelled. Draw the line Y W llel to FK. Now, rc | at 
the foregoing theory, Y Z being the direction taken by the ship, 
Y W will be that of the deflected reverse current, and if a vane 
be placed in the water behind the screw, Y W would be the 
direction it would indicate. It would not, however, be very 
easy to observe the vane without it were attached to the ship 


* Paper read before the Institution of Naval Architects. 











and carried forward with it. The apparent angle of deflection 
would not be X Y W, but XZ W. 
The following Table shows the apparent angles of deflection of 











the currénts behind a screw 8 ft. 6in. in diameter as actually 
measured : 
Experiments to ascertain the Deiiections of the Reverse 
Currents. 
Radius. Vessel alone. Towing a Barge. 
in, deg. deg. 
11 25 81 
14 27 87 
17 aot ast 











When the vessel moved alone, the speed was 6} miles per 
hour, or close upon 4 ft. of advance per revolution of the screw; 
and when towing a barge half this speed was maintained, or 
about 2 ft. per revolution of the screw. 

By constructing diagrams similarly to Fig. 1, to suit the three 
radii and measuring the amount of reverse current per foot of 
the ship’s advance, the following Table is produced: 





Reverse Currents per foot of Ship’s Advance, 














: Angle of Reverse Currents. 
Radius. | “Blade 
‘. Vessel alone. Towing Barge. 
in, deg. in. in. 
il 42 5 22 
14 42 10 82 
17 41 14 40 






































By allowing an additional 10° deflection for friction, &c., the 
angle corresponding with X Y W in Fig. 1 will be 51°, which is 
sufficiently close for all the three radii above given, 

In Fig. 2, let O F be the advance of 1 ft. of the ship, while 
0 C, 0 B, and OA are the reverse currents at 11, 14, and 
17 in. radii. Also let the angle, A O D, be the constant de- 
flection of 51°. Draw the lines, A D, B E, and C Gat right 
angles with A F, and join the points, DF, EF,andGF, The 
apparent angles of deflection observed on deck, corresponding 
with the experiments already given, will be: 

Atllin. ... ove ove 
og Se ne ne 
9 eee ese ove AFD 
while the real angle of deflection is always A O D. 

Fig. 3 is a similarly constructed diagram for the second series 
of experiments while the barge was in tow, the constant angle 
of deflection remaining 51°, but the apparent angle differing 
from Fig. 2, because the water receives a larger share of the 
whole effect of one revolution of the screw, and the vessel does 
not advance so fast. : 

a o dis the constant angle of deflection, 51°. " 

The apparent angles of deflection at the three radii are: 
Lefg, Lo fe and La fd. s 

he following Table exhibits the comparative results of actual 
observation upon the angles of deflection as well as those 
ascertained by the foregoing investigations: 


Comparative Results between Observed and Calculated 
Deflections of Currents. 





























Vessel alone. Towing a Barge. 
Radii. e 
Observed | Calculated | Observed | Calculated 
Deflections. | Deflections. | Deflections. | Deflections. 
11 in. 25° 20° 81° 89° 
14 in. 274 | 80 874 42 
17 in. 85 34 45 44 
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The observed deflections are the central positions of an oscilla- 
tion in the index finger; and as there are also disturbing in- 
fluences which have not been taken into account, abgolute argu- 
ment is out of the question in these general principles; but it 
must be allowed that the singularly close approximation be- 
tween the observed and calculated deflections affords very strong 
presumptive evidence in favour of the foregoing theory. 

The explanations already given to account for positive and 
negative slip all refer these appearances to the screw itself, or to 
the currents and waves of the sea, and begin by assuming that 
the screw ought to act as if passing through a solid. It is surely 
more correct to suppose that the screw ought not to act as if 
passing through a solid. Water is practically a body free in 
space, incompressible and released even from obedience to the 
law of gravity in any movements among its own particles. It 
is precisely the opposite to a solid, but it has inertia and friction. 
It is an extremely mobile fluid, and offers assistance to the 
screw by its mass and not by its solidity. With paddles, oars, 
or the movements of living creatures, water yields to every im- 
pulse, so it cannot be imagined that the screw possesses the 
single and especial privilege of finding this fluid readily yielding 
to the progress of a ship, while at the stern it assumes every 
characteristic of a solid body. The screw does not enjoy any 
such advantage, and theories founded upon these unsound data 
cannot fail to multiply perplexities, to complicate a confessedly 
difficult subject, > throw darkness upon experimental re- 
search. 

The currents and waves of the sea seem at first sight more 

promising to account for these appearances, but if there were 
really any forward motion to be obtained from such causes it 
would be shown independently of the screw, and might be ex- 
pected to give a slow propulsion to any vessel, and uo ship 
could have positive slip with one screw and negative slip with 
another, supposing the speed in knots per hour to be alike in both 
experiments. 
The following experiments, examined by the light of the fore- 
going theory, are well calculated to elucidate this subject, and 
they form part of a very extensive series made to investigate the 
reverse currents of the screw. The speed of the small vessel on 
which they were tried was 4.736 knots per hour in the first, and 
4.856 knots per hour in the second experiment, so the currents 
due to the speed of the vessel and those due to the waves could 
not appreciably vary. 

The same screw was used in both series, and simply the 
pitch changed from 3ft. to 2ft. The diameter was 23} in., 
and there were four blades. The following Table gives the mean 
results of twelve separate experiments calculated in the usual 
inapner: 
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thus with a piteh of 3 ft. there was a positive slip of 724 
per cent., while witn a piten of 2 ft. there was a negative slip 
of 4.47 per cent., giving an advance of 33.4 in. per revolution 
with 3 ft. pitch, and 25 in. per revolution with 2 ft. pitch. Fig. 
4 is a diagram for the extremity of the blade in the first, and 
I ig. 5 the corresponding diagram in the second example. 

The distance, MO (Fig. 4), will be the total work of one 
revolution of the screw, and N O, the ship's advance=33.4 in., 
MN being the corresponding reverse current=25 in. Draw the 
line, O V, at any angle with O M, and set off O W=1 ft., to any 
convenient scale, Join NW, and draw MV parallel to N W. 
Because OW: WV:: ON: NM, and OW=1ft.; therefore 
W V will be the reverse current (at the circumference of the 
screw) per foot of the ship’s advance=9 in. 

By a similar construction Fig. 5 gives R Q the ship’s advance 
per revolution of the screw=25 in.; PQ the corresponding 
reverse current=19.5 in. ; RW. the ship’s advance to scale= 
1ft.; WV the reverse current per foot of advance=9.3 in 


So that with positive slip a reverse current of 9 in. suffices to 
advance the ship 1 ft., while with negative slip 9.3 in. of reverse 
current are needed to do the same work. ‘This indicates the 
loss of power well known to accompany negative slip, and it is 
wasted partly by confusing the water, but mainly by retarding 
the progress of the ship from striking against the back of the 
leading corners of the screw-blades, as described in a former 
aper. 

. hep questions of the form of blade, or the currents around 
the vessel, are particularly eliminated from these experiments ; 
for their influences could not have affected one without equally 
changing the other. 
Any causes which may hinder the free flow of water past the 
screw will consume power, by producing what is technically 
called “ Broken Water;” and this point is well illustrated by 
the advantages gained from bending the screw blades towards 
the ship, especially in the case of a full stern. The sole merit 
of this principle lies in the prevention of confusion in the water. 
The currents as they close together behind the ship, enter the 
area swept over by the screw, in a converging wedge-like form ; 
but on passing through the blades, their contour becomes that 
of an elongated spiral, on account of the rotation received from 
the screw. Now if the blades stand perpendicularly to the axis, 
there will be nothing to check the convergence of the currents, 
so much confusion and needless friction will ensue while the 
particles of water are crowding together; but if the blades are 
inclined towards the ship, they tend to throw the currents 
outwardly, and are a counteracting influence against their con- 
vergence. Each influence balances the other, and the reverse 
current passes away in the form of a cylinder, while no power 
is lost in the operation, but rather gained; not only on account 
of the free exit of the water, but also by the current acting 
more directly backwards. 

The results of the Tables above given, and also the investiga- 
tion into the reverse currents, seem to indicate that.theories on 


of “ slip” from their thoughts in dealing with the screw. It 
was to be borne in mind that there were one or two points 
of particular interest in measuring pitch. The subject be- 

came important where the pitch was not what was called” 
an “uniform pitch,” that is to say, where it was not the 
same kind of pitch that could be used in an unyielding 
matrix or female screw. In the ordinary case of the pitch 
increasing from the boss to the circumference, the usual 
course was to measure the pitch of the screw as if you were 
dealing with common ordinates, that is to say, you ascer- 
tained the pitch as exactly as you could at equidistant radii 
from the centre of the screw. To get to the mean pitch you 
had not to integrate the curve for areas, but to integrate it 
for moments. Each of the ordinates of the pitch curve 
should be altered in the ratio of their distance from the 
centre of the boss, and you ought to find the moments of the 
area of the curve instead of the curve itself, just as in find- 
ing by the geometrical method the moments of an area in- 
stead of the area itself, and the ordinates, with a proper 
divisor would represent the mean pitch instead of taking the 
pitch from the diameter of the curve. That seemed to him 
to be the best way of getting to the mean of the pitch of a 
screw increasing or decreasing from the boss to the circum- 
ference, though it was different where it increased from the 
leading edge to the following edge. In speaking of slip, and 
the question of negative slip, there were two meanings to 
be attached to it. Everybody knew that a screw moving 
in water had absolute, and always, positive slip, with re- 
ference to the water in which it was immediately moving. 
The question of the apparent slip, or number of revolutions 
made by the screw, as compared with the advance of the 
vessel, was quite a different thing from the advance of the 





screw-propulsion generally start from unsound data, in assuming 
that the advance is due to the “Pitch.” The extraordinary 
anomalies created by this system have started equally remark- 
able ideas in explanation. Statements have been made, and 
investigations carried out, which are often utterly beside the 
question ; and all to solve difficulties which are purely artificial. 

Doubtless many and extensive experiments sre necessary 
fully to prove the correctness of the system advocated in this 
paper, but it has the advantage of starting from a new point; 
and it will be admitted that the results, so far as they have 
gone, abundantly suffice to encourage further researches in the 
same direction, by those who have the time and inclination to 
carry them out. 





DISCUSSION. 

Mr. Reed said that the paper just read, like that contri- 
buted by Mr. Rigg, last year, was a thoroughly well con- 
sidered and valuable paper, and one which was worthy of 
being dealt with more deliberately than it was possible to 
deal with it on the present occasion. He quite believed Mr. 
Rigg was working in the right direction, and though he 
could not admit that the investigations to determine the 
slip had been so profitless as had been mentioned, he was 
free to admit that many of them had been without very 
satisfactory result. He had been struck with some of the 
papers which had been read, in which weight and such 
questions had been discussed. He concurred with the de- 
finitions, but found the authors running away from them at 
a considerable pace, and with a large amount of “positive 
slip,” in carrying out their inquiries. He should be 
sorry, as one of the members of the Institution, if Mr. 
Rigg should think that they had failed only to appreciate 
the propositions he had so well conceived, and so well made 
out. Personally he tendered Mr. Rigg his best thanks for 
placing the paper before the Institution of Naval Archi- 
tects. 

Mr. Alfred Watkins observed that Mr. Rigg stated that 
the screw he had used in his second experiment was the 
same as that used in the first, except that its pitch was 
altered. He supposed that that meant only the blades. If 
the pitch was altered, it might not be a true screw as it 
was before, and that might make a difference in the ex- 
periments. 

The Secretary said that one must trust to the general 
character of an inventor if he was not present. A gentle- 
man who had gone into such careful estimation of what a 
screw was, would scarcely be likely to overlook such an 
important point as that which had been referred to by Mr. 
Watkins, He might mention that M. Flachat had kindly 
favoured him with a paper, or rather an essay, on Slip, 
which he regretted he could not lay before the members on 
the present occasion as it was emphatically an essay and 
not a paper for the public. It contained certain remarks 
and certain hypotheses with which M. Flachat was not 
himself satisfied at present, but it would be no doubt in- 
teresting to the members to hear that such a paper 
was under consideration. He (Mr. Merrifield) was not 
strong at dynamics, and less strong at hydrodynamics, 
and “slip” was one of the things he had not mastered. 
What became of the particles of water either by the action 
of the screw upon them, or the particles of water among 
themselves, if not beyond his intellect was at all events be- 
yond his knowledge. M. Flachat had taken into conside- 
ration, without deciding it as a principal cause, and given a 
certain weight to the centrifugal force of the water due to 
the partial action of the screw asa paddle. With regard 
to the pitch, he had found a great deal of abuse of the 
common geometrical method of the estimation of the pitch. 
If any one applied the motion of a screw moving through 
a solid to the molecular motion of a screw moving through 
water, he was egregiously wrong. Not only practical, but 





theoretical men would do well never to discard the question 


screw through the element in which it was moving, or the 
thrusts which it gave, impeding the effect of the screw. 
| Slip with every propeller there must be. 

| Mr. Rawson said the question of slip was a very slippery 
one. It was caused by the screw in its revolution striking 
the particles of water as they were running after the ship. 
He had no doubt if Dr. Woolley would place the question 
on the next examination papers, the attempts alone made 
to estimate the action of the water on the blade of the screw 
would fully explain the existence of negative slip, and why 
the slip should be propelled by a screw, going nearly as fast 
as itself, and sometimes a little faster. The thing had been 
discussed twenty years ago, and when the comparison was 
made between the speed of the ship and the speed of the 
screw, there was found to be slip, and that the screw did not 
go so fast as the ship. In order to prove the action of the 
screw, the attempt had been made to produce a screw which 
would yield a small slip, the consequence of which was to 
diminish the speed of the vessel. The great object of pro- 
pulsion was to give speed to the vessel. Speed could not be 
given to the vessel without considerable pressure existing 
between the blade of the screw propeller and the water 
brought into contact with it, and the harder the screw was 
made to hit the water (and it did not matter whether the 
water was at rest or in motion), the faster the ship would 
go. If the slip was measured with reference to the current 
of water, very few screws would be found to possess ne- 
gative slip. 

Mr. Reed would like to answer what Mr. Merrifield had 
said about “ pitch,” by explaining that in some screws 
which had been brought under his notice, and which he 
would have to deal with, as far as his experience went, the 
pitch did not vary along the blade, but athwart the blade. 
In the screw tried in the Amazon, the pitch was along the 
blades, but taken in three places. The pitch taken nearest 
the boss was 16 ft. 43ths of an inch, at the middle of 
the length of the blade 16 ft. 1jth, and 15 ft. 3} at 
the extremity of the blade — practically a difference 
of a foot, which was small. In the other case, the pitch 
varied only between 15 ft. 43 in. and 15 ft. 11 in., and his im- 
pression was that those differences arose from warpings in the 
cooling of the blade, rather than from any intention to make 
any variation in the pitch in the screw in{that direction. The 
pitch in the two halves of the blade varied more essentially. 
The pitch for one half was 13 ft. 9 in., and for the other 
16 ft. 63in. He could not understand about the whole ex- 
planation being found in the progress of the water after the 
ship, because you could have almost any variation in the 
serew you liked. A ship of a given form, running through 
the water at a given speed, was always followed by the 
water at the same rate, so that you could not get at the 
solution from the fact of the water following the screw. 
He did not understand how you could have all kinds of 
positive and negative slip in the same ship by simply 
varying the screw. What he wanted, and which he had 
not seen the slightest approximation to, was 4 theory ac- 
counting for negative slip, and accounting for all that into 
the bargain. He would like to refer to a screw which had 
lately been tried in the Admiralty with very good results— 
the Mangin screw, introduced by an officer in the French 
navy. It was not new, but nevertheless good as far a 
experience went. Its peculiarity was, that it consisted - 
two blades, set behind one another, and in some be 
other it contrived to deal very efficaciously with the | Z 
of water which it cut in going round. The yore, 
which they had lately tried it was the Favourite, = : 
originally been laid down to carry no armour, but a 
had been afterwards altered. She had her floor flat o 
her water lines filled, and a large extra weight imposed © 
her, all of which contributed to an inferior perfor al 
He had looked very sharp after the trial, and rato 
to see that every man did his duty, and an extra 
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result was obtained. He really thought some error must 
have crept into the result; but a few weeks afterwards, 
when the ship was loaded to her deep draught, with greater 
weight and fuller lines to drive, she had gone even faster 
than before. That being so satisfactory, they applied it to 
the Blanche, a class of vessel like a lengthened Amazon— 
lengthened to carry two more guns, and a very good result 
had been obtained. It objected to make as many revolu- 
tions as a screw with the same pitch of the ordinary type 
would make, but it gave a very good result.’ M.’Mangin, 
with all the results before him, had thought fit to reduce 
the diameter. It was intended to make further trials upon 
other vessels, and he (Mr. Reed) would be happy to place 
before the Institution the result of the experiments at the 
next meeting. 

The Secretary believed he was one of those who, when 
Mr. Reed first brought forward the question about the 
screw, had said he thought the negative slip, or a very 
small amount of positive slip, was explainable on the geo- 
metrical hypothesis of the additional velocity of the water 
following the slip, but he was now assured that that was 
not a correct solution. He wished to make that distinct 
statement, that he might not be misunderstood. 

The Chairman would mention one point connected with 
the reduction of the screw, which occurred in the packet, 
from Neath Abbey to Bristol, belonging to Mr. Price. The 
evening before they were about to start, it was found she 
had lost one of the blades of her screw. They formed a 
temporary blade with a common fire-shovel from the engine 
room, and, although her extreme velocity had hitherto been, 
at the extreme, 11 knots, she had crossed, in a gale of wind, 
and made 12 knots with the shovel. There was one other 
point, with regard to the opposition of the water. He 
wanted to know how it was that a Japanese vessel of 65 or 
70 tons, pulling against bis 36 ton gig, with 18 ft. oars, beat 
them out and out with two sculls. There were four men at 
each scull—the sculls being in the direction of the axis of the 
vessel. The two sculls drove the Japanese vessel ahead 
faster than his gig could follow. The distance the sculls 
passed through the water could not have been above six or 
eight inches, and it was only the bend of the oar which gave 
the diagonal jerk to the vessel. 


MUZZLE PIVOTING GUN CARRIAGES 
FOR NAVAL ARMAMENTS.* 
By Capain T. B. Heatnory, R.A. 

Mr. Prestpent AND GENTLEMEN,—This subject is a matter 
of increasing interest, as day by day guns appear to Le getting 
larger and more expensive, while on the other hand trained 
gunners scarce, and more difficult to procure. A present day 
artilleryman, whether for sea or land service, is no ordinary 
labourer enlisted in a tavern, and trained in a week, but one 
upon whose fair intelligence and careful professional prepara- 
tion much depends. Vacancies amongst these military mechanics 
may be filled up with raw material, but an apprentice at sea, or 
a recruit on shore is no manner of substitute for a sailor, 
gunner, or land artilleryman. 

Again, the time taken in loading, running out, training, and 
pointing heavy ordnance, such as we now contemplate using for 
our naval armaments, is as of great a proportional increase as 
the size and weight of the pieces used. Men handling the heavy 
and cumbrous projectiles hurled causes further delay, and the 
length of the interval between discharges prolongs also in the 
same ratio the intervals of inaction, which may be termed the 
helpless and indefensible position of guns. 

These considerations point to the fact that both guns and 
gunners demand at our hands as much protection as possible, 
As I said before, the former are expensive, the latter scarce, and 
it behoves us to guard against the injury to, or destruction of, 
either in every way we can. 

So the necessity of a minimum, or smallest possible embrasure 
or port, presses itself upon our consideration, and with it the use 
of muzzle pivoting gun carriages. 

To this end there are already many projected and several 
completed constructions before the world. Already rival in- 
ventors (of which I am one) are beginning in the hot enthusiasm 
of faith in their own ideas to handle pretty roughly those of 
others; but every mother thinks her own crow the blackest, and 
will continue so to do for ever and ever. In the end the best 
will probably take the lead, and though a construction, seriously 
encumbered by the suggestions, alterations, and innovations pro- 

and carried out by the ever-credit participating re-inventor, 
ound always in the wake of a bright idea, may present but a 
sorry resemblance to its first self, La débutante is still the same 
individual whose success is accomplished with, but without the 
aid of her decorations. 
_ These constructions, or projected constructions, brought out 
in about a dozen different forms, of which Capt. Blakely, R.A., 
Capt. Scott, R.N., Col. Shaw, R.A., Col. Ingliss, R-E., Mr. 
Mallet, Anstra, Gruson, &c. &c., and myself are respectively 
the originators, may be classified under the following heads: 

1. Those that absolutely or approximately muzzle pivot a 
gun on a fixed material pivot. 

2. Those that do the same thing on an imaginary pivot. 

3, And those that, using the imaginary pivot, have the me- 
chauical arrangement for producing muzzle pivoting motion 
Wholly apart and separate from that employed to lift the body 
of the gun through the necessary passage in space, which neces- 
sity is, of course, common to all. 

1 do not think it advisable here to go into any minute expla- 
nation of the various methods brought forward by inventors, as 
this paper purposely does not bear upon the point (should an 
one for further information upon my construction, I shall 
be happy to furnish them with it, on the 20th inst., when I have 








* Paper read before the Institution of Naval Architects. 


the honour of reading a paper tpon the subject at the Dnited 
Service Institution), but I will endeavour to-enlarge upon the 
common aim to which our various projects tend. This, as I 
before mentioned, is a minimum embrasure which possesses the 
following advantages : 

Guns and gunners obtain increased protection. 

To tlear a port from “back flash” a gun on an ordinary car- 
riage must project its muzzle considerably through the port, 
not so with a muzzle pivoting carriage and a minimum embra- 
sure. In proportion to its lessened area so is the lessened pro- 
jection of the gun muzzle. In turrets this is a very great 
advantage, because their circular construction, combined with 
their thick wall, throws great difficulties in the way of running 
out a gun and carriage well home. 

Again, on a broadside armament. 

The gun muzzle projecting less through a port enables a con- 
siderably higher angle of traverse to be obtained. 

The sill of the small embrasure used with muzzle pivoting 
gun carriages will be always higher from the deck and from the 
water line than that of the present port, and, though I under- 
stand much has been done to this end for this last-mentioned 
construction, viz., shutting up the lower half of the port below 
the gun’s muzzle as it lies at point blank and fires in that posi- 
tion, or in elevation reopening again for depressed fire. This 
advantageous construction (if it is one) still applies to muzzle 
pivoting gun carriages, and gives the same benefit, for at the 
same maximum elevation deemed necessary for and given to a 
muzzle pivoting or trunnion pivoting gun the muzzle of the 
former is always highest. 

In all positions of elevation firing the gun and carriage are 
more protected by the high port sill, by which they are much 
more completely defiladed. 

Loading is facilitated, and its accompanying mechanical ar- 
rangements for the purpose of delivering charge and projectile 
at the gun muzzle simplified, by the position of the latter being 
constant in space, 

The field of observation of a small embrasure with a muzzle 
pivoted gun is not so much lessened as may be at first supposed, 
for what is lost in area is made up by the advantage gained by 
the gun muzzle being always in the centre of the port, and never 
as completely crossing the line of view as trunnion pivoting 
guns invariably do at high angles of vertical or lateral pointage. 

Muzzle pivoting guns should be sighted beneath for all de- 
pression of firing, and, as usual, above for elevation. 

A-word-morein conclusion. Those compromising construc- 
tions, that are content to get a very limited vertical arc by 
dropping the muzzle as they lift the body of the gun throug 
space, for the always granted desirable object of using lower 
power, are objectionable for this reason—they are: not on a 
principle capable of éxtended development, for if an aftempt is 
made to increase the vertical arc and give the gun a few more 
degrees of elevation or depression on this system (which will be 
absolutely necessary by-and-by), the proportionally increasing 

ge of the gun’s wobbling muzzle immediately demands a 
arge embrasure; they miss both the advantages appertaining to 
muzzle pivoting carriages, and those on the usval method, 
without participating in the peculiar benefits belonging to 
either. 





DISCUSSION. 


Admiral Halsted said it would be fair for him to state 
that he had adopted Captain Heathorn’s system both for 
turret and broadside guns. Immediately before he had left 
Paris one of the last visits paid to inspect the new system 
was by Lord Lyons, and on showing him the mode of ele- 
vating the guns, he had said that if the Northern American 
monitors had had such means of elevating their guns, it 
would have put a stop to the warfare many months before. 
They could not elevate their guns, and they did not dare to 
list their ships for fear of exposing their bottoms. In 
the model before the meeting he had adopted Captain 
Heathorn’s principle throughout. . It would make a mate- 
rial difference in the construction of ships adopting the 
new mode of muzzle pivoting instead of the old mode of 
trunnion pivoting. 

Mr. Mallet would, as the originator of muzzle pivoting in 
1856, make a few remarks. He should not say one word, 
however important, as to what construction of pivoting gun 
out of the many before the world was the best. He endorsed 
entirely what Captain Heathorn had suid as regarded the 
importance of muzzle pivoting. The advantages presented 
by that system were so great that it would bear to have the 
truth stated with respect to it. He had overrated the addi- 
tional height that could be given to the port fire. With a 
12 ton gun you would not obtain a difference of more than 
from 15 to 18 in. by the muzzle pivoting, unless you adopted 
an exhorbitant height of carriage, which he thought to be 
highly objectionable. Whatever might be the height of the 
port, if you had a muzzle pivoting gun, there was no room 
for water to come in. One important advantage had not 
been placed before them by Captain Heathorn, and next to 
the protection given to the guns by the system it ranked in 
importance, namely, that in any iron defended face, whether 
on land or at sea, the larger you made the apertures in it 
the more you weakened the structure. 

Mr. Lamport said that the strong condemnation his 
lordship had given to all mechanical contrivances for carry- 
ing heavy guns had emboldened him to ask attention to a 
new principle which did away with every sort of cog-wheel 
or machinery. He proposed to float his gun entirely by 
putting the gun and gun carriage intoa cistern. At present 
he was only prepared to advocate the system with regard to 
land defence. It seemed to him that if he could float his 


gun in a body of water he could manipulate it with perfect 
ease. He had only to let the water out and it dropped, to 
admit more and it was raised. With one man he could 
alter the direction of a 5-ton gun. He was not quite pre- 





pared to say whether the system could be adopted for naval 








warfare, but he thought it could. He would place his gun 
precisely in the condition of the floating magnetic needle. 
It seemed to him that if you could depend upon the motion 
of a vessel at sea not being sufficiently violent to disturb 
the fluid on which the needle floated, it would not be 
beyond the power of science to prevent that same disturb- 
ance taking place with regard to guns. 

Mr. Barnaby thotght that Captain Heathorn would be 
glad to hear that’ the Brazilian Government, who had been 
engaged in Wat; ‘ati@’vtho had been very successful, had 
had ships built of differént forms, but that their latest was 
a casemate vessel of £000 tons burden, in all essential par- 
ticulars like thé old Research, except in the particular that 
the guns fitted’to=her'were muzzle-pivoted. The only 
serious defect they had observed in the ships was the large- 
ness of the ports, and, Considering that the river was very 
narrow in the front ofthe forts with which they had been 
engaged, it, had beet a’most serious matter to them. 

Vice-Admiral Belcher said that in former times, before 
securing the guns to the sides was thought of, when he first 
entered the navy, there was’ practice in all flush deck 
ships of centring the carronade Mtide on the outside of the 
ship. There was a sweep on the: outside of the port, and 
the carronade was centred on that, ‘and the port was cut 
away. so as to enable you to fire your gun with the shoulder 
of the gun outside the port.. When the Warrior was 
launched in December, 1859, he had taken the measure of 
her ports, and had written to the Government pointing out 
that it was utterly impossible to train the guns more than 
82°. By cutting away the ports in his ewn’ship»he had 
got 56°. He had written to the Duke of Somerset upon it, 
and he, in his answer, had said that all objection as to the 
training of the guns in the Warrior had been) met.) Since 
then he had found, on obtaining from Woolwich the:draw- 
ings of the ship, that they had.added a triangular piece of 
iron, and therefore the pivoting, as far'as the gun)itself 
went, provided it was shielded in front ‘by something to 
prevent the shot injuring it, was sufficiently perfect for all 
purposes of using your gun truly. 

Mr. Mallet said, as a matter of fact, he could state that a 
12 ton gun, giving 10° of elevation, and 15° of depression , 
could, with muzzle pivoting, be manwuvred between the 
decks with the arc which at present existed, leaving some 
inches to spare. 

Captain Heathorn thought it was very necessary to have 
high elevations. It was not only ‘necessary, as Admiral 
Halsted had said, to batter those positions which gave a 
counter fire, but also to have asmall embrasure to prevent 
them pouring their bullets into your ports. As regarded 
the floating gun, he thought the gentleman who mentioned 
it had not sufficiently considered the question of the re- 
coil, 

Mr. Lamport considered that the strongest point in it. 
You took the recoil on water, which would accommodate 
itself to the amount of force brought to bear on it, It was 
clear in ordinary guns, when they recoiled before the shot 
left the muzzle of the gun, the aiming was entirely set at 
nought. It was of no use a man aiming a gun if it ran up 
and down an incline some time before the shot left the 
muzzle, 

Captain Heathorn replied that that was not at all sup- 
posed to be the fact. He would mention that in Admiral 
Halsted’s broadside armament, all the guns had a lateral 
traverse of 90°, 45° each way, which was only obtained by 
muzzle pivoting. 





YOUNG ENGINEERS. 
To THe Epitor or ENGINEERING. 


Srr,—Although Mr. Waygood has not yet answered my 
Ep 3 I feel ~~ to him for the notice he has taken 
of it, and I may say that had he written on civil instead of 
mechanical engineers, his remarks would have been ve 
applicable to my case. Allow me, Sir, briefly to detail the 
course of apprenticeship through which too many of us pass. 
Our friends article us to some member of the profession with 
whom they become acquainted through advertisement or 
otherwise ; of course there is the usual exchange of references, 
and those of his side declare, on application, that he is a 
rising man, has been in practice a long time, &c. Accordingly 
everything being as favourable as foresight can make it, the 
unfortunate youth is articled on payment of a heavy premium, 
8001. or so, for three or five years, and he imagines he is 
going to be admitted into the mysteries of science; but six 
months speedily dispel his illusions, he finds the extensive 
engineering business dwindles down to a little surveying, 
varied with occasional jobs of levelling, or the excitement of 
preparing parliamentary surveys, which means correcting old 
parish maps, tracing, and its accompaniments, fills up the rest 
of the time, or some unlooked-for good luck may bring a 
bridge to draw, on which, however, no hints are ever given ; 
as to ever seeing a single brick laid, or yard of earth turned, 
such is beyond the wildest flights of our imagination. 

Too many of your readers, Sir, will bear me out in what I 
say; but those who are really desirous of getting on, will, as 
Mr. Waygood says, make a way under every vantage, 
and make use, as I can truly say I have done, of every avail- 
able opportunity of improvement; but, as I said in my 
previous letter, it is discouraging to find oneself thrown out in 
a dull season, and all our time and money wasted. I fear I 
have trespassed too long on your valuable space, but I felt 
Mr. Waygood’s letter called for an acknowledgement. 

Thanking you for ~~ indulgence, 

; remain, Sir, yours obediently. 

April 6, 1868. ; 
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DETAILS OF MALTHOUSE AND KILN. 
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BREWING AND BREWERIES.—No. IV. | 


Matertats Emptorep in Brewinc—Bar ey, aNnp 
THE Process or MattiInG.—( Continued.) 


Wuutst the grain is in the couch its temperature | 
slightly rises, a certain amount of oxygen being ab- 
sorbed, and carbonic acid being evolved; and this | 
absorption and evolution continue to go on during the | 
time that the corn is on the workiug floor. The depth | 
to which the grain should be spread upon the floor 
when thrown from the couch depends upon the tempe- 
rature of the atmosphere, the lower the temperature 
the greater being the depth allowable. It is at this 
=— that germination commences, the first sign 

ing the appearance of a small white bud, which 
forces itself trom under the husk, at the base of the 
grain, or that end which was originally attached to the 
stem of the parent plant. The corn, also, becomes at 
first dry externally, but, as time goes on, the tempera- 
ture rises still higher, and a moisture appears on the 
surface of the grain, or what is termed “sweating” 
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takes place, a pleasant odour being also evolved. The 


| white bud then develops into several rootlets, and 
| simultaneously the plumula or acrospire commences 


to grow, taking its rise at the same end as the root- 
lets, and creeping along the back of the grain under 
the husk. The object of the maltster is to obtain 
short bushy roots, and a good development of the 
acrospire; and these ends he obtains by so spreading 
and turning the grain on the floors as to keep it both 
at the right temperature and sufficiently supplied with 
fresh air. 
couch it is spread on the floor to too great a depth, or 
is left too long unturned, it will become heated, the 
roots will not only appear too quickly, but will be 
long, thin, and weak, and will soon sicken and break 
off, checking the growth of the acrospire and causing 
the malt to be hard and flinty. 

There are two principal systems of managing the 
grain whilst on the floor, the one being followed for 
producing what is termed “ close-made” malt, and the 
other being the forcing system. Close-made malt is 


If, when the grain is thrown from the | 
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generally preferred byjthe London and Scotch brewers, 
and it is produced by a slow, cool process, by which 
as much as possible of the substance of the corn is 
retained. In the forcing system, on the contrary, the 
temperature of the grain is allowed to rise higher, and 
full vegetation is permitted to go on for about five 
days, the malt being thrown on the kiln on the ninth 
or tenth day, even if the weather is cold. The foreing 
system is associated with steeps of fifty hours, toge- 
ther with early and profuse sprinkling. We may here 
mention that although sprinkling is not permitted 
| until after six days from the time of the grain leaving 
the cistern, or not until after twelve days if it has been 
steeped less than fifty hours; yet the maltster 3s at 
liberty to wet the floors before turning the grain on to 
them, and he may also keep the spaces of the floor 
| which are clear of corn well wetted. In some cases 
much good can be done by keeping the floor moist in 

| this way. : . b 
The time for turning the grain after it mond we 
| spread upon the floor from the couch will depend no’ 
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VACUUM PAN FOR THE SUGAR MANUFACTURE. 


CONSTRUCTED BY MESSRS. MIRRLEES, TAIT, AND WATSON, ENGINEERS, GLASGOW. 


only upon the temperature but upon the character of 
the grain itself. As a rule, it should be turned when 
the root makes its appearance, but in cold weather the 
root may be allowed to become more prominent before 
the turning is performed than would be advisable in 
hot weather. 

A good root being supposed to be formed, the duty 
of the malster is to attend to the development of the 
— the malt being turned over night and morning 
and thickened and thinned as the case may be, to suit the 
weather and graduate the temperature ; a sufficiency of 
air being at the same time always admitted to keep 
down fungus growths. The turning can be best done 
with wooden shovels, and it requires some care and 
experience to perform it properly. The fact of the 
malt requiring turning is fadlented by the rise in 
temperature and by the appearance and smell of the 
grain. If a handful of grain taken from the floor 
smells faint and has a wet or glossy skin, turning is 
needed, and this is also the case if, on thrusting the 
hand into the heap and taking a sample from the 
bottom, the roots appear to be running wild, or in 
other words, if the fibres are growing unequally. 
Too much turning is injurious, as it causes a wasteful 
expenditure of moisture and increases the proportion 
of bruised corns ; and in warm weather it is therefore 
better to keep back the germination during the early 
stages by spreading the corn thinly than by very fre- 
quent turning. 

The changes which take place in the composition of 
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the malt during the growth of the acrospire have already 
been explained. Generally, the acrospire is allowed 
to proceed to within about one-fourth of the end of 
the corn, when the malt is considered ready for the 
kiln. If it has been properly treated it will at this 
stage, when the unmalted end is nipped off, spread out 
like a snuff of flour if pressed between the thumb and 
finger. The time that the grain should remain on 
the floor will vary greatly, according to the tempera- 
ture, the nature of the barley, and the manner in 
which it is treated. The time may be taken as aver- 
aging in England, about fourteen days; whilst it 
may sometimes be as little as nine days, and at others as 
long as twenty-four days. During the latter part of the 
time the grain is sometimes spread more thickly and the 
temperature is allowed to rise slightly, for the purpose 
of mellowing the malt before its being placed on the kiln. 
In Scotland the average time occupied to complete the 
steeping, couching, growing, and drying may be taken 
as about twenty-one days. We have said that the 
growth is generally stopped when the acrospire has 

rown to about three-fourths the length of the corn; 

ut in force-made malt the acrospire frequently 
extends the whole length, and sometimes even pro- 
jects from the end. Malt made by the forcing system 
has generally a much brighter colour than close-made 
malt ; but in the latter the conversion of the saccharine 
matter is effected more perfectly. 

On the construction of malt floors there is not a 
very great deal to be said, They should have an area 





of about 200 square feet for each quarter that the 
cistern is enpaine of containing, and should be con- 
structed of a material which, whilst giving a smooth 
level surface, is not too good a conductor of heat. 
Floors formed of too good a conducting material cause 
the matting together of the grain if it is left on them 
too long unturned in coid weather. Probably the 
best material for working floors is a mixture of one 
part by bulk of Portland cement and two parts of clean 
sand. In the case of floors on the ground level this 
mixture may be laid, to the depth of about an inch, on 
a substratum of concrete; and in the case of upper 
floors it may be laid upon concrete filled in upon 
brick arches carried by iron girders. This system of 
construction is followed in the malthouse of which we 
ave engravings on pase 300 of our last number. 

he system of iron and concrete flooring designed and 
patented by Mr. Richard Moreland, junior, of Old- 
street, is also excellently adapted for malthouses. We 
gave full particulars of this flooring, with illustrations, 
on page 51 of the present volume, and it will therefore 
be unnecessary that we should enter into any detailed 
description of it here; but we may mention that it 
consists of a series of wrought-iron girders supporting 
on their lower flanges intermediate bion-aud-ohiar 
lattice girders, which in their turn carry sheets of 
corrugated iron, The corrugated sheets are arranged 
with their corrugations at right angles to the bow-and- 
string girders, and the spaces above them are filled in 
with concrete. A series of concrete arches are thus 
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formed which abut against the main girders, the cor- 
rugated plates and bow-and-string girders acting as a 
kind of permanent centering for these arches. The 
floors thus made possess great strength and rigidity, 
and they are far from being expensive. Slate has been 
used to a considerable extent as a material for malt 
floors, but, although it gives a good even surface, it is 
objectionable from its being too good a conductor of 
heat. This objedtién “also applies to asphalte, and 
as é floors, moreover, have been found to cut the 
in. Although unsuitable for malthouses, however, 
phalte makes excellent floots for breweries ; but this 

“a matter of which we shall speak at some future 

e. In some cases the floors of malthouses have 
m made of stone slabs and tiles, but there is a diffi- 
culty in keeping such floors level and in godd ordér, 

d the mortar is constantly liable to work out of the 

ints. Some good upper lloors have, howeyer, begn 
made of tiles carried by wooden battens and covered 

yith the mixture of cement and sand ‘already men- 
ioned. 

So long as the area of a floor does not éxcetd about 
5000 
Sreadth is about two to one. If, however, the breadth 
is allowed to exceed about 50ft., the malt is apt to 
grow unequally from the inequality in the supply of 
air to the sides and central portions, The width of 
floor which may be used without causing inequality in 
the growth depends to some extent upon the height 
between the floors,”as this height materially influences 
the ventilation. Ifthe grain, whilst growing, is spread 
upon the ground floor of the malthouse only, the upper 
floor being merely used for storing, or if each fldor is 
worked quite independently, the height between’ the 
floors may be m Sufficient to ensure am le veutila- 
tion over the whole surface, even if the width is consi- 
derably greater than,5 ft. In those malthonses, how- 
ever, in which the malt is worked over two or three 
floors, one above the other, it is necessary. that. these 
floors should be kept rather close —- in order to 
enable the men to throw the malt easily from one to the 
other ; and in such cases the width of the floors:should, 
as we have said, be limited to about 50 ft. When the 
malt has to be thrown from one fldor'to anothe, the 
clear height from the surface of one floor to the unider- 
side of that over it—measured between the joists and 
girders—should not be more than 6{t., and in some 
cases it is made less. ‘. 

The malt floors should be provided with a sufficient 
number of windows for the admission of air, and these 
windows should not be glazed, but should be fitted 
with shutters or louvre boards made to slut eae 
Close, so that the supply of air and light may be under 
complete control. One great thing to be aimed at in 
building a malthouse is to construct it so that the 
floors may be kept as much as possible at the desired 
temperature and independent of variations in the 
state of the external atmosphere. Either too hot or 
too cold weather is bad for malting, a moderate tem- 

ture—about from 56° to 60°—being most suitable. 
tis on account of the uniformity of temperature thus 
obtainable that floors situated at or below the ground 
level are to be recommended, and for the same reason 
the walls of a malthouse should be thick, and it should 
be well roofed. Probably the best roofs are those of 
slate, lined with tongued and grooved boarding, plas- 
tered below. Especial care should be taken that any 
skylights or ventilahore in the roof are perfectly water- 
tight. 

When the malt had been a sufficient time on the 
floors, it was formerly the practice, before placing it 
on the kiln, to carry it to a withering loft, where it was 
allowed to remain a few days in onde to dry out the 
moisture and stop the germination. This practice has, 
however, now been generally abandoned; but many 
maltsters thicken the malt on the floors for some little 
time before removing it to the kiln, allowing it to rise 
in temperature considerably, so as to mellow it if pos- 
sible. With very good barley this is a safe and proper 
plan ; but often the malt is becoming decomposed by 
this time, and requires to be put on the kiln without 
delay ; so that the thickening system cannot be suc- 
cessfully adopted in all cases. 

Although we propose to postpone our remarks on 
the general construction of Line until after we have 
given some particulars of the process of drying the 
malt, yet it will be convenient if we describe here the 
kiln belonging to the malthouse which we illustrated 
on page 300 of our last number. This kiln, which is 
of a pattern which has long been held in high favour 
in Scotland, is represented ‘to an enlarged scale by 
Figs. 6 and 7 on page 332. Referring to these 
engravings it will be seen that the furnace, /, is placed 
in the centre of the kiln, and that it is in communica- 


squaré feet, a good proportion ‘of length to |p 





tion with the enclosure or “lamp,” g, in the sides and 
crown of which there are openings through which the 
flames and lieated air can pass. The lamp can be 
cleaned out through the opening, 7, which communi- 
cates with the ashpit, this opening serving also to 
admit a portion of the air which it is necessary to 
supply to the kiln in addition to that which passes 
through the fire. The opening ¢ is, however, of such 
size that it will admit less than the minimum quantity 
thus needed, the remainder being supplied through the 
openings or ventilators, J, J, which are fitted with 
sliding dampers, so that the quantity of air allowed to 
pass through them is under complete control. The 
furnace is enclosed by walls which arch over to the 
sides of the kiln, aud above the lamp is placed the 
pyramidal distributing plate, 4, which not only serves 
to equalise the temperature of the various parts of the 
kiln floor, but also throws off any coomings or roots 
which may fall through and which would otherwise fail 
upon the oe and furnace, where they would accumu- 


late and take fire, giving the malt on the kiln a singed | pe: 


taste. The floor ofthe kiln is formed of cast-iron 
lates—the old 18 in. square pattern with oblong holes. 
Pbe pillars, plate-bars, and girders supporting the floor 
of the kiln are also of cast iron. 

(To be continued.) 








A SEA-GOING TURRET SHIP.* 
By Apmrrat Paris, French Imperial Navy. 
Abstract. 

Tue variety in the forms and general arrangements of 

ironclad ships exhibited in Paris in 1867, although referable 
to three or four leading types now in general use, showed 
that the question was - no means completely settled. Iron 
plating, originally introduced as a safeguard against the 
tremendous effects of shell firing, had led to the invention of 
heavier guns, whose shot required’ to be met by plates’ so 
heavy that it shortly became impossible to ‘eover the whole 
hull uniformly.: The system of central batteries thus beeame 
a necessity, and a remarkable invention of turrets gave the 
means of building shipsof light draught. These were called 
monitors, and they gave us’ a/useful lesson; for when they 
went to sea, it was found that, they had very little tendency 
to ing. : 
Qnuestions/of ‘military fitness, such as a steady platform for 
aiming the guns, convenient arrangements for stowing and 
for getting .at-stores and munitions, and for working anchors 
aind chain-cables, and other similar things which depend on 
tictual experience at séa, are ‘stibjects of fitting inguiry for 
sailors, was thus that Admiral Paris was induced to 
make the trac which are now submitted to the Institution, 
from 4 pletr had been prepared some years ago: It 
had been drawn'ona seale of 1 to 100 (4th of an inch to a 
foot.mearly) not.as a working. plan, but simply to test the 
practieability of the proposal also, to check the exact- 
ness of,his own ideas by actual drawing and calculation. 

As will be seen bythe drawing, the general object has been 
to arrange a monitor in a better way, with a view to sea- 

ing qualities, than those which did their duty so well in 

rica, and also to guard against the chief defect of iron- 
clad ships, that of exposing their undefended parts in rolling 
in a sea-way. The American monitors did not roll, for their 
stability had no tendency to increase with their inclination; 
but they were not sea-going vessels, as was proved by the 
foundering of the first of them in a sea which allowed the 
boats to = and as was confirmed by the losses of the 
Weehawken and the Affondatore, owing to the neglect of 
some trivial precautions. Nowa ship which must choose fair 
weather for fae cruises is not a sea-going man of war. For 
that, we must try to combine the valuable quality which the 
monitors possess, of not rolling, and thus giving accurate aim 
as well as the mere possibility of firing in a rough sea, with 
the qualities suited to the general conditions of ocean 
navigation, which the monitors do not possess, admirably 
fitted through they are for the shallow waters in which they 
were meant to operate. 

A Narrow Ship on a Broad One.—These general conside- 
rations led Admiral Paris to place the upper works of a narrow 
ship on the wide deck of a monitor, the design of these narrow 
upper works, including turrets, in the same way nearly as the 
turrets enter into the entire design of Mr. Reed’s Monarch. 
The drawings represent the upper works of a ship 88 métres 
(270 ft.) long, and 13 métres (40 ft.) wide, or a length 6.7 
times the beam. This is “ mounted” on another ship 18.3 
médtres (57 ft.) wide, which is raséed to the water’s edge, like 
a monitor, so that a slight change in the displacement would 
let the water over its deck ; but instead of washing right over 
to the other side, it would be stopped by the topside of the 
upper or outer ship, and thus only about 9 ft. on each side 
would be actually awash. It is presumed that so sudden a 
diminution of the stability of form would produce the same 
result in this respect as the flat deck of the monitor. 

Conditions of Stability —But the conditions of stability 
might have been dangerously changed, and it was therefore, 
thought desirable to calculate the positions of the centre of 
buoyancy and the metacentre for various angles. These are 
shown in Fig. 6. It appears that the metacentre first fallls 
but reaches a minimum at 20°, and then rises again. ‘Lhis 
was similar to what was observed by Lieutenant Paris in the 
Chameau, a vessel with excessively tumble-home sides, built 
by Olivier, at Brest, in 1740. But a sudden reduction of 
breadth seems better suited to a monitor. Iron-clad ships 
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+ Engravings prepared from these tracings will appear in 
our next number. 





having simply a low freeboard seem likely to combine the 
rolling of ordinary vessels with the tendency to have their 
decks swept, which characterises the monitors. By the dis- 
position adopted in the present plan it appeared that the 
vessel would present more favourable conditions than if jt 
were kept like the mouzitors, excessively low in comparison 
with its dimensions and weights, in so far as regards the water 
sweeping its deck, while it would be superior to a vessel with 
vertical sides in respect of the effects of rolling. Turret 
vessels with a high freeboard seem to be either not ship 
enough or not monitor enough. 

Diminution of Draught.—The plan offers an advantage in 
enabling the vessel to be constructed with a shallow draught of 
water. The want of this keeps war vessels at a distance from 
many coasts. With ordinary forms and a single screw no 
improvement can be made in this direction, for the ships are 
already too long, and lengthening them further would add 
more to their weight than making them wider. In this the 
inside ship may be left of the ordinary breadth, while the 
outer or lower one may have 20 or 22 métres (65 to 70 ft.) 
beam. Admiral Paris does not consider it desirable to pass 
this limit, not for fear of spoiling its sea-going value, but on 
account of the difficulty of getting sufficient speed, without 
driving the engines faster t is desirable for satisfactory 
formance, if the beam is increased, and if the draught, and 
through it the diameter of the screw, are simultaneously 
decreased. For this class he suggests 20 méatres (65 ft.) beam, 
with a draft of 20 to 21 ft., these dimensions having of course 
reference to the particular thickness of armour adopted. The 
drawings —— however, are for a vessel somewhat 
narrower, for he was afraid at first to go to what appeared an 
extremé, and he regrets that he has been unable to prepare 
others for the better dimensions, as he has to do the drawings 
himself, in the very little time he can spare from the depart- 
ment under his charge, 

Twin Screws.—These have been adopted not only with a 
view to obtain a sufficient propelling surface, without giving 
a difference of trim to the ship, but also for facility in turning 
short, even on one spot. The military and nautical advantages 
of these qualities mere than compensate for the extra liability, 
if such there be,'to fouling or breaking, which their lateral 
position might induce. But this is not a question for discus- 
sion here; it will soon be settled by the construction of large 
transatlantic steamers on this plan, one of these being now 
building by the celebrated house of Robert Napier and Son. 

Distribution of Armour.—The armour belt, as will be seen 
in the drawings, reaches from stem to stern to a depth of 
2 métres (6 ft. 7 in.) under water, protecting the rudder head 
as completely as the monitors do. Out of the water this belt 
only reaches to a height of 0.70 métres (27in.) as it entirely 
belongs to the lower hull. He prefers limiting the height of 
armour to this, instead of carrying it up the whole height of 
the deck, which would give 84 métres run for the after part, 
and 80métres for the fore part, which, on a breadth of 
2.80 métres, would give 460 square métres, and only for the 
sake of upper-deck berthing, the boilers and engines being 
all below. In the models shown at the Exhibition, there was, 
on the average, more plating above than below the load- 
water line, possibly for the protection of the opposite side 
from through fire when the ship is rolling. 

Deck Plating—He is unaware whether the weight of 
plating used in this manner exceeeds what would be neces- 
sary for plating the deck; but he considers direct protection 
puoticablo, and that powder magazines, engines, and boilers 
are much safer under the shelter of an armour-plated deck 
like that of a monitor than behind iron walls carried up to 
a great height. He suggests a thickness one-fourth that of 
the heavy plating for the flat part outside the interior hull ; 
of one-fifth, of the same for the flat plating inside the hull; 
and of one-sixth for the top of the central battery and turrets, 
the obliquity of impact increasing with the height. The 
hatches of all the plated portions should also be plated, 
except within the central battery, whose height is a sufficient 
yrotection, and where they are wanted for ventilation. 

sides this, the tiller requires special protection, on account 
of the lowness of the armour belt. This is obtained b 
carrying up the belt and covering it in with a plated flat, which 
leaves free play to the tiller, and at the same time gives room 
for a pipe or guard to prevent water forcing up through the 
rudder hole, the top of ‘which is lower than usual. The 
spindle passing through the deck would be within armour 
plate up to the tiller, as is shown by Fig. 1. It seems that the 
non-fighting portion of the ship would thus be efficiently 
—" without greater weight of iron than is used in other 
vessels. 

Upper Deck Plating.—It is considered that the thin plating 
of the deck ought to be looked upon not merely as a tie for 
the frame, but as a protection against oblique fire, as in 
monitors. What we know of the effect of shot requires that 
the plating should be outside the planking instead of under 
it ; for it is more than probable that oblique fire is best met 
by presenting the hard surface first, and keeping the wood 
on the reverse side, just as in a vertical target. It would no 
doubt add materially to the strength of the strueture if these 
thick plates were joined by angle-irons to the skin of the 
ship, especially in a vessel with central weights. There is 
the objection that the iron surfaces would become slippery 
and occasion dangerous falls; but this difficulty might easily 
be met by using movable footboards, which could be taken up 
forcleaning. ‘This, however, is a detail which must give way 
to the necessity of efficient protection. 

Turrets placed High and in a Central Battery.—The use 
of turrets has induced people to proclaim the advantages of 
a low and flat line of fire, whereas Admiral Paris is rather 
impressed with the advantage of a plunging fire for the 
attack of armour-plated ships, which are protected to so very 
small a depth below the water-line, especially aft, and whose 
decks, are unprotected. Moreover, there is reason to fear 
that the want of height might make it dangerous to open the 
ports, at least on the weather side. For the waves of the sea 
are not flat surfaces, like the water-lines of the drawing ; but 
when they roll in and flood the flat parts, they will break as 
they do on the shore, and then make a rus against the 
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vertical surfaces. This would evidently happen with the 
central battery. as with a turret, Admiral Paris is of 
opinion that, excepts as regards rolling, there is no advantage 
in the outside flat for the weather guns, while it offers a 
marked advantage for the lee guns. The two guns of the 
central battery would thus be closed by the same amount of 
sea as other guns at the same height, whether in turrets or 
not. But the guns in these turrets would be quite clear of 
swamping, seeing that they are two stories high. If, there- 
fore, it does not roll more than a monitor, it will fight with 
two-thirds of its force when the monitors are obli to keep 
all their ports shut. This had long impressed him with the 
idea that turrets ought to be high towers; but this would 
make them too heavy to handle. The only plan, then, was 
to regard them as cut off below the port, and the lower cylin- 
ders split and opened out until they met one another, so as 
to form a fixed central redoubt. That is what Mr. Reed has 
done in the Monarch, and what is shown in these drawings 
is but a reproduction of his idea. But experience has shown 
that the turrets must not be too close to one another, or there 
will be danger to the men if they cross fire. This isa reason 
for keeping them apart, and for making use of the interval 
thus gained, both in length and height, for a couple of guns 
in each broadside. But for the funnels there might have 
been three. As regards the working of the turrets, those of 
Captain Coles are so well devised that they have simply to 
be copied. Their height is not excessive, being 7 métres 
(23 ft.), with the muzzles of the guns at a height of 5.80 
métres (19 ft.). In the Monarch Mr. Reed’s turrets are 6.20 
métres, or 20 ft. high. 

Unprotected Works.—These run out forward and aft of 
the central battery, and make the topsides of the narrow 
hull superposed on the broad hull, and are much of the 
same proportions and capacity as a vessel of the smaller 
beam would have. It is therefore probable that such a 
vessel would not ship more water, if it came on to blow, 
than any other armour-plated vessel, while the concentration 
of weight will permit it to follow the undulations of the 
sea more readily. A boatman, when going about in a heavy 
sea, takes care to get his crew well amidships. Admiral 
Paris does not think seamen will ever wish to place heavy 
material out of the centre, either amidships or near the 
ends. The turrets are therefore kept on the middle line. 
The upper deck is 4.70 métres, or 16 ft. 6in. above the 
load-water line, which is much about that of other armour- 

lated vessels. As all these are too low, wash-boards might 
be shipped in very heavy weather. 

Longitudinal Strength—The chief longitudinal strength 
would be had from the vertical sides of the inner hull. 
This should be made of diagonal angle irons crossing at 
right angles like a lattice bridge, but plated with thin plate 
so as to be watertight. They would thus serve as wing 
passages. A similar bulkhead from one tower to the other 
along the centre line would complete the longitudinal sup- 


rt. 

* Ada Paris wishes it to be understood that many of the 
details represented in his drawings are avowedly copied from 
previous inventors, his object being that of advantageous 
selection and arrangement. 

[But I understand that the rudder used is claimed by 
Admiral Paris as his own, and that provisional protection has 
been obtained for it—C.W.M. } 

Balanced Rudder—The rudder post is placed a little to 
one side of the centre line, and the spindle of the rudder is 
also thrown a little out of the line of the spindle above the 
rudder. The pintles are in the side of the rudder, their axis 
coinciding with that of the upper part of the spindle. The 
rudder post is thus alongside the spindle of the rudder, 
instead of forward of it as usual. The rudder. post. would 
thus be a little out of middle: line, and would thus tend to 
steer the ship ; but the obliquity is very slight, much less than 
is caused by an ordinary screw, and it is easy to: correct it 
mechanically, if thought advisable. 

The Ram.—A few words must be said about the ram, of 
which two different cases have shown us the power and danger, 
the one almost as terrible as the other. The sinking of the 
Ré d'Italia by the Ferdinand Max shows what a fearful weapon 
it is against a ship at rest, while the foundering of the 
Amazon, after sinking the Osprey, shows that the assailant 
runs equal risk in striking an enemy in motion. It must be 
noted that the Amazon was built with the strength generally 
used for ships of war, that she was 57 métres (180 ft.) long ; 
11 métres (36 ft.) wide; and of 300 horse power. It. was 
thus a large and strong ship, while the Osprey was a little 
channel packet of 100 horse power, whose hull might be 
called a tin pot as compared with the other, which had a 
wrought-iron stem and rounded cut-water. It must also be 
observed that, as appears from the model exhibited, the 
foremost frames of the Amazon had a Y form much 
more marked than in other vessels, and that consequently the 
resistance of all that portion of her to a lateral strain was 
much greater than usual. But notwithstanding these marked 
differences, although the Amazon sunk the Osprey at once, 
her own bow was twisted at right angles to her keel, and:was 
so wrenched that, in spite of the exertions of a full crew, she 
sank two hours and a Ralf after the collision. Now, if this 
occurred between such different vessels, what would be the 
consequence when the hostile ships were both armour-plated, 
and of equal strength in their whole structure? One would 
say to that, that after having very foolishly endeavoured to 
hit the hardest part of their adversary, like one blockhead 
hitting at another man’s sconce, it has then been decided to 
put it lower down, and strike at the weak part below the 
armour plate. That is true; but even then the ram is in the 
same case as that of the Amazon, which sunk, after striking 
the unarmoured Osprey. Is it not, therefore, true that every 
Tam is actually running the same risk as the vessel it strikes ? 
And is not the best way of making the spur as dangerous to 
the assailant as to the vessel that is to receive the blow, 
simply for the latter to go full speed? And, in order not to 
restrict its use to the destruction of an adversary at rest, like 
the Ré d’Italia—and this will rarely happen after such a 


lesson—would it not be possible to arrange the spur to cut 





horizontally rather than vertically, so as to encounter only 
the vertical strains of pitching and rolling, the extent and 
speed of which are icmnpanalio less than the relative hori- 
zontal motions of two vessels under way. That is the way 
Admiral Paris considers, in which the spur should be ar- 
ranged as far as the naturally sharp lines forward permit, 
and that is what he has sought to express in a general way 
in his drawings. He thinks that a section with hollow lines, 
like a bayonet, might be arranged to have an advantage in 
respect of its cutting edges, especially the horizontal edges, 
so as to both pierce and draw with greater ease. He does 
not consider that this shape would interfere with the speed 
or affect the pitching more than the rounded forms now used, 
and that it alfords some prospect of avoiding a fate like that 
of the Amazon. 

In any case, whatever be the form of the cutter, the nose 
of which may be jammed, it will always be advisable to sub- 
divide the forward portion of the ship into water-tight cells ; 
and in order to guard ourselves from our own weapons, we 
shall soon come to throwing more weight into bulkheads and 
stringers, than that of the spur itself. For where are these 

recautions to stop? At 26 ft. or 30 ft. aft, or even 50 ft. in 
arge ships? For a partition just aft of the injury might 
have saved the Amazon, but who knows how far the mischief 
would extend in a bow with parallel cross sections, or perhaps 
—_— sharp ones, where the strength only increases with the 
widening of the decks? There is still so much uncertainty in 
the use of the ram, and it seems so terrible to both parties in 
its ordinary use, that it seems quite right to express one’s 
ideas on the question, with the cauticn, however, that they 
have no sure ground to rest upon. 





DISCUSSION. 

Mr. Barnaby said that he would like to correct an im- 
pression of Admiral Paris as to the formation of the bow of 
the Amazon. It was not correct to state that she had a 
wrought-iron stem ; he thought it was a great pity so use- 
ful an instrument of warfare as the ram should have a re- 
flection cast upon it, which did not belong to it. We must 
remember that the Amazon had no provision whatever for 
acting as a ram; she was a plain wooden ship, with a 
wooden stem, and it was quite untrue to say that she had a 
wrought-iron stem. He had observed that in Admiral 
Halsted’s models he had omitted a ram altogether, and had 
put a tripod bowsprit. Admiral Paris had given tripod 
masts, but with a running-in bowsprit.- He might state to 
the meeting that Admiral Goldsborough, at the close of the 
American war, had said that, in his opinion, every ship to be 
used for the purpose of naval warfare, ought to be furnished 
with aram. With regard to the rudder, he did not see why 
the rudder itself was not made all of post. He seemed to 
have increased his difficulty by putting in a bar to carry 
the rudder. Ships which had broad rudder posts steered 
better than ships with the same sized rudder, but a narrow 
rudder post. 

Mr. Henwood said he begged to correct Mr. Barnaby, as 
all his vessels were fitted with rams. 

Mr. Barnaby said he was not able to state any fact 
beyond what he had said, further than that to which he 
had referred, namely, that a wider rudder-post was as good 
as a piece of the rudder; you might argue directly from 
that to the further fact that, with a balanced rudder that 
advantage was turned into a disadvantage. 


Vice-Admiral Belcher said that he did not like the | —- 


system which seemed to be obtaining ground of preferring 
foreigners’ opinions to our own. We had in the British 
Navy as clever men as Admiral Goldsborough, and with a 
great deal more experience; he had been a great deal 
mixed up with the officers of the American Navy, and was 
not inclined to underrate them, but still he was of opinion 
that the originator of the ram in our service was quite as 
able as Admiral Goldsborough. As opinions changed in 
all great matters he fancied that by-and-by we should find 
the ram below water obliterated. He had practically tried 
the ram more than most men, and had found an over- 
hanging bow fitted to a ship of moderate speed was of far 
greater advantage. He observed in nearly all the models 
which had come out of late, the ram below water had 
nearly disappeared. 

The Secretary (Mr. Merrifield) said, as Admiral Paris 
had mentioned a balanced rudder, he would mention a 
notion of his own, which he brought forward with a view 
of obtaining its publicity, but not of recommending its 
adoption, or praising his own invention over any other. He 
was led to it by the observation that the arrangement at 
the stern of a twin screw was not satisfactory. He pro- 
posed to do away with the central line of dead wood aft, 
and to trust to two partial dead woods aft, one on each side 
of the central line, making it something like the stern of 
the Penelope. It then became necessary to find some means 
of making the rudder support itself at the point where it 
joined the ship He thought it might be done in two ways, 
depending primarily on the leading principle that you sub- 
stitute for the ordinary thin spindle of the rudder a good 
broad bearing. The object of the broad bearing was that 
if you did not support a rudder at the bottom you had the 
whole weight of the rudder distributed between two points. 
Taking the ordinary case of pressure on the rudder you 
had on the top and bottom bearing, roughly only half the 
total pressure of the rudder. 

Mr. Ritchie said there was a great want of support in 
balanced rudders generally. One fitted by Mr. Reed gave 
bs ogy a voyage to Australia, and had to be temporarily 

tt 

Mr. Barnaby said it might be interesting to state, in con- 
firmation of the view that Mr, Merrifield had taken of the 








balanced rudder, that the Bellerophon was actually supplied 
with a spare balanced rudder constructed on something like 
the same principle. She was supplied with a solid iron 
spindle, which was carried in the ship, together with some 
spare bolts, so that the men on board could make a sort of 
oar extending not quite down to the keel. It was put 
through a bole in the stern of the ship-in the rear of the 
screw. 

The Chairman said that nothing remained for them but 
to express their thanks to Admiral Paris for the contribu- 
tion he had made to the Society. They were under the 
greatest obligation to him, for this was not the first time he 
had favoured the Institution with contributions. They were 
always most thankful to receive any suggestions that came 
from the other side of the Channel with regard to principles 
of shipbuilding. 





ON THE STABILITY OF MONITORS UNDER 
CANVAS.* 


By E. J. Regp, Esq., Vice-President, I.N.A. 

Tue proposal to mast monitors and to send them to sea as 
full-rigged sailing ships has been so often made, and 
upon the public with so much zeal, even by persons claiming 
to speak with weight upon questions of naval construction, 
that I have deemed it desirable to lay before the members 
and friends of this Institution a few considerations which will 
exhibit some of the dangers of such a course, and which will 
at the same time present a few examples of what are certainly 
—_ interesting and exceptional cases of “ stability.” 

ermit me, at the outset, to say that I employ the term 
stability in the sense in which it has hitherto been used in 
scientific works upon naval architecture. In nautical par- 
lance the word is often employed as the synonym of steadiness, 
the Achilles, for instance, being in this way pronounced the 
most “stable” ironclad in the Channel squadron. This, 
however, is not at all the scientific sense of the term a: 
for, in that sense, the Achilles is (for her size) the least stable 
of the ironclads, and, in point of fact, owes her superior 
steadiness to the very circumstance of her stability being so 
small. The Bellerophon, which is, I’ believe, next to the 
Achilles in steadiness, is next to her also in the smallness of 
her stability, while the Lord Clyde and other ships of much 
larger stability are pe emer me tg in the quality of 
steadiness. It is to be regretted that this discrepancy exists 
between the scientific and the nautical use of the term; but 
the fact of its existence should incite both seamen and naval 
architects to cultivate a mutual understanding of both uses 
of the word. 
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In naval’ architecture—forgive me for detaining you a 
moment while I reiterate an elementary fact or two which 
may help this mutual understanding—the word stability is 
applied to the effort which a ship makes, when inclined, to 
return to the upright position. If she is urgent to return to 
it, she has great stability; if slow to return, she has small 
stability ; and the fact to be chiefly observed—for it exhibits 
the cause of the discrepancy in question—is this, viz., that a 
ship which is reluctant to move out of the upright position in 
still water, and urgent to return to it, is usually the most 
urgent to obey the fluctuations and impulses of waves. We 
naval architects say such a ship is too stable; seamen say she 
is not stable enough; and I must say that our use of the 
word is a mere fair-weather use of it, and that we must for- 
give naval officers if they laugh at us for pronouncing a of 
stable in proportion as she rolls about in waves at sea. Still, 
our use of the word is a perfectly legitimate one; it is too 
firmly built into our scientific terminology to be removed, and 
all we can do is to endeavour to make it as well and widely 


understood as ible. 
Strictly speaking, stability, in our sense, is of two kinds— 
statical and dynamical. Permit me to briefly explain both. 
Fig. 1 represents the section of a ship heeled over to a certain 
angle ; ¢ is the position of the centre of gravity of the ship ; 
C and B are the centres of buoyancy in the upright and in- 
clined positions respectively; BM is a vertical line along 
which the buoyancy of the ship acts upwards ; G W, a verti- 
cal line along which the weight of the ship acts downwards. 
These two forces form a couple, the arm of which is G Z, 
tending to restore the ship to the upright position. The 
moment of this couple is called the moment of statical sta- 
bility; and, since the weight and buoyancy are constant 
whatever the angle of heel may be, the length of the arm, 
G Z, will be a measure of the statical stability. 

The dynamical stability is the mechanical work necessary 
to heel the ship over to any angle. It may be measured in 
two ways. Either by taking the sum of the distances through 
which the centre of gravity ascends, and the centre of 
buoyancy descends, in moving from their vertical into their 
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inclined positions, and multiplying by the weight of the ship. 


Or, by means of the formula w 
Dynamical stability= = W/rdg where M=the moment 
of statical stability x r the of the arm GZ of the 


—_ at an inclination §W =the weight of the ship. 
ow I think it will be seen wu consideration, that the 
security of ships of the 7 = , when under canvas, or 
rolling in a seaway, against being turned over by a sudden 
Se eae be ¢ measure 
upon the fact that the moment of statical stability increases 
with the angle of inclination, which it generally does, nearly 
i portion to the angle of heel. In the case of a ship 
sail, in smooth water, the angle of heel increases until 
the moment of statical stability is equal to the moment of the 
wind the sails ; and this becomes a position of equilibrium 
if the force of the wind remains constant. In order that this 
inclined position may be one of stable equilibrium, it is 
necessary that when the ship is moved from this position 
towards the vertical, the moment of stability should decrease 
and become less than the moment of sails; and that when 
she is heeled over further from the vertical, the moment of 
stability should increase, so as to exceed that of the sails. 
Or, in other words, in the neighbourhood of this inclined 
position of equilibrium, the moment of statical stability 
should increase as the angle of heel increases. 

The conditions are the same for a ship carrying canvas in a 
seaway. But, since the rolling, caused by the variation of 
the wave surface, and the variation of the force of the wind, 
takes place about the inclined position of equilibrium, and is 
more likely to be considerable than the effect of the variation 
of the wind alone in still water, it becomes necessary that the 
conditions, above stated, should not be confined to the neigh- 
bourhood of the inclined position, but should extend on both 
sides of it to a safe distance beyond the probable extreme in- 
clination of the ship to the wave surface. 

If, however, the stability—and by stability I must be un- 
derstood to mean the moment of statical stability when not 
otherwise stated—of any class of ships increases as the ship 
heels over, until when she reaches a certain angle, it becomes 
&@ maximum, and then decreases as she still continues to heel 
over until it passes through zero and becomes negative, there 
will be three positions of equilibrium of the vessel, one of 
stable equilibrium in the upright position, and one of unstable 
equilibrium on each side of it at a certain angle of inclination. 
And if these positions of unstable equilibrium occur within 
the limits of roll of an ocean steamer when not under canvas, 
the ship will evidently be unsafe for sea-going purposes. It 
will also he shown that, although the positions of unstable 
equilibrium fall beyond the limit of rolling, if they fall near 
that limit, the ship may be safe under steam, but may be 
totally unfit to carry sail. 

The first condition to be fulfilled to enable a ship of the latter 
class to carry sail will evidently be, that the moment of sails 
at any time shall not be greater than the maximum statical 
stability of the ship. Now, suppose this condition fulfilled, 
and the ship heeled over, under the influence of the wind, to 
some finite angle, less than that of greatest stability. It will 
be seen that, if by any disturbing cause, such as the altera- 
tion of the wave slope, the ship were inclined beyond her 
position of maximum stability, the resistance to heeling 
would become less the farther she went, until she reached a 
position at which her moment of stability would be the 
same as before the disturbing force began to act. And 
in this position she would remain in unstable equilibrium 
if the disturbing forces were removed. But if she should 
pass this position before the disturbing forces, and the 
angular velocity caused by them, cease, the ordinary 
moment of the sails will then be greater than the resist- 
ance offered by the stability in any other ition through 
which she will , and she will be turned over. General 
considerations led us, of course, to foresee that the above 
critical state would be likely to occur in low-decked 
turret ships; with great weights concentrated upon and 
above their decks; but in order to find out more definitely 
how the stability did vary in this class of ship as compared 
with that of ships of a high freeboard, two ships were 
taken, viz., the Duncan cut down to a freeboard of 3 ft. 6 in., 
and fitted with two heavy turrets, and a ship with the same 
displacement and immersed body as the Duncan when so cut 
down, but whose sides were continued up like those of an 
ordinary ship, observing that the centre of gravity was 
estimated to be in the water line in the latter case, and .2 of 
a foot below it in the former case. The moments of statical 
stability and the lengths of G Z were calculated in each case 
at every 5° of inclination, and the results are laid down on 
the di shown in Fig. 2. In this diagram, the angles 
of inclination of the ships are marked along the base line, 
and the corresponding ordinates of the curves represent the 
lengths (on the scale marked in the left hand column) of the 
arm (GZ, Fig. 1) of the couple, at the ends of which the 
—_ and buoyancy of the ship act, tending to restore her 
to the upright position. 

The line, Aa B, Fig. 2, shows how the stability of the Dun- 
can monitor varies for the different angles of heel. Her mo- 
ment of statical stability increases nearly in proportion to 
the angle of heel through an inclination of 7° ; the deck then 
begins to be immersed, as shown in Fig. 3, and the stability 
increases less rapidly, until the ship reaches about 104°, as in 
Fig. 4, at which inclination the stability isa maximum. It 

hopes to decrease as the angl« of heel increases, and she 
loses all stability before she is incli to 26°, arriving there 
at a position of unstable equilibrium, and past this position 
her tendency is to turn over still further. 

The line, A C, Fig. 2, shows how the stability varies in the 
ship of ordinary form. And it will be seen that the moment 
of stability goes on oe Co very large angles of 
heel, nearly in proportion inclination. 

Hitherto I have referred to the case of a monitor with a 
freeboard of 3 ft. 6 in., which is far more than the American 
monitors have possessed, and much more than has been con- 
templated by many persons who have proposed the adoption 
of sailing monitors in this country. It is also certainly a 
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_THE STABILITY OF MONITORS UNDER CANVAS. 
(See Mr. Reed's Paper.) 
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possess if cut down and weighted with armour and turrets to 
the extent which has sometimes been recommended, and 
especially more than we could depend upon getting if they 
were placed for conversion into the hands of any one not 
poe of resisting the temptation to produce a formidable- 
looking ship on paper by adding armour regardless of weight. 
I have therefore taken the case of = Rene yo a = 
increased draught so as to give a free of 2 ft. 6 in., an 
Rs with a freeboard of 2ft., and have shown, by means of 
the curves, A d D, and A e E, Fig. 2, how their stabilities vary. 
J assume the centre of gravity to remain in the same position 
as before relative to tle ship, and therefore to be 1.2 ft. below 
the water line in the former case, and 1.7 ft. below it in the 
latter case. In the forme? case, viz., with the freeboard of 
2 ft. 6in., the stability increases until the ship is inclined to 
an angle of 5°. The edge of the deck is then immersed, and 
as the ship goes on increasing her angle of heel the stability 
increases very slowly, until it reaches a maximum at 8° ; it 
then decreases, and the ship reaches a position of unstable 
equilibrium at 184° inclination. 

In the case where the freeboard is 2 ft., the edge of the deck 
is just immersed when the ship is inclined to 4°; up to this 
point the stability increases nearly the same as in the other 
cases, and it will be seen that it has then almost reached its 
maximum value ; it increases slightly until the angle of heel 
reaches 64°, and then decreases as the angle increases until 
the ship becomes unstable, which takes place before she has 
reached 16° inclination. 

I will here explain what seems at first sight to be an 
anomaly in Fig. 2. We see that the curve AC lies inside of 
the curve Aa B at the small angles of inclination, that show- 
ing that in these two cases, and in these positions, the moni- 
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Dynamical stability = D/rd6é. 

If we take the case of the first adios being heeled over 
to the position H G, Fig. 2 (4°) under the pressure of sail, and 
draw the I line Hm M, so that it shall represent the variation 
of moment of sails, due to their inclination ; and suppose the 
line H m M also to represent the effect of the sail upon the 
other ships, it will then divide each of the areas AC B, Aa B, 
AdD, and AcE into two parts, the lower of which will 
represent the work which the wind (at a constant pressure) 
would be capable of doing in overturning them, and the 
areas above the line H M will represent the whole of the 
energy which the ship could put forth to withstand any addi- 
tional impulse, such as the effect of waves or a sudden gust 
of wind. We thus see, by comparing the areas, C H X, Ha M, 
Hd™m, and the small part of Ae E above H M, the relative 
amounts of energy stored up in the ships when sailing at the 
given inclinations, and this energy it is which chiefly consti- 
tutes their safety. Comparisons may be made in the same 
way at any other angles of heel under sail. 

t must be obvious from this that the danger to be appre- 
hended to these monitors when under canvas is very great. 
And when we think that they are liable at any moment to 
be overtaken by sudden gusts of wind, and that, if they are 
heeled over beyond 8° or 10°, the farther they go the less re- 
sistance they offer to being capsized, their unfitness to carry 
sail must be quite evident. 

If it should occur to any one to consider that the case of 
an ordinary barge is both an illustration and a refutation of 
the subject as I am here stating it, I would beg leave to 
remind him that the two cases differ in a most essential re- 
spect—the barge usually has nearly the whole weight both of 
her hull and of her cargo below the water, and therefore com- 
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tor has the greater stability. This is, of course, due to the 
fact of her centre of gravity being the lower, while both the 
displacement and load-water section are the same in each 
case. But the curves AdD and AcE also fall inside of 
AaB at first, although the centre of gravity in the two 
former cases is much farther below the water than in the 
latter. This a mt anomaly may be explained in the fol- 
lowing way: The n moment of, inertia of the water-line re- 
maining nearly constant as the ship sinks in the water, while 
the displacement increases, causes the distance between the 
metacentre and centre of buoyancy to diminish; at the same 
time the centre of gravity descends faster than the centre of 

, and uenty approaches it. Now if the meta- 
centre approaches centre of buoyancy faster than the 
centre of gravity approaches it, the distance of the metacentre 
from the centre o gravity, and with it the arm of the lever, 
— (Fig. 1), will be diminishing, and thisis just what occurs 


It is interesting also to compare the dynamical stabilities, 
or mechanical work to heel vy ships through 
equal angles. This may be done by comparing the areas 
enclosed (in Fig. 2) between the base line, the curves, and 
the ordinates drawn to the curves at the particular angles of 
po Agden edleeey fen ional to the dynamical 
stabilities may be seen from the formula given before, viz : 
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paratively low down, whereas it is the object of these monitors 
to a large weight of armour, guns, and turrets mainly 
above water, so that the centre of gravity, the position of 
which is so important to the stability, cannot well be got low 
down. Any one who will take the trouble to closely compare 
the two cases will find that they differ exceedingly, and that, 
although barges sometimes carry a deck cargo, it is always of 
comparatively light material, and, when unbalanced b 

— in the hold, leaves a considerable height of free! . 
And this leads me to observe that the state of the monitor 
which I have been describing would become very materially 
modified if the centre of gravity of the vessel could be greatly 
lowered, say to the extent of many feet. If, for example, it 
could be brought down to the depth of the centre of buoyancy, 


or beyond it. On reverting to Fig. 1, it will be seen that and 


when the ship heels over in the direction of the arrow, the 
centre of buoyancy, C, also moves out in the same direction. 
This is the case, more or less, however low the freeboard. 
We also see that if the centre of gravity, G, of the ship 
is above C, the vertical line, G W, through G in the in- 
clined position, also moves in the same direction. In other 
words, the vertical lines, G@ ‘W and B M, both move outwards 
in the direction of the arrow; and we have seen that in the 
case of the monitors which we have been considerin , owing 
to the low freeboard, B M moves slowly, so to speck, and is 


soon overtaken by G W, and the ship then capsizes. But if 
we suppose the centre of gravity to be below the centre of 
buoyancy, say at g, and draw the vertical line g w, then it is 
obvious that, as the ship is inclined, B M and g w move off 
from the middle line in opposite directions, and the distance 
between them, and consequently the staticol stability, in- 
creases as the ship heels over. This case no doubt corresponds 
to that of the sailing barges loaded deep with hold —— 
before referred to; and it is a good illustration of the 
that vessels which may seem to a casual observer alike in 
principle, may, nevertheless, be seen by the naval architect 
to a totally opposite qualities. 

very little reflection will suffice to show that we cannot 
as a rule avail ourselves of this last exhibited principle in the 
construction of armoured monitors. The tendency of things 
is to increase the upper weights, that is to say, weights 
of the deck, the turrets, and the guns, and to lighten the 
construction of the hull below water as much as possible ; and 
although the resort to ~ engine power and coal supply 
would tend to correct this tendency and to lower the centre 
of gravity, it is extremely improbable that in future iron 
built ships we shall ever have a very low centre of gravity 
associated with the monitor type of vessel. 

I do, not, however, wish to use the present paper as a bar 
to future developments of the monitor system ; its sole object 
is to show that monitors having their centres of gravity 
situated peer like the centres of gravity of other 
ships would be quite unfit to carry a press of canvas. 

Before closing this paper I may make a few observations 
on the behaviour of these monitors as influenced by wave 
motion. I have already referred to the fact that the steadi- 
ness at sea of some of our ironclads is due to their want o 
stiffness or stability, and quent i d time of oscilla 
tion in still water; and, I may add, that it is a very wel- 
established fact that ships which have great stiffness in stilll 
water are very uneasy rollers. Now, it will be seen that these 
monitors converted from line-of-battle ships, as before 
mentioned, have great stiffness for small angles of inclination, 
and they would consequently start rolling under the same 
influences as ordinary ships which are very stiff and have a 
freeboard. This would, but for another consideration, be a 
very dangerous feature in the Monitors, because it would 
cause them to roll quickly until the range of roll. became 
large, and they would then get into positions where their 
stabilities would be small and decreasing, and from which if 
under canvas they might not be able to right themseves. 
Suppose, for instance, a ship of this kind rolling among 
waves of the same periodic time as her small oscillations. 
Should she roll beyond her position of maximum stability she 
would have her time of roll increased, and the following cir- 
cumstances would then occur:—When reaching the hollow 
she would not have finished her oscillation, and might be still 
rolling towards the approaching wave ; the alteration of the 
direction of the water surface caused by the front of the 
approaching wave—instead of developing in the ship a greater 
moment of stability tending to right her, as is the case with 
all ships which have a high freeboard—would diminish what 
stability there was remaining, and the danger of her being 
blown over, if she carried sail, would be very great. The 
stability of these ships, in fact, would appear to vary in the 
worst manner possible for safety. They would have all the 
characteristics of very uneasy ships until they rolled deeply, 
and not have the advantage of an increasing stability to pre- 
vent their rolling too far. The consideration which modifies 
this state of things materially is, that the very absence of 
freeboard which Sogsives them of the necessary stability at 
great inclinations would usually operate in the early stages 
of rolling to mitigate the impulses which the waves impress. 
And besides this the amplitude of rolling is undoubtedly 
much diminished by the disturbance of the water, which the 
immersed le between the deck and the side causes, and is 
still farther diminished by the plan adopted in America. of 
allowing the armour and backing to project from the side, 
instead of their being imbedded in the side as proposed in the 
cases which we have been considering. In fact, this pro- 
jection of the armour beyond the side must play an important 
part in the alleged iness of the American monitors. Its 





action is like that of an immense bilge keel, and is very 
effective in diminishing the angle of roll. For instance, if a 
ship of the form of Fig. 5 were set rolling the resistance 




















caused by the action of the projection at A on the surround- 
ing water would be very great, and would tend to diminish 
the amplitude of roll. "hh action of the angle, B, when im- 
mersed would be of the same kind in all monitors whether 
the armour projected or not, and would be as follows:—If 
the ship were rolling towards the side, AB, the angle, B, 
would have very little effect on the amplitude of roll, but as 
soon as the ship commenced to return to the upright it would 
act to prevent her, and thus tend to increase her time of roll ; 

by diminishing the force with which she returns to the 
cpeight would indirectly tend to decrease the amplitude of 
the next roll. It will then be seen that the acticn on the 
water by the angle at A is always in the right direction, while 
the action of the angle at B may be acting against the ship 
when she is in the most critical positions, viz., when she has 
rolled over to an inclination where her stability is very small 
—and with decks as low as the American monitors this would 
Re as cane 66 weap eens ee eee 
A while retaining B, which we do if we put the armour in a 
recessed side, we give up a really valuable feature while we 
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retain one which, under certain circumstances, may prove 
a disadvan: I need hardly add that I am here s i 
only of monitors which have to serve at sea, and not at all of 
mere harbour defence ships. 

I haye recently had occasion to consider two other cases of a 
somewhat similar kind. We are building for the Government 
at Melbourne an ironclad monitor with a height of deck 
above the water of 3 ft. and with an armour-plated breast- 
work surrounding the bases of the turrets, and enclosing the 
hatchways, as in Figs. 6 and 7. This monitor has to be 
navi to Melbourne, and for this purpose is to be fitted 
with a temporary side and upper deck. I have shown in 
Fig. 2, by means of the curves A F K and A F L, the variation 
of the stability of this vessel with different conditions of free- 
board, observing that as this is a very much smaller vessel 
than the Duncan, the actual stability is very much less than 
in her case. The curve, AF K, shows how her stability 
would increase if the side were continued up as an ordinary 
ship, the whole length fore and aft. Thecurve, A F L, shows 
how it varies when the side runs up before and abaft the 
breastwork only, as in Figs. 8 and 9. The difference between 
these two curves is caused by the break in the ship’s side in 
wake of the breastwork, as shows how the stability is in- 


fluenced by a departure of this kind from the usual con- 
tinuous side. In neither case, however, have we that alarm- 
ing decrease and loss of stability which the monitor proper 
—- undoubtedly possess, especially with a very low free- 


In conclusion I will only add that it will be no answer to 
the doctrines of this r to say that the rolling of ships is 
affected by the late distribution of weights as well as by 
their vertical heights. That is undoubtedly true, and would 
deserve great weight in a discussion upon rolling. But my 
ruling argument is that the monitors we have considered 
would be dangerously deficient of statical stability, and this 
argument would hold « ually with their weights either dis- 
tributed or prmentnro te 


DISCUSSION. 

Mr. Henwood said that Mr. Reed seemed to think that 
these vessels would capsize in a gale of wind. Those fears 
were the results of his unfortunate failures. One was jus- 
tified in exercising great caution before adopting what Mr. 
Reed had put forward. What had been stated as the centre 
of gravity was not correct, which was of the greatest im- 
portance, as the whole question turned upon that point. 
According to his calculation of the Duncan, the maximum 
stability was at 10°, but in fact it would not be arrived at 
until 20°, and even at the extreme angle of 30° she had 
from five to six times the necessary amount of stability for 
carrying sail, It was well known that in a gale of wind 
you could not carry all the sails that you did in a light 
wind, 

Mr. Scott Russell said he would not enter into any per- 
sonal question not before the meeting, but would confine his 
remarks to the proper limits of discussion. The question 
really was, whether the monitor system should be carried 
out further than it had been, and whether larger, more im- 
portant, and what might be called honest sea-going vessels 
should be made on what was called the “ monitor system,” 
or whether they should be like what they had hitherto 
been accustomed to call a “sea-going ship.” It was of 
value that they should have put before them, as had been 
done by Mr. Reed, one of the dangers attending a very 
small freeboard. He would not say a word as to mercantile 
vessels, but he thought that a very small freeboard was 
characteristic of something called “ coffins” in the old style 
of sailing ship. We had had ample experience of a 
small freeboard in that class of frigate, and that experience 
was unsatisfactory and conclusive against a small free- 
board, That was as regarded sea-going ships, There was 
another point with=reference to a small freeboard—that it 
had much less danger in it with a very shallow body of 
vessel than with a very full body of vessel. When you had 
adeep ship with a large capacity, the buoyancy of the 
bottom, or tendency to turn upside down, became great, 
whereas with a shallow ship, which had very little bottom, 
the tendency to turn upside down was fn that proportion 
diminished. There was a great danger attending a small 
freeboard in the monitor class deserving the present atten- 
tion of those sailors whose lives were to be passed in such 
vessels, It was the small amount of spare buoyancy. In 
a ship liable to the ordinary accidents of collision and en- 
gagement, free buoyancy and a large store in reserve was a 
great source of safety, The want of a store of stability and 
buoyancy in the monitor class was an inevitable fault. Mr. 
Reed's excellent diagrams were not needed to a man familiar 
with stability and its causes to prove that the moment a 
vessel in inclining over under sail had passed its point of 
greatest breadth, from that moment there was a rapid 
diminution in the stability. In oscillation the dangers of a 
small freeboard were self-evident, They were points upon 
which both seamen and constructors were bound to take a 
very strong view. He regretted that Lord Lauderdale was 
not present, as he was the presideat of a committee which 
the Government had appointed in 1859 to consider the de- 
fences of the country. Some distinguished naval officers 
and engineers were on that committee, and he himself had 
had a@ hand in it. He wished to say that gentlemen who 
were unofficial in such matters should be very gentle in ac- 
cusing those who were official with having purloined other 
people's ideas. The committee of 1859 had twenty-five de- 
signs of ships made out. They were constructed with 
fixed batteries, with partial batteries, movable bat- 
teries, and ing parts. Some of them had a sar- 
face nearly level with the water, and others were 








lower in the water than some of the American moni- 
tors. The fame of American monitors had not begun 
at that time, and he did not know whether they were 
in existence. Those gentlemen had designed so many 
forms of batteries and combinations of cupolas, including 
almost everything that had adorned the walls of the insti- 
tution yesterday and the day before, that he would observe 
for the future, “Do not let us say that anybody has in- 
vented anything before anybody else, or that one man has 
stolen ideas, notions, or conceptions from another until we 
have most conclusive and undeniable evidence that it is 
so.” He should not claim any of the things that had ever 
appeared in that room as his inventions. He was sorry 
that we did not build a class of large vessels, and also a 
class of small ones—the large vessels to go round the world 
and meet our enemies’ combined fleet, and the small ones 
to defend our own shores, One hundred cupola gun boats, 
he did not say of what shape, size, or speed, would be a 
beautiful force. If you did not like a turning cupola, you 
might put in a small fixed fortress of any shape you 
pleased. He didnot propose that they should carry sail, 
and would only give them sufficient sea board to render 
them safe in our harbours and round about our shores, 
Going a step further, he thought that vessels with a couple 
of cupolas were most efficient, the use of which could be 
well imagined, and he would not say a word upon it. The 
great point to attain was safety, not in ordinary circum- 
stances, for it could not be properly said that that was a 
good ship which was good only under ordinary circum- 
stances, but a vessel equal to an emergency. He cared 
nothing about a ship fast in smooth water, but wanted a 
fast ship in a heavy sea. He did not care anything about 
a vessel which was safe;only up to 9° or 10°, but when you 
got to 15° was not safe. What was wanted was a good 
ship equal to almost any weather. 

Vice-Admiral Belcher said that, looking at the case of the 
Duncan, he believed that when the Duncan heeled over, if 
she had had all the top hamper it was proposed to put on 
her, and also the bow and forecastle to make a monitor of 
her, she would have proved a monitor, and probably have 
gone down altogether, 

Professor Rawson said that he should like to supplement 
Mr. Reed’s very able and very clear exposition of both 
statical and dynamical stability with a fact that he con- 
sidered was of some importance. Suppose that a certain 
moment of force (speaking in the mathematical sense) was 
required to keep a ship, say at an angle of 10°, if that could 
be applied just at the time when the ship was on an even 
keel, and continuously applied, as by a gust of wind acting 
on the surface, it would take the ship through an angle of 
20°. He offered no explanation of that curious fact, but 
it had exhibited itself in a variety of shapes, the triangular 
prism, the square, and all the intermediate forms. 

Mr. Bramwell said he thought the fact the last speaker 
had alluded to might be illustrated by an instrument 
familiar to all mechanical engineers—the ordinary steam 
engine indicator. In that instrument, as all knew who had 
used them, if you brought a pressure of steam, say of 50Ib., 
to pressfupon the piston when at the atmospheric line, the 
result would be, that instead of driving the indicator to 
equal the pressure of the valves you would drive it beyond, 
the reason being that the full force was applied to the in- 
dicator at a time when it could offer no resistance to that 
force. 

Captain Selwyn said he thought the meeting would allow 
the sailors to have another word on the subject. When a 
vessel of the monitor class, or anything approaching to a 
raft, had descended by gravitation to the bottom of a wave, 
and then attempted to rise, the amount of buoyancy was 
not sufficient to lead it to rise the incline, and the result 
was that it entered its nose into the wave. Under those 
circumstances the wave force might be sufficient to deter- 
mine the overbalancing of the whole structure. Those 
were considerations which in practice occurred to seamen, 
but did not always occur to those who had not done what 
he hoped to see naval architects yet do, pass the first six 
years of their boyish life at sea. A ship of high freeboard 
and great buoyancy was always able to attack her enemy 
in a manner which it was utterly impossible for a monitor 
to do; and if, as was generally the case, the ship of high 
freeboard had the greatest speed, she would be able to 
ignore her enemy’s guns altogether, and to run right over 
her. 

Mr. Reed in reply, said that he felt obliged to all the 
gentlemen who had spoken, and to none more so than to 
his friend Admiral Belcher, who had confirmed very much 
what he had laid before them in his paper. All the cases 
given by him, were undoubtedly cases of a very low centre 
of gravity, and his diagrams showed that, with a very low 
centre of gravity you could not capsize the ship. He had not 
doubted when he saw Mr. Scott Russell rise but that he 
should have his full concurrence in the principles laid down 
in the paper, for Mr. Scott Russell had considered those 
things too deeply and too long to differ from those who had 
laboured in the same way as he had done. As to the fleet 
of 100 small gunboats which Mr. Scott Russell had adverted 
to, the reason for not having them was that there never 
had been a day when the Government had felt justified in 
diverting funds applied to the building of seagoing ships 
for coast defences. He did not intend to be tempted by 
Mr. Henwood’s remarks to discuss how far he had correctly 
represented the case. His paper was not a discussion of 
any principle of Mr. Henwood’s, but, he hoped, a philoso- 
phical paper. His remarks applied principally to the case 


of a line-of-battle ship cut down. He would ask an 
gentleman to consider whether, with an ordinary line-of- 
battle ship, cut down with the object of adding a great 
weight of armour, turrets, guns and plating, it was not 
reasonable to infer from that, that you were going to lower 
the centre of gravity enormously. 

The Chairman (Dr. Woolley) thought that they were under 
very great obligation to Mr. Reed, for haying brought for- 
ward a most interesting subject. He was obliged to confess 
that, as far as he could understand, he had not been able to 
discover that there was any wrong principle applied in the 
calculations with which he had favoured them. Whether they 
were applicable to the circumstances of the case or not, was a 
question upon which he did not consider it his duty to give 
an opinion. He expressed his regret that gentlemen upon 
this and other occasions, in discussing questions, which 
ought to be discussed in a philosophical manner, had per- 
mitted themselves to enter into personal remarks, and ob- 
servations not exactly consonant with the tone of a philoso- 
phical discussion. He hoped to see the time when they 
might all meet together and discuss whatever different 
opinions they might entertain, and discuss matters without 
importing any personal element into it. He was glad in 
Mr. Reed’s paper to observe that he had not omitted the 
important question of dynamical stability which Professor 
Rawson had also brought before them. It was never safe 
to consider the stability of a ship, only so far as the mere 
moment of stability would keep the ship inclined, because 
they had to meet the common case of sudden squalls of 
wind, and it was absolutely certain in that case the ship 
must heel over. Supposing a vessel in an upright position 
were subjected to the action of wind which would keep her 
inclined if placed in a position of rest at an angle of 40°, 
the moment of stability which had immediately to resist 
that was less, and would be continually less until it reached 
seven degrees, but during that time the wind would be pro- 
ducing an effect greater than the vessel could resist ; there- 
fore there was what would be called by an engineer stored 
up work, or as a mathematician would understand it vis 
viva. When any body was disturbed from its position of 
rest and acted on by force, it did not remain in a position 
of rest when it came back again but oscillated backwards 
and forwards. 

Professor Rawson said he fully agreed with every word 
that the Rev. Dr. Woolley had said. Dr. Woolley had 
given an explanation to the meeting ten times more clearly 
than he could have done it himself. His object was to state 
the fact. 

Mr. Henwood said that he did not at all intend to dispute 
any of the principles enunciated; it was a mere matter of 
fact he had observed upon with regard to the Duncan. 








INSTITUTION OF NAVAL ARCHITECTS. 
Thursday (Morning) April 2, 1868, Mr. Samupa in the Chair, 

Ow the conclusion of the chairman’s address (vide page 
315 of our present number) Mr. Rochussen read a paper “On 
the Treatment of Steel Plates in a Shipbuilder’s Yard,” and 
Mr. Sharp read a paper “ On the Treatment of Steel Plates.” 
These papers were published in our last number (see pages 
293 and 302). The discussion on them was as follows: 

Mr. Ritchie said that he had very little experience of 
steel, but had been merely anxious to ascertain whether it 
was possible to admit it for shipbuilding. Various expe- 
riments had been made this year at the Barrow Works 
| which had been very satisfactory. The steel had been 
found to stand punching and to do all that could be ex- 
pected of the very best steel, and the result had been that 
the committee had allowed a ship to be constructed of it 
with a reduction of one-fourth of what would be required 
for iron plating. 

Mr. Barnaby said that the measurement which had been 
suggested was very much of the same description as that given 
by Mr. Kirkaldy with regard to iron, in which the strain 
with reference to the broken area, and not the original area, 
was taken into consideration. The méasure of so-called 
stored-up strength might give an impression that a material 
was very valuable, when really it had not very much abso- 
lute strength to begin with. He would like to be a little 
more clear as to the manufacture of puddled steel. It had 
always appeared to him that one of the great difficulties in 
the manufacture arose from the fact that it had to be made 
from puddled balls of a limited size. They had had some 
experience at the Admiralty with puddled steel, and it had 
been found to fail, and very considerably, in giving a ten- 
sile strain of 83 tons. It had failed across the grain for 
this reason, that for piling the lines of the welds of the 
parts making up the plates, ranning down the whole length 
of the plate, were lines of weakness, and it was discovered 
that the manufacturer of those plates had great difficulty 
with regard to lamination and blistering, being obliged to 
make the puddled steel plates of a limited size by reason of 
the limitation arising from the smallness of the puddled 
balls. He had understood Mr. Rochussen to say that they 
were working with puddled balls of as much as 7 cwt. He 
wished to know whether he was right in his understanding 
of the matter, and if so, how it was, with a material made 
out of a pile, as the puddled plates were, a tensile strain s0 
great as 50 tons to the inch had been obtained. Experi- 
ments had been made in one of the Dockyards to test the 
result of punching and annealing. A Bessemer plate, with 











35 tons to the inch, after punching, was found to lose & 
great portion of its strength, but after annealing the origi 
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nal strength was restored, and it was used for the purpose for 

which it had been designed. It was only by annealing 

that you could assure yourself that you had the requisite 
r 

“a Chairman thought it might be interesting if Mr. 

Barnaby would explain the mode they were actually 

practising. ’ ; 

Mr. Barnaby said the mode of annealing they were 
practising was to have an ordinary annealing furnace, 
covering the plate up in the way described by Mr. Sharp. 
With regard to the enlargement of the dies in punching, it 
appeared that a clearance of ,*, in., instead of +4, in. for plates 
of gin. or 2in., Bessemer steel, gave a great advantage ; 
but the same advantage was not obtained with puddled 
steel. The ordinary clearance appeared to be the best for 
iron plates, but for Bessemer steel plates a larger clearance 

ye an undoubted advantage. 

Mr. Ritchie asked whether the Admiralty were using 
steel in any of their ships at the present time? 

Mr. Barnaby said that they were, and that in some cases 
it was used in the external plating. 

Mr. Lloyd stated that his experience with regard to 
boilers was not very satisfactory, but he had no doubt 
better results might be now obtained. They had used 
homogeneous steel, which had not turned out so well as had 
been expected, nor indeed was it found to be equal to good 
iron. He was quite open to receive any offers of good steel 
for boilers, and to make further experiment. 

Mr. Reed said he did not quite understand what My, 
Rochussen meant by the statement that the Admiralty tests 
of iron were limited to tests of tensile strength. There could 
not be a greater error, as there were many other and diver- 
sified tests for trying iron before it was used in the con- 
struction of Her Majesty’s ships. The mere test of tensile 
strength would be most delusive in itself, and it'was un- 
desirable that the statement should go forth uncontradicted. 
His feeling upon the subject was much less sanguine than it 
had been, and much less sanguine than that of the Chairman, 
whom he understood was prepared to build a ship half the 
weight with steel as compared with iron. 

The Chairman said he did not intend to go that length, 

Mr. Reed said his experience was very much in fayour of 
the cautious mode of procedure which Lloyd’s committee had 
adopted of reducing the scantlings not more than one-fourth 
to begin with. A great deal might, no doubt, be done by 
annealing and other devices, but steel was a difficult thing 
to contend with as it had a wantonness in fracturing within 
half an inch of the rivet holes—iron being more courteous. 
When persons left their ship at night they expected to find her 
safe in the morning, and not with the stringer plate broken, 
which had happened in his experience. ‘The object being to 
carry as much cannon and armament as possible, it was 
essential that the material as used in the structure of the 
hull should have the advantage of strength combined with 
lightness. There was every disposition to use steel if pos- 
sible, but a great many discouragements had been en- 
countered. It had been found that steel which would 
stand, plate after plate, a tensile strain of 30, 33, 34, and 
35 tons, the moment it was riveted up, would stand con- 
siderably less strain than iron of the same thickness, but by 
annealing and drilling he still hoped it would be found 
practicable to introduce steel, and use it largely and satis- 
factorily in the construction of ships. 

Mr. Scott Russell said that he was one of the friends of 
steel ; shipbuilders and, if he might venture to say so, ma- 
nufacturers also, required education as to the description of 
steel best suited for shipbuilding. He would advise the 
manufacturer to dwell very much upon the ‘peculiar faults 
of his steel, in order to guard against its improper use. 
Ships were found to yield from two totally different causes, 
one of which was breaking their backs from the want of 
longitudinal strength as a tie. Steel was of igreat value in 

preventing that. But there was another fault, -viz., the 
steel crumpling in the place where there was a’ contrary 
strain, which was of more serious consequence, and which 
happened when a vessel ran aground in an*macomfortable 
place, Shipbuilders should be warned against lightening too 
much, but should commence by making steel vessels nearly as 
strong, heavy, and thick, as iron vessels. ‘The question of 
the strength stored up in the steel was very important. 
What shipbuilders required was that the steel should keep 
its shape with the greatest possible power, giving a long 
yield without fracture. He had heard of steel represented 
to carry 100 tons to the square inch. It was a great pity 
manufacturers put forward steel which professed to carry 
somuch. He had a pet piece of steel which was said to be 
able to carry 100 tons, but which at once fractured when 
let fall by accident upon a stone floor. As to the system 
of punching conical holes, and filling them with conical 
rivets, he thought it was of great value, for if even the 
head of the rivet were knocked off, there would still be a 
good rivet remaining, 

Mr. Harland (of Belfast) regretted that the experi- 
ments with steel plates had been confined to plates 
of ein, }in., and din. They had seldom fractured 
at the rivet holes, the fracture more nearly resembling 
lightning or a broken pane of glass than anything 
else. The plates had been laid upon the ground and 
heavy weights dropped upon them, which the plates had 
resisted, rendering it very difficult to aceount for the ex- 
traordinary fractures, He agreed with the suggestion of 
Mr. Scott Russell, that manufacturers should not offer steel 


was capable of being worked like a copper plate. His idea 
of a ship was, that you should be able to kick it about like 
an old shoe without being able to knock a hole in it. 
Copper, if sufficiently cheap,'would be the top’ of the tree, 
but was superseded by steel on the score of expense. If 
manufacturers could produce a plate which would bend 
double, cold, without fracture, it would be all-sufficient for 
the shipbuilder. A right angle would, perhaps, be the 
extreme required, but if by annealing, or any other process, 
a steel plate could be produced with a tensile strain up to 
30 tons, and which would bend double across the corners 
without a fracture, nothing further could possibly be 
wanted. + 

Mr. Rochussen, in reply, said'that he advocated the use 
of puddled steel fof plates" bY reason of their greater 
elasticity, which ‘was of vast inipd@rtance in the construction 


proper weld in the puddled steel, but that was, adifticulty: t 
be overcome. He had i yen ve plates}}\at” the’ 
works with which he was connected, made out.of balls, not 
only of 7 cwt., but 1 ton, and itewas possible to produce 
them to that extent if necessary.’ As an i{fastration, he 
would mention’ that they had for many years supplied 
material to the Trinity House for thé frames,of lanterns, 
which was found to weld together, if not a8 well.as Welsh 
iron, at all events equal to Lowmoor tron onde would} 
Iay upon the table to-morrow. a steel equal to 200 tons 
tensile strength to the square inch—a hard steel, butia steel 
which would bend like leather. As regarded the potiching 
or boring of the steel plates, and riveting, there would) mo 
doubt, be a possibility of its fracturing, but the fraoture’ 
might be produced from many causes independent from the 
steel itself. In riveting you had two heavy plates, witha 
large amount of stored-up cold. The steel lost its tempera, 
ture as rapidly as a glass of wine dropped into,a tumbler of, 
water would change its colour. He did not think, mand, 
facturers were guilty of excessive canvassing as to strength; 
and he would not undertake to guarantee more than 82 tons 
to the square inch, It was not possible to produce a ductile 
plate standing more than 36 tons’to the square inth, and 
whoever endeavoured to do more would simply, be producin, 
cast iron. si veaya! 

The Chairman said he was anxious.not fo be misunder- 
stood when he said he was desirous. of encouraging the use 
of steel for ships. All he meant to conyey was that assumitg 
steel were a material which had gone through the same 
ordeal as iron, they would then have a material which they 
might use in preference to iton,'getting the ‘same strength 
with half the weight. His experience was “hat a punched 
hole very materially reduced the strength of the plate, to a 
greater extent than a drilled hole, and he hoped) that by 
wider investigation means might be. disvov: to restore 
the balance. Very nearly, if not quite’ the same amount 
of reduction of strength was found to folléw from punching 
holes in iron as was the case with regard’to steel. Heh 
made a series of experiments, the same die being used for 
the iron and steel, and in very nearly every case the same 
amount per cent. of decreased strength existed. With re- 
ference to annealing and getting uniform strength, he had 
heard that a bath of hot oil, instead of lead, had been found 
to give most satisfactory results in increasing the’ strength 
and elasticity of the steel. The papers were most interest- 
ing and instructive, and he thought that the gentlemen 
who had introduced them were entitled to the thanks of all 
present. 


steel plates, it had been where they were mixed in an iron 
ship, and where the vessel was not wholly of steel. He 
would like to know whether the expansion was the same in 
iron and steel. He had been making experiments, but had 
not been able to determine that question. 


such a strength that it was not desirable to use it at all, 
because it could not be used with safety. He had been 
consulted some years ago by an engineer of one of the large 
railway companies in this country, about the strength of 
steel plates for the purpose of building a steel railway 
bridge—he believed the only steel bridge in England—it 
being necessary to build it of steel in consequence of its 
being over a canal, and there not being sufficient depth to 
construct a bridge of the weight which would be given by 
iron. After various experiments it had been determined to 
construct that bridge five-eighths of the weight it would 
have been of wrought iron. It had been in use for many 
years with the most satisfactory results. With regard to 
Mr. Harland’s remarks about bending steel cold, he thought 
that should be a system adopted by the manufacturer, and 
that every plate should have a shearing taken off and be 
bent double before being sent out. 
Lord LauDERDALE then took the chair. 





The Secretary (Mr. Merrifield) read a paper, “‘On the 
Legal Method of determining the Tonnage of Ships, and 
the Influence of that Legislation upon the Form of Ships 
and upon recent Shipwrecks,” by E. Flachat, Associate; 
and also a paper, by A. Dekke, of Bergen, Norway, “On 
the English Rules for the Measurement of Ships.” Both 
these papers were published in the last number of Enai- 
NEERING (vide pages 295 and 294 respectively), 

The Chairman thought the present legal mode of mea- 





plates of such high tensile strain, but such a steel plate as 


of a ship. The egsential thing’ was that the vessel should psystent 
keep in shape. No doubt there, was difficulty,in getting a } beet productive of 


i 


Mr. Ritchie said that where accidents had happened to , 


Mr. Sharp agreed with Mr. Scott Russell that manufac- | ® 
turers of steel were erring in professing to supply steel of | ° 


serviceable ships being built, for they would find that their 
merchant ships, which were ,tied by legal measurement, 
were quite as good ships as their men-of-war. 

Mr. George ‘Barber (Chief Shipwright Surveyor to the 
Board of Trade) said it appeared to him that the papers of 
M. Flachat and Mr, Dekke contradicted each other in many 
important partic ve hag not disposed to acquiesce in 
much that was : ) paper, though he agreed to 
a great extent latte é@ had given some atten- 









tion to the .quest tonnage measurement, and 
thought)the pr odeiof measurement of tonnage of ships 
hed stone grant qbodato,.the. mercantile marine of the 
country. . | valvaluable,.rule. to shipbuilder, because 
he, we he were, building a ship to class at 

oy a's, is ship, would bear a certain propor- 
tonto ure rule of 1854. The 






preat, ¢ no doubt, valuable 
ions night) be made, ' “The capacity of a ship with 
twadecks, by the rile pf 1864, was measured in one vo- 
Juiney' but the capacityef a ship with three decks was mea- 
sured in two pieces, ‘sowas jto exclude the thickness of the 
centre deck.; The thought that right, but the 
builder thought oth .» Whether that anomaly in the 
law;should exist was-worthy of consideration. As to the 
mger accomm and crew space in sea-going 
Phips, the most, eq owance, if allowances were to 
be made at all, would’ t they should give the space 
oceupied by the propelling power and, the space necessarily 
occupied by coals. system of per centages was alto- 
gether’ wreng, ‘and ghduld be abolished. There was the 
shipowneér, the" shipbuilder, and the charterer, and it was a 
difficult’ matter to please them all, With regard to the 
application of Rule Nosh. to British ships, he might state 
authoritatively, that; mob more than 8 per cent. of British 
ee had been, measured by Rule No.2 of the Merchant 
Shipping Act of 1854, and that all otber ships had been mea- 
sured by Rule, No. 15, and. when it was found that 
builders, owners, merchants, and charterers all agreed that 
‘they could under the Rale of 1854 have the most beautiful 
form they could wish, ‘he thought they might safely con- 
‘élnde, after fotirteen! ents” experience, it was one of the 
‘safest and most'satisfactory rules that could be adopted. 
The Earl of Hatdwitke would not recommend that the 
mode of measuring tonnage according to British rule should 
‘be adopted by all nations: .He thought it would be better 
to approach the: weightsearrying power of a ship by re- 
ference to the element in. which she floated. By using the 
weight of water as a diyisor, you would more nearly ap- 
proach the actual weight-carrying power of a ship than by 
any other method. In this country a variety of divisors 
were used; you had the 100 cubic feet to the ton, the 94, 
the old measurement uséd ‘by the builders, and you had 
the merchant loading his ship 40 to'the ton. So various: 
were the theatis of measuring tonnage, and so di t was 
it to convey a notion of the Wecut tarine boku of a 
ship, that he would not recommend it'to all nations. He 
would have a light line and a load line, and would call that 
ch existed between the two lines the togmage of the 
shi ; 

“Me. J. A. Welch said, Mr. Moorsom had explained why 
the divisor.of' 100 was taken, and he thought it was a 
blé divisér for all general purposes. Bist 

Mr. 'Thog,'Gray (of the Board of Trade) sqid, the ques- 
ion of’ tonnage was one in which he took esp@gial interest. 

ly, when ships were small, the an aig calcu- 

ed by filling them with iron or lead, driving a nail in 

} Side of the stem and stern, marking thatfas the load 

lip@) and making her tonnage as the quantity ‘of metal put 

















imt@ her, But as ships became larger, that plan was aban- 
d .* When the mercantile marine came t measured 
t! Moorsom’s accurate measure, it was fofmd' to differ 

7, per cent. from the old system. So lon you toek 
yo measure, so long only would that on8”measure .e 
fthiled and other measurements increased. Ifyou took the 

1 !only, you would get a short ship and'A’deep ship ; 


if fou took the length and breadth only, you 
ship, a narrow ship, and a deep ship which 

aon be more unsafe. He was quifé gure they, 
d Hever be prepared to depart from the phesent system 
f. «| tonnage. Mr. Moorsom, in writingf, tonnage, 
hat that the correctness of the English 

, Tesult of adopting a correct formula, 
My iad ‘hade had reference exclusively to the 
of ships ; but there were other matters of im nee, such 
ag deduction for engine room, and crew spaée in sailing 
ships)’ which were anything but in a satisfactéFy state, and 
as to which it was obvious some provision must be made. 
(Continued on page 343.) 


Lonpon anD Paris.—The distance between London and 
Paris is now overcome daily by the South-Eastern and 
Northern of France Railways in lessithan ten hours. Two 
express trains the Paris terminus of the Northern of 
France system daily for England—one leaving at.7.46 a.m, 
and the other at 7.50 p.m. More than 
passed over this route in 1867. 

Forzien Mecuanican Inpustry.—The Terre-Noire 
Works have obtained an order for 20,000 ‘tons of 
steel rails from the Paris, Lyons, and Mediterranean Railway 
Company. MM. J. T. Cail and‘ Co., of Paris, ‘have’ been 
charged with the execution of the Iglava viaduct for the 
Austrian State railways. .Creusot has obtained an order for 
156,000 tons, of rails for lines about to be proceeded with in'” 
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surement of ships had not much effect in preventing good 
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VACUUM PAN FOR THE SUGAR 


MANUFACTURE. 


CONSTRUCTED BY MESSRS, MIRRLEES, TAIT, AND WATSON, ENGINEERS, GLASGOW. 
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SUGAR MAKING MACHINERY. 
On the present page, and page 333, we give engravings of 
a vacuum for ry boiling, as made by Messrs. Mirrlees, 
Tait, and Watson, of Glasgow. T>ese illustrations belong to 
the series which we announced in our last number, (vide page 
306) and,as we then stated, they will be described in detail 
when the remainder of the series is published. 





Tae Iystrtvrion or Crvit Exervesrs.—At the ordinary 
—_— meeting on Tuesday, the 7th inst., Mr. Charles 
utton Gregory, president, in the chair, twenty-eight can- 
didates were balloted for and duly elected, including nine 
members, viz., Mr. Walthew Clarence Barton, chief engineer 


of Travancore; Mr. James Bower, Whitehall; Mr. William | 
Welham Clarke, executive “oo P.W.D., N.W.P., India ; | 


Mr. Richard Smith Clayton, Ripley; Mr. Francis Jellanus 
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Dennys, resident engineer to the Salford Waterworks Com- 
pany; Mr. James Mathias, Craven-street ; Mr. John Paton, 
general manager and engineer to the Blaenavon Iron Com- 
ah Mr. George Lowe Reid, chief engineer of the Great 
Vestern Railway of Canada; and Mr. David Richmond, 
deputy-chief engineer of the Bombay, Baroda, and Central 
India Railway: and twenty-nine associates, viz., Mr. Her- 
bert Goulburn Anderson, Brighton; Mr. Frederick Cadogan 
Barron, assistant engineer on the Central Argentine Railway ; 
Mr. William Thomas Blacklock, Manchester; Mr. Walter 
Raleigh Browne, Bristol; Mr. Richard Henry Brunton, 
chief engineer for lighthouses, harbours, roads, &c., to the 
Japanese Government: Mr. Charles Townshend Casebourne, 
West Hartlepool; Mr. Rohert George Clutton, Whitehall ; 
Mr. Charles Hutton Croudace, Euston-square ; Mr. Henry 
| Algernon Shrapnel Fenner, assistant engineer, P.W.D., 





N.W.P., India; Mr. William Randolph Innes Hopkins, 
Middlesborough; Mr. William Stuart Howard, executive 
engineer, P.W.D., Bombay; Mr. Alfred Longsdon, New 
Broad-street ; Sir Arthur William Mackworth, . RE, 
Aldershot; Mr. Robert Reynolds, Boston; Mr. Francis 
William Robinson, assistant engineer on the ag 
and Dunaburg-Witepsk ilways; Mr. Robert Brou, 

Smyth, F.G.S., secre for mines to the Government of 
Victoria, Melbourne; Mr. William Sykes, Toronto; Mr. 
James John Wallis, Blaenavon Iron Company, Cannon- 
street; and Mr. David William Young, Westminster. It 
was also announced that the Couneil, acting under the 
provisions of Section IV. of the Bye-Laws, had since the last 
announcement, admitted as students of the Institution, James 
Alston Carfrae, John Malcolm Gibson, Charles Selwyn 
Harris, George Edward Page and Frank George Wynne. 
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PUBLISHER’S ANNOUNCEMENT. 

a 

An untruthful paragraph has appeared weekly, for 
a few weeks past, in The Engineer, stating that the 
circulation of that journal exceeds, by many thousands, 
that of all the other engineering journals combined. 
The circulation of The Engineer «as but 5000 in May, 
1862, and it is barely more than that number now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily declined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires of The Engineer weekly. The circulation of 
EN GINE RING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 











INSTITUTION OF NAVAL ARCHITECTS. 

The Council of the Institution of Naval Architects 
have, as in 1866 and 1867, arranged with the Editor of 
EncinzEERine fo have a full report of the proceedings 
of their meetings last week published in this journal. The 
two numbers containing the report will be forwarded by 
the Secretary to every member and associate. Gentle- 
men not duly receiving them are requested to communicate 
with the Secretary of the Institution. 


Owing to the great space taken up this week by our 
reports of the proceedings of the Institution of Naval 
Architects, we are again compelled to leave over until 
our next number many articles already in type, as well 
as a number of engravings. 











Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau CTENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GEntE CIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


Tue InstituTIon oF Crvit Enainerrs.—There will be 
no Meeting on the evening of Easter Tuesday, 
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INSTITUTION OF CIVIL ENGINEERS. 


A WELL attended meeting of the Institution of Civil 
Engineers, held on Tuesday last, decided, by a con- 
siderable majority, to enlarge the present house by 
building upon the premises in the rear of Number 24, 
Great George-street. The value of the freehold of the 
present site has been fixed, by the freeholder, at 
12,000/., purchaseable any time within the next ten 
years, the present rental being 375/. yearly, for the 
unexpired 40 years of the lease, or, if the lease be ex- 
tended to 99 years, 450/. Messrs. Stephenson, Bidder, 
and Co., who are the joint owners of No. 24, estimate 
the value of their bac yard, of (say) 1800 square feet, 
at 7000/., and they jointly offered to deduct 2833/. 
from this estimate, nies 41677. to be paid them in 
cash. It is difficult to understand how, if the free- 
hold of No, 25 is worth but 12,000/., that of the rear 


in 





of No. 24, overlooking only a stable-yard, can be 


worth even 4167/., still less 70007. When the new 
lecture theatre has been extended across the new pur- 
chase, it will be, not very long afterwards, inevitably 
necessary to also take in the remainder of No. 24, for 
which the proprietors, who value the rear at 7000/., 
will ask for their front perhaps 20,0007. If they do 
not, they will, at any rate, hold the Institution in 
their own hands, in so far as its acquisition of neces- 
sary property is concerned. 21,000/. is to be expended 
upon the enlargement, including the ground in the 
rear of No. 24, and, as compared with the purchase of 
another site, the value of the lease of the present 
premises, estimated at 4000/., would make the real 
cost 25,000/. It is, practically, this sum which the 
Institution are to pay for an enlargement, to the ex- 
tent of about 1800 square feet, of the present house, 
or, say, 13/. 5s. per square foot. In order to acquire 
the front of No. 24, covering, say, 1200 square feet, 
and which Mr. Bidder would estimate at, say, 20,00U/., 
and to properly build upon it ata cost of, say, 10,000/., 
the cost for this inevitably necessary enlargement 
would thus be carried to at least 25/. per square foot, 
or to far more, in all, than the total cost of the splen- 
did site, with the intended new building, for which 
25,000/. was subscribed two years ago. The present 
offices of the Institution are, as every member knows, 
wholly unfit for even its present business, being small 
and wretchedly lighted, and it is certain that they 
will require to be enlarged to an extent involving the 
purchase of the whole of No. 24 very shortly after the 
rear of that property has been paid for and occupied. 
The position of the present house has its advantages, 
and there are glorious associations connected with the 
old room where so many of our greatest men have 
presided. We estimate both at their highest value, 
whether commercially or sentimentally, yet we cannot 
think that they compensate for the disadvantages of 
cramped premises, wretchedly lighted offices, and the 
inevitable necessity for purchasing a further and costly 
freehold to carry out a complete plan of which the 
resent enlargement is but the beginning. All Mr. 
yatt’s skill cannot make the plan, sanctioned on 
Tuesday, what the Institution requires ; and when he 
has spent 17,000/., and the members have paid their 
further 4167/7. for the additional ground, and lost 
the present value of their lease of No. 25, 
say 4000/., it will soon be found that Messrs. 
Stephenson, Bidder, and Co., holding the key 
of the position must be bought out at almost 
their own terms. That these will be illiberal we can- 
not say, but their valuation of 7000/. for a back yard, 
while the freehold of No. 25, a commanding site of 
more than 3300 square feet, is offered for 12,000/., 
renders us doubtful of the terms upon which Messrs. 
Stephenson, Bidder, and Co., holding the very corner 
stone and coign of vantage of the completed building 
—as it must be completed—would treat with the 
council. 








THE BOAT RACE. 


We need not say the “ Oxford and Cambridge boat 
race,” as it is so well understood what is meant by 
* The Boat Race.” One’s friends say, days before the 
race, “ Are you going to the boat race?” and, with- 
out thinking for a moment, we know they mean the 
boat race to be rowed by gentlemen from the Oxford 
and Cambridge Universities. This yearly race creates 
far more interest than the Derby, and we hope the 

eople will be always much more pleased with it. We 

nglish are not the only people who take great inte- 
rest in this race. There are many others who “ wonder 
which crew will win.” This annual race has such 
world-wide fame that the Americans are desirous to 
send their best boating men over here to try their 
skill and muscle in a friendly struggle with our best 
rowers. We shall be glad to see them, not only once, 
but every year. 

Although Cambridge has again lost the race, we 
trust there will be no hesitation on their part about 
trying again next year. There must be no hesitation, 
for we cannot do without this annual day of excite- 
ment. A far greater number of people went on Satur- 
day to the river side than any Derby day has seen at 
Epsom 

Why has Cambridge lost the race so many as eight 
times consecutively ? One can partly understand her 
losing it this year, because she did not enter into the 
race with spirit; but there must be other causes in- 
dependent of that. The Oxford had the advantage of 
either more skill, more muscle, more wind, or a lighter 
and better shaped boat. If more skill and muscle, 


then the crew were better trained. And we think the 
whole secret of Oxferd’s success has been in the train- 





ing of the men. It must be in the training, for it is 
scarcely to be supposed that Oxford is supplied with 
a finer race of men than Cambridge; although it might 
happen that Oxford has the majority of the men bred 
and born at a higher level from the sea, and it is a 
well-known fact that men from high levels have more 
capacious lungs than men who live at a lower level, and 
would therefore be better able to exert their full 
strength for a longer time. 

It is said that the Cambridge crew sat very low in 
their boat. There is a certain height at which a rower 
should sit in his boat to be able to pull with the best 
effect. Lower or higher than this level involves a 
waste of power. If he sits too low he pulls at a dis- 
advantage, because he must raise his hands and arms 
high enough to get the blade of his oar well into the 
water, then his arms are too high to pull with the most 
powerful effect, and are much sooner tired. In liftin 
a weight from the ground, it is always done wit 
need ease when lifted close up by the legs than if 
ifted at a distance from them. Again, in sitting too 
low in a boat with the arms high up to get the blade 
into the water, then the tendency would be, in pulling, 
to pull downwards, and therefore to lift the water wit 
the blade, and thus add weight to tlie boat, which 
would depress her proportionately. This additional 
weight, added by the rower’s own work, is a double 
loss ; he wastes his work in adding weight to his boat, 
and thus gives himself more work to do. Even when 
sitting in a boat at the proper height for rowing, 
weight, or additional immersion, is often given to the 
boat by working the oars with the blades inclined 
towards the bow, for the blades in this position will 
always tend to lift the water. We have often noticed 
light boats depressed considerably at each stroke, not 
by the weight of the oar when lifted out of the water, 
but by the actual pull of the blade in the water, show- 
ing clearly that the rower has the blade of his oar in 
such a position when he pulls that he is really trying to 
lift the water and adding its weight to the boat at each 
stroke, and then observers remark, ‘‘ What a bad bout !” 
*“* How she goes down at each stroke!” “Can’t get 
*“ any speed out of her—she stops herself!” &€., &. 
When it is not the fault of the boat at all, but the 
fault of the rowing, To avoid giving this dip or de- 
pression to the boat, it is only necessary to pull with 
the plane of the blade quite vertical in the water, and 
then, with a long, steady, strong pull, all the power of 
the rower will be given to the boat in a forward 
direction, and she will be thoroughly “alive,” and 
have no “checking” between the strokes. If the 
Cambridge boat “hung” in the middle of the race, and 
would not answer the swift, strong, strokes of her 
powerful crew, why did she not hang the whole dis- 
tance? The boat “hung” because the rowing was 
not skilful at that part of the race, the blades were 
not kept vertical in the water, and therefore the boat 
was depressed by the weight of water on the inclined 
plane of the blades. Of course there may have been 
other causes in addition to give the “ checking”—bad 
steering, for instance. The less the rudder is moved, 
the better for the speed of the boat. By moving it 
rapidly from side to side, it would materially check the 
speed. Some rowers think that a light boat must be 
“percussed or startled along,” which is a great mis- 
take: one might as well percuss or startle a door 
with a blow to shut it, as if it were easier than to give 
it a steady push. 

The Times says: “Yet it is strange that though 
“the captains of both crews would admit that 
“this time they were not up to the average, the 
“race was rowed in the shortest time on record, 
“ the four and a half mile course being skimmed over 
“in less than 21 minutes; so fast, indeed, was the 
“pace, that scarcely one on board the scores of 
“steamers which thronged after the boats saw any- 
“ thing of the race at all.” We do not see anything 
strange in the distance being rowed over in a > er 
time than any former race with crews not up to the 
average, because we think they had more help from 
the flow of the tide than in many of the former races. 
We observed the tide flowing at Hammersmith-bridge 
long after the race. It was flowing steadily up the 
river when the winning crew passed Hammersmith on 
their return, and had quite sufficient velocity to ac- 
count for the shorter time of the race, if the former 
races were rowed in still water. 

On our next boat race day we should like to see 
more than one race; there might be two or three be- 
fore the Oxford and Cambridge boats start; there 
would then be something more to see, and to give 
additional interest to the ey 

Hammersmith-bridge was tested during the race in 
a manner that was never calculated upon by its en- 





gineer, the late Mr. Tiernay Clark. addition to 
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the footways and ‘roadway being fully loaded, the rail- 
ings and the curved chains from tower to tower were 
crowded with people. 








COTTON MACHINERY IN INDIA. 


A corresronpent of the Times of India calls at- 
tention to what railways are doing for India by in- 
stanciug the progress discernible in certain districts 
since the opening of such improved communications 
as compared with their condition prior to their in- 
troduction. It appears that in the beginning of the 
year 1866 it was eveu then considered that great pro- 
gress had been made in developing the trade of the 
country. A steam factory for cleaning cotton had 
been started at Khangaum, in West Berar, and one 
European agent was an occasional purchaser of cotton 
in the market, Great difficulty was at that time ex- 

rienced in obtaining work for tle factory, and a very 
imited quantity of cotton could be purchased. There 
are now two steam factories in full work at Khan- 
gaum cleaning cotton; four steam presses are em- 
ployed from daylight till dark, and cannot turn out a 
tithe of the work ready for them, and half presses 
may be counted by the dozen. 

In Broach still greater progress is discernible in 
the development of this branch of trade than in Berar. 
In the former place there is not only a spinning 
factory, but steam factories for cotton cleaning may 
be counted by the half dozen. Steam presses for the 

acking of cotton for shipment to England, without 
farther pressing in Bombay, have now been at work 
for two seasons, and the greater portion of the cotton 
crop is purchased by European agents. This rapid 
progress of Broach is also mainly attributed to the 
convenience of railway carriage. 

The Dhawar cotton district has made great strides 
in cotton cultivation, and is the only district in India 
where the introduction of American cotton seed has 
been a complete success; but progress in Dharwar has 
been to a great extent strangled for want of road or 
railway conveyance. Notwithstanding all that was 
said a few years ago about the construction of a good 
metalled road from Dharwar, down the Arbyle Ghaut, 
to Karwar, it would appear from the latter, to which 
we have referred above, that “‘at the present moment 
it cannot be said that there is even a good road from 
Dharwar to the coast,” and it is urged that “it is of 
vast importance to so rich acountry that the readiest 
of all means of transport, a line of railway, should 
at once be made from the centre of the cotton dis- 
tricts in the Southern Mahratta country to Karwar, 
the nearest and safest port on the coast.” 

This is doubtless one of those cases wherein expen- 
diture on even the most costly class of communication 
would amply repay for its construction. Whether 
such a line would pay as a commercial speculation may 
perhaps be questioued, but the indirect returns—by 
enabling the population of the districts benefited by 
such works, to pay with greater ease an increase of 
taxation, which would undoubtedly be the case, judg- 
ing from the examples of Berar and Besech-woald 
fully justify the Government in undertaking the con- 
struction of the proposed railway. Hitherto, we be- 
lieve, not one single mile of railway in India has been 
constructed by the Government. Such operations 
seem by a tacit kind of acknowledgment to be the 
special province of guaranteed companies. But why 
should the Government not undertake similar works 
in places where it could be done witlout interfering 
with the vested interests of existing companies? This 
is, however, a subject of too much importance to be 
treated in all its bearings. at. the end of an article 
bearing only indirectly upon the matter; we shall, 
therefore, return to consider it more fully upon a future 
occasion, 








Deap Weienut t¥ Rartway Trarns.—The Royal Com- 
mission on Railways, which reported last year, took the 
evidence of Mr. Stewart, so long secretary to the London and 
North-Western Railway Company; and this gentleman 
stated that four or five years previously he ascertained that 
on two days which might be taken a: a ‘fair average, and at 
a period of the year when the up and down traffic balanced 
as nearly as possible, 4482 passengers were booked from 
Euston station, and were sent away in trains containing seats 
for 13,512 passengers. That arose, partly at least, from send- 
ing “ through carriages” to so many towns: 4337 passengers 
arrived at Euston, and there was accommodation provided in 
the trains for 13,333 passengers. Sir R. Hill recommended 
that where the number of passengers transferred at a junction 
is small, passengers leaving or joining main lines should be 
required to change carriages, as it would not only economise 
time, but also tend toa reduction of fares; and with a view 
further to lessen the amount of waste room, he suggested 


that a great reduction in fares would warrant a reduction in 
the number of classes of carriage to two. 





NOTES FROM INDIA. 


Bengal—The Gazette of India contains an account of 
outlay on agricultural works in Bengal during the last ten 
years. Since 1857, the sum of 111,871/. has been expended 
upon original works, and 262,929/. upon repairs, being a total 
ot only 374,301/. During the latter half of the decade, the 
sum spent upon original works was nearly four times the ex- 
penditure during the former half, and the total expenditure 
was more than doubled. The works on the Damoodah have 
swallowed about 33 lacs of rupees, the Tumlook works over 
6} lacs, and the Hidgellee nearly 11} lacs. The average cost 
of maintenance is 124 rupees per mile, of which 102 rupees 
goes for repairs of earthworks, 10 rupees for bungalows, and 
5 rupees for other works. Little seems to have been accom- 
plished by the money, and the grants might have been larger. 
Almost every rupee spent on the Damoodah works, for in- 
stance, has been thrown away, and the country is as far from 
being protected from floods as ever. 

The Indian Budget was to be submitted to the Indian 
Council on the 14th ultimo, and it was expected to show a 
surplus for the current year of 700,000/., and of 1,000,0002. 
for 1868-69. It was also expected that it would provide for 
a new public works loan, and, failing this, that an income- 
tax would be imposed. The licence tax is to be remodelled, 
and given over to the local governments. 

North-Western Provinces.—Among the inventions recently 
filed in the North-western Provinces, are an “Indian re- 
frigerator,” by Lieutenant George Pengreé; a “ tea-leaf roll- 
ing and roasting machine,” by Charles Alexander, Hylakandy, 
Cachar ; an invention for fastening bales of cotton, wool, and 
other goods, by Robert McKenzie, engineer, Bombay ; and 
one for cleaning raw cotton before despatching it to England, 
by R. Serrot, Allygurh; Mr. J. B. Dickenson patents in- 
ventions for economising time and labour in the rolling of 
tea-leaf, and for applying the hot air blast in the manufacture 
of tea; Messrs. Bailhe Nelson, Calcutta, and Burland, 
Cachar, machinery for tea manufacture, and improvements 
in pressing cotton fibres. It speaks well for the energy of 
the tea planters to see them applying scientific skill to bear 
upon tea cultivation. 

Several towns in the north-west are about. to be lighted 
with the gas lately patented in Calcutta, and to which we 
have already referred in a previous number. 

Punjab.—A meeting of the district officers and native com- 
munity to consider the ways and means of irrigating the 
Mooltan and Derajat Divisions, was held in Mooltan some 
time ago. These districts are at a great disadvantage. The 
rains fall with certainty only on a belt of about one hundred 
miles in width, stretching ple the south of the Himalayan 
range. During the late dry seasons the crops have been in 
some places very precarious. The officials of a rainless tract 
naturally protested against Colonel Strachey’s opinion, that 
irrigation should be first carried out in the more favoured 
districts. The reason of this is obvious—there is more popu- 
lation in such districts, and there will be quicker returns, by 
using which irrigation may spread into desert tracts. Dr. 
de Renzie’s argument is worth reproducttion—that the people 
of the Punjab should be made happy, because the future 
sovereignty of India will be decided by them. This is pro- 
bable, but it is not an argument for giving Mooltan canals 
to the exclusion of more populous districts, which would be 
the unavoidable result with limited means. The argument 
is better, if the facts are correct, that some districts of the 
Punjab are over populated, and to irrigate Mooltan at a cost 
of 200,000/. will attract the surplus population. The meeting 
agreed that Colonel Strachey’s proposal to place the manage- 
ment of the canal entirely in the hands of officers of the 
Irrigation Department, to the exclusion of Revenue officers, 
laid too great a burden upon the engineers, and also led to 
the abuse of double establishments. Such meetings as this, 
called at the request of the Government of India, will prove 
of great value. Similar committees are to sit once or twice a 
year in each revenue division. 

It is stated that Mr. H. P. Le Mesurier has been directed 
to undertake a new survey for a Lahore and Peshawur rail- 
way ; but nothing has yet been done in reference to the per- 
haps equally important Indus Valley line. 

fadras.—The trade returns of the Madras Presidency for 
the official year 1866-7 shows a considerable falling off 
from the previous year’s business. In merchandize there 
was a decrease of 69,23,370 rupees in imports, and of 
4,68,54,771 rupees in exports. In the imports of treasures 
there was an increase of 2,29,55,886 rupees, while in the ex- 
ports of it there was an increase of 49,19,638 rupees. The re- 
exports inereased by 4,650,708. The large decrease in the 
export trade is chiefly attributed to the falling off in the 
exports of raw cotton to the home market, the value 
of which in 1865-66 was nearly five crores of rupees, while 
in the succeeding year it amounted to only 94 lacs. 

It is said that coal in large quantities has been discovered 
in the Kistna district. This 1s very important, as it was 
always supposed that there existed no coal beds south of the 
Godavery river. 

Bombay.—The latest dates from Great Britain, on 14th 
March, by the Indo-European Telelgraph, were, by public 
telegram, March 4th, and by private telegram, March 9th. 
The Persian Gulf submarine cable was reported interrupted 
on the 12th, and all messages for Europe were, for the time 
being, refused. 

The Frere Land and Reclamation Com ny is to be wound 
up voluntarily, and a new company is to be formed. 

A correspondent, writing to the Bombay Gazette, states 
that, on the 15th February last, the scaffolding of one of the 
arches of the Kamptee Konhan bridge fell, killing two hun- 
dred workmen on the spot. 

The cotton dealers in the provinces, who had held back 
their stock to such an extent as very seriously to reduce the 
tratlic returns of the railways, are now res nding to an in- 
crease of prices telegraphed from Liverpool, and are hurry 
ing their cotton down to Bombay. 

A correspondent of the Times. of India asks, with great 





pertinence, who is to be made responsible for the faulty work 
on the Great Indian ilway, ‘The original con- 








tractors declare that they were — to sublet the work, 
and, consequently, are -not msible, more particularly as 
the work was executed under the especial supervision of the 
company’s engineer, and was p: by him as satisfactory. 
No steps have at present been taken by the company to make 
any one responsible, and the correspondent suggests that 
there never was a subject more’ proper for a Government 
inquiry, for unless contractors are made to feel that they are 
responsible for the proper construction of the work entrusted 
to them, and engineers that they are responsible for the exer- 
cise of a proper supervision, there is no security against the 
repetition of similar frauds in the re-building of these very 
bridges. 

ihe small bridge on the Great Indian Peninsula Rail- 
way has recently subsided, this time on the South-Eastern 
Extension, a few miles beyond Poona. 

The Victoria and Albert Museum Committee have'at last 
been released of the debts they very recklessly incurred, the 
Government of India having authorised the payment of the 
same by the State, but nothing has yet been decided as to the 
completion of the building, portion of the iron work and roof 
of which is already on the ground. There appears only one 
way of getting out of the present dilemma, and that is, that 
the Government should now undertake the completion of the 
building, without which there would appear but little pro- 
bability of its being speedily finished. 


Exsctric Tetecrarn Brr1.—This Bill recites that the 
means of communication by telegraph in the United King- 
dom are insufficient, and many important districts are with- 
out any such means, and that it would be attended with great 
advantage to the State, to trade, and to the public generally, 
if a cheaper, more widely-extended, and more expeditious 
system of telegraphy were established. The Bill proceeds to 
give power to the Postmaster-General to purchase existing 
telegraphs by agreement, a company to be bound by two- 
thirds of the votes of shareholders present in person or by 
proxy at a special meeting. But when the Postmaster-Gene- 
ral thus acquires the undertaking of one company he is to be 
bound for twelve months (if required) to purchase that of any 
other company upon terms to be settled (failing agreement) 
by an arbitrator to be appointed by the Board ot Trade; and 
this clause includes railway companies possessed of a telegraph 
open to the public on the 1st of January last, and railwa 
companies possessing any beneficial interest in such telaguaph 
may, in like manner, require the purchase of their interest. 
The Post Office is to charge an uniform rate for transmission of 
messages throughout the United Kingdom without regard to 
distance, the rate not to exceed 1s. for twenty words, and 6d. 
for every additional ten, names and addresses of senders and 
receivers not to be counted, and the above charges to cover 
the cost of delivery by special foot messenger within one mile 
of the terminal office, or within its town postal delivery, if it 
is a head office, and that delivery extends for more than a 
mile from it. When the addressee does not reside within 
these limits the message will be delivered, free of charge, by 
the next postal delivery, or, if the sender desires, by special 
foot messenger at a charge for porterage beyond such limits 
not exceeding 6d. per double mile. The payments for tele- 
grams, except for porterage, are to be made in stamps. The 
Postmaster-General may arrange that messages (with the 
stamps) may be deposited in pillar letter-boxes, the telegrams 
to be despatched forthwith on their arrival with the letters at 
the postal telegraph-oflice. No purchase of a telegraph is 
to be binding until the agreement, with a statement of reasons 
for it, has laid for one month on the table of both Houses of 
Parliament without disapproval. 

Frexcu Rariways.—The Orleans Railway Company has 
declared a dividend upon its share capital at the rate of 11} 
per cent. per annum for 1867, The Western of France Rail- 
way Company has declared a dividend at the rate of 7 per 
cent. per annum for 1867, The Paris, Lyons, and Mediter- 
ranean Railway Company will divide at the rate of 12 per 
cent. per annum for 1867. 

THE CLEVELAND Iron TRADE.—The number of furnaces 
out of blast in Cleveland is 49, while there are 87 in blast. 
The pig iron trade is well maintained, but the Continental 
dura’ top rails, plates, and bars is not very active. Cleve- 
land has to sustain a sharp competition with Wales; but an 
order for chairs for the Caledonian system is stated to have 
been secured by a Hartlepool firm. 

From tHe Nortu.—There are now six screw steamers 
being built in yards on the Wear. The Germany, a vessel of 
2800 tons, has been completed by Messrs. Pearse and Lock- 
wood, of Stockton, and will be shortly devoted to the Liver- 
pool and American trade. Messrs. Pearse and Lockwood 
have also nearly completed a gunboat for Her Majesty's 
Government. 

REGULATION oF Rattways Brtt.—On Tuesday afternoon 
last, a meeting of Liverpool tradesmen was held at the Law 
Association Rooms, Mr. J. Anderson in the chair, when the 
15th clause of the Regulation of Railways Bill was discussed, 
and it was resolved: “That, in the opinion of this meeting, 
it is undesirable that the monopolising powers of railway 
companies should be in any way increased ; that the Bill now 
before Parliament, called the Regulation of Railways Bill, 
will have that effect, and, therefore, it is necessary that such 
steps should be taken as will prévent its becoming law, and 
that the Council of the Tradesmen’s Guild and the committee 
of the Guardian Society be appointed a committee, with 
power to add to their number, to oppose the said Bill in 
Parliament.” 

Soctety or EneingErs—aAt the last ordinary meeting of 
the Society of Engineers, held on Monday the 6th instant, 
Baldwin Latham, i. President, in the chair, a paper was 
read “On the Sewerage Works at Redhill,” by Mr. Sydney 
A. Reade, M.A. The following candidates were balloted for 
and duly elected as members: Messrs. James A. Hay, Royal 
Arsenal, Woolwich; Richard Dudgeon, 18, London-wall, 
E.C., and Columbia-street; New York; Robert Joseph 
Hutton, Fairfield, Glasneyin, Dublin; as a foreign member, 
Lieutenant George Gordon Bigsby, Royal Engineers, Execu- 
tive Eagoens, Publie Works , Bengal ; 28 2880- 
ciate, Mr. John Thompson, Nettlebed Potteries, Oxfordshire. 
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April 6th, 1868. 
Batpwin LatHam, Ese., President, in the Chair. 
“REDHILL SEWERAGE WORKS.” 
By Sypvey A. Reape, M.A.,C.E. 


TuesE works were designed and carried out by Mr. Baldwin 
Latham, C.E., President of the Society of Engineers, for the 
town council of the borough of Reigate, the author being ap- 

inted by Mr. Latham as resident engineer of the works. The 
Firat contract for the works has just been completed by Mr. 
Joseph Brown, of Croydon, under the author’s supervision; and 
it is now proposed to bring before the notice of the Society of 
Engineers the general character of these works, as regards both 
their design and execution, in the hope that, as the subject of 
sanitary engineering has been this year presented for their con- 
sideration by the President of the Society in his inaugural 
address, a brief and plain account of what may be called a 
particular case of this branch of the profession may not prove 
uninteresting to some of the members; he will also venture to 
make such general remarks on the subject as seem to him to 
arise out of this particular case. 

The town of Redhill, in the county of Surrey, is about 20 
miles south of London, and must be well known to all travellers 
on the Brighton and South-Eastern Railways, it being the 
junction of these two main lines, together with the branch of 
the South-Eastern, which runs westward to Reading; it forms 
part of the borough of Reigate, and is governed by the mayor 
and corporation of that town, who, having adopted the Local 
Government Act a few years ago, soon turned their attention 
to the sanitary improvement of this rapidly increasing village, 
and took measures to provide for its complete main drainage, 
and a profitable disposal of itssewage. The town is situated at 
the junction of two valley lines at right angles to each other, 
one running (approximately) north and south, the other east 
and west. A stream runs through the former, falling south- 
ward at the rate of about 8 ft.to 10 ft. per mile, and as the 
latter rises considerably westward, the surface drainage of that 
part of the town has a rapid fall towards the stream, which 
sometimes occasions the flooding of a large area on each side 
during the winter months. 

The geological strata of the whole of the drainage area in- 
cluded in the present scheme belongs to the lower green-sand 
formation, underlying, however, in the river valley a deposit of 
peat of variable thickness, reaching in some places to a depth 
of 15 ft. and upwards; this, as may be imagined, forms a per- 
fect quagmire in wet seasons, and even at the driest time of the 
year is in a state of complete saturation at a small depth from 
the surface. About seventeen or eighteen years ago the road 
from London to Brighton was carried through this bog, the 
foundation being formed of faggots and brushwood, and the 
portion of this road nearest to the railway station was chosen as 
the “ high street” of the future town, without regard being paid 
to the probable difficulties of drainage, health of the inhabitants, 
or even stability of the houses, which are all built on the surface, 
in most cases, without any kind of foundation, the Town Hall 
excepted, which is built on piles. Such being the position of 
the town, the course that must necessarily be taken by the out- 
fall sewer, which is to effect its drainage, is obviously determined 
by the direction of this lower valley line. The red line on the 
plan shows its actual position as at present constructed, keep- 
ing nearly parallel to the stream and emptying itself into it at 
the temporary outfall, A, which will hereafter be abolished and 
the main sewer carried ou to the proposed irrigation fields. 
This land forms part of Earlswood Common, and is situated 
about 13 miles south of the town, and at a level sufficiently low 
to allow a fall of about 1 in 600 to be given to the outfall sewer. 
The area over which it is proposed to send the sewage contains 
63 acres, and the area of supply contains about 500 acres, on 
which there are now but 750 houses and a population of 4500. 
As this would only be 71 individuals for each acre of irrigation 
land, itis probable the whole of the 63 acres will not be laid 
down at first, but the area gradually extended as the population 
increases, 

The Lord of the Manor (Earl Somers) has agreed, with the 
consent of the copyholders, to give up this part of the common 
tothe Board of Health gratis, on the condition of their pur- 
chasing 16 acres of land on a higher level, to be kept as a re- 
creation ground for the inhabitants of Redhill; the corporation 
have arranged to purchase this land for the sum of 40007. They 
will thus obtain 79 acres for that sum, or at the rate of 50U. per 
acre, which is less than 4th of the value of average land in the 
neighbourhood. The common at the surface is stiff clay, not 
more than from 4 ft. to 8 ft. deep, overlying the sand before 
alluded to, but not containing any admixture ot sand; part of 
this clay is used for brickmaking, and the author found the 
bricks produced from it of very superior quality. The north side 
of this ground slopes gently towards the south—the south side is 
nearly flat; it will probably be laid down for irrigation on both 
pave and gutter, and bed systems; and from its favourable 
position, open towards the south, and sheltered by the hills on 
the north, the author would anticipate heavier and more fre- 
quent crops of rye grass than are now obtained at South Nor- 
wood, where the soil is very similar. The first great requisite 
for the successful prosecution of sanitary improvements having 
thus been fortunately obtained, the next thing to be considered 

was the size of the outfall sewer; this, of course, is determined, 
Ist, by the maximum quantity of fluid matter it is designed to 
take; 2ud, by the maximum inclination it is possible to give it. 
As regards the former, it is not the author’s intention to give 
ak minute calculations respecting the probable amount of rain 
at on this drainage area per annum; what amount of it will 

nd its way to the sewers; how long it takes to do so; what 
Proportion will fall in streets, roofs, and back premises, and 
thence to arrive at the dimensions of the outfall sewer. It 
Mery - doubt, be an easy matter to take some of the pub- 

tables, and run the fiuger down the columns for the figures 
aDsWwering to Redhill, its area, population, &c.; but conclusions 
, on this sort of arithmetic are as likely to be wrong as 
‘ne To use Mr. Rawlinson’s words, “ You may as well say 
t all sorts of diseases may be cured with one set or sort of 





In answer to questions of this kind, he gives a list of towns 
drained by him with their population, area, &c., and the dimen- 
sions of the outfall sewers in each case, and the author would 
add Redhill to the list of practical examples, which, after all, 
are the best guides in assisting the judgment of young engineers. 
It will, however, be generally admitted, that in towns where the 
existing sewers are sufficient to take off the greater part of the 
rainfall, they need not be interfered with; but the new sewerage 
designed to take all foul matter and a certain proportion of the 
rainfall. With this end in view the outfall sewer at Redhill is 
designed. It is egg-shaped, 3ft. 9in. x 2ft. 8 im, sectional 
area 7.64 square feet, perimeter 10.12 ft., a hydraulic mean 
depth, therefore, when running full of 0.755; its capacity of 
discharge under these conditions would be about 1400 cubic feet 
per minute. 
(To be continued.) 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Ep1Tor oF ENGINEERING. 


Srr,—It having been settled at the meeting of the Institu- 
tion, this afternoon, that the old site is to be retained and the 
present building enlarged, at a cost of 16,970/., making, with 
the purchase of fee, a total of 33,1367. 13s. 4d., I presume 
that whatever is now done for increased accommodation for 
the meetings, &c., will in all probability have to last us our 
life-times. Doubtless the Council have given the question 
their very best attention, and that every inch of available 
space is to be utilised; otherwise, the proposed new meeting- 
room appears to be hardly large enough. 

From the last list of members (lst January, 1868) there 
are 608 members, of which 139 are abroad and 469 living in 
Great Britain, 273 being resident either in London itself or 
the immediate suburbs within the postal districts. There are 
846 associates, of which 160 are abroad, and 686 living in 
Great Britain, 484 being resident in London and suburbs. 
The number of members and associates living in London and 
the immediate vicinity, therefore, amounts to 707, and each 
of these may introduce a friend to the meetings, making 1414, 
besides 82 students and the country members and associates 
happening to be in town. 

The number of seats in the new theatre, as designed by 
Mr. Wyatt, is to be 522 only. It is certainly double the 
number of seats that there are in the present theatre; but 
who can say how many members absent themselves on 
Tuesday evenings on account of the probability of not obtain- 
ing a seat? I know several that neither go themselves or 
give tickets to their friends, solely on that account. More- 
over, the annual increase of members is considerable, and we 
certainly ought to look for a steady increase rather than a 
decrease. 

Yours, &c., 


Westminster, April 7, 1868. G. J.C. D. 








RAILWAY TRACTION. 
To THE Epiror oF ENGINEERING. 


Srr,—When a long train is turning a sharp curve the 
engine is giving out its tractive force in a direction totally 
different to the line of motion of each following carriage, 
the line of motion of each being tangential to the 
curve at that point. The direction of the force is altered at 
the junction of every carriage by a small angle and the 
difference in the line of motion between the front and rear of 
the train evidently is equal to the sum of these angles. As- 
suming @ to represent the angle that the side of one carri- 
age makes with that of its neighbour, then, disregarding 
friction, if P is the tractive force given out by the engine, 
P cos @ is the force acting on the first carriage, P cos?@ on 
the second, P cos *@ on the third, and so on. But each 
waggon is acting as a roller to help round the chain of 
which the waggon itself is a link ; and as these rollers con- 
sume a large amount of poe in friction as they grind, groan, 
jerk, and slide round the curve, it is evident not only that 
the tractive force is very much weakened by its alteration in 
direction, but that the more weight we have to pull at the far 
end of the train, the more power will be used up by the 
friction of the intermediate carriages in transmitting the force 
needed and changing its line of direction. 

Hence, theoretically, 

1. The engine should be in the centre of the train. 

2. The heaviest waggons should be nearest to it. 

3. The train, and consequently the waggons themselves, 
should be as short as possible. 

Now, Sir, it is a common occurrence to see a goods train 
half “empties” and half “loaded” with the empties next 
the engine. Should this be so? 

I am, Sir, yours faithfully, 
J.T. B., R.E., 








INSTITUTION OF NAVAL ARCHITECTS. 
* (Continued from page 339.) 

Mr. Scott Russell thought it was their duty to the 
authors of the papers—especially Mr. Dekke—to state pre- 
cisely what in their opinion would be the best means of intro- 
ducing an international tonnage. They were very much in 
the same difficulty with tonnage as they were with horse 
power. “Horse power” meant a great number of things, 
and “ tonnage” meant a great number of things; but what 
was meant by “horse power” was quite different from 
what was meant by “tonnage.” * Tonnage” was a thuch 
abused and variable word, and one which was totally 
wrong. Its meaning was quite clear where it meant a ton 
As 


weight, but quite wrong where it meant a ton room, 








of weight and a ton of room, the difficulty was got out of, 
which was what was practically done. Everybody talked 
of “ registered tonnage.” What did that mean? It meant 
100 cubic feet; therefore when a man used the term re- 
gistered tonnage, he had corrected the word “ tonnage,” and 
conveyed his meaning. Let them communicate that to Mr. 
Dekke, and say, “ We do not believe a better phrase could 
be had than registered tonnage for the future, if you will 
define it to be 100 cubic feet of room for merchandise in the 
inside of the ship.” He would entreat Mr. Dekke not to 
dwell upon any little differences in the mode of measure- 
ment of registered tonnage as being of vital importance, 
Any gentleman Mr. Dekke might think fit to send over 
would be sent back after twelve lessons, able to measure any 
vessel, notwithstanding any of the obstacles presented by 
the inside fittings. He would almost have said, let them 
take sections wherever they can get them clear, provided 
they take suitable multipliers. But the only thing neces- 
sary to unity of tonnage, and there was no other, was that 
“registered tonnage” should represent 100 cubic feet of 
room for cargo inside the ship. They could not get nearer 
to unity than that, because they would always differ as to 
the mode of doing it and the number of sections. As to 
the deduction for engine room, he was strongly in favour of 
the deduction being made from the registered tonnage of a 
ship. He would give the registered tonnage at so much, 
but on the same sheet of paper which gave the registered 
tonnage he would give specifically the allowance for engine 
room and crew. 


The Chairman: The gross tonnage given first, and the 
other deducted from it? 

Mr. Scott Russell: First, the gross registered tonnage, in- 
cluding engine room and crew; then tonnage for crew and 
tonnage for engine room put separately. The deepest load 
water line ought to be a legible quantity either on the 
papers of the ship, or the ship itself. There were enormous 
interests opposed to that piece of daylight, but for the national 
interest he thought nothing was so advantageous as perfect 
daylight and everything above board. He would strongly 
advocate an indelible mark outside, of the deep load of the 
ship. As to the light load, that would take care of itself. 

Mr. Gray asked who was to fix it? 


Mr. Scott Russell thought that was asking too much of 
him. It was asking him to take the place of an executive 
minister. A vessel could readily be made to carry about in 
her papers absolute proof whether she was duly loaded or 
unduly loaded. Marking the deep load line on the outside 
of a ship, or putting it unmistakably into her papers, would 
be the best correction for all the evils which M. Flachat had 
attributed to what he called ‘ fictitious tonnage,” 

Mr. Gray said it would be a most impolitic thing to tell 
Mr. Dekke that they agreed to the desirability of fixing a 
load line on the ship. That was not the accepted opinion. 

The Chairman: You mean you are not unanimous? 

Mr. Gray: Not only not unanimous, but dissent. 

The Secretary (Mr. Merrifield) did not think there was 
much difficulty. about the measurement of tonnage, or a 
person soon learning it. There was one point on which he 
differed with Mr. Dekke, namely, as to the number of stages 
taken. He thought measurers of every description ought to 
be encouraged to use, not complicated rules, but simple rules, 
with as many stages as possible. While they used the 
parabola—Simpson’s first rule—treating the vessel as a 
curve, the French used the simple process of considering 
the curve as a right line, and got, generally, satisfactory 
results by the simple process of multiplying their sections, 
The deck of a vessel very much approached a parabola, 
He agreed with M. Flachat, that it was desirable no fiscal 
regulations should be allowed to have any influence on the 
firm of a ship which should be detrimental to any art 
derived from that profession. He held in his hand a letter 
from Professor Airy, the Astronomer Royal, as follows: 
“The duties of a commission press me so closely for a few 
days, that I fear that I cannot attend the meetings of the 
Institution of Naval Architects, which I much regret, I 
particularly wished to hear the discussions on the two sub- 
jects of the first meeting—Armour Plate Bending, and 
Tonnage Measure. In regard to the tonnage measure, I 
have sometimes thought it possible that a little difficulty 
may have arisen from including under one method of com- 
putation the dues that are founded upon different elements. 
Thus: The utility of a lighthouse to ships may be considered 
as exactly proportionate to the value of the ship, and this 
can only be estimated by the capacity of the ship as regards 
cargo, and perhaps some modification for steam engines, or 
perhaps merely by the entire displacement of the ship. This, 
then, would regulate the dues on passing-ships. The same 
I suppose, would apply to the protection of property by 
anchorage in an estuary or navigable river.. But the com- 
pensation that is due to a dock company seems to depend 
mainly (not entirely) on the depth of water on the sill of 
the dock gates, and here the same rule of computation of 
tonnage would not apply. I think that considerations of 
this character are required to give a just incidence of the 
duties on different elements in the ship’s construction, and 
thus to remove entirely what was undoubtedly a great fault 
—the temptation, for the sake of diminishing tonnage 
charges, to build’ ships in a way which rendered them bad 
sailers.” It was true that a dock company ought to secure 
the means of paying itself for the difficulty of providing 
accommodation for special ships, yet that was not the way 
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in which mercantile affairs—either on land or at sea—had 
been treated since the existence of separate carriers. The 
rule had always been to neglect tare, and to levy all charges 
on the goods carried, and not on the means of carrying 
them. Dock companies reimbursed themselves by a rough 
measure, and calculated what the gross charges they were 
likely to levy on vessels entering into their docks were, and 
it did not matter in what form those charges were placed. 
There was no necessity to look to anything further than the 
actual gross capacity. He was inclined to venture a doubt 
upon what had been said as to the term “tonnage.” All 
lighthouse charges and dues were settled upon what was 
now understood by the term “ ton.” Dock companies would 
laugh at any attempt to dictate to them what a ton was to 
be. The old measurement of tonnage was used by builders, 
the Admiralty included. Starting on the principle of tare, 
the primary thing to establish was a light water line and a 
load water line, taking the space between, and charging for 
that. But there was difficulty in fixing them, as they were 
changing constantly. The condition of a wooden vessel 
when launched was very different from what it was, as 
regarded her light line, after she had been caulked and 
soaked in sea water. He could not conceive any better 
system than the English system of the minute measure of 
capacity, allowing room for engine space and accommoda- 
tion of the crew. 

Mr. Henry Liggins said that with regard to the allow- 
ance of tonnage, it seemed to him to act in many cases 
most harshly and unjustly, looking at it in a dock point of 
view. There were certain allowances for engine-room 
space which might seem reasonable. It was urged that the 
ship could very well afford to pay for engine space. In the 
case of a sailing ship, the rate of freight earned by the 
vessel would be perhaps 2/. 10s. per ton, whereas the freight 
earned by a steam vessel would be 7/. per ton. In large 
ocean steamers a iarge portion of the space was for pas- 
sengers, who paid a very large price for the accommodation 
they enjoyed, and it would be very arbitrary to deduct that 
from the tonnage. The allowance of tonnage had operated 
with great injustice on many occasions within his obser- 
vation, 

Vice-Admiral Belcher did not quite agree with Mr. Scott 
Russell’s definition of “tonnage.” The term “ tonnage,” as 
he conceived, did not simply apply to a ship, but would 
apply equally to a tank, or float, or anything which dis- 
placed water. The displacement in salt water was 64 Ib. 
per cubic foot, and upon that calculation they got the 
tonnage at 35 cubic feet. 

Mr. Scott Russell did not think the law injured dock 
companies with regard to steamers. For example he would 
suppose that a sailing ship came into the dock four times a 
year. If that vessel were converted into a steamer, she would 
come into the dock thirteen times in the year; so that she 
would only use the dock for a year, and would make up the 
difference to the dock company by the number of times of 
her coming and departing. 

The Chairman was sure that all persons would concur in 
thanking the gentlemen who had contributed the papers 
which had been read. His only regret was that he was not 
able to thank them personally by reason of their absence. 





Mr. 8. M. Saxby, then read a paper “On Testing Iron 
by Magnetism.” On the conclusion of this paper, which 
was published on page 297 of our last number, the following 
discussion took place : 

Mr. Barnaby said he should like his brother shipbuilders 
who were present to know as much as himself on the sub- 
ject which had been brought before them by Mr. Saxby. 
No doubt they would avail themselves of the opportunity of 
looking at the interesting specimens which had been pro- 
duced, and he congratulated them upon the pleasure all 
present must have experienced from the able paper of Mr. 
Saxby; but he would add that at Chatham, where a large 
series of experiments were made, and which had been per- 
sonally superintended by Mr. Saxby, the practical conclu- 
sion which had been come to was that, as shipbuilders, they 
could not use the system. The conclusion might be thus 
stated. So far as Mr. Saxby had hitherto gone, you could 
not discover defects in plates for ship building, in chain 
cables, or in anchors—three very important things in which 
to discover defects if they existed. He understood very 
little of magnetism personally, and merely wished to state 
those facts, which he felt bound to state for the information 
of the gentlemen present. 

The Secretary (Mr. Merrifield) thought it might possibly 
turn out that Mr. Saxby had attached too much importance 
to his discovery, but it was to be borne in mind that that 
gentleman had not acquired all the experience that might 
be acquired by and by, but had merely given the results of 
his present experience on the subject. If Mr. Saxby, by 
his compass, had succeeded in finding only one flaw in one 
bar which could not be detected by -inging, he had made a 
great advance in discovery, both theoretically and practi- 
cally. It was scarcely an answer to say that there were 
many case in which the system would fail. 

Mr. Harland asked by what description of magnet the 
flaws were discovered ? 

Mr. Saxby replied that what he had used was a common 
pocket compass. The magnet was passed along the bar of 
iron. If the iron was bad, the molecular continuity would 
be interrupted. The deflections of the needle indicated some 
irregularity in the molecular condition of the iron. If the 
iron were good, the magnet would not be effected in any 





degree. Mr. Barnaby had referred to his being sent to 
Chatham by the Admiralty to investigate the subject. He 
wished to say that, when he arrived there, he had expe- 
rienced every kindness that could be shown, and that so 
eager were the master smith and others to see what the 
nature of his experiments was, that, instead of spending his 
time in investigation, the whole of his time was occupied in 
trying to detect flaws in very ingeniously contrived 
puzzles. As to plate iron, he had already intimated that 
he never professed to be able to detect flaws in anything 
but that which came of the anvil. He begged to call atten- 
tion to a specimen—the link of a chain, which had been 
brought to him, in which there was no flaw discoverable by 
the eye. He had put a chalk mark on a certain spot upon 
the link ; it had been sent to the testing house, and had 
broken where he had marked. His experiments at Sheer- 
ness had extended over a period of twelve months, and had 
been conducted in the presence of eight, ten, or perhaps 
twenty chief engineers in the navy—men thoroughly com- 
petent to form a correct opinion on what they saw, and he 
could not refer to any one occasion on which he had failed 
to detect flaws in iron. He had a number of instances to 
which he might direct attention. An extraordinary case 
was, where a 2-inch bar was brought to him thickly covere¢ 
with paint, which he was requested to test, and having 
marked a spot at which he said there would be found to be 
something wrong, upon being tested such was found to be 
the case. He wished to call attention to these facts, to 
show that there was a power in the magnet worthy of deep 
consideration. If nothing had been done but the testing of 
one piece of iron, he thought it would have been quite suffi- 
cient to justify the paying attention to it, for so little was 
known of the molecular condition of iron, that every trifling 
fact brought forward on the subject was worthy of consi- 
deration. As to anchors, he had never attempted to test 
them, except a small model, therefore what was said as to 
his failure in that respect was erroneous. 

Mr. Barnaby said he perhaps had made an error in naming 
anchors, but certainly cables and plates. 

Mr. Saxby said that he had never tested a plate until 
he went to Chatham. 

Mr. Barnaby thought he might say, speaking generally 
that there had not been found any practical use that could 
be made of the process in Chatham Dockyard. 

Mr. Saxby said that all he wanted was to be able to 
carry on further investigations, so that the few facts he had 
accumulated might be turned to some public good. He 
had never sought to turn it to any private account, and 
never should. He had always endeavoured to have the 
ablest men present to witness his experiments, so that he 
might not be wasting his time in a thing which would never 
be of any use whatever. 

The Chairman said: I think the subject brought before 
us by Mr. Saxby is of great importance, although we may 
not be able to dive into the secrets of the knowledge he has 
acquired. I am of opinion, as a workman, that many very 
trifling flaws which might not be of the slightest import- 
ance would be discovered which would not injure the article, 
and it would be proved to be bad in consequence of some 
slight portion of the centre of it being wrong. I recollect 
in 1836, at Messrs. Horrocks, Miller, and Co.'s works in 
Lancashire, they bored all their bars, took the centre out, 
and found them equally good as the solid. Then as to the 
small flaw found in the weld of a link in a chain. It is 
utterly impossible for any blacksmith te determine when he 
is making a link that there shall not be a flaw in it. 
Although the defects proved to exist by Mr. Saxby are not 
of such great importance, I think the discovery in a scien- 
tific point of view is worthy of attention and is a valuable 
one, and that we owe a great deal to Mr. Saxby for having 
directed his attention to it. I hope at some future day 
Mr. Saxby will be able to give us a little more information, 
and clear up some of the difficulties which at present exist. 
I am sure you will all join with mc in giving to Mr. Saxby 
our most hearty thanks for his contribution. 


Thursday Evening, April 2, 1868. 

The Right Hon. The Eart or Harpwicke in the Chair. 

The Chairman: Gentlemen, I am aware that it is the 
custom of your chairman to address a few remarks to the 
meeting before the business of the hour begins. I am also 
very sensible that this morning you had the misfortune not 
to have your chair filled by your President whom, I am 
well aware, would have delivered on this occasion, as he 
always does, an oration; but I am sorry to say that, 
although I am now his substitute, you are not likely to 
have an oration of any importance, which can either show 
you anything you do not know, or that can add any weight 
whatever to the power of this Association. No doubt, 
gentlemen, the Association flourishes, and I hope it may 
continue to do so, for undoubtedly the Associafion lives in 
a time when it is, I think, very much needed; it is very 
much needed to direct or to weigh, in any degree, upon the 
councils of the naval portion of the powers of this country. 
We want advice, for I may venture to say in broad lan- 
guage—I do not know whether it will receive an echo or 
not, but I will risk it—that you have got a Royal Navy 
which I very much doubt being worth .4,th part of what it 
has cost you. I believe that it will not float. Now that is 
a very strong proposition, that is, if true, a damnable pro- 
position ; for, I believe such is the form of the floating 
body—I am speaking of the man-of-war—such is the man- 
ner in which it is constructed, and such is the manner in 





which they loaded it outside and in, that if one of those 
ships fall into the old style of science that we used to see in 
olden times—for I am a sailor—and they ever come to any 
of those necessities which obliged us in those days to throw 
our guns overboard, they will go overboard also, and go to 
that very respectable situation that we used in vulgar naval 
parlance to call “ Davy Jones’s locker.” I do not believe 
that any one of them could swim, and am perfectly sure 
that not one of them could throw their guns overboard, 
The whole thing is most lamentable. The statement made 
to me at sundry times is that all the world is in the same 
condition. But then I say England ought not to be; 
her position, her science, and her power ought to have 
led her to a different result. 1 am sorry to say that 
the weight of the public mind has been thoroughly 
over-ridden with iron, and its enlightenment has been 
destoyed to such an extent that we have thought about 
everything else but floatation in the construction of 
our boats. We have thought of speed, we have thought 
very little of the power of turning, which is a very odd 
thing ; but speed, speed, speed is the only thing thought 
of: the consequence of which is that you have got one 
quality and lost every other, and now you have to look to 
the consequences of it. There is also another point, which js 
that the times are come in which we must certainly (and 
this Society must assist to do it) turn the mind of the con- 
structors of these ships to more useful purposes than they 
have hitherto been employed in. They must think that 
flotation is the first thing to get in a ship. The first 
thing to procure is safety, without which you can haye 
nothing—without which there can be no possibility of your 
doing anything for the public service. The men on board 
the ship must know that they are safe, First of all safety; 
after that, if you please, speed ; then turning power, that you 
may fight your guns ; but speed and turning power must be 
combined ; and after that you must have that which is a 
most important thing for a navy, a sufficient similitude 
between your different classes of vessels that they may be 
supplied from your dockyards, with their engines, masts, 
and yards in classification, so that economy may be one of 
the great points you have in view. In the later ships 
they have put 9in. or 10 in. of iron, so that they cannot 
lift at all—there is not a possibility of it. And am I 
speaking without base when I say what I have said, and 
when I say that the reports which have been made by the 
Admiralty show that it isso? You can hardly live at all 
on board them, and as to fighting a gun, it is absurd to 
talk of it if the surface of the water is in the smallest 
degree rough. I do hope and trust that the rising genera- 
tion of constructors—of whom I saw a great many in the 
room this morning, and of whom I see some now—vwill, at 
all events, learn to deal with that question in a manner 
which will enable Old England to again have a fleet—a 
fleet that is to go to sea, a fleet that is to be composed of 
those arms which are certain to meet the enemy in the way 
it can only be met, viz., by a line of battle, where you 
have to deal with large forces and large bodies against you, 
with a class of ship which is fit for the protection of your 
harbours and channels, and a class of ship that may cruise, 
and carry your convoys, if need be, which must be of a fast 
and light description, and not overloaded with armour 
plate. Ido hope there may be classification of ships, and 
that they will be of such a character that they will float, 
and that you will be enabled not to have the saying tacked 
to you, as has been said, that all the world is no better than 
you are, and if you are very bad, so are they also. Gen- 
tlemen, I think this is a point worthy the consideration of 
an association of this kind, above all matters that we may 
venture to discuss. 

Mr. Allen read a paper “On the New Double Expansive 
Engines for H. M.S. Spartan,” and observed that the sub- 
ject was a most interesting one to him, but that the larger 
question, and the one that most interested the public, was 
to what extent and in what direction they might look for 
improvements in Her Majesty's ships. It seemed to him 
that speed was very desirable, and that it could not be ob- 
tained to that desired extent except by very high pressure. 
The question was, to what extent this increase of pressure 
could be judiciously carried, and then what mechanical 
arrangements were essential for the use of that high 
pressure. 

Mr. Allen’s paper, together with the discussion upon it, 
are given on another page in the present number. 








Captain Selwyn read his paper on Liquid Fuel, which ap- 
peared on page 321 of our last number. The following is 
the discussion upon it: 

Mr. Bramwell said he should have been glad if some 
chemist had risen to speak to Captain Selwyn’s paper. It 
was impossible to overrate the importance of the paper, or 
to speak too highly of it. Whether economy of fuel was 
gained in the construction of the boiler, the engine, or the 
fuel itself, it was equally valuable. The paper clearly 
pointed to the numerous advantages for marine purposes 
of having a fuel that would fill every conceivable place in 
the ship, that would require no stokers, from which there 
would be no ashes to throw away, and from which you 
would get all the advantages they had in lighting up @ 
room. You had merely to turn ona gas jet, apply the 
light, and it was done. The whole thing seemed almost 
too good to be true. He had gathered that there was 4 
steam jet used for the purpose of introducing a current of 
air, and wished to know, in a chemical point of view, 
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whether the introduction of the steam with the fuel and the 
air was of use in the combustion, irrespective of the air it 
brought in with it; that is to say, if you were to introduce 
the air by a blowing machine instead of by a steam jet, 
would the combustion be better or worse? Of course a 
steam jet was a simple mode of introducing air, and sim- 
plicity was desirable in these matters; but he should be 
glad to hear from Captain Selwyn whether it was a neces- 
sity of his system, or whether he considered it the most con- 
venient mode. 

Mr. Hodgson wished to say that he had seen Mr. Aydon’s 
system described in The Engineer, and had had the pleasure 
of seeing the process of working at Messrs. Field’s factory 
at Lambeth, and could testify to the extremely vivid com- 
bustion. He did not know whether the great noise caused 
in the working had been obviated, such appeared to him to 
be the only objection to the system. 

Captain Selwyn said that if he were to heat it up to 
240° he would get a slow ignition of the surface, but there 
would be no explosion or undue evaporation. 

Dr. Ball congratulated Captain Selwyn on having made 
some progress in the development of the subject. Some 
time ago the material proposed to be used was petroleum, 
and some antagonistic statements were made as to the 
capabilities of petroleum used as a fuel for raising steam. 
The progress now made appeared to him to result in an 
abandonment of the expensive material, petroleum, and the 
application of a material which was to be had in consider- 
able abundance, the dead oil resulting from the refuse of 
gas works, which would be applicable as fuel without any 
risk of danger arising from its too ready inflammability. 
With petroleum that was not the case, and the refuse por- 
tions of petroleum could not be depended upon to be used 
as fuel on board a ship. As to the account given by Cap- 
tain Selwyn, comparing the effects produced with coal and 
with oil, so far as he could follow the paper he thought the 
statements were a second hand repetition of reports which 
he had received from people who had burnt the oil. 

Captain Selwyn said that was not so, but that they were 
results of experiments conducted under his immediate in- 
spection—not by himself, but under his superintendence. 

Dr. Ball thought that an experiment involved the per- 
sonal observation of the experimentor, and should like to 
see some more satisfactory confirmation of them. He 
thought everybody would agree with him, that in estimat- 
ing the evaporative power of the fuel, there was great 
liability to make error. Captain Selwyn had put forward 
statements which he had recommended to the gentlemen 
present, by a character which appeared very extraordinary. 
He quite granted they were entitled to the characteristic of 
incredibility : but, being so, that they should be received 
and accepted, he was not so ready to admit. Either 
the opinions hitherto entertained,. based on undeniable 
experiment, were wholly wrong and absurd, or else 

these results put forward by Captain Selwyn had some 
fallacy in them, which did not appear at present, but 
which, if looked into, and more closely examined, would, 
probably, make itself apparent. With regard to the effect 
of the steam jet on the combustion, it had chiefly the effect 
of converting the material burnt into a vaporous form. The 
statement as to an evaporative power of 23 lb. per pound 
of fuel burnt, whatever that fuel may be, was a thing he 
could not conceive as it was so utterly different to all his 
experience, and all the observation he had made. He had 
found that there was considerable waste in the quantity of 
air consumed for burning fuel, and that it was much larger 
than it need be, but that was essential, as, to produce the 
draft to burn it quickly, it was necessary to use a large 
quantity of air. By closing up the ash pit, and applying a 
small engine to drive a fan to force a blast into the ash pit, 
he could burn the fuel as quickly as he liked with half the 
quantity of air he did before. 

Mr. Young said that as the last speaker seemed to object 
to any results being brought forward, not borne out by 
actual observation, he would state to the meeting what he 
had actually witnessed. He had attended Messrs. Mere- 
wether’s factory, where there were some boilers fitted to 
burn this creosote. The fire was lighted in the ordinary 
way, and as soon as there were 4 Ib. of steam in the boiler, 
the petroleum and steam were turned 6n. In about eight 
minutes there were 100 lb. of steam. The engine was then 
started, making 90 revolutions; the pressure in the air 
vessel was 40 lb. to the inch ; the valves were pressed to 
108 lb., and though the engine was making those 90 revo- 
lutions, the slightest touch on the two cocks would have sent 
the steam up to 110 or 120. The engine worked there with- 
out stopping two hours, and the consumption of the fuel 
was at the rate of 70 gallons per hour, at a cost of 84d., 
giving from 30 to 82 actual horse power upon that con- 
sumption of fuel We must not believe all we heard, as it 
required a great amount of knowledge at the present time 
to say what was and what was not possible to be done. 

Dr. Ball said he only intended to convey that the con- 
clusion he had come to was that either the opinions generally 
— amongst chemists were entirely wrong, or that 
c aeintel — fallacy in the results put forward by 

ee Secretary (Mr. Merrifield) said that he was not a 
chemist, but that he had had the advantage of seeing Cap- 
— Selwyn’s paper. With regard to the steam, he had 
see at some books upon the subject, and the impression 
a - —_ was that the only use of the steam was to sub- 
le the hydrocarbon. He had found that the theoretical 
powers were not theoretical in the sense of depending on the 





theory of combustion, but simply experiments conducted in 
the laboratory, and most of them depending on experiments 
made several years ago when the art of burning fuel was 
not so well understood as now. 

Mr. Olrick thought it would be admitted that by theory 
we failed, when tested by practice, to gain anything like 
what theory would hold out as the result. He would lay 
before the meeting a few figures to show that those boilers 
had done what Captain Selwyn mentioned. The observa- 
tion lasted 248 hours. The total amount of water evapo- 
rated in that time was 51,584 gallons. The amount of oil 
burnt per hour in pounds was 95.8, and the evaporation 
under that pressure was about 22lb. of water evaporated 
per pound of fuel burnt. Although it might appear strange 
when we were used to an evaporation of only 7 lb. of water 
to 1 Ib. of coal, it was, nevertheless, true. One of the great 
conveniences of the system was that you might have a 
great range of boilers, which one stoker could attend to. 
The great nicety with which you could regulate your 
furnace was a great benefit to any manufacturer, where 
there was a change of the amount of work to be done. He 
had merely to shut the cock, and the fire was out ; and if 
he required more steam, he could light two, three, or more 
burners, and immediately get it, which was impossible with 
a coal furnace. If you had a furnace filled with coal, you 
must draw your fire and waste the half-burnt fuel, or choke 
up your furnace, and have no power to have your smoke 
consumed. In this apparatus there was no smoke consumer 
wanted, for the proper combustion of air immediately did 
away with the smoke. It was also to be taken into con- 
sideration that this fuel was three times as valuable as the 
ordinary fuel, on account of the immensely greater intensity 
of the fire. 

Captain Selwyn, in reply, said there could be no doubt 
but that every portion of steam taken away from the boiler 
without doing duty was a serious objection, and that would 
not arise if air could be made to do the duty. We found 
that others had been attempting for some time to blow in 
air, and that they had made use of air pumps, but it was 
found that the amount of complication used was not repaid 
by the economy produced. ‘The use of petroleum would be 
expensive, but if you could supply a fuel which would 
enable a vessel such as a man-of-war to go for fifty days 
without coaling, he, for one, would not quarrel with you if 
you charged 10/. or 20/. per ton. We must look at the 
great diminution of bulk, the larger facility for stowage, 
and the necessity for only three stokers, wages and victuals, 
when thirty were taken before. He certainly did not think 
petroleum should be banished entirely upon the score of 
expense. With regard to petroleum not being capable of 
distillation to the point at which it would be useful for fuel, 
he must question that, for he was informed by the distillers 
of mineral oils that they could distil it down to any sub- 
stance. ‘The corrections to be applied to his paper had not 
been applied. Had he done so, and reduced the evaporation 
to what is called the reduced evaporation, which was the 
true one of atmospheric pressure, he would have gained con- 
siderably, and been able to talk of 261b. of water evapo- 
rated instead of 23 1b., to which he had modestly confined 
himself. He hoped that before the next meeting they 
should have satisfied not only the naval architects, but also 
the chemists, who wanted a new theory. 

Vice-Admiral Belcher proposed that the thanks of the 
meeting be accorded to Captain Selwyn for his untiring 
energy in forwarding the subject upon which he had read 
his very excellent paper. There were many things in Cap- 
tain Selwyn’s paper which had struck him as extraordi- 
nary, but not more so than other things which time had 
developed had appeared extraordinary in their inception. 
In the first place, it was known what amount a human 
being can stand of dry heat, but the moment moisture was 
added to the temperature, one-fourth of the heat was more 
than he could live in. Again, there was gas. A common 
jet of gas, when passed through a very fine sort of rose sur- 
face, would give four times as much heat. They all knew 
what effect the spirit blow pipe produced. The spirit lamp 
by itself was nothing, but when impelled through the air an 
enormously increased heat was obtained. He thought the 
meeting would join with him in thanking Captain Selwyn 
for his very able lecture. 

A vote of thanks was accorded to Captain Selwyn for his 
contribution. 





Mr. J. MacGregor, in his “ Description of an Improved 
Liquid Boat Compass,” said that he had had an opportunity 
of seeing the action of the compass during a voyage he had 
made in the yawl Rob Roy, and several improvements 
having occurred to him on that voyage, he, having no 
companion, had been unable to give them the consideration 
which he thought they deserved. The Lifeboat Institution 
seemed to appreciate uhem, and he had made a liquid life- 
boat compass with all those improvements. He thought, 
perhaps, it might be deemed of sufficient importance tu be 
mentioned at the meeting. He would describe the old and 
new compass. In the former case the lamp itself was ex- 
ceedingly small, but he had increased its size so that it 
would not be extinguished under ordinary circumstances. 
The old lamp had a round wick, for which he had substi- 
tuted a flat one. If the wick was in the centre of the lamp 
the main light would be thrown across the card of the 
compass. ‘The part most important to see was the back of 
the compass, and he therefore put the wick in his improved 
lamp considerably on one side, with a reflector to throw the 
light on the most important part of the compass, In the 





old lamp there was a difficulty as to the supply of air. No 
air could get to the oil except through a small hole close to 
the wick, and he had applied a long tube, as used by 
Gardners, in the Strand, so high that the oil could not pass 
out, no matter how much the ship heeled over, and at the 
same time keeping up a good supply of air to the inside. 
The old compass, which was white, and affected the eye, he 
had changed to black, with a reflector on each side, to con- 
centrate the light upon the most important point. To get 
at the old compass you had to undo two screws, which was 
awkward in a troublesome sea; he had obviated that, and 
by his process you could get at the compass by simply 
withdrawing a stop. Finally, the rim in the old compass 
was white, and the pivot brass. He had found that look- 
ing at it for six, seven, or eight hours, on one occasion 
fifty-three hours, without sleep, the little spot of white 
upon the brass pivot disturbed the sight. He had bronzed 
that, as also the rim, and he had led the eye to one point. 
His impression was that you should make the needle the 
most distinct thing. He had also endeavoured not to study 
beauty in the arrangement of the card, as it appeared to 
him was done in the old one, but rather to make all parts 
of it easily readable. 

The Chairman said that he felt indebted to Mr. 
MacGregor, for as a sailor he knew the difficulties which 
had been represented. He knew the size and character of 
of Mr. MacGregor’s boat, and by common report knew 
that he had navigated that boat, alone, over a very consider- 
able extent of water, and no one should be more able to 
appreciate the value of a compass than a man who for fifty 
hours together has had his eyes fixed on it. He had had 
an opportunity of seeing all the errors of the old compass, 
and correcting in his new one those errors which experience 
had pointed out to him. The Society were obliged to Mr, 
MacGregor for having brought the subject forward, and 
elucidated it in the manner he had done. 

Vice-Admiral Belcher said that there were two inventions 
for the purpose of illuminating compasses. One was a 
sponge compass. You filled the lamp entirely with a spirit, 
emptied it out, and then screwed in your wick. He had 
one himself that burnt sixteen hours with a beautiful light 
throughout that time. The other one was the invention of 
a man living at No. 200, High Holborn ; it had no apparent 
wick, but was simply a brass cylinder with five holes in the 
top of it; you warmed the cylinder before you lit it, and 
it was exactly like a sunlight ; it produced five downward 
rays, and burnt also for sixteen hours without any possi- 
bility of putting it out, so that if you were to roll your 
compass over and over again, neither of these two lamps 
would go out. He thought it would be of great importance 
to the service that those lamps should be introduced into 
our binnacles, for frequently the lights were put out by 
sudden shocks. 

Mr. Reed said he bad obtained the permission of his 
lordship to move a resolution in which he was sure they 
would all cordially concur. He well remembered how 
much thev were indebted to Lord Hardwicke for valuable 
support in the earliest days of this Institution, and it was 
avery great satisfaction to the officers of the Institution 
to know that they had a friend, and a valuable friend, in 
Lord Hardwicke, He was sure that the Institution had 
derived great benefit from his lordship’s presence, and from 
the address which those present had had the good fortune 
to hear, but which he had had the misfortune to lose. He 
was convinced that he should represent the feeling of the 
meeting when he moved, “That the best thanks of the 
meeting be returned to his lordship for his kindness in pre- 
siding on the present occasion, at a time when other inte- 
rests called him to another sphere.” 

Vice-Admiral Belcher seconded the resolution, which was 
carried unanimously. 

The Chairman said, I have to return my thanks to my 
friend who has been kind enough to bring me under your 
notice, to my excellent friend and messmate who seconded 
the motion, and to those gentlemen who so kindly received 
it. I need not say I am very happy in being an associate 
with the present company. It would be highly improper 
that one should moralise upon the position in which one 
finds oneself ; but these are times in which one is very glad 
to associate with scientific men, whose thoughts and minds 
are directed to the useful projects of life, and to shift the 
scene from St, Stephen’s to the Adelphi. We live in times 
which it may be perhaps improper to allude to here; but 
I may venture to say that we live in times when we are 
likely to require to associate more than we have done, and 
that all classes should be associated with one another. I 
am very sensible of the necessity of that association for 
whatever purpose, so long as it is for the advancement of 
science, or for the support of the institutions of our in- 
imitable country. 


Friday Morning, April 3, 1868. 
The Right Hon. The Eart or HARpwICcKE in the Chair. 

The Chairman: Gentlemen, we have a gocd deal of 
business to-day before us, and I think I shall best perform 
my duty, as chairman, by adhering strictly to the regula- 
tions laid down by this Society. The regulations of the 
Society are that no paper is to exceed twenty minutes in 
reading, and no speach ten minutes in delivery. As there 
are subjects of great interest, and likely to excite a good 
deal of conversation, I think you will approve of my so far 
adhering to those rules as at the expiration of the allotted 
times to intimate the fact, and asking your permission to 
extend it if you think it necessary, The first person I shall 
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call on is Mr. James Longridge, to read a paper on “A 
Monitor for Coast and Harbour Defence, and on Submarine 
Artillery.” The next subject is by Admiral Halsted, who 
will read a paper upon “The Turret and Tripod System of 
Captain Coles, as exhibited by Admiral Halsted in Paris.” 
These two subjects bear on each other very much, and, if 
you please, I will let the papers on both these subjects be 
read before the discussion commences. 

Mr. Longridge read his paper on “ A Monitor for Coast 
and Harbour Defence, and on Submarine Artillery.” 

Admiral Halsted read his paper on “The Turret and 
Tripod System of Captain Coles, as exhibited by Admiral 
Halsted in Paris.” 

These papers appear on page 321 of the last number, and 
page 349 of the present number of ENGringERING respectively. 
The discussion on them was as follows: 

Mr. Scott Russell said that they must not all run away 
from Admiral Halsted’s guns. It was said that the con- 
struction of mén-of-war should begin with sailors who had 
thoroughly made up their minds what they wanted, and then 
go on to shipbuilders, engineers, and architects, whose busi- 
ness it would then be to give them what they asked for. 
Unluckily shipbuilders and engineers told him their dif- 
ficulty was to get a sailor to say exactly what he wanted. 
The question was not asked, Are turret ships better than 
broadside ships? Admiral Halsted said “1 have made up 
my mind for turret, and only ask you, the shipbuilders and 
engineers, to join me in showing how we can best combine 
the qualities of a good ship in a ship armed with turrets.” 
That simplified the question. We must all admit, he 
thought, that the incorporation of the upper deck with the 
turret system was a most valuable contribution to the use 
of the turret system, and that the grouping of the turrets 
in that form was essential to the greatest efficiency of 
turrets in a turret ship. He had a great weakness for not 
throwing away a great quantity of broadside armour for 
want of not putting guns beneath them, He esteemed very 
highly the paper by Admiral Halsted. There was a ques- 
tion when you came to a certain size of ship whether broad- 
side did not become better than turret, as a whole. He 
thought there was a bigness of vessel which was much 
better as a broadside, and a weakness of vessel which was 
much better as a turret, and between the two there were a 
number of other sizes, and it was difficult to decide whether 
the broadside ship or the turret ship had the advantage. 

Mr. Norman Scott Russell thought they had not ad- 
vanced in determining the respective advantages of the two 
ships, and that if naval gentlemen present would answer a 
question he was about to propose, a step would be gained. 
What was the relative advantage of a gun in aturret and 
a gun in a broadside? He thought it would be agreed 
that when a turret gun could be worked free all round, it 
was of more advantage than a gun in a broadside. How 
many guns in a broadside was the turret gun worth—two, 
three, or four? The problem was a simple one for naval 
architects; it was a question of weight. In Admiral 
Halsted’s largest ship there were fourteen turret guns, with 
a displacement of 14,000 tons, or a 1000 tons of weight per 
gun, costing 50,000/. If that weight was taken and put on 
in the shape of armour, he could mount in that large ship 
placed in broadside fifty guns, against fourteen in the turret. 
He wanted io know whether the turret with fourteen guns 
was of more value as an engine of war than a ship with 
fifty broadside guns. 

Mr. Reed said he was not going to say anything in oppo- 
sition to the turret system, but only to make a remark 
upon specific features of the proposals which appeared to 
him likely to influence other persons. Admiral Halsted 
had lightly set aside the largest vessel, probably because it 
was so large. From the opinions he had been able to gather, 
he had never found so uniform a concurrence as upon the 
point that these enormous ships were very undesirable. 
That defect, he considered, ran through the whole of the 
designs. It was found from actual facts it did not require 
a large excess of power to drive a short ship, and it was not 
greatly in excess of that which would be required to drive 
a long ship plated in the same way. He thought that 
every one should well consider the question, and not admit 
the doctrine that it was correct in heavily armed ships to 
make them of enormous length. He objected to it both on 
practical and theoretical grounds. He was inclined to 
question whether those ships would carry their weights at 
the line proposed, although he had made no calculation. 
Mr. Scott Russell had said he could not understand why 
armour was not placed outside of the guns; the answer 
was, that there was so much, that it was impossible to 
burden the ship with more. 

Mr. Scott Russell: A little more breadth, I said. 

Mr. Reed said that would lead to more tonnage and to 
more cost. Admiral Halsted had judiciously narrowed the 
base of his turret, and econosiised the armour. There 
evidently was between decks a large quantity of armour, 
outside of which the broadside guns were placed. He 
thought that was a feature in the design deserving grave 
consideration. If Admiral Halsted should succeed in getting 
a table of dimensions of masts and spars, one must shut 
one’s eyes to all that had happened in past years to believe 
that that system would last beyond a very short time. It 
was better to look at what other powers were doing, and to 
see whether we could cope with them, than adhere to a 
rigid system from which no departure was to be made, 
whatever the merit of any other system might be. The 
doubtful features of the designs was about to be tested. 
There was a ship building exclusively from the designs of 








Captain Coles, with a deck over the turrets. It was for 
naval officers to say whether they could work the sails of a/| 
large ship on such a deck as that. The question was one 
of experiment, but now rapidly approaching its solution. | 
He thought that some of the observations made by Admiral | 
Halsted were not sustainable. The ordinary deck was a 
totally different thing from a flying deck of the nature 
which had been shown, which had for its support only 
accidental rests, which could be placed only where the guns 
could not fire, and round about the tripods. He should be 
sorry to make an observation in discouragement of those 
designs— that was not his object—but thought that opinions 
should be expressed on those points of designs which they 
were competent to deal with and discuss as naval architects. 

Mr. Henwood could not admit that Mr. Reed was the 
only person capable of judging and of making correct ob- 
servations, and thought he should have brought forward 
some proof in support of what he had said. The principal 
objection was the cost of long ships, and their not being so 
handy. Of course a ship double the length would cost 
double the price ; that was easily understood ; but there was 
no proof as yet that a long ship could not be made practically 
as handy as a short ship. 

Sir F. Grey said he thought all persons must have come 
to the conclusion that the uncertainty which had hung over 
the question as to what the ships of the future were to be 
since 1856 was not dispelled, and that now they were as 
little able to lay down any rule for guidance in the con- 
struction of ships as they were ten years ago. He agreed 
with Mr. Reed’s remarks that they must look to the ships 
of other countries. He strongly advised that they should 
be careful not to go too fast in building these enormous 
ships, for they might find themselves, ten years hence, with 
another set of obsolete ships on hand. He trusted that 
they should not have the cry of fear of France raised to 
hurry them on faster than they ought to go with this im- 
portant question. 

Mr. Lamport thought the question resolved itself into 
this: Are we, in the future, to have a navy for defence, or 
to go a great distance to carry our war into the enemy’s 
country? If they were simply for the defence of the har- 
bours and coasts of this country, the smaller they were the 
handier they would be, and also the more cheap. On the 
other hand, if they were to defend our colonies, or we had 
to send our ships across the Atlantic to blockade American 
ports in wars of aggression, they must have ships of a much 
larger build and expense. As to what fell from Admiral 
Halsted, he thought that if a full equipment of sails were 
put on a vessel propelled by steam power he would defeat 
his own purpose. Whatever might be the expense of the 
guns relatively in turret ships and broadside ships, it was 
to be considered whether a broadside ship, with all its ad- 
vantages, did not present a larger target to the enemy’s 
guns. 

Vice-Admiral Belcher said that since the year 1860 they 
had had this turret question before them, and had it argued 
in every shape and way. He could not perceive what ad- 
vantage they had obtained from turrtt ships. They might 
be fit to protect our shores and harbours, but from their 
great length; and other things, they were totally unfit for 
sea purposes. Until the vessels designed by Captain Coles 
were thoroughly proved, it would be unwise to proceed fur- 
ther in that direction. He thought if the guns were not 
safe without those turrets, all that upper work which had 
been shown would be knocked to atoms in two seconés by 
an enemy. He saw from The Engineer, that Captain Coles’s 
new turret vessels were to strike their masts altogether ; 
they were so dissimilar from those first presented, that.there 
was no knowing where the changes would end. With re- 
gard to the first paper read, no one seemed to have answered 
it. When the ram was first proposed, he had suggested, 
upon a ship of the Warrior’s size, to work as a steam ram 
a bolt of 400 tons; also to work the Nasmyth hammer to 
punch the enemy; and believed that that working under- 
neath the water would do more damage than a gun. 

Mr. Barnaby said he should like to say one word with 
regard to the excessive length of these ships. He did not 
see that the principle could be applied at all with less than 
three turrets. It would be remembered that a ship having 
two turrets was 300 ft. long, and it must therefore be sup- 
posed, applying that principle, that it would be necessary to 
have longer ships, and probably they would get to ships of 
500 ft. or 600 ft. He could imagine that an enemy who 
had the means of using torpedoes would like nothing better 
than that they should spend their money in that way. He 
thought it was a grave question, but one not much thought 
of, how far they were justified in putting large sums of 
money into a single ship, remembering that every ship in 
existence could be penetrated by a torpedo, as easily the 
large as the small. It seemed to him, if they had a speed 
of 14 knots, and, in a ship of that kind, the heaviest guns, 
to go beyond that, and spend money on larger ships, would 
be thought, in five or six years’ time, to be the height of 
insanity. 

The Chairman: It may, perhaps, be thought not im- 
proper for me, in some degree, to endeavour to concentrate 
this discussion. Weare much indebted to Admiral Halsted 
for this paper which he has laid before us, involving as it 
does a perfect scheme in all its branches, though he has not 
grappled with the main topic which ought to press on our 
minds on this occasion, which is, that we are talking of 





ships, and armour plate, and guns of large dimensions 
without having proved that we can float them. We are 


talking on a subject that we really do not yet understand. | which he had claimed so much merit until 


We must float our ships in security. We must be able to 
fight our guns on a secure platform; and must agree 
upon some moderate degree of speed for the purpose 
of doing it, If we are to take the passenger vessel for an 
example, which passes from port to port with great rapidity, 
and that is to be the mode in which we are to judge of our 
men-of-war, we shall not have floatable ships. There is 
another question. I hear it said that the gun will always 
penetrate the iron. We then come to the original question, 
Of what use is the iron? I think those are fundamental 
questions to be determined before proceeding as we now 
are. Nothing but time and experience will develop the 
subject. We must work for ourselves, not be content 
to do as others do, and adopt some definite plan of opera- 
tion. There is not a doubt but that we must have four 
fleets. There must be a fleet for the defence of our coasts, 
and for the blockade of the French ports. I think it is 
clear that the turret ship is the vessel for that purpose ; for 
it is only on a centre turn-table that you can carry those 
large guns which you cannot carry as broadside guns, 
That is the answer I give to Mr. Norman Russell, who 
asked the question, What was the relative advantage of 
turret over broadside? I say that a turret placed in the 
centre of a floating body will carry any weight, and not 
only will it carry and discharge a gun of any power, but, 
being in the centre of the vessel, I leave those present to 
judge of the advantage. I say that you cannot work a 
great gun as a broadside gun. I do not care for your 
cog, your lever, or your winch, for I have a conviction 
in my own mind that it is not possible. I am fully aware 
that recourse is had now to great mechanical power, but 
every mechanical power used must have great strength, 
with great strength it must be of great weight, and with 
great weight it may produce a certain amount of successful 
application; but when you come to use the gun, working in 
a sea way, of the dimensions you have spoken of, the 
machinery will go to pieces, and your gun will be nothing 
else than a terror to your crew. They will not stand to 
guns of that kind; they do not mind shot, but they care 
very much about artillery they cannot handle. In my 
opinion it would be better to fight the guns openly without 
a turret, as we used to do. The men in a closed space 
would be choked with smoke and sulphur, and be of very 
little nse, and the discharge of the gun would destroy the 
hearing of the people working it. It is very different from 
discussing the merits in this room and showing plans, and I 
ask any sea officer who has been engaged in active service 
afloat, what is the extent to which you can work heavy sea 
guns? I fall back again on the turret for the defence of 
our coasts. Then we want a fleet of large vessels, cruisers 
for convoy, aud for look-out. They should not be armoured 
at all, and I do not much care how you arm them, but if 
you are determined to,have heavy artillery you must have 
aturntable too. Then we come to what is most important 
of all—the fleet—for this is not the fleet that is to act in 
masses. You will be assailed in masses, and you must 
defend in masses, and you must cruise in masses. As to 
ships for the purposes I first mentioned, I think those might 
be constructed on the principles I have mentioned, with 
satisfaction to ourselves; but for a line-of-battle ship, what 
is she to be? She need not be very fast; she should have 
plenty of lifting, bearing, and floating power, and, after 
you have done that, get what speed you can, but let it be 
uniform, let your ships go at the same pace, and let them 
be able to act as one body, and when you have done that 
I think you have advanced a great step. .He (the chair- 
man) thought Admiral Halsted’s plan almost perfect, but 
it might require a little alteration from time to time. He 
would not venture to give an opinion upon the subject, but 
was sure that it was most essential to have uniform speed 
iu the ships of the fleet, and that they should have floating 
power, so that they might cruise in safety and fight their 
guns with effect. 

Admiral Halsted said he must ask the forbearance of the 
Institution upon the subject. He had not been able to read 
many of the headings on which objections had been raised, 
and therefore had not been able to put the whole thing 
before the meeting in such a complete state as he could 
have desired. 





Captain Symonds read a paper on “ Fixed Central Bat- 
teries.” (This paper we give on page 326 of the present 
number.) The following discussion then ensued: 

Admiral Halsted said he would make one remark, which 
was a repetition of what he had stated already to Captain 
Symonds, yiz., that his plan was the most complete and 
perfect application of the broadside principle, and that it as 
nearly as possible approached the unapproachable advantages 
of the turret. 

Mr. Mackrow stated that he had been from the first 4 
strong advocate of the broadside system, and believed, with 
others who had defended it, that it was capable of great de- 
velopment. He had understood Captain Symonds to say 
that the first ship constructed with end-on fire was in 1865, 

Captain Symonds replied that that was the date of the 
first constructed with the indented side. He should be sorry 
to have that misunderstood, as he had particularly ¢x- 
plained it. 

Mr. Mackrow thought that if the revolving turret of 
Captain Coles was to be superseded, it would be by means 
of the angular face which Captain Symonds had shown, 
especially for upper deck batteries. He was glad to see 
that Captain Symonds had discarded his round corner for 
recently. He 
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had lately patented a form of battery. The form central 
points on which the gun was assumed to turn should be on 
the periphery of one circle. The first notice they had had 
of that form of battery was in 1864, when Mr. Norman 
Russell read a paper on the relative merits of cupolas and 
broadside ships. Then there was an octagonal form of 
battery. With regard to the double screw he did not think 
there was any advantage to be derived from it. Although 
you might gain a lit : Apseaniage = the a taken up by 
turning you lost itan, ime, and daring the ti that » th 
vessel ah viveted eae aes she was'a deafl mark for 
the enemy. If you had plenty of sea room and ‘a fait com- 
mand of the ship, you eould make the circle much better 
than by the turn screws." 

Mr. Reed said that he had not had the advantage of 
hearing C n Symonds’s paper, as he had been compelled 
to leave, pap soto 5 nO position to discuss it. He 
might state that toe fe re had had the honour of 
proposing to pypigwaen | fare the date even of the 
Enterprise, wa8 an iron with an, upper deck battery, 
with an armament ‘raised as had-been described. To hear 
discussions on the exact, angle ef those sides and the exact 
degrees of training seemed to him not'merely to be discuss- 
ing what was (however valuable in itself) secondary as re- 
garded any great principles, but rather like talking about 
ancient history, for the ,idea was present to his mind six 
years ago. It rather amused him to receive a number of 
suggestions, sometimes nicely tendered,.sometimes unplea- 
santly, as to the great advantage that would be gained by 
the ship having an angular corner to her battery. That 
was in his original design, which existed at the Admiralty, 
and was beyond’ question. He would say that lie had 
always felt the greatest pleasure in bearing testimony to 
the great ability shown by Captain Symonds in dealing with 
this question. ' 

Vice-Admiral Beleher said he must contest. the supe- 
riority of the screw over the turbine. The turbine was at 
the present moment, at all events, perfectly equal to. the 
twin screw, but when a second nozzle. was added, a fore 
and aft nozzle on each side, the motion of the turbine 
would be more complete than anything ever attempted. 

Captain Selwyn stated that he wae not going into the 
question of who had priority of the system, though he 
might speak with confidence upon the subject, being in 
Captain Symonds’s society in 1862. He wished the meeting 
to consider what was the advantage to be gained by a 
turret system as distinguished from the box turret system 
which they had seen. The one advantage which the central 
turret could obtain over the larger turret, that of rotation 
was more than counterbalanced by the fact of the smaller 
number of guns carried of identical size and weight, and the 
fact that you got a power of mancuvring with the system 
either of the turbine or the twin-screw propellers, which 
might fairly take the place of rotation in the command the 
guns could get. We see that directly the bottom ceases to 
have a perfect. invulnerability those turrets are no protection 
whatever either against a plunging fire going against the 
ship’s bottom, or against a fire, when the ship is heeling 
over, going through the main deck ports destroying the 
guns, and entirely jamming the whole concern. It was to be 
recollected that a turret was only a machine for carrying 
guns on a pivot and turning them round, and if you could 
make the ship the pivot it would be infinitely better. There 
being a difficulty about the all-round fire it was suggested 
that rigging might be supplemented by tripod masts. If 
such an engineer as Mr. Mallet were asked his opinion 
whether that was a disposition of iron which any engineer 
in his senses would sanction, he would give a negative, and 
he thought he would be followed by every engineer in the 
profession. He dissented from the principle of driving a 
short ship at a high speed by the use of great engine power, 
which involved large expenditure of coal, and as against 
that which had been repeatedly found to be’true for the last 
twenty years, namely, length against breadth, he did not 
think it would give such satisfaction as would be experi- 
enced when the difficulties were surmounted by the use of a 
new material, such as steel, in favour of which he was glad 
to hear Mr. Samuda speak strongly. 

Captain Symonds said that, with regard to the remarks 
of Mr. Mackrow, instead of coming back to the angulated 
face of buttery, he had commenced, with the angular face 
shown in the diagram, and had adopted the curve by pre- 
ference. His battery had the same object as Napier’s, but 
a different mode of carrying it into effect ; for instead of 
indenting the side, he had made a protrusion. With regard 
to twin screws, he thought the number of ships that had 
been built, and were then building, was the best reply to 
Mr. Mackrow’s observations on that point, He contended 
that it was the advantage of being able to keep the vessel’s 
head exactly towards the antagonist, using the low battery, 
which made them so very superior to the single screw in 
describing a circle. 

Mr. Mackrow asked the time required to go round. 

Captain Symonds replied that it took about two minutes 
to turn half round with a vessel 226 ft. long. : The question 
of speed he would not gointo. There were builders of twin 
Screws present who were able to take up that subject. With 
respect to Mr. Reed’s observation, he was surprised if this 
plan was in the possession of the Admiralty in 1861 that 
the Pallas, the Bellerophon, and all the other ships which 

d been‘ originally designed with the square box, the 
Bellerophon having no bow port at all; should not have had 
such a line of head fire in them as was there described. He 
did not question what Mr. Reed had said. - He had stated 


that his plan was at the Admiralty, which was quite suf- 
ficient, He conld only say it was not published, and in 
the discussion. which took place. at this Institution two 
years ago it was not mentioned. With reference te Napier’s 
design, he did not question it. It was shown to him last 
year, but not published until the design for the indented 
side was presented to the Admiralty and the patents taken 
out... He had never. heard of. the designs until last year, 
when he; at the South’ Kensington'Museum, saw them for 


the),the first time. As tothe upper. deal: of firing 
fa guin “thrdbgh wi OF 90°° Me MEA the "apeseh of the 


Comptroller of thé Wavy, at the Uniited Service Institution 
be ih ered Yor that invention, § 7" 2 . 


} Siving 1 mat 
P (Continued on page 358) ey 





DESCRIPTION OF NEW DOUBLEEXPANSIVE 





ENGINES FOR H.M. SHIP 
By Epwarp Et.is ALLEN, Esq: tags 
I HAVE been invited to eontribute @ abot r for, this 
year’s meeting of the Institution of Naval Y vsends le- 
scriptive of the engines now in Jot com ruction by 
Messrs. J. and G. Rennie, for HA hip paras. pngret 
the: detaila-of thelr-con- 


that I cannot enter very fully into ? 


struction, the manufacturers being naturally, anxious to.com- 
plete and subject them to a thorough trial Before submitting 
cele re to professional men, the engines in questi 
eing the first of their kind of any,sconsiderable power, as 
ena mies Nara Rel elas sects Soe 
arge number of engines to wer have 
been constructed precisely the same pethiciple'tor pump- 
ing, sawing, plo’ , and other putposes, some of which 
have been constantly. at work: for of four years, 


giving great satisfaction, I have no fear as to’ the results of the 
engines of the . Assuming, however, ‘tliat ‘some of 
the details adopted in these engines are. capable ‘of improve- 
ment, it is most improbable that any-difficulty can arise in 
making it, the samie ‘general plan of construction being 
eapable of being carried out in practice in various ways. 

e engines of the Spartan are’ 350 nominal horse power, 
and are intended, when exerting their full force, to give out 
2100 horse power by indicator, ‘¢.¢., six times the nominal 
power, when the éxpansién is carried to about seven times, the 
pressure of steam inthe boilers’ being 55 lb. per square inch 
above the atmosphere, or about 70Ib. total pressure.t The 
cylinders are 64 in. diameter, and the stroke 2 ft. 9in. They are 
formed as shown in Fig. 1. (see next ), their length being 
rather more than twice the length of the stroke. Each cylinder 
is divided into two portions by means of a division cast with it, 
and furnished with metallic packing similar to that of a 
piston, but acting inwards instead of outwards. Through 
this division a trunk works having a piston at each end 
packed in the ordinary way. The trunk is made to occupy 
about three-fourths of the capacity of the cylinder, being in 
this case 56 in. diameter, thus allowing an annular space of 
4in. |i aA Ate HE ts her edy Ty ota oe 

The steam is admitted from the boiler alternately into the 
annular spaces, formed. on each side, of, the division in the 
cylinder, ing cut off by lap on the valve at about five- 
eighths of the stroke, or by means of the link motion at any 
less part of the-stroke; and afterwards:passes to the respective 
ends of the cylinder, where it is fully, (that is, in 
the ratio of the areas of the whole cyhier to the area of the 
annular space. From the ends of the: cylinder the steam 
escapes in the ordinary’way to the condenser.; The cylinders 
are steam jacketed as well as both the covers, and, if neces- 
sary, steam’ may be ily admitted ‘to the: trunk ;’but the 
large surface of the cyli -heing available for keeping up 
the temperature of. the steam dusing expansion (especially 
effective as regards the steam contained in the annular space) 
will probably never render, it necessary to admit steam into 
the trunk for hontiotg: C 

The boilers of the 5: ‘are six.in number,each 9} ft. in 
diameter,’ with \ circ furnaces 3 ft. in ‘diameter. Each 
boiler contains a number of fubes.over the furnaces, and a 
superheater is formed inthe uptake, , os 

One surface condenser-ser'ves for. both engines, and is ofthe 
ordinary kind, the steam being made to circulate on the 
outside of the tubes, cold water supplied by centrifugal pumps 
being driven through them. 

The valves of the cylinders are shown in Fig. 1, each 
valve having double ports for exhausting. The pressure of 
steam on back of valyes is removed in the ordinary way. 
Both valves are worked by one rod, and are driven by double 
eccentrics with link motion in the ordinary way. 

The engines are placed horizontally, and are of the ordinary 
double piston-rod construction, with return connecting rods, 
their peculiarity alone consisting in the construction, of the 
cylinders and valves. When working with the link. motion 
in full gear, the steam will be expanded about seven times, 
and the expansion can readily be increased to ten or twelve 
times when required. Pn 

The advantages of the arrangement are chiefly its capability 
of fully expanding steam of considerable pressure, uniformi 
of action—the high and low pressure steam acting simul- 
taneously—the diminution of the strain thrown on the piston 
rods, connecting rods, and guides, in consequence of the 
steam from the boiler never acting directly upon the large 
area of the piston, its: expansion in the annular space re- 
ducing the pressure to nearly half that at which it is first 
admitted into this space before it passes to the cylinder ends. 
In the case of the engines already constructed, the trunk is 
found to be amply supported by the end pistons (each of 
which may be narrower than an ordinary piston), as well as 
by the central packing, the cylinders being very equally 
worn. The steam passages are also very short, and conse- 
quently there is little loss in charging them. 





* Paper read before the Institution of Naval Architects. 
+ It is usual now for the Government to contraet that their 
engines should give out six times the nominal power when 





the steam is expanded three times. 





, In order to avoid any accumulation of pressure by- 

sive changes of the passage through the valves, they are so 

constructed as to be charged with high steam at each stroke, 

the ogee the valve ing over its seat. . The same object 

could be accomplished in another jway, viz., by exhausting 
in the valve at each stroke. 

Tt may be well to glance-at.one or two of the objections 
which have been e to the form of engine here described, 
and, first, as to the difficulty of keepi the division and the 
cylinder steam tight. . In answer te this, I may state, first, 
that no such difficulty has occurred in any of the engines 
already constructed; but if a leakage should occur, the steam 
escaping at once, finds its way to the end of the cylinder, in- 
creasing the pressure of the expanding steam, the equilibrium 
ports always being open when the steam is entering the 
annular space on the opposite side. The loss therefore of 
leakage in this way is ly very small, the steam not being 
lost as if leaking pe a piston. Moreover, there is always 
steam on both sides of the division and the cylinder, there 
never being a vacuum on one side and steam on the other. 
The large surface of the cylinder has been thought by some 
to be objeetionable; but so far as experience , it is really 
one of good points in the arrangement, ofording, as it appa- 
rently does, ample heating surface for the expanding steam. 
Admitting steam to the trunk for the purpose of addin, to 
this heating surface has been objected to on the ground that 
it was impossible to make the trunk hotter than the steam. 
This of course is evident, but the question is whether the 
steam, during expansion, is capable of taking up more heat 
than the cylinder jacket can transmit; if so, ae | may arise 
from admitting steam to the trunk. 

I may here perhaps shortly describe another use to which 
the trunk may be put, i.e., in engines worked by steam of a 
still higher pressure than that to be used in the case of 
the Spartan’s ines. This is shown in Fig. 2. The 
trunk is made cellular, and is bored out so as to receive a 

iston which is kept stationary by a rod attached to one or 
th cylinder covers. The passages for the steam are found 
all round the trunk, between the outer and inner skins, one- 
half of them opening out at opposite ends as » 80 
rendering the capacity of the trunk available as space for ex- 
pansion, and ing from 60 to 70 per cent. to it, accordi 
to the proportion of the trunk to the whole cylinder. By this 
arrangement it would be easy to provide for expansion to the 
extent of 20 times, using steam of 1001b., 120]b., or even 
160 Ib. pressure. The speed of the Spartan’s engines will be 
o— 100 revolutions per minute, equal to a piston speed of 
550 ft. 

With regard to the question of economy of fuel from the 
use of steam of 50 1b. to 60 Ib. pressure, well expanded and 
afterwards condensed, it, may be difficult to de’ ine, but I 
have every hope that it will be below 2.]b. a indi horse 
power, and if the pressure be increased to 120 Ib., as I believe 
it shortly will, I think we may hope to see 1} lb. good coal 
doing the work of an indicated horse power. In the high 
pressure engines I am now working on the principle described, 
and of which diagrams are exhibited, I have reduced the 
consumption of fuel to less than one-half, and in some cases, 
to one-third, that of ordinary engines, cutting off at three- 
fourths of the stroke, and consuming only one-third of the 
water, viz., 2} gallons per dynametrical horse power. _ In 
these engines, which are mostly: portable engines, I use 
mostly 75 lb. steam, expanding it six or seven times, reducing 
the exhaust steam nearly to zero, and thus avoiding all noise 
or eseape of vapour in a visible form, except in. cold weather, 
or when the air is charged with moisture. One marked ad-, 
vantage of the arrangement for portable engines is the fixed 
nature of the expansion, such engines very rarely being fitted 
with expansion link motion, or any other means of worki 
the steam expansively, the link motion, even if fitted, afford- 
ing no check to the driver working it in full gear, and con- 
ae the steam non-expansively. 

need scarcely remind you that any a ement calcu- 
lated to economise steam renders the boilers either propor- 
tionately smaller, lighter, and cheaper, or more effective as 
economical steam generators, The saving from economy of 
steam being twofold—first, directly in redueing the quantity 
of water to be evaporated for a, given power ; and, wer as 4 
in rendering the. boilers‘more economical. on account of the 
relative increase of heating surface. j y 

In suggesting points upon which any discussion which may 
most profitably turn, I would direct attention to the vast im- 
portance of economising fuel in ships of war, more gprecially 
those that are armour plated. In many of these it is well 
known that three or four days’ coal is all that can.now be 
carried, j.e., when full steaming. Now this quantity (what- 
ever the actual amount required may be) must, I think, 
sooner or later serve for twelve or fifteen days, so as to carry 
the vessels some 5000 miles without recoaling. How is this 
to be accomplished? It seems to me there is only one wa 
viz., by employing steam of considerable pressure, liberally 
expanding it in some form of double expansive engine, con» 
densing, of course, by surface, and a erate amount of 
superheating, or, as I prefer describing it, using dry steam. 
In discussing the merits of an engine, therefore, it seems to 
me one of the most important questions is, whether it is equal 
to this advanced service to which it must probably soon be 
put. All our ironclads are terribly defective, as it seems to 
me, in what we may call the “wind and pace” of vessels. 
They neither go far enough nor fast enough, and ere long 
these points must be attended to, whatever difficulties may be 
met with in accomplishing the end in view. | 

With regard to the 5) of ships of, war, it has well been 
said that, the speed of a fleet is that of the slowest vessel 
in it. Now this should be 14 knots, if not 15 knots, an hour, 
whereas that of our ships is from 9 knots to 14 knots at their 
best. One requirement seems to have been entirely over- 
looked, viz., that if any number of vessels are req’ to 
move at an uniform steam, they must have what I would call 
surplus power. This has never been provided for, nor can it 
ever be, except by the use of high-pressure steam, with ample 
provision for e i adequate cylinder capacity. 


‘The variations in 
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face below water, indifferent quality of coal, and other causes, 
cannot be put at less than 2 knots, so that to maintain 
15 knots at sea, and at all times (which has been insisted 
upon by many competent authorities as necessary), provision 
must be made from 17 knots or 18 knots an hour. is sur- 
plus power appears to me as necessary for the ships of a fleet 
as for the locomotives of a railway; and, further, that some 
such concentration of power is essential in order to meet the 
uirements of <p - in the Royal Navy. 

have during the last fourteen years paid considerable 
attention to the economy of fuel in steamships, and have 
devised five classes of double expansive engines with this end 
in view, diagrams of which are exhibited, the engines of the 
Spartan being, I think, the best; but, curiously enough, 
nothing more than a kind of stereoscopic blending of the 
“ combined trunk” engines of 1855. In the Spartan’s engines 
the two cylinders of this first arrangement are joined to- 
gether, the one trunk serving for both pistons. Pris appa- 
rently very simple change did not, however, occur to me 
until seven years after my first production. During the last 
few years I have had the satisfaction of seeing three of my 
plans practically adopted in steam vessels; arrangements, 
which are perfectly new to me, and honestly devised, after a 
careful stud of the future requirements of marine engines, 
being now looked upon as very obvious modifications. Thir- 
teen or fourteen years ago, however, the expansion of steam 
in marine engines was almost without a single advocate, the 
supposed necessity of making them as light as possible being 
considered paramount to every other consideration. In the 
beginning of 1855 I ventured to suggest that the Govern- 
ment should invite tenders for marine engines, in which 
“economy of fuel” was the object sought, in the same 
manner as they had done some time previously when 
“economy in space and weight” were the objects proposed. 
Some years before this suggestion was acted upon in cskuing 
the three vessels—Octavia, Constance, and Arathusa; and 
these had given rise to the present trial of the engines in- 
tended for the Spartan, as well as of another form of double 
expansive engine in course of construction by Messs. Mauds- 
lay. The aaktmend cylinder engine, with trunk connexion, 
designed by me in 1855, has been carried out in the engines 
of the Poonah for the Peninsular and Oriental Company, and 
SN 
t 
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or the engines of Her Majesty's ships Pallas, Crocodile, and 
Serapis, while the same arrangement, with double connecting 
rods, has been in use in the Peninsular and Oriental Com- 
pany’s ships Delhi and Tanjore. The annular cylinder ar- 
rangement has been worked out by a manufacturer for the 
Swedish Government, and I believe with good results: The 


vast importance of modifying the ordinary construction of 


engines in which steam of even 50 lb. pressure is employed, 


will be seen by considering the strain to which the engines of 


the Spartan would be subjected, if the steam were admitted 
at once at full pressure upon the whole surface of the piston 
being not less in 70 tons, while for the large engines of the 
Northumberland class it would not be much short of 300 tons 
alternately on both sides of each piston, perhaps 120 times a 
minute. As the pressure of steam increases, so does the 
necessity become greater for employing double expansive 
engines. The future progress of marine engineering in the 
Royal Navy is a question of the greatest possible interest, and 
I shall be well repaid should the proposed discussion throw 
any light upon the subject, which it can scarcely fail to do. 
DISCUSSION. 

The Chairman thought it was a very large question, and 
a very important one, and well worthy the consideration of 
every gentleman who took an interest in marine engineering, 
and as applied to boiler makers and engine makers. 

Mr. Grantham said he thought it was a pity that the 
paper should go off without some discussion. He would 
offer to the meeting two or three remarks which had sug- 
gested themselves during the reading of the paper. He 
thought that gentlemen were apt to lay too much stress on 
the importance of economy of fuel in the navy. In his 
opinion it was far more important to the mercantile marine, 
where there were ten or twenty ships for one in the navy. 
However important it might be to save fuel in the navy, it 
was only for the promotion of our self-glorification, and, 
in some remote measure, to the glory of our country ; but 
in the other it was of importa.ce to the world at large and 
the whole commercial marine of the country. A large 
number of engineers had attempted annular engines, and he 
had seen one that was used in the gunboats of Sweden, in 
the Exhibition of 1862. He did not wish to disparage the 
plan now before the meeting, and was sure that everything 
which would conduce to the employment of high-pressure 
steam used expansively in our ships was by far the most 
important direction on the question of economy of fuel. 
it would be a very narrow view to think that we had 
arrived at the highest point of perfection; and, although 
you hear of such economical engines, the great majority of 
engines were worked at an extravagant expense of fuel. 


——==} 


DOUBLE EXPANSIVE ENGINES FOR H.MS. SPARTAN. 
(See Mr. Allen’s Paper.) 
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He thought there was some little difficulty as to Mr. Allen’s 
plan, but probably it only arose in his own mind and could 
be easily explained. : 

Mr. Allen said, with reference to the engine in the Exhi- 
bition, it was his own plan worked out for the Swedish Go- 
vernment. The arrangement was that the high-pressure 
cylinder was in the inside of the low pressure one, which 
made a neat arrangement in many respects. 
pressure steam passages were very long. It worked a good 
engine, but took up rather more room than some of the 
other kinds. 

Mr. Harland thought it would be desirable for engineers 
to turn their attention to the boilers best suited to produce 
steam. The fault had not been the inability of the en- 
gineers to produce the steam engines, but the difficulty was 
that of producing the steam boiler. He would suggest 
that engineers should consider thoroughly the production 
of a first-class boiler which would stand wear and tear, and 
be easily repaired. 


Torquay.—A new harbour which is being constructed at 
Torquay, at the cost of Sir L. Palk, M.P., is rapidly progress- 
ing. It is intended to extend the harbour some 600 ft. in a 
south-easterly direction. Vessels drawing a much greater 
depth of water will be énabled ¢o enter the harbour as im- 
proved. The magnitude of the works undertaken will be 
appreciated when it is stated that they will involve an outlay 








of about 50,000/., while they will extend over two years. 
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Soutn Wates Institute or Enarinerrs. — The next 
general meeting of the members of this institute will be held 
at the Town Hall, Cardiff, on Wednesday, the 15th April. 
The Chair will be taken at twelve o’clock at noon. The dis- 
cussion of Mr. G. Cope Pearce’s paper on “ Mechanical Ven- 
tilation” will be resumed ; and the paper on “ Patent Fuel,” 
by Mr. A. Bassett, will be discussed. The following papers 
will also be read and discussed: On “ Davies’ Self-acting 
Steam Striker,” by Mr. D. Davies; on “ Overwinding, and 


| how to prevent it,” by Mr. W. Fairley; on the “ Assurance 


of the Lives of Miners and Colliers,” by Mr. Christopher 
James. The Council will be glad to receive drawings oF 
models for exhibition at the meeting. 

Orteans Rartway.—According to the report of the 
directors of this important undertaking just issued, the ratio 
of working expenses to traffic receipts on the old network was 
only 41.77 per cent. last year, as compared with 40.60 per 
cent. in 1866, 41.03 per cent. in 1865, and 41.83 per cent. in 
1864. Notwithstanding additional work done last year, & 
saving of nearly 14,0007. was effected in the locomotive 
department, as compared with 1866. 


Rartways ry Iratry.—The South Italian Railway Com- 
pany was employing in January about 6800 men on a section 
trom Bovino to Caserta. This section comprised some very 
important works. We may mention eight tunnels, several 
viaducts, and twenty-two bridges, ranging from pee 
75 ft. in length. The company hopes shortly to establi 
communications between Naples and Foggia in about nine 
hours, including a carriage journey across the Apennines. 
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THE TURRET AND TRIPOD SYSTEMS.* 
By Vice-Admiral E. P. Hatsrep. 


Mr. PrEstDENT AND GENTLEMEN,—A brief summary of this 
system of combined turret and broadside armament will be 
brought most readily before this Institute by passages read from 
the explanatory test-book, which guided the cause for my own 
seven-week’s examination by the late French Imperial Commis- 
sion at Paris. ‘ se 
The preface will furnish only its first and last passages, as 

lows : 
othe motive to this undertaking, which dates three years ago, 
was the desire to aid in extricating the navy of England out of 
its long and complicated ironclad transition first induced by the 
puilding of La Gloire in 1858. 

I have'so often urged before this Institute that naval officers, 
as a rule, should not: assume the profession of naval architects, 
that to avert a charge of self-condemnation, I again read from 
the preface as follows: 

“There remains but the grateful duty of thanks. But how 
return due thanks for aid, advice, encouragement, so cordially 

iven by such men as Whitworth, Napier, Penn—three succes- 
sive presidents of our justly-famed Institute of Mechanical 
Engineers? How sufficiently thank my eminent friend Oliver 
Lang (now, alas ! no more), for his constant and ready support, 
whenever sought for, throughout my labour? And with equal 
sincerity are my acknowledgments due to my friend John Scott 
Russell for the high ability devoted to our common work for the 
time we were co-labourers over it. - As also to Mr. Henwood, 
the able designer of these plans and his kindly staff, who all are 
yet destined, as I trust, to hold high their. country’s position as 
true naval architects for warfare as for peace. And to.my 
friend-Captain Heathorn, R.A., whose admirable gun-carriage 
for muzzle-pivoting, whether in turret or broadside, gives to all 
artillery so large an increase of effect. Nor can | omit thus 
publicly to thank the mechanical modellers in metal and in wood, 
who have so admirably put into form the plans they had to illus- 
trate; and who, within their sphere, have so well upheld the cha- 
racter of their country.. Are there not also other friends—not a 
few—whose aid is not the less cordially valued because they 
would not that I should pen their names ? 

“ But still more are my grateful acknowledgments due to my 
honoured friend and instructor, the designer of our Achilles and 
Agincourt ; for so many years of well-won fame, the Chief Con- 
structor of our Navy, Isaac Watts, C.B.—the high privilege of 
whose ‘ chief direction’ has alone brought through, fit for exhi- 
bition to the world, a work which in symmetrical beauty and 
systematic order so strongly bears the stamp of his professional 
eminence. 

“The author also avails himself most gladly of this public 
opportunity to express his grateful sense of the high courtesy, 
painstaking, and intelligence so frankly evinced by all members 
of the French Imperial Commission, under the presidency of his 
brother officer, Vice-Admiral Labrousse, throughout their long 
and searching ecrutiny into all — and models, &c., which 
illustrate the system he now as freely submits to his own country- 
men. 

‘EDWARD PELLEW HALSTED. 

“London, April 3, 1868.” 

Introductory. 

So soon as this undertaking grew into definite form it became 
imperative to select some defined system of rifled artillery on 
which to found its further progress. The turrets must have 
some defined conditions in size, thickness, weight, by which to 
fix the conditions for the several ships to carry them. These 
conditions for the turrets must be.ruled by the guns to fight in 
them. The guns to fight in them must necessarily be those best 
able, with effect and security, to fire the most destructive 
armour-plate projectiles producible or produced. The confidence 
thus felt was founded on the several reasons shortly stated on 
the framed diagram above. But it has now been fully, realised 
by the recent pred of the two first 9 in. guns of compressed 
steel, on which this combined system is based. After firing 
their “ proof” charge of 45 1b. behind two shot of 320 Ib. each, 
the bores when measured by the micrometer in eighteen places 
were found to have taken an increase or “ set” amounting in the 
sum to 15 ten-shousandths of an inch. 

These necessities gradually resolved themselves into these 
four propositious, which, it is submitted, must equally apply to 
any other attempt practically to solve, on a reasonable system, 
the still pending controversy between armour ships and guns: 

1. As in all past battles between ships of wood, so in future 
fights between ironclads, the respective hostile projectiles must 
decide, ceteris paribus, the issue of victory or defeat. 

_ 2. The armour plate projectiles of the future will decide this 
issue according to their relative excellence in material, pro- 
portions, form, range, accuracy, penetration, and explosive force. 

3. These requisite conditions of excellence for the projectiles 
must rule the conditions for the gun which fires them. 

4. These requisite conditions for the guns must rule the 
mass of turret and turret ship best abie to carry and to fight 
em. 

To work out these propositions required the choice not only 
of some defined and progressive system of rifled artillery, but 
pointed to some actual projectile within that system on which, 
a8on a “unit of force,” the whole undertaking might with 
steady confidence be carrid on. And in England that confidence 
could alone find reasonable foundation in Mr. Whitworth’s 
Polygonal System. In his 15 ton 9 in. rifle, then perfecting, 
and in the most destructive projectile to fire from it which has 
as yet been devised, viz., a 380 lb. 9in. shell of compressed 
Steel with a bursting charge of 20 lb., which thus became the 
adopted “unit of force” tor fixing all further working condi- 
tions up to the ships themselves. 

- Because no ironclad or other ship firing only solid shot 
can resist an equal fire of destructive shells. 

2. Calibre for calibre, Whitworth “ unfused” steel shells are 
the most destructive yet produced. 
at When these shells of only 7in. calibre were fired from 

yards at the Warrior target in November, 1862, the 
standard of ‘ work done for power employed” exceeded that of 


all performances before or since. 





* Paper read before the Institution of Naval Architects. 


4. All Whitworth projectiles have a range, accuracy, pene- 
tration, and flat trajectory at present unequalled. They alone 
include rifled spheres, or can give penetration under water. 
They are simple in form, material, and manufacture. 

5. Allessential principles for projectiles and guns have been 
established by tests of all gradations, throughout all calibres, 
from the .451 in. bullet of the Hythe target of April, 1857, to 
350 Ib. -9 in. - shell : of: “compressed - steel ” with. its bursting 
charge of 201b. of powder which is the adapted “ unit of force” 
for this system. ; 

6. Because no other artillery could or can be found to give 
equal proof of having attained conditions of ‘‘ permanenée” to 
justify adoption for a compreh@psive turret system. 

The Formidable Power ofa Symmetrical Turret Fire. 

A descriptive letter in manuscript, witha copy of the above 
original deck-plan for a seven-turret first-rate, was laid before 
the Duke of Somerset some days before publicly announcing the 
prosecution of these plans (January 12th, 1866), in courtesy 
and respect to the then Head of the Navy. The arrangement 
of the turrets en échélon is due entirely to Captain’ Coles, who 
lectured on it at the Royal United Service Institution, Jane, 1860. 

The mode of armament is seven turrets, or cupolas, with two 
guns each, so arranged that—1, the fire of four guns can be 
delivered in line of keel ‘‘ahead’”’ and “‘astern;” 2, the central 
turrets, and very largely the deck itself, are protected from all 
raking fire; 3, the deck can be swept fore-and-aft to prevent 
possibility of boarding. 

To save time I only read this ‘‘ Summary” of the command of 
the turrets. 























No. of Turret. | Degs. | Points. || No.'of Turret.| Degs. |Points. 
1 315 | 28 1 8 { 
2 284 254 2 24-| 2 
3 277 | 244 3 a | 2 
4 284 | 254 4 24 | 2h 
5 277 | 244 5 22) 3 
6 284 254 6 245) 2 
7 315 28 7 8 
With single 
With both guns there | | _— 
guns, mean >|290° 51’) 259 ||is an addi- }|18° 35’) 1} 
command tional mean 
command of J 











This power of mean command existed when the mutual 
obstruction unavoidably presented by the turrets themselves 
was alone taken into account. But even if 50° had to be sub- 
tracted from it as a mean deduction for the further unavoidable 
obstructions presented by masts, hatchways, &c., &c., it was 
felt that the remaining 240°, or more than 21 points of the 
compass, as a mean command for each turret, would give a 
training power unapproachable by any other system. The 
shaded spaces between the turrets,* however, showed that the 
neutral surfaces, untraversed by any fire, were sufficiently ex- 
tensive to accommodate many of such further obstructions 
without any sacrifice of training. whatever. And accordingly, 
as the. bond fide ship has’ come to be fully designed for that 
deck-plan, it has been found practicable so to use the “ neutral 
spaces” that, with complete equipment, the ‘‘ mean command ” 
of the 7 turrets, with both guns, still amounts to 285°. 

Concentration and Direction of Fire, as per original Plan. 
—1. The whole 14 guns -can concentrate on points in direct 
line on either beam, 100 ft. distant from the guns of the central 
turret, No. 4; and can train from thence against ships or bat- 
teries, throughout an arc of 50° afore and abaft. 

2. The four guns of 1,2, and of .7.6, can simultaneously 
concentrate on points, im di line of keel forward and aft, 
100 ft. distant from stem @ndstern. If engaged only forward, or 
only aft, this fourfold .line-of-keel fire can be supplemented; if 
forward, by the alternate-single guns of 6,7; and, if aft, by 
those of 1,2; all four of which command a.line of fire of 87°, or 
only 8° from line of keel, forward and aft, on either side re- 
spectively. Whether chasing or chased, a fire of 6 guns, out of 
14, practically in line of keel, can thus be maintained. 

3. To illustrate the bow and quarter fire:—If a radius of 
300 ft. be struck from the centre of the centre cupola, it will 
describe two arcs practically equidistant from both bows and, 
both quarters. And if an angle of 17°, or 14 point, be mea- 
sured from the same centre and extended on each side of the 
keel forward and aft, it will fix two points in each are, 100 ft. 
distant, practically, from the nearest part of each bow and each 
quarter of the ship, as shown in Plan. While the four guns of 
1,2 are still engaged in line of keel forward, six other guns can 
concentrate on the above point on the port bow; viz., the two 
guns each from 3,6, and the single port guns from 4,5 respec- 
tively. So, at the same time, the four remaining guns can con- 
centrate on the other like point on the starboard bow: viz., the 
two guns of 7, and the single starboard guns of 4,5; which two 
turrets can thus ply their single guns alternately on each of the 
above bow points. But it is further obvious, on reference to 
the plate, that turret 1 can concentrate, or alternate, the fire of 
both its guns, as required, against either the starboard or port 
bow |point; while turret 2 equally commands the starboard 
point ; and the defence of the ship, in single or in general action, 
can thus be maintained with her whole 14 guns—as with an 
end-on broadside—throughout an are of 3 points, or only 17° 
divergent on each side of her.line of keel forward. And simi- 
larly complete and symmetrical is her means of defence aft. 
Both guns of turret 1, with the starboard single ones of 3,4, can 
concentrate a fourfold fire on the point on the _ quarter ; 
while a sixfold fire pours on the point on the starboard quarter 
from the two. guns each of 2,5, backed by the single port guns 
of 3,4; the whole four guns of 7,6 being still engaged, if needs 
be, in line of keel aft, or both those of 7 firing, either upon the 
port or starboard quarter point, and both those cf 6 pouring 
their fire upon the port point. 

4. The power of concentration is as simple as it is perfect. 
It exists from the moment the turrets are “clear for action,” 
without any complicated preparation or combination between 





* An engraving showing a plan of Admiral Halsted’s turret 
ship and the lines of fire trom the seven turrets, was published 





on page 31 of the first volume of ENGINEERING. 





them, and is carried out by simple direction for all or any turrets 
to direct their fire on any specified point of an enemy’s hull 
within their command of training. 

General Observations.—This illustration of the destructive 
and defensive power for future ships-of-the-line—and propor- 
tionately for all other classes, of which Captain Coles’s turret 
system admits:—1, Abeam, and for 50° on each side of it; 2, 
in line of keel direct; 3, in bow and ee action—is obviously 
unapproachable by ~ projected mode of broadside armament, 
even if broadsides could carry 15-ton guns, or larger, or fight 
them if carried. Inthe single exemplar deck-plan here pre- 
sented, it far exceeds any power ever yet contemplated since 
guns were first carried at sea, But it would be indeed difficult, 
if not impossible, to find any past standard by which to measure 
the naval force of any nation first possessed of a fleet of such 
ships; and such difficulty is much enhanced by these further 
specialities: 1. Whether in single or general action all guns are 
effective, practically, on all points, without any shifting. 2. 
Their force, separate or concentrate, requires no evolution to 
elicit. 3. It exists at anchor, or even if ashore, or in dock, as 
completely as when at sea: and when at sea either with or 
without any change of the ship’s course. 

It had always been held by the author that turret armament 
must establish its claim to general or permanent adoption, only 
by pa its ability to fulfil all gradations of naval service. 
And in full concurrence with most experienced friends, it was 
therefore decided to set it to grapple, as in this 7-turret first 
rate, with the fullest expansion within reasonable limits, which 
present powers permit: Quite secure, that if the difficulties of 
such a structure could be successfully overcome; as they now 
undoubtedly have been, all modifications of plan would with 
ease and certainty be met, which might be requisite for all 
lower classes of a complete turret navy. 

The following names need no comment on their authority: 


1, 
“ Madeira Villa, Ventnor, December 4th, 1865. 
“My pear Hatstep,—. . . . There is no doubt that your 
turret ship will be the most formidable vessel yet proposed. 
(Signed) “ Cowper P. Couzs.” 


“ West Shandon, Dumbartonshire, 26th Dec., 1865. 

“My DEAR ADMIRAL,—.... 1 do not fear the enemy’s 
shot—so much as the risk of the shot from the turrets them- 
selves when engaged against an enemy. If you can overcome 
this difficulty, then, so far as my little knowledge of naval war- 
fare is concerned, I am of opinion that the class and character of 
vessel you recommend would be one of the most ‘ formidable’ 
war-ships ever invented. 

(Signed) “R. Napier.” 
“6, Howley-place, Paddington, 4th Jan., 1866. 

“My pear ApmrirAL. HAtstep,—The more I reflect on 
your plan for a 7-turret ship, the more I am satisfied that it is 
the right think for 4 first-class man-of-war. Anything more 
formidable;I cannot conceive. 

“The whole plan, as your drawings describe it, appears to 
me perfectly feasible and suitable for an efficient sea-going ship. 
This opinion, if you consider it of any value, you may make 
what use of you please. 

“ Believe me, my dear Admiral, yours most truly, 
(Signed) “oJ, Warrs.” 


4. 
“2, Vanbrugh Park, Blackheath, 29th Jan., 1866. 

‘My pear Apmrrat HAtstep,—Your design for a 7-turret 
line-of-battle-ship is the most formidable of any I have seen, 
or, I believe, that has ever been conceived by any one. 

“T see no difficulty in carrying it out that cannot be over- 
come. And I hope you will have that assistance given you to 
carry out your ideas that the magnitude of the subject demands. 

‘* Yours very sincerely, 
(Signed) 
Centre of Fire. 

I here note the long controversy between the relative merits 
of a low or lofty “centre of fire.” My own professional judg- 
ment has never faltered in this matter. The master-tire of 
old, of the three-decker over the two-decker, and of the two- 
decker over the frigate, is no less conclusive of advantage in the 
present day than in the past—perhaps even more so. Where 
extensive side surfaces of wood were presented for mutual 
destruction, the yor of decks was less thought of. But 
those surfaces of side are now clothed with thickest armour, 
which surfaces of deck cannot be. And a command of fire, 
sufficient for plunging powerful shells through weakly armoured 
decks, cannot but prove of deadly import as between ships 
which have that command and ships which have it not. 


General Dimensions, §c. 

This stage of work was entered on under conviction that 
armour fleets had so entirely changed all conditions and require- 
ments of the past that the future must be studied in reference 
only to its own requirements and conditions; observing, that 
whatever established principles of the past could be modified 
for present purposes should be carefully retained, and nothing 
be proposed for the sake of mere novelty. 

t was further decided to begin with the fullest reasonable 
development of modern powers, and to work from the first-rate 
downwards. And it is now fully felt that any attempt to design 
the several classes or “rates” in the opposite order must have 
sacrificed the primary object of a systematic whole. But it must 
not therefore be assumed that the 7-turret ship is a necessary 
portion of the scheme. On the contrary, the 5-turret ship, 
somewhat larger than our Minotaurs, &c., is the fullest develop- 
ment of the system which, at present, would be proposed or 
recommended. Remembering, however, that if these ships be 
indeed, as intended, ocean war engines of highest practical 
power, the 5-turret ship could not successfully resist the 6-turret, 
nor the 6-turret resist the 7-turret, precisely as would be the 
relative superiority between steam engines of equal merit but 
graduated powers. 

_ Complements have been calculated under conviction that, 
irrespective of working full sail power, 350 lb. projectiles with 
50 1b. charges to be steam-fought with the same rapidity as the 
former 32-pounders, must throw a stress in action on manual 


“Oniver Lana.” 








labour quite as great as of old. Though the guns themselves 
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be far fewer, the weight of metal thrown per broadside is:incom- 
parably greater. i 
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Speed Form.—The ratio of length to breadth (64 times) is 
adopted from that of the Warrior and sisters. It is less than 
that of the Minotaur and sisters, which is 6} times; but in the 
Ocean Despatch, and first-class corvettes, designed for “ pro- 
tection of commerce,” it is 6j and 7 times. These dimensions 
are adopted from the invariable experience of more than twenty 
years, as being essential for a maximum of speed with a mini- 
mum of power. These co-requisites for economy are not the 
less important in ships of war than of commerce. But they are 
additionally important in the former, as the sole basis for all 
steady co-operative action, an essential of naval force so entirely 
provided against in our present so-called fleet. The same 
object of effective co-operation has ruled the provision of fuel, 
which, by its present stint, so paralyses the services of our few 
best ships. The words of a well-known brother officer, in a 
recent pamplilet to the late “ First Lord,” are so wise and true 
to this point, that they will, I am sure, be welcomed. Captain 
Hoseason says: 

“1 wish to impress this simple physical law—that the speed 
of a steamer can be as effectually increased by the removal or 
omission of any obstruction opposed to her easy passage through 
the water, as by increasing the mean power of the engines, and 
that the increased velocity due to superior speed form is an un- 
mixed and lasting good, whilst speed obtained by a greater 
development of power foreed upon us by inferior speed lines cf 
construction, is a lasting evil, which does not end with the first 
cost of the engines, but 1s an iucubus pressing on us throughout 
the life of the ship.” 

Stability.—The elements of this essential have been deter- 
mined throughout by those of the Achilles, confessedly our 
highest modern standard in this war-engine quality, hitherto 
produced in England. Z 

Disposition of Weights—The equipments of all rates have 
been distributed, as far as practicable, on the well-proved prin- 
ciple that ‘‘ all weights should be waterborne severally as well as 
“collectively.” Hence, it is believed, has arisen the superior 
ease at sea of the Achilles, as now armoured from end to end, 
when compared with her still cent al-weighted and less easy 
sisters Warrior and Black Prince. Hence also the superior ease 
at sea which the Minotaur, armoured from end to end, will 
doubtless exhibit. 

Size.—-Enough has now been said to show that the require- 
ments and equipments fixed on have determined the size of the 
ships necessary to fulfil and carry them, with all sea-going con- 
ditions—+#.¢., the ships have, as it were, fixed their own size, and 
the requirements thus fixed on have been of the fullest, pur- 
p sely to illustrate the ca ity of the turret system to meet 
every reasonable demand. But its elasticity is also thereby made 
evident ; and without breach of systematic principle any class or 
rate, a8 here ruled by its number of turrets, may include any 
number of individual ships, modified in their requirements, and 
therefore size, so as to suit all local or limited services: Thus 





the particular conditions actually embodied are not attempted to 
be dogmatically. imposed. They fulfil. the office of presenting a 
connected series of defined forms, with defined equipments alone 
worthy the name of a naval system. But it is believed that 
Captain Coles’s combined turret and — can, as a system, 
yield every description of ship for every description of ironclad 
service. 

Draft of Water.—Even with these full equipments through- 
out, this quality has been restricted to that of similar classes 


hitherto built. 
Construction. 

The following main details are thus stated : 

Hull.—The construction of the hull is on the same principle 
of combined longitudinal and transverse frames as in the 
Achilles, Agincourt,’ &., and other British ironclads of war; 
with an inner and outer skin plating, as introduced by Mr. Scott 
Russell in the Great Eastern steamsbip. . 

‘The extreme ends are made cellular and watertight, with the 
same preparation for “ ramming” as in the above-named ships. 
The whole of the intermediate space between the inner and 
outer skin platings is subdivided into sectional watertight com- 
partments, arranged to be used as water ballast to compensate, 
when necessary, for consumption of fuel, &c., and for maintain- 
ing the ship at her proper trim. r ‘ 

Defensive Powers.—Next to the guns, the primary equip- 
ment to be decided on was the armour; since every square foot 
which is useless, and every inch which is needlessly thick, must 
be paid for by the sacrifice of other vital requirements. As the 
guns would be 9 in. rifles, a combined resistance equal to that of 
9 in. plates would protect the hulls against equal artillery. The 
“extent” has been ruled by the law imposed on all sound iron- 
clad structures, of ‘‘ combining a maximum of protection with a 
“ minimum of armour”—a law so specially facilitated by turret 
armament. The armour has heen further considered in its 
compound character, and not simply in reference to the outer 
armour plates. ‘Throughout all classes and rates, as the guns 
are the same, so the armour and backing are of one character 
and thickness. The outer armour is 6in. thick; next, teak 
llin. thick; next, 9in. depth of Mr. Jobn Hughes’s hollow 
metal backing of } in. iron; the bars in contact, running longi- 
tudinally from end to end of the ship, and securely riveted to 
the Zin. skin, as well as to the frames, thus combining with, 
and giving great strength and rigidity to, the whole structure. 
As in other ironclads, the armour and teak backing taper 
towards the ends, but not the Hughes’s backing. The weight 
per square foot of the combined resisting media is maximum 
533 lb., minimum 444 Ib., mean 488} 1b. The resistance of the 
metal backing is estimated as equal to 3 in. plating, making the 
hull armour equivalent to that of 9 in. plates. 

Main Deck in all classes is level with the top of armour, and 
laid with 14 in. iron, covered with 6in. of teak. The height 
out of water is, in ships of the line, 5ft.; frigates, 4ft.; 
corvettes, 3ft. The only ship armour above main deck level is 
that around the rudder and its working gear. The main deck 
hatchways are limited to such as are requisite for provisioning, 
&c.; the turrets themselves constituting capacious hatchways 
for all other purposes, As with the upper decks of the American 
monitors, all main deck hatchways are fitted with high coam- 
ings, and 1} in. watertight iron hatches, hinged, and always in 
place. This admits of the between decks being flooded without 
the water finding its way below. Provision is made for getting 
rid of the water in such case by a large waterport beneath each 
main-deck gunport on the broadside. The sides of the main 
deck are of } plates unprotected, the armour being limited to the 
vital body of the ships, and all connected with the turrets. 
These sides are consequently liable to be riddled with shot holes 
through which the water might afterwards flood the main deck 
in heavy weather. In describing the turret, it will be shown 
that in such event complete access, as before, may still be main- 
tained with the lower deck and all below it, even with 3 ft. water 
over the main deck, The lower decks throughout are laid with 
din. plates and 4 in. teak over; the upper decks with } in. 
plates and 4in. teak. The lower decks are 7 ft. beneath the 
beams; the main decks 8 ft., except in the corvettes and Ocean 
Despatch, where both are 7 ft. 

Spar Deck.—It is acknowledged, in sincere obligation, that 
this most important feature in aid of the whole undertaking is 
adopted from the rudimental spar decks, connecting turret with 
turret, in American monitors. And the expansion thus made 
of the first idea thus given is here gratefully offered as a part re- 
payment, to be applied, it is hoped, in improved comfort and secu- 
rity to America’s own ocean “ Turret fleet of the Future.” In short, 
the simplest idea with which to regard this system of ships is, that 
they are “ monitors” of iron instead of wood—with sides raised for 
giving ample accommodation ; forms for highest speed; sta- 
bility for highest sail-speed; with steadiness of platform to give 
best effect to a turret gun fire raised above all ordinary impedi- 
ments of weather; and supplemented by a main deck fire from 
the select broadside rifles so essential; for the efficient war ser- 
vice of all ocean turret ships. In the present application of the 
spar deck as a war arrangement, the leading idea has been this, 
the upper deck proper being regarded as if it were the main 
deck of an ordinary frigate. In such case the beams of the 
overhead deck would receive end support from the walls or sides 
of the ship, as pierced with ports for broadside fire. But these 
beams would receive central supports also, from two rows of 
stanchions, not fixed, but hinged, and removable as required. 
Now the support of these spar decks represents, as it were, 
those two rows of central movable stanchions converted into a 
system of fixed central support; the main deck sides or walls of 
the ship being then altogether removed, so as to give free scope 
to a central, rotary, all round, turret fire, substituted for that of 
the broadside. But the strength of that central system of 
trussed diagonal support for the spar deck enables it to fulfil 
also every office of a complete working upper deck, for boats, 
capstans, rigging, working ship, &, &c., whether the turret 
guns beneath it be silent or in action. And in all bad weather, 
and especially when steaming head to wind and sea, it thus 
constitutes a practical freeboard of ample height to secure all 
comfort and safety. The spar deck is constructed as a girder. 
Its lower convex skin is of y% steel plates laid perfectly smooth ; 
its upper convex is of } in. i covered with 3 in. teak. Its 
edge is stiffened and strengthened by a continuous box girder of 








in. plates, 4 ft. deep and 2 ft. wide, eonstituting ‘the hammock 
Ler ny Its diagonal truss support is a ateat by R. Napier, 


esistance of Spar Deck to Explosion of Turret Guns below. 
—As two features of great novelty and importance are here in. 
volved, it is felt necessary thus to notice this subject: The 
question is obviously one of due strength. An experience of 
over three years has told us that decks of wood, with or without 
an underlay of iron plating, suffer no injury, beyond being 
blackened, by charges varying from 365 lb. to 45 Ib. fired even 
less than one foot above their surfaces; and the nearest point of 
the underside of any of these spar decks to thé bore of the gan 
beneath it is 5ft.10in. Again, long experience has determined 
that the angle of so-called explosive ,force diverges 45° from the 
circumference of the bore, in equal effect all round, ‘but: dimi. 
nishing in effect directly as the distance. Thus the point where 
the explosion from the nearest muzzle will impinge on the 
nearest underside of the spar deck above it will be increased to 
8 ft. 9in., presenting a smooth surface of steel. And if its 
strength be but equally resistant as that layer of a deck of wood, 
1 ft. 4in. distant, as in the Royal Sovereign, which lies nearest 
to a muzzle above it, and suffices to resist all injury, it is clear 
no apprehension for these spar decks need be entertained. But 
if indeed it be found less than that wooden standard of sufii- 
ciency, then a further layer of iron plate, even to an inch in 
thickness, over the arc of impingement, is easily added. 

The diagram exhibited will illustrate by inspection other 
details of construction not here described. 

Sail System. 

This sail equipment has been studied with the special view to 
restore England’s navy to its former distinctive character as » 
sailor service. 

To that distinctive character England owes, par excellence, 
her naval eminence; and the education and habits to form that 
character are acquired—not in the stoke-hole, but on the top- 
sail-yard. 

Hence the sail system is here considered as primary to the 
steam system. 

The completeness of this equipment has been also studied 
under these further professional convictions, which are here sub- 
mitted as, more or less, of general application: : 

(a.) Full sail power, when equally well applied, now, as 

as formerly, to the far superior speed forms of the pre- 
sent day, must give a proportionately superior sail speed, 
thus providing for the performance of all ordinary ser- 
vices with increased efficiency, under sail alone. 

(b.) There never has been cause for departing from three 
masts only, as the best means for a complete sail equip- 
ment; the true mechanical action of which arrangement 
for ensuring all requisite evolutions has received the 
confirmation of centuries. Masts of three different 
dimensions in the same ship, entailing, as they did, 
further multiplied differences in yards also, were once a 
necessity for obtaining a proper balance of the “ centre 
of effort” of sails, in the short ships of former sailing 
days. The far longer and speedier proportions of the 
present day have totully abrogated the necessity for such 
multiplied dimensions, enabling the efficiency and eco- 
nomy of full sail equipments to be combined with a 
simplicity of snpply stores and dockyard accounts 
never before practicable. 

Every square foot of canvas carried by a screw ship 
when steaming gives without expense increased effect to 
the effort of the engines. Hence a given speed for a 
given service under steam will be economical of fuel in 
proportion to the aid contributed by the sail power to- 
wards producing it; until that power alone may suffice 
for the required speed ;—with no expense of fuel at all. 
And fuel, in war time, must be husbanded as if gun- 
wder. 

n the combination of steam and sail in screw ships it 
has been largely lost sight of that no application of sail 
power can make the ship “overrun” her screw; i¢, 
cancel, still less reverse, the propelling power of the 
engines. But the varying circumstances in direction 
and force of winds, from “ right aft” to “ close hauled,” 
under which the two powers should be proportionately 
combined, so as to produce a best effect with best eco- 
nomy, must constitute a distinct practical art in future 
practical sailoring ;—the acquirement of which can find, 
as yet, no fixed law or practice in any of the confused 
unpurpose-like equipments of the present screw ships of 
any nation, armoured or unarmoured. : 
It is submitted to be a grave professional error to sacri- 
fice any of the requirements for complete sail power 
under misapprehension thereby, of not impairing the 
steam power. No experiment has yet been made by 
which to show the extent to which complete masting 
for full sail power, will or will not, ceteris 8, 
impair the effort of the engines. And any such experi- 
ment, to be of conclusive use in establishing the retarda- 
tion due to masts, &c., separately from that due to bull, 
must be made under far more than one relative position 
and force of wind. It is also certain that no sail equip- 
ment specially studied, as in the system here presente 
for reducing that retardation to a minimum, has yet 
been adopted in any navy. 


(c-) 


(d. 


~ 


(e.) 


Proportion of Sail Power.—The English Lisbon squadron of 
competitive 50-gun sailing frigates, 1850-52, has furnished the 
standard of ‘ proportion” under an impression that, as & whole, 
that squadron presented the most complete sail application ©! 
pure sailing days. The proportion is based on the areas of load 
midship-sections, not displacements, and the mean result from 
the several ships gives 37 square feet of plain sail to every 
square foot of mid-section. “When adopting three equal mie 
with equal sets of yards for the equipment of each ship of ‘ied 
system, it became requisite, towards completing the mten r 
full sail power up to 40 ft. per foot of section, that the fore ye 
main courses should be repeated as a mizen course; a ~ 
spanker be repeated as a gaff foresail and gaff mainsail. These 
sails, however, as being exceptional in the above —s 
placed separately in the Sail Table as “su th. ~: 
where masts are 80 widely separated, these important 
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considered essential to full equipment, and the one screw’ship 
of the above squadron which was furnished with similar gaff 
sails found them most serviceable, not only as “ steam sails,” 
but on almost every point of sailing. 

The 40 square feet of combined sail is considered not to be 
excessive for ships so far more powerful under canvas than any 
former frigates. ‘ ae 

Position of Centre of Effort of Sails.—This position (as 
defined on the Sail Plan by across) is calculated for “ plain 
sail” only, in order to facilitate comparison with similar data in 
former ships not having the sails designated “ supplemental.” 
The position is proportionately similar throughout all rates, and 
has been fixed thus. England’s first full-powered screw frigate, 
Dauntless, specially designed for full sail power, had the then 
unique dimensions of 5} times her beam for her length, and re- 
quired three distinct sets of masts, &c., complete, placed in 
three distinct, real, and relative positions, before obtaining a 
“centre of effort of sail,” capable under all cireumstances of 
balancing, with ease of helm, the “' centre of effort of resistance,” 
of a form then so novel. Again, only one out of all England’s 
subsequent screwjfrigates, the Immortalité, has also been 
equipped with a centre of effort of sails, capable under all cir- 
cumstances, with ease of helm, of balancing her centre of effort 
of resistance. As both ships were roundly of the same propor- 
tionate dimensions, and both had been proved by a three years’ 
commission, the officers in both cases being fully agreed, it was 
decided to adopt them as conjoint standards ; and on comparing 
the respective sail drawings they were found to give positions 
all but identical. This common position thus practically ascer- 
tained was then calculated, proportionately, for sbips of 6} times 
their beam to length, and thus has fixed the centres throughout 
this system. 

In a matter so important, on which there is yet no established 
law, it is of course possible that a change may be requisite ; but 
sea proof alone can determine this, and any change, practically 
found requisite, will, it is believed, be so moderate as to be 
effected by chagging the rake of the masts. : 

Steaming Head to Wind.—The mode of sail equipment has 
also been specially studied for adaptation to this important 
service. It is all but identical with a similar plan for similar 
purpose, studied in 1846-47, for the full sail equipment of our 
first full-powered screw frigate, and which was published in 
1850, in a work entitled “ The Screw Fleet of the Navy.” That 
study extended over many months, and was made in concert 
with my friend Henry Chatfield, Esq., one of our most eminent 
naval architects, and with the late Lord John Hay, an accom- 
plished sailor, then a Lord of the Admiralty. It resulted in a 
complete plan for harmonising full sail power with full steam 
power, which plan was then sent officially for examination by 
my late honoured friend Jobn Fincham, Esq., the designer of 
the sbip, and with his full approval was ordered by the then 
Admiralty for application on the commissioning of the Dauntless. 
But changes occurred before that took place. The ship was 
ordered to be rigged without any reference to steam service. 
The plan was cancelled but kept, and, with another name put to 
it, was redeemed out of its official Hades some three years 
since, just in time for application to the present system. Its 
chief features are the working of the topmast, abaft, and under 
shelter of the lower mast, free from interference with the trysail 
mast. The lower and lower topsail yards then brace sharp up, 
presenting a minimum of resistance to the wind, the upper- 
topsail yard being sent on deck or not, at pleasure. But in pre- 
paring for action this would certainl done. Winches of 
sufficient power, suitably fixed, mew the watch-on-deck to 
dismantle or re-rig the whole topmast equipment above the 
lower mast heads. The adoption of tripods, by removing all 
lower stays, has greatly enhanced the efficiency of this provi- 
sion for steam service. With proper trusses the lower and 
lower topsail yards may be braced quite “fore and aft,” and 

resent only their diameters to the wind. The mode of tripod 
bowsprit shown on the models is due to Mr. Henwood, and by 
incorporating the upper legs into the girder hammock-nettings of 
the spar deck they are removed above the fire of the turrets, 
and raised out of water, where close to the ship, from 30 to 
32 ft. in the respective rates. The leg representing the bobstays 
is liable to be dipped diagonally only at its lower end. The 
turrets still maintain full access and ventilation everywhere 
with allother upper-deck hatchways closed, and with their 
ports secured they present coamings 7 ft. above the upper-deck 
platforms, which B mere tom vary in the several rates from 
16 ft. to 12 ft. Gin. out of water. Each section of the bulwarks 
of the upper deck has a self-acting water port for clearing the 
deck. The watch occupy the spar deck. Safety and efficiency 
are thus amply ensured throughout all rates for steaming head 
to wind and sea to an extent never before practicable—by special 
provisions never before brought into application. 

Lower Equipment.—It will at once be seen that the special 
provision thus made for steam service “head to wind” likewise 
— a distinct equipment of lower, or body sails, below the 
jower-mast heads, entirely independent of the topmasts and 
their equipment, which may thus be regarded also as being a 
distinct upper or light equipment. Both are capable of com- 
plete combination, but the lower may be separated from the 
upper for services either casual or sustained. Thus, for casual 
circumstances, the whole upper or light equipment may be 
“struck,” and kept in readiness for lighter or finer weather, as 
studding sails are kept ready for a fair wind. Or a squadron of 
these ocean ships, with all above their lower masts permanently 
stowed away, may “ keep the sea” off any coasts, throughout 
any seasons, in any blockading position, under sail only, in per- 
manent readiness for action, snug for heaviest gales, with masts 
siving no anxiety, and under an area of body sail in their lower 
equipment sufficient to ensure every sail evolution. For this, 
too, we are indebted to Captain Coles’s tripods. Instead of 
clasping the lower masts just above the lower yards, as in the 
case of lower rigging, they have been raised to a level with the 
centre of effort of the lower topsails, thus with “ push and pull” 
Supporting the whole lower mast where support is most effective. 
The area of “lower equipment” is given for each rate in the 

Table of Sail Dimensions,” and the position of its centre of 


effort is shown by a circle in each ship of the Sail Plan. The 
combined equipment” of that Table is evidently framed on the 
extended ocean service demanded ot a British navy ; but tripod 








masting is capable of furnishing any less complete equipment 
such as other countries might deem sufficient for the more 
limited sail services of their ships, in a mode equally superior 
and economical to any past system. 

Economy.—Were it only in the saving ‘of lower rigging, lower 
stays, and bobstays, the economy of Captain Coles’s tripod 
system would stand pre-eminent. A glance through the several 

‘ables which illustrate this portion of my labours will show that 
the saving in all stores and accounts over any mode of past 
equipments, to be realised by a thorough adoption of tripods for 
a future navy, cannot well be estimated. 

But those Tables tell that the economy they present is the 
fruit of system, and can never be realised by a mere collection of 
exceptional experimental ships such as now constitutes England’s 
so-called fleet. : 

Steam Equipment.—This has been left all but entirely to the 
decision of the selected builders and engineers, but with these 
primary conditions. ‘The indicated horse power for the maxi- 
mum load speed of 14 knots before the “ measured mile” to be 
at least six times the nominal. Every recent improvement for 
the economy of fuel to be applied. The fuel supply to be 1 ton 
per nominal horse power throughout, but greater in the ocean 
despatch. After much consideration the superior advantages of 
two separate sets of boilers and stoke-holes decided that arrange- 
ment. The drawings of engines, boilers, &c., have been put in 
by the engineers, subject, of course, to further reconsideration. 
Lifting screws, with a simple permanent lifting apparatus, to be 
always ready, were made essential, it being considered a folly 
to provide for full sail power, with the steam power ready to 
nullify it. Our first full-powered screw frigate lost 2 knots, 
out of speeds above 6 knots, when keeping her screw down, and 
fixed, for experiment. Anda 6-knot speed will not always turn 
a revolving screw. 

Armament.—Turret and Broadside. 

The Turret.—The mode of turret was ruled by the decision 
to deliver its fire from over the upper deck at such height above 
water as to secure its efficiency, practically, in all weathers, and 
to command the low decks of *‘ monitors” with a plunging fire. 
(See Table of General Dimensions.) This removal of the chief 
battery of the ship, from the main deck to the upper deck, sur- 
rendered the main deck to accommodation, except the amount 
required for the broadside rifles. This supplementary broad- 
side armament is deemed essential to the efficiency of ocean 
turret ships, the turrets and turret guns of which must be re- 
garded as fixtures. For general purposes of war these smaller 
rifles must thus be requisite: 

(1.) For combined operations on land. 

(2.) For the important use in action of directing a powerful 
fire of case-shot and shrapnel from true guns of precision 
into the ports of an enemy, turret or broadside. The 
guns to be abandoned whenever greatly overmatched, 
and remanned when the fire on them slackens. 

(3.) For defence against attack by boats. 

(4.) For daily discipline and exercise at “‘ quarters,” with or 
without shot practice. 

(5.) For all signals and salutes. 

The mode of turret was further studied, to give full develop- 
ment to this main deck accommodation, by free access and 
ventilation throughout all decks. The lower portion or “ turret 
bed” was constituted as a fixed circular main-deck hatchway, 
having coamings 4ft. 6 in. high, as securely armoured as the 
turret itself. On the top surface of the walls of this fixed 
“turret bed” the turret itself rotates on coned rollers embedded 
in a circular box girder embodied into the floor of the turret, 
the armoured sides of which drop below the top of the wall of 
“ turret bed,” and thus protect the rollers and roller path. 

The diameter of the turret also extends beyond that of the 
turret bed on which it works, so as to leave between the two an 
annular open space 2 ft. 6 in. in width. The floor of the turret 
being laid in grating work, removable wherever required, this 
annular space, 2 ft. 6 in. wide and of 17 ft. minimum diameter, 
provides at all times an ample central ventilation to the main 
deck accommodation additional to its ports, besides a free access 
by ladder-ways, whether for manning the turret itself or to 
communicate with the upper, and spar, and lower decks, even 
if all other hatchways leading to those decks were closed. 

In like manner the same central ventilation, additional to 
scuttles, and free access with all other decks, is provided for the 
lower deck by means of the fixed turret bed of 13 ft. interior 
diameter, the armoured sides of which give protection to the 
transit from below of all munitions required in the turret, as 
well as to the vertical steel shaft turning the turret itself, and 
which is worked by mechanical or manual power applied on the 
free space of the lower deck under protection of the ship’s 
armour. 

Even when in action a small central hanging ladder, revolving 
with the turret, communicates direct, through each turret, from 
the spar deck above to all parts below, providing armoured 
access, by messenger, for ull orders to turrets, main deck bat- 
tery, lower deck, engine room, stokeholes, and magazines. 

Armour of Turrets.—Ioner skin of iron 1 in. ‘Then Hughes’s 
metal backing of 4-iron, riveted around the skin in rings in 
contact with each other, and 7in. deep. Then vertical or 
diagonal teak Sin. Then 8in. armour plates, forged in com- 

lete rings 2 ft. 6 in. wide, shrunk over all; no vertical joints. 
The walls are thus 2 ft. thick, inner diameter 21 ft., outer 25 ft. 
The combined resistance of turrets and turret beds is calculated 
as rr to 11 in. plates, exclusive of the 1 in. skin and 8 in. of 
teak. 

Armour of Turret-bed—Inner skin 2in. Then Hughes’s 
backing, vertical, in contact, 10 in. deep. Then 8in. armour 
plates forged in complete rings as before. 

It will here be seen that this arrangement of a fixed turret 
bed of decreased diameter, on which to mount, as it were,.the 
movable turret, not only secures the desired height of turret 
fire, but combines with it a minimum of protective armour, 
while no leakage from the opeping around the working turret 
can enter the body of the ship below the main deck, every- 
thing connected with the working of turrets themselves, and all 
their supplies, being under complete protection on the free space 
of the lower deck. On that pichested free space any multip!ica- 
tion of means for working the turrets may be applied, should the 
steam power fail, but preference would be given to the very 








giple and effective pe of chaing ahd winches patented by 
H. D. Cunningham, Esq., of which a reserve of several may be 
kept in constant readiness. I athe 

e turret. is a patent by R. Napier, Eady anid_as no series of 
drawings could have made it clearly comprehensible in all points, 
it was therefore decided to model it with every are or full ex- 
planation, which the author will be happy to to all its 
visitors at the Kensington Museum. 

Muzzle Pivoting Gun Carriages of Captain Heathorn, R.A. 
—These most valuable carriages are adopted for turret and 
broadside armaments throughout. ‘They have great construc- 
tive merit. 1. In the simplicity and small number of parts. 
2. In their capability for oe required strength. 8. In their 
sGertebity to all guns for all services; except boats, in which 
they would be needless. 4. In providing a minimum of port, 
with a maximum of training command, vertical and horizontal. 
The parts, though simple and few, as well as their action, are 
the product of practical mathematical application. The muzzle- 
pivoting appliance can be worked by any mechanical pores It 
is assumed that these data will be included in Captain Heathorn’s 
own paper. (See another page of the present number.) 

Turret Guns.—A powertul elevating screw, worked with ease, 
gives the gun in one throw 20° of elevation, 10° of depression. 
The entire arc can be mastered, even in the model, in 1} 
minutes. Provision is thus made for the extreme case of bom- 
bardment, but, of course, any minor provision thought prefer- 
able can be adopted, thereby reducing the height, and therefore 
weight, of the turret. The guns, in action, do not protrude, 
and the ports, with but 2 in. of clearance around the guns, are 
closed to an enemy, for loading, by turning the turret 25° off 
the point of action, 

Broadside Guns.—These go down to 4 in. rifles or 32 pounders 
of 30 ewt., from which minimum, ba to the 15 ton turret guns, 
the Heathorn are 2 has been applied with unequalled advan- 
tage. The main deck level of these ships, up to which only they 
are armoured, varies in ithe several rates from 5 ft. to but 3 ft. 
out of water— monitor” like—and ordinary carriages working 
in ordinary ports must have given a main deck fire very unde- 
sirably near to the water. The Heathorn carriage has provided 
against this deficit of height. It has enabled the ordinary port 
of 4 ft. vertical depth to be reduced from beneath to a depth of 
2 ft. Gin. only, thus adding, as it were, 18 in. to the practical 
height out of water of the ordinary main deck port sill. (See 
Table of General Dimensions.) Even with this reduction in 
depth of port ample space still remains for working the guns, at 
a single throw, through an arc of 25°, a.e., 15° of elevation, 
10° of depression, this latter being given in order to take advan- 
tage, in close action, of the penetration under water of the 
Whitworth projectiles. With these carriages all the broadside 
guns train through arcs forward and aft of 45°—90° in all; 
and any of these ships, when engaging other ships, turret or 
broadside, or batteries, at an oblique angle of 40°, will thus have 
full use of their main deck guns, whenever fightable, in aid of 
the turrets. 

It is obvious that the use of these admirable muzzle pivoting 
carriages must practically raise the main deck port sills of any 
present broadside ironclads throughout a whole navy an addi- 
tional 2ft. out of water; all other conditions remaining as 
now. 
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’ Nors.—This table gives the mean command, in degrees, 
with both guns, of each turret in each rate. Likewise the 
general mean command of all the turrets in each rate. But it 
also presents a comparison of command between the same tur- 
rets in different rates. This comparison discloses discrepancies ; 
as will be seen, for instance, between the No. 1, or bow turrets 
of 4th and 5th rates. 


The discrepancies thus disclosed are 
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very valuable; they are like the proofsof asum. They indi- 
ent have controlled the 
fire of the guns; and, therefore, where closer study of those 
conditions, than has yet been possible in so large a work, would 
have to be directed in order to improve the power and symmetry 
the ships. But how 
heaviest cannon be 
resisted by any broadside arrangement of an equal number of 


cate where certain conditions of equi 


of the fire in all cases of actually buildin 
could such an ubiquitous command wit 


f 


equal guns? 


The additional command with single guns is omitted from the 


Table. 
Boat System and Coast Warfare. 


Ever since the world, in 1849, saw a large army steam em- 
barked in a few hours, and in far fewer days suddenly appearing 


many hundred miles off, complete for the most recent conquest 
of Rome, it was clear that “ Steam on the Ocean” had practi- 
cally initiated a new and most powerful feature of offensive 
warfare, as between any or all nations having coasts, colonies, 
cities, estuaries, or broad rivers, liable to sudden attack by fleets, 
endowed with an ubiquity, celerity, and compactness hitherto 
unknown, and operating with the force of armies and navies 
combined. 
A second similar effort, made with similar power and success, 
was witnessed at the opening of the war of 1859, when armies 
were again steam embarked for rapid conveyance into Italy out 
of France. And if the attacking nations of the intermediate 
Crimean war failed to realise, in their first movements, that 
ubiquity, celerity, and compactness, which, humanly speaking, 
must have cl the contest at far less cost in time, treasure, 
and human suffering, that failure is mainly traceable to the 
want of a suitable self-contained boat system, in store-ships, 
transports, and men-of-war alike, adequate to the rapid em- 
barkat'on and landing of the combined forces engaged. 
The deficiency then felt has never since been supplied. And 
in putting before the world a proposed system for future war- 
ships, especially studied fur far more complete war equipments 
than in any past time, the blot must have been most marked had 
a fully corresponding boat system been omitted. 
The table which opens at this portion of ny work will present 
ata glance to all brother professionals the boat equipment alone 
deemed sufficient for all ships of these plans. To all such that 





table needs neither nor dation by which to 
judge of it. But the few following observations seem permis- 
sible: 


1, An effective equipment, especially of boats which are life- 
boats, steam propelled, and well armed, must greatly extend the 
sphere of services and save the health of every ship possessing 
them, whether employed in yee of peace or war. 2. Such 
equipment amounts to a self-contained miniature steam fleet, 
quite capable of giving practical instruction to men and officers 
alike in all the requisite evolutions and manewuvres of a real 
force. 3. The large use of steel for such boats must greatly 
economise their ultimate expense, in durability and current re- 
pair. 4. By removing guns from the two extremes and placing 
them together in a position of competent buoyancy, on turn- 
tables giving an all round fire, greatly increased power of arma- 
ment is gained ; together with facilities for an improved form, 
capacity, and draft, such as has not before been open to us. 5 
The estimated weight of the 50 ft. launchis 7 tons. To lift this 
weight in and out, are two steel derricks of competent length 
(the lower yards), 2 feet in diameter, sounrtelly supported 
with chains, which bring in aid the vertical strength and stiff- 
ness of the iron lower masts. 

Coast Warfare.—“ La Guerre des Cétes."—In 1845 naval 
ee was somewhat startled by a studied plan, boldly put 
forth by a very able and energetic professional member among 
the then Royal Princes of France, for destroying and terrorising 
the British maritime cities and coasts. 

The subject made deep impression on many, the writer for 
one, who since then has never lost sight of a system of defence 
against such warfare, submitted to and approved by the then 
naval authorities, and which he still hopes so see some day put 
into protective use. But the subject came again into notice in 
our mutual cordial intercourse with the officers of France who 
conferred the favour of their memorable visit of September, 
1865, which intercourse led to the presentation of a deep-thought 
and most practical essay under the above French title, from the 
pen of my friend, Captain Richild Grivil, then of the Caton, now, 
as I hope, in some far more important command. 

At that time these plans were young, but as they advanced, 
that essay led me to engraft on them means, far mcre effective 
than first was contemplated, for carrying out, as one of their 
especial and intrinsic merits, an offensive system of “ coast 
warfare,” only to be parried or prevented, apparently, by a 
similar defensive force of still greater power. ‘Thus: 

The accommodation afforded on the main decks of these 
Plans, owing to the removal of the chief battery to the upper 
deck, is arranged for the permanent embarkation of a large body 
of troops, unobstructive to all turret warfare, for whose comfort 
on board, and ready landing ashore, the following provisions 
have been made; 

The provisioning, &c., of all these ships will be made through 
capacious entering ports, to be used as cargo-ports, two on each 
side of the main deck. The space between these has been made 
such that twenty comfortable messes of twenty men each, 
having one-sixth more space than in our recent transports, will 
permanently accommodate 800 troops in each ship of the first 
five rates, still leaving the entire lower decks to the ships’ com- 
panies and the officers’ cabins. When open. the platform of each 
entering port will bave two firm outboard ladder-ways, one 
Jooking forward and one aft, four such ladders on each side. On 
each side also are suspended two steam-cutters as quarter- 
boats, and two collapsible troop-boats, each carrying freely 200 
men. ‘The two troop-boats on each side, being always as ready 
for use as the two quarter-boats, each troop-boat, when low- 
ered, proceeds to its — entering port to receive its com- 
plement of 100 troops down each ladder, while the steam-cutters 
place themselves in readiness to tow. 

This describes the more peaceable operation by which, with- 
out disturbing pinnaces or launches, each ship may land her 
whole body of troops at any convenient time or spot, if only for 


gave & mean proportion of 1 square foot of rudder surface to 


used, say thus: each 


form the flank protection. 


make it obvious that modern powers — be 
the original ideas of the Prince de Joinville, and that with an 
adequate self-contained boat equipment in such ships as these 
Plans present, ‘‘ La Guerre des cOtes” may become a power of 
combined warfare, as between all maritime nations, hitherto 
unknown. Let us say for instance, thus: 

Five ships of any of the first five rates have embarked an 
effective body of 4000 troops—independent of marines and ships’ 
companies—which are capable of being landed or re-embarked, 
in one trip, by the eight self-contained steamers of each ship, 
each with its pair of howitzers, with all-round fire. If such 
ships can indeed realise a mean speed of 300 miles a day, or 
12§ knots, who shall say, when once out of sight of land, what 
spot of an enemy’s coast they shall threaten, or land on, and 
find awaiting them an adequate force ready to resist ? 

Berthon’s Collapsible Troop-boats.—It is freely udmitted 
that these admirable structures form a main feature in the 
above sketch, for without them the landing and embarkation 
must occupy two trips instead of one. But as they are essen- 
tially lifeboats of great power, the general range of important 
duties they may perform when outfitting, refitting, storing, pro- 
visioning, &c., &c., pleads with additional force for every effort 
towards their successful remanufacture and general adoption. 

The patent for them has expired, and could not while existing 
be commercially prosecuted by the patentee, being a clergyman, 
who at the same time was justly dissatisfied with those who 
assumed to work it for him. Hence it has lapsed without per- 
manent fruit. But upon again kindly er hs. himself, the 
working model for these Plans, he writes thus: 
“In troop-ships, and vessels of all classes carrying passengers, 
the numbers of human beings embarked has not been met by a 
proportionate increase of boat accommodation. What is wanted 
is a system of commodious, safe, and seaworthy lifeboats always 
ready, never producing inconvenience on decks or quarters, and 
so roomy and abundant as to carry at one trip all on board. 
“* This want these collapsing boats can fulfil. By closing into 
one-fifth of their width, they are stowed so compactly outside 
the bulwarks, or nettings, that boats of the largest size can be 
carried outboard, and can be released, expanded, and lowered in 
the time usually required to lower ordinary boats. 
“They are constructed of a framework of wood or iron, 
arranged in longitudinal segments strongly hinged together at 
the ends, and when open the form is completed by the spon- 
taneous expansion of a very strong, flexible material, arranged 
in two skins, viz, an inner and an outer skin, and thus the 
whole body of the boat is divided into six, or eight, or ten sepa- 
rate water-tight compartments, which impart to it the insub- 
mergible or lifeboat property. The arrangement of ‘thwarts’ 
and bottom boards, as well as the means of propulsion by oars 
and sails, and likewise of steering, differs but little from that of 
other boats. 
“* Many and extended trials on a large scale have been made 
with these boats in all climates, and in sizes varying from 
217 ft. to 51x16; and they have been found to answer in all 
respects. They are much lighter than other boats, the weight 
of the largest yet built (5116 ft.) being 70 cwt. This boat 
could carry two hundred persons safely in a heavy seaway; or 
would land two hundred and fifty troops, with all their accou- 
trements, in moderate weather. There is no risk of injury in 
beaching, as all salient points are defended by wood and iron 
outside the skin. 
“ Their cost does not exceed that of other good lifeboats for 


ships.” 

“ Screw Ship Steerage.” 
In March, 1864, a paper with the above title was read by the 
writer at the Institute of Naval Architects, of which he then 
was a member of council. It led to the adoption of the balanced 
rudder for Bellerophon, and, it is hoped, for all future British 
war ships. 
That paper was a resumé of long and extensive experience, 
showing that, from the outset of screw propulsion, the power to 
be dealt with for steering the ship resided in the cylinder of 
water thrown on the rudder from the screw, and not, as in all 
previous cases, on the ship’s headway. It was shown that it 
was the former far greater force which caused, and still causes, 
the so-called “difficulty” of putting over the helm of screw 
ships when under full steam: simply because that helm had 
never, and has never, been worked with sufficient means to give 
full effect to the steering force inherent in that cylinder of water, 
which represents, in each case, the embodied effort of the 
engines. 
It was also shown, whenever a sufficient command over the 
rudder was provided for, that the steering power of the screw 
ship far exceeded that of any preceding description of ship 
whatever. Here, then, was the right direction in which to 
operate for greatly reducing the length of time occupied by all 
our larger screw ships in turning, and which was entirely due to 
defective steerage arrangements, and had nothing to do with the 
assumed over-length of the ships. 
By experiments of great nicety, made by the writer at Sheer- 
ness, and subsequently confirmed by repetition at Plymouth by 
a brother officer, it had been irrefutably proved that an angle of 
45° of the rudder surface with the keel was requisite for the 
maximum effect in turning the ship, both in diminished time and 
diminished circle; whereas none of our screw ships, armoured 
or unarmoured, except Bellerophon, possess means for com- 
manding more than 20° of helm at full speed, when, whether in 
fleets or singly, they most need the safety of maximum turning 
power. 
The paper contained a table from Admiralty sources, giving 
certain corroborative data of eleven different ships, purposely 
selected from past and present times, of which these are the chief 
items, viz.—1. “‘ Area of immersed longitudinal area at load 
draft, measured between perpendiculars as a rectangle.” 2. 
“ Immersed rudder surface at load draft.” These eleven ships 


On war service the pinnaces and launches would of course be 
unch and pinnace, each with its pair of 
ten-pounder howitzers, would tow a troop-boat ; the four steam- 
cutters, each with its pair of two-pounder howitzers, would 


Without presuming to fix any definite order, this glance will 
made to expand 


== 
standard of comparison, showed that our ships complai 
defective pre oe account ot “ overlength’—the Wareae 
Black Prince among many more—were trying to steer as th 
should, with rudder surfaces 34 per cent. below any past md 
portion, while the Achilles was 53 per cent. below par, none 
of them, moreover, being able to command, when most wanted 
more than 25° of this a _— : 

In a report recently published by Parliament on the 
FR no of the ships of the latest Channel fleet it ae 
thus: “‘ The Achilles is, from her great length, most difficult to 
handle; and this defect in action, more especially if engaged 
with a turret ship, might’ prove her ruin. It is perhaps going 
beyond the bounds of what is probable, but I feel certain that 
this ship might, and probably would, have to go out of action 
to turn round, thus exposing herself in almost a defenceless 

sition to] the fire of more than one of the enemy's ships.” 
ie the Achilles, with eighteen men at her wheels, can force g 
rudder angle, when full steaming, of only 25°. Is, then, her 
probable “ruin in action” due to her overlength, or to her 
powerless helm ? 

Amongst the above eleven ships is the Hood, of 90 guns, and 
4806 tons’ displacement. Her rudder surface as a screw shi 
now is the same as when a mere sailer, viz., 1 square foot of 
rudder surface to every 35 square feet of immersed longitudinal 
area. By which former standard of requirement Achilles is 
roundly 63 per cent. short of established rudder surface, added 
to her being 80 per cent. short of established rudder angle, 
Before it be accepted that such ships are “ most difficult to 
“ handle from their great length,” should we not try how they 
can be handled with effective means for safe steerage? Should 
any experiment hereafter be repeated on the relative turning 
power of Bellerophon and Achilles, as illustrating the superior 
handiness of short ships over long ships, it may be well here to 
state as follows: Beside a command of 38° of rudder angle, 
versus 25° only, Bellerophon has 1 ft. of rudder surface to ever 
26 ft. of immersed area to be turned by it, while Achilles has 
but 1 ft. of surface to every 60 ft. of area. As compared with 
short Bellerophon, long Achilles is thus 130 per ceut. deficient 
in the source of steering power, with one-third less command 
over its use. The ships of these plans have the same propor- 
tionate length as Achilles. And on faith in the facile working 
of the balanced rudders adopted for them, a proportion of 
1 square foot of rudder surface to every 30 square feet of area, 
one-sixth more than that of the Hood, has been given through- 


out. 

Balanced Rudder.—The only noticeable speciality of these is 

the very effective introduction by Mr. Henwood of a central 
gudgeon extending from the after sternpost, thus relieving this 
mode of rudder suspension from the objection of receiving sup- 
port from extremities only. The rudder itself will be of light 
steel, in water compartments, so as to take no injury from shot 
passing through it. The upper part is so framed as to be re- 
movable for repair, without disturbing the lower half. 
Rudder Spindle.—This is in one bar of steel in gradations of 
diameter, so as to ship and unship by simple hoisting and lower- 
ing. At the step it is Gin. in diameter; from the protecting 
armour around the head to 1ft. under water it is 14in., and 
10 in. intermediately. That extent of 14 in. is further sur- 
rounded by a loose wrought-iron cylinder, 3 in. thick and 3 in. 
away from the spindle, revolving freely by any blow from a shot. 
This provision, and the closing of any light space to catch the 
eye around the rudder head, have been thought quite sufficient 
protection, beside the full armour plating in the cabin, to 
authorise the adoption of a fine “‘ run of ship,” alone consistent 
with a high speed form. But to remove all apprehension of 
serious injury to the rudder in action, it is strongly recom- 
mended to introduce an auxiliary rudder in the fine run of the 
ship, entirely removed from all projectiles, which can easily be 
one. 

Wheel.—This, as shown in the models, and on a separate and 
larger scale by itself, is the admirable American mechanism, 
well known as the “ Niagara” wheel. But it is by no means in- 
tended dogmatically to require its adoption. The proposed mode 
of working the rudder, when not in action, is this: The wheel, 
with three rings at the after end of upper deck, will amply 
suffice for sailing and all ordinary steaming. At full steam it 
may be immediately supplemented by the four-ringed wheel of 
the spar deck, by means of a “ Fowler’s clip drum,” fitted alike 
to both wheels, with its rope always ready. When not so used 
as supplemental, the spar deck wheel, with one man under 
direction of the “con,” suffices to point the “ tell-tale in front 
of the upper deck wheel, and so to convey every order from the 
* conning-stool.” , 

The after wheel is dismantled in action; the upper portion of 
the rudder spindle above the cabin armour being disconnected 
and removed, and the rudder worked from below by wheel 
power, capstan power, or steam power, applied to discs under 
armour on the rudder head—the spar deck wheel with one man 
still pointing a lower deck “tell-tale,” in obedience to the 
* con.” 

Zinc Sheathing. , 
The data, models, and experimental zine plates, kindly left by 
Mr. Daft for the free use of the author when undergoing exa~ 
mination of his plans at Paris, were not so much as looked at 
by the Imperial Commission in reference to these plans, &. 
But the complete cleansing power of ziuc sheathing, both on its 
own surfacé and that of iron plate beneath it, was admitted as 
proved beyond all doubt to the full satisfaction of the French 
naval administration. 
But the best mode of securing it to the bottom was not yet 
seen. Meantime, as French ships, as a rule, were never long 
out of port, cleansing in dock was frequent, effective, and not 
inconvenient. As the ships of England, however, curing their 
long absence in distant oceans were far more di-abled by “foul- 
ing,” the French authorities would patiently wait till we bad 
found out the best mode of applying zinc sheathing. 








GrrpLe oF Paris Rartway.—The break of continuity 
which the Girdle of Paris Railway still presents between the 
Batignollesclichy goods station and the Courcelles station = 
the Auteuil line will soon disappear. The earthworks of the 
section in question, which involves the construction of three 








a half hour's parade. 





every 38 square feet of immersed area. And this, taken as a 


bridges, are, in fact, almost entirely completed. 
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NAVAL CONSTRUCTION.* 
“) m the year 1800 to the Present Time, and its 

Hamed from 6S challe Future. 

By Vice-Admiral Sir Epwarp BELcuER, K.C.B., 
Vice-President. 

Tus title of this paper enables me s cially to contrast the 
various styles of build which prevailed previous to our late 
adoption of armour—the full bluff bow and its attendant 
head gear, the cutwater, gripe, keel, and clean entrance. 
The facility which such forms afforded for easy hand- 
jing and more peculiarly their safety when beset by the 
dangers attendant on ales or the difficulties of a leeshore. 
On the other hand we have to view the results which deviation 
from the old forms seem to entail now that the mere chance 
of ramming appears to have superseded the first and_most 
important qua ities demanded of a ship of war. What, 
indeed, are those primary qualitiesP 

My own ideas lead me to insist on their being made good 
and lively sea boats, capable primarily, under spars and 
canvas alone, of holding a good wind and being as trust- 
worthy, under any conditions, on a leeshore as if they had 
no machinery on board, or it had been disabled. 

That under any circumstances, in light airs or gales, the 
should obey the helm readily, indeed, from their build as we 1 
as trim, be capable of being brought, by the judicious appliance 
of the seaman’s art, to trust only to the assistance of the 
rudder in critical cases, but never to render its application, as 
I have of late years witnessed, a matter of severe labour to the 
helmsman, or even danger to the vessel if crippled. Under 
the old regime our ships, as regarded their tonnage, carried 
only a certain amount of furniture, in which I include masts, 
sails, store, rigging, and ballast. The latter, as well as muni- 
tions of war, being secondary items, changeable, as we all 
know, if found too heavy. But each of these items were so 
placed in accordance with certain secrets of pure seamanship, 
that any deviation caused the monstrous difference between 
the “crack frigate,’ or the old seaman’s appellation, the 
“clumbungay.” But it did not depend so much then on the 
construction. The problem, “ There, sir, is the greatest tub 
on the face ‘of the waters, make her walk and speak,” was 
given for solution. But it was further accorded, “You may 
trim, mast, and rig her as you may judge meet.” ’ 

On this previous condition the second hung, obedience to 
the helm. That obedience, as an old yachtsman and trimmer 
of obstinate ships, I found to depend on the trim, in con- 
nexion with the position of the masts and canvas, not onl 
carried, but treated in a seamanlike manner. And in accord- 
ance with the trim so also depended the careen, and, prac- 
tically, the proper power of the rudder. Therefore it was 
imperative on the officer in command to exercise his reason- 
ing powers as to the various forces which might be called 
into action, to make his vessel per se perform most of her 
duties. Calculating on the distribution, as well as nice 
management of her canvas, which hardly called for, in tack- 
ing especially, the aid of the tiller. bist 

In illustration of this faculty of trimming, it was my lot 
to serve in several vessels denominated tubs. First, the old 
Bellerophon, of 74 guns, bearing the flag of Admiral Sir 
Richard Keats, in 1814. The former character of that ship, 
participating for fifty years in every general action, was “a 
desperate roller,” specially, too, rolling away her masts, 
which she did when at anchor in Oazeley Bay. She was 
also sluggish under canvas; “8 knots close hauled, and 
10 knots free (not bad, however, at that period), nor would 
she obey her helm ;” so much for fifty years’ doubtful cha- 
racter. Her new commander was the late Admiral E. 
Hawker, noted for the kelter as well as handling of that 
beautiful frigate the Melampus (still in the Dutch navy), 
which astonished, as well as excited, the admiration of our 
acute cousins of America. His management evolved her 
latent qualities. He trimmed and sailed the Bellerophon in 
chase of the noted American privateers Fox, Amelia, and 
Mammoth, both on and off the wind, from dawn until dark, 
with lee guns bowsed in and weather guns out, royal stud- 
ding and skysails, going free, she realised 11.6 knots. That 
was due to sheer seamanship. Captain Hawker’s creed was, 
“Every tub has its capabilities, and it is the duty of the 
officer commanding to evolve them, not by straining, over- 
masting, or over canvas, but by judicious trimming, and, 
above all, never allow the strain on a rudder to umpede 
motion.” Her Majesty’s ships Samarang, Ztna, and Sulphur, 
under my own hands, were similar cases. Therefore, 1 
maintain that we must not be too hard upon the constructor, 
who simply adheres to those well-known laws which afford the 
mould out of which success may be attained. 

From the year 1800 it may be assumed that the finest 


models of sailing ships, mostly of French lines, were in our | ¢ 


possession; and, moreover, that, for length and breadth, until 
we broke through all the old rules, we never constructed 
faster or easier vessels. 

But in what did their sea qualities consist? They all 
centered in the profile of stem, gripe, keel, and sternpost. 
If the vessel griped, or would not keep out of the wind, she 
was added to abaft, or her gripe or rake of stern was altered. 
Alterations of rudder never were successful ; then it was that 
the abilities of the seaman, so absurdly underrated by civi- 
lians, was called into play ; and our naval constructors, par 
excellence in their time (Admiral Hayes and Sir W.Symonds), 
proved where the essence of control lay, simply by making 
trm—position of masts, cut of sails, and attention to the 
aids in steering, act in unison. 

But resrn | to construction, what has been the process 
from the period of coppering our fast ships, boats, or yachts, 
up to the resent armoured fleet? First, taking the Dutch, 
they found that where no keel was available, a leeboard was 
demanded ; next the Norway yawl; that truly had no stem 
or sternpost, but they had bilge keels from amidships aft, 
which enabled them to hold a wind, and yet more important, 
serve as sledges on the ice. Two of these, from a m 
plied by Admiral Baillie Hamilton, then second secretary to 


* Paper read before the Institution of Naval Architects. 
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the Admiralty, were supplied to the late Arctic Expedition 

in 1852, and indeed may be deemed the type of the two stern- 
sts for the twin screws of the late talented inventor, Mr. 
berts. 

Then turning to America, we have the Vir, pilot boat, 
the beau ideal of their clippers, of which the Mugian is but a 
variation, showing a long overhanging bow, with her forefoot 
scarph about one-sixth from the stem abrocell, and the scarph 
of the sternpost about the same distance from the taffrail. 
Those forms were considered to be the best adapted to meet 
the heaviest weather off the capes of Virginia, which, for a 
continuance, is about the worst experienced in any part of 
the word. 

Next, when we view the inexpert Chinese, or au contraire, 
those clever seamen, the Malays, we find the rudder in the 
first lowered far down below the bottom; or, in the latter, 
two rudders, one on either quarter, deemed indispensable. 


Fic. §. 




















On the drawings before you I have endeavoured to exhibit 
the various classes of vessels to which I have alluded, and I 


think that my naval friends will not fail to remember as re- 

ards the sailing vessels first improved by America, and fol- 
owed by us, at Greenock, Liverpool, and finally in the 
Thames, the o superiority as to seaworthiness in the over- 
hanging flanching bow. 

I offer these remarks for the serious consideration of those 
constructors who, not being seamen, have, I think, too sud- 
denly jumped to the conclusion that vessels which are ex- 

ted to perform well under canvas require no keels; and, 
further, that the steerage is as perfect without that long keel 
which led the fluid direct to the rudder. 

It is also necessary to observe that a rudder which descends 
below the line of keel for the purpose of obtaining steerage— 
as with the Chinese—is manifestly endangered by any 
objects—as weeds—beneath the surface, as well as inevitably 
destroyed, should the vessel ground by the stern. 

Before the “Iron age,” or sacrificing everything to steam 
and armour plating crept in, our ships could thread the most 
intricate or dangerous channels. Our merchant shipping, 
although constructed of lighter iron, still under canvas per- 
form more than any any seamen dreamed of; but they have 
bows as well as sterns fit to secure their seaworthiness. 

To prove that we demand no new “ lines” for our ironclads, 
I beg to offer the following performance of the Cunard 
steamer Scotia. On a December run from New York, fur- 
nished by Sir Edward Cunard, taking passage : 

December 16, quitted New York. 
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The average for five days exceeds 14 knots. 

Under certain alterations of hull, plight protection to 
decks, and giving this vessel two of the heaviest , what 
vessel in the world could approach her? And if pe heavy 
guns threw shells at extreme range, what armoured vessel 
could withstand her fire? The time may suddenly find us 
compelled to arm an “op | which can carry a respectable 
ienploment of war. Why should our navy be without such 
models, propelled at such speed and as active under canvas as 
the fleetest of our British China clippers ? 

Now the point which Iam prepared to maintain is, that, 
looking to recent alterations in the bows of our ships of war 
in order to protrude beneath water an unscientific ram, you 
not only destroy every chance of good behaviour of the 
vessel, but you literally, by the immense weight at the fore 
and of this plough-hare and the screw abaft so balanced your 
ship that her proper motion “ of ne over the waves is 
nowamyth. As to the idea that iron ships cannot be made 
to sail as well as those of wood did, it is beneath science to 
reply ; for we have the performances of our ocean racers be- 
tween China and Great Britain to = what iron ships can, 
aye, and will yet exceed, in doing before long. 

On that paper you have the A ae of fast vessels, and, 
moreover, of handy easy craft. Now, why were the first, the 
Virginia, Mugian, and Norway yawl so constructed with 
such rake of stem? Simply to make one sail perform all 
that was demanded, and almost to do without a jib or the 
bowsprit. So with our ironclads we should consider if we 
uire sea-worthiness, activity, and handiness, if we could 


not obtain it in a more sensible and scientific mode by trans- 
ferring the ram point, as the Romans did, to the beak. 
Every officer who has experienced the mode of wrecking 





at Bermuda must recollect that boats equivalent to our 
launches in tonnage run stem on to grounded vessels, and 
destroy all chance of their getting off. I witnessed that 
attempt, and interfered, thus saving thirteen vessels from 
destruction, getting them safely into port ; for which, instead 
of thanks, I was threatened with law suits! And yet, what 
better type of ram could you select ? 

I feel perfectly satisfied that when the officers of the 
United States wake from their dreams of submarine fighting, 
we shall see the old bow recover its use, as well as beauty (to 
the eye of the seaman), and that new beak prove the terror 
of sluggish adversaries. ahi 

Leaving our old ships, let us now look to those building, 
or built, of iron. The central object in the plan before you 
may be supposed to be the Warrior, and here at once 
not mean to yield the point that, like the Bellerophon - 
four years ago, some intelligent captain may yet discover the 
secret of ing her properly rigged and trimmed, to per- 
form, under canvas, what her type should justify us at least 
in hoping for. 

FIG. 3. 
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Now, why should we not make the Warrior a terrific ram 
above water? We who have worked under water know 
pretty well how wretched the force must be compared with 
the radial power in free air. To my mind I can but compare 
it to the artificer with pen-maul or sledge, who delivers his 
blow at the full radius compared with him, who places one 
hand half-way up the helve, or who would hurl that same 
mass of iron from his hand. 

Let us bear in mind the active weight of the whole line of 
gun-decks with all the paraphernalia of warlike stores, and 
consider what the effect of that compact, well connected mass 
yer ~y at its own vis inertia, plus that of the velocity 

ue to speed. 

In that plan I have assumed that we adopt the best known 
form of tool for cutting iron or wood—the mortice or bevil 
chisel. Where the direct line of resistance is demanded, you 
have a deck of some 400 ft. As the bevel, supported, too, by 
your keelson, you have the best form of bow or leapi f over 

oata- 


a sea, as well as an adversary, and yet on the line of 
uce the sections of an adversary, and it 


tion, the same length. 

Now let us p 
will be well to inquire, as a primary consideration, on what 
point is it assumed, the submarine ram will prefer to infringe, 
vertically or oblique? By fitting the curves which may re- 
present 3 bee. ap Porn. it will be seen that without any 
chance of having an interposed wave or cushion of water, 
that the impact would be so given by the mode I propose 
that the whole impetus would be directed to turn over an ad- 
versary outwards on his beam ends—indeed, cut him down 
and pass over him. 
_ By the ploughshare mode, the blow would be delivered, if 
it did not glance off below ; and, if effective, cause your ad- 
versary to roll in the opposite direction on, and towards, and 
over you, destroying both. This regards the foremost sec- 
tions. Now, when we come to deal with those about the 
counter, it will appear, without selecting the greatest hollows, 
that before the hatchet nose would touch the bottom, her 
— works would impede further progess. 

Leaving these new ships, then, to fight their separate 
actions, I now come to their classification, under the term of 
the present condition of our armoured or plated fleet. 

First, we are at a loss to determine where the rates, as 
known among the timber ships of 1860, commence or ter- 
minate. As to ships of the line, that would seem to depend 
on the speed of those vessels which could get into position ; 
and, being there, be arranged for action as the admiral com- 
manding-in-chief might determine, for we may have a cap- 
tain in a vessel of minor force superior in sank to one me 
commands what may be assumed to be or hold the place of 
the ship of the line. 

Without referring to the names of 

Navy List affords more than one case where the captain of a 
frigate of 43 guns, and over 3000 tons (3) would be senior to 
one in command of an ironclad of over 4000 tons, nominal] 
of 35 guns, and yet the superior would, not being an ironclad, 
belong to the line of battle, nevertheless both are classed as 
frigates. Then we have a corvette of 22 guns, 1467 tons, 
commanded by an officer, senior to the captain in command 
of the Warrior, 6109 tons. These matters, however, would 
speedily be arranged by the Admiralty in the event of active 
war operations. 
The important questions to be asked, are: Are our ironclad 
ships as fit to go into action, and as efficient for war purposes 
in every — as our old timber-built coppered vessels? 
Can they and steam as well? And finally, is it probable, 
as some naval men hold forth, that we are likely to be 
— by the ships of France or America? We must hope 
not. 


My own impression is that we are fast losing our prestige 
on the eritical points of speed, seaworthiness, olediny of 
evolution, indeed, excepting for action @ Voutrance, we are 
driven to depend more on resources of i 

on the old seamanship and valour of the British navy. 


ships or captains, the 
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The question is constantly asked, “ Why, with the lines of 
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the finest and fleetest ships in the world, should our iron 
ships fail to prove as fitas any timber.built vessel?” The 
only reasonable reply I can find is, that we have sacrificed so 
much to the iron shell, and sought for so many advantages 
in one tool that we have failed to secure any one impor- 
tant good quality. Not content with a monitor fit for 
harbour work, and demanding less men, stores, coal, &c., 
we must needs look to make her a clipper! Or, not 
satisfied with a certain speed and imposing size of guns, we 
must needs require a prodding nose, which shall prove the 
destruction of the vessel, or, wanting speed, prevent her coming 
up with and dealing with an adversary which it is her duty 
to engage. 

T had almost omitted to refer to the modes of propulsion. 
It is a curious fact that in Great Britain we seem to scout 
native talent, and are prone to seek for notions from some 
other country which has actually improved on what we have 
cast away. At the beginning of this century masts and 
sails gave us nearly as much speed as steam now affords. 
Taking intervals of twenty years, we find that about the 
year 1820, paddle steamers were thought of, and in 1822-24, 
the Lightning and Meteor were at Algiers. 

Twenty years afterwards, after a death struggle of opposition, 
the screw worked its way. In 1843, we may say, it was acknow- 
ledged as a success. Twenty years more, after very strong lan- 
guage, assertion, and denial in these rooms, the twin-screw con- 
quered ; and I envy not the feelings of those who so vigorously 
coined their untenable reasons to prove it never could succeed. 
True science, however, beat them. Facts against theories. Later, 
we find another power forcing its way, but, like the others, 
demanding twenty years of resistance. Ruthven’s hydraulic 
system of se has, I find, been before the Admiralty 
for upwards of twenty-four years. Detraction, false reason- 
ing, and the system of writing down, have all been tried. As 
a last resource it was fitted on board H.M.S Waterwitch, but 
so overladen with iron plating that, viewing her hull alone, 
she is unfit to withstand what we term, simply “a double 
reefed topsail breeze.” As to the machinery, that is as inde- 
pendent of the vessel’s behaviour as any chronometer would 
be in the captain’s cabin. It was assumed she might be im- 
pelled 7 or 8 knots, but lo! she attained ten, and as compared 
with the twin screw, in a sister ship, was equal. 

Is all this creditable to our country? Are inventors to wait 
twenty years? Are our best men to be sickened, insulted, 
and tarned aside as all these men of great talent have been, 
because official minds cannot rise to the level of the thoroughly 
educated engineer? How was it that Ericsson was driven to 
America, all his schemes, termed notions, scouted ? I happen 
to know. Might not select members of this Institution, 
properly supported by Government, furnish Courts of Inquiry 
which would lend force to any inventor presenting himself at 
Whitehall? We know too well, even here, how roughly some 
might be tested; but there would be this great advantage, 
both to the inventor and the public, that a strong opinion ex- 
pressed in its favour here might save the twenty years which 
seems hitherto to have been the Admiralty period of incuba- 
tion. 

Turn we now to the construction of our present armoured 
ships of war. 

Are the new bows and sterns introduced for the support of 
these ram protuberances below water as well adapted to sustain 
a ship and keep her dry and healthy as our ships of old ? 

In former times, since 1831, when the ice was broken, and 
Hayes and Symonds were permitted to have their fling, was 
it not an invariable rule, and the creed now with all crack 
seamen and yachtsmen, that the extremes were to be most reli- 
giously kept free from excessive weights which, we well know, 
as instance withdrawing guns when in chase, or in bad weather, 
prevented a ship from easily, nay, or safely, performing her 
duty? How, oy are we to view this monstrous appendage 
below water, strengthened by such masses of iron in order 
that it may not, Amazon fashion, prove a cause of destruction ? 
But more, producing such a gripe that one cannot feel sur- 
prised at these difficulties of styerage which seem lately to 
have increased instead of dimimjghed with the increase of 
science. 

In the Symonds and Hayes types we had lively vessels ; 
more important yet, our seamen confidently trusted themselves 
on a lee shore, well knowing how surely they could “ claw- 
off.” Again we are getting too much of the upright structure, 
losing the balance on one side and increased bearing on the 
other. But referring to this ram before you, the lines of 

H.M.S. Waterwitch. The form under water presents that 
of the hind-pin, the axis being just central between the keel 
and water line ; under a five-knot speed she will raise a wave 
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over that bow of 12 in., increasing up to 10 knots so as to 
lift the water over her forecastle. In fact, the faster she goes 
the more the bow becomes immersed, and, consequently, the 
steering power destroyed. 

Seamen all know how critical such a condition would be in 
any timber-built vessel scudding. I ask, if any of this class 
should be so cireumstanced could she live? And we must 
not lose sight of the impossibility, under any circumstances, of 
lightening vessels of this character. No, everything is fixed, 
and 00 owlden would be disaster that small chance of saying 


There are two parties concerned in this ram question. 
First, the gurihery, party. They wish to show their dexterity 
with their guns. Good. If'we are to credit the on dits of 
the day the adversary hit by one of these heavy shot or shell 
would have other duty to perform than playing antics, to 
find his chance of dealing the ram impact; and, further, you 
must have two captains, one to ram, another to gun. Again, 
to ram, involves competent speed on one side, and, I suspect, 
imeompetent ability to avoid or foil it on the other. And 
yet, for this very doubtful chance of it ever being called into 
action, we are jeopardising the very essence of the gallant 
seaman’s aim, getting alongside of his adversary! For rest 
assured, my landsmen friends, he who plays at the zig zag 
tactics of ramming loses distance ; nay, more, there may be 
those on board who may attribute it to want of courage— 
seamen are queer fellows in such moments—and when it 
arrives at fight or ram, who will take excuses ? 

There is yet a more serious aspect tomy mind. We must 
look to our future; we should change martial law, or the 
martial feelings of our officers. We are intent—I cannot say 
I am—on impregnability. Granted that we acquire it. 
Granted, I suppose, it is to be conceded that our opponent 
is on an equality. You are alongside, engage, make no im- 
pression. Neither can move ahead or astern for fear of this 
cursed ram. You have no power of parting laterally, your 
decks and closed ports cut off the old glory of the tar— 
boarding. We cannot forget the gallant Irby in the Amelia. 
The man who parts from his adversary is lost, however 
gallantly he may have behaved ! 

It has occurred to me that when twenty years’ further 
thought has ripened the faculties of our Whitehall magnates, 
that this turbine may, by multiplication of jets, be brought 
to aid any desired motion where even the twin screws would 
prove useless. Besides, the screws are easily fouled or de- 
stroyed by spars or nets, whereas nothing can injure the 
hydraulic. 

Further, if this country should ever adopt the monitor of 
light draught the hydraulic is the only rational power by 
which it should be moved. There is no complication of ma- 
chinery; the jets may be multiplied so as to produce any 
desired, even spinning, motion more rapidly and steadily than 
the turret, thus making the monitor the carriage of the largest 
possible gun. 

Where fuel is in sufficient quantity, and the vessel once em- 
ployed for coast defence, it is indeed contemplated multiply- 
ing the turbines. Indeed, three could be placed even now in 
a vessel of the Warrior class. And when we hear of signals 
from the watch tower, “ go ahead, astern, stop,” &c., how in- 
significant all such devices become when the commander, 
without an order, or the knowledge of officers or crew, with 
his own hand governs every motion without interfering, 
directly or indirectly, with the even and continuous action of 
the engines, which are never interfered with, consequently 
are never reversed. 

I have hurriedly thrown together these remarks with the 
hope that some of the new school will be able to inform us 
how it is proposed to meet the difficulties which I know those 
of my day agree with me in thinking are not mere phantoms 
I have to thank you for. 


KAUFMANN’S AERIAL MACHINE. 
To tHe Epiror or ENGINEERING. 

Srr,—Mr. Kaufmann’s objections, given in his letter in 
your journal of March 27th, to my suggestion as to the 
feasibility of attaching a balloon to his aérial machine, are 
only valid, ‘supposing the machine to be travelling dead 
against the wind, which I never for one moment thought to 
be possible, and did not understand that he contemplated it 
with his machine. 

It seems, however, from his letter that he has made pro- 
vision in case of any unforeseen accident or breakage occurring 
to the propeller; but he does not explain what that provision 
is, unless it is that the “ aéroplanes”—which, for “my infor- 
“mation,” he says, “are to the machine as water is to the 
“ship, and a parachute to a balloon”—are to buoy up the 
machine in case of the propelling power failing. If he can 
accomplish this, i.e., to buoy up in the air a weight of 490 Ib., 
after the failure of the propelling power, without the aid of 
gas or “the bubble,” and work the machine in all weathers 
and against the wind, then no wonder that he considers in- 
flation of any kind as “ not worth a moment’s thought, ex- 
“ cept as a toy, for the amusement of such who have the time 
“ to spare.” 

I sincerely hope that he has hit the right nail on the head, 
and that the machine will fulfil his expectations, and that 
before long he may be well repaid, which he certainly de- 
serves, for all his labours and exertions, by the aérial machine 
proving a decided success. 

But, as I said before, 1 think it quite practicable to suspend 
a propelling machine from a balloon, for the tg oe stated 
in my last letter; and if travelling in the same direction as 
the wind, the balloon would assist the machine, and it would 
be quite possible, I think, to make tacks with the double con- 
trivance in the opposite direction to the wind without going 
dead against it, especially if fitted with pendules, such as are 
shown hanging from Mr. Kaufmann’s machine, in the pic- 
torial drawing you published in Enerngerrye, March 6th. 

Yours, &c. 

London, April 2, 1868. G. J.C. D, 

[We were compelled, from want of space, to omit our 
correspondent’s letter from our last number.—Eb. E.] 











Sourn Yorksurre.—An improvement is reported in the 
state of the South Yorkshire iron trade, a fair demand havin 
been experienced for rails, sheets, boiler plates, and puddl 
bars. The trade of Sheffield can scarcely be said to be full 
active, but there has been a tolerably good demand for rails 
and other railway matériel. The trade for Bessemer steel is 
pretty well sustained, but there is only a moderate demand 
for steel for general purposes. The cutlery branches of 
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“GRAVITY OF THE GREEK ARMOUR GL. SG 
GREEK ARMO 

KING GEORGE.* NECLAD 
By Gzorer C. Mackrow, Esq. 


TuERE is this difference between the Admiralty and private 
shipbuilding firms, that while the former are left entirely free 
to determine their own dimensions, speed and powers of 
offence and defence, it in general devolves upon the latter to 
meet the propositions of others, and in days like these when 
competition is so keen,:we must be ready almost to attem: 
impossibilities, and the naval architect is often hard put to it 
as to-whether to run some risk in order to secure an order oe. 
to save his own neck, reject the terms, and leave it perhaps 
to somie one more venturesothe to do what he has refused 
and nothing could be more vexiitious: than to find that 
another has succeeded in accomplishing what he had belibyed 
to be impracticable 

In July of last year an inquiry came to us for a twin. 
screw vessel 200 ft. long, 32 ft. beam ; depth moulded, 20 ft. . 
draught of water, 13 to 15 ft.; plated with 6in. armoar over 
vital parts, 8in. on turret, which was to be on Captain 
Coles’ plan, and to carry two 300-pounders. A double 
bottom was also to be provided for water ballast, and afford. 
ing greater security against foundering. Speed required, 15 
knots actual, and absolutely necessary. ; 

The first question that naturally arose was whether such 
an amount of armour could be carried on so small a dimen. 
sion, the nearest approach to which was H.M.S. Enterprise 
but she had 4ft. more beam; the Rolfe Krake, Danish 
cupola vessel, built by Messrs. Napier, and H:M.S. Research 
were the next nearest. The first had 6 ft. 2 in., and the Re- 
search 6 ft. 6 in. more beam, but neither had more than 4} in. 
thickness of armour, nor obtained above 10} to 11 knots 
speed. My first thought was that it was quite impracticable. 
Here was some 2}in. extra thickness of armour, double the 
weight of armament, and 44 knots more speed required, and 
this on 10 tons less tonnage than the smallest; and if I 
assumed the extreme limit had been reached in these vessels, 
I must at once give up. One thing, however, was in my 
favour: only a small amount of sail was required, and there- 
fore less beam would suffice. 

My colleague, Mr. Turner, had just designed a new engine 
capable of indicating some eight times the nominal power, 
with great economy of fuel, 2400 indicated consuming only 
45 tons of coal per day ; and if I could give anything like a 
decent bow he thought we could get the speed required 
within half a knot. 

The main question to be determined was the height of 
centre of gravity of the vessel complete, and the distance 
between it and the meta centre, and this under the worst con- 
ditions, viz., with the vessel light, or with coals, ammunition, 
stores, and water out. It was evident that the vessel, being 
a double screw, and the engines having to be kept well aft, 
the battery being placed forward, that they must of necessit 
be kept very high to stow them side by side in the ak 
especially as we have not less than 4 ft. to deduct from the 
breadth for armour backing and framing of the ship, or about 
3 ft. 6in. less breadth than had she been an ordimary mer- 
chant vessel. I had no particulars of calculation of ‘any of 
the above-named vessels, and must not take for granted the 
limit had been reached either in armour or speed. 
begged, however, for another foot of beam, which was granted, 
making her 33 ft. beam, and so I at once set to work. The 
design was prepared, and the usual calculations made, with 
the addition of that tedious and sometimes unsatisfactory cal- 
culation, viz., the position of centre of gravity of hull; for 
really this is the critical point to determine, the armour and 
backing being for the most part a compact mass, and placed 
in a vertical line, its common centre of gravity can be deter- 
mined with comparative ease, and the same will hold as to 
the other principal weights, such as engines, guns, &e. 

As usual, every possible pound was taken from the hull 
below to be put into defensive armour above, due regard 
being paid to the strength of the structure. 

I suggested the battery being a fixed one, and the armour 
plates on it being reduced to Gin., and the increasing of the 
plates at water-line all through engine and boiler rooms, and 
under battery from 6 in. to 7 in. 

The horse power .decided upon was 300 nominal, working 
up to 2400 indicated; and this, taking a mean of the two 


Admiralty formule, LH.P.xe and i. P.Xe would give a 
area 


7:  °xzx+g”? 
3 
speed of 144 knots; but we did not feel we could guarantee 
under heavy penalties more than 14 knots. rer) 
The position of centre of gravity of hull in a vertical line 
was found by calculation as follows; the vessel was divided 
longitudinally into five equal parts, A BC D and E, and the 
mean centres of gravity of each portion found below the 
L WL, viz., 16 ft. 3 in. above lower part of keel, taking only 
the main parts, such as plating, longitudinal and transverse 
frames, beams, deck plating, bulkheads, stringers, &c., and 
then certain miscellaneous parts of the structure, as the flat 
and vertical keels, sternpost, stem, engine and boiler bearers, 
shaft passages, bulkheads of shot and chain lockers, maga- 
zines, wood decks, and all shipwrights’ and joiners work, 
ceiling of holds, rudder, &c. 














: | Ft. between 
Ta. | Tons. L.W.L. Moments. 

A 51.01 1.95 99.469 

B 99.45 4.56 453.492 

Cc 93.54 5.32 497.632 

D 99.53 4.35 432.955 

E 60.38 3.53 213.141 
Miscellaneous | 157.32 4.48 704.793 
561.23 )2401.482 

4,279 below L.W.L, 




















life remains. 


Sheffield trade show but little improvement. 
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* Paper read before the Institution of Naval Architects. 
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The battery was taken Me tees , with the beams, iron 
deck frames, plating, port ills, girders, wood deck, armour 
plates, and wood bac ing. 

Tons. Sum. of moments. 


Battery total weights ... ... 115,16 970.320 


C of G above... ... seo - ose 8.426 ft. 
Accessories and Outfit—Under this. head I include cap- 
stans, bitts, stoppers, galley and cooking apparatus, black- 
smiths’ work, pumps, wheels, paint, anchors, chain’ cables, 
masts, sails, &c., the total weights of which wete 60 
tons, and the sum of the various moments, about the 


15.3 WL 28-780 _3 138 above. 


The armour plates and backing to hull were taken in three 
longitudinal strakes, viz.; upper, middle, and lower, a dis- 
tion of butts was got out, and the centre of gravity of 
each plate found, and then the common centre of the whole 
strake, which were found to be as follows : 
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Then, position of centre of gravity of whole hull, was as 
follows, viz. : 


i Moments Moments 
Tons. Feet. | “shove. Feet. Scheme 








Tron and wood in 

hull’... ...] 561.23] °... déo 4,2 
Armourand bolts} 340.4 | .9249) 314.8359 
Backing & bolts 62.92) .825 | 51.7440 
Battery, inclyd- | 


79}4201.50381 


~ 











ing armour and 
backing... 115.15 | 8.426 | 970.3539 
Accessories and 
outfit ... 60.0 |3.138 | 188.2800 
1139.70 | 1525.1138 4201.5031 
1525.1138 














j 
| 1139.7)| 876.3893 
( 





| __.7689 
equal to 94 in. below L.W.L. 
e position of centre of gravity of engines, boilers, water, 
- &c., was given as 6.3 ft. below L W L, and thus we 
ave 
C of Gof whole hull below L W L,? _. on 
MMI) iis ieoiionih fee 
Cof G of engines, boilers, water, &c.,. _ 
below LW L, 273.00X6.3 ... § 2729-9000 
2596.2893 
9 ; Sg 
2 guns, 300-pounders, slides, racers, _ < 
&e., above L W L, 42x6.914 § = 2904000 


1454.7)2305.8893 





Below LWL ... 1.585 
The draught of water corresponding to these weights is 13.1}. 
Displacement corresponding to this draught 1454.7. 
Centre of buoyancy below this 13.1) W L=5.175. 
Metacentre above centre of buoyancy 7.800 ft. 
Centre of gravity below L W L as above 1.585. 
” » above light line 642 
Distance between metacentre and centre of gravity 2.083 ft. 
It will be seen that according to the above calculations, 
that the moment for comparative stability is, equal. to 
1464.7 x 2.083=3030.1401. 
moment of sails about centre of lateral resistance, is 
208.231, and thus we have for mioment of stability for com- 
parative stiffness under sail, Displacement x G M="veig?= 
01456, with this I felt perfectly satisfied, as it was under the 


most unfavourable conditions, or with the vessel light; the 


,300 tons weight of stores, &c., to be added, would bring the 


centre of gravity considerably lower, viz., 2.08 ft. below L W L. 
The vessel was constructed therefore in accordance with these 
plans and calculations, and launched December 28, 1867. 

To determine the correctness of the above, recourse was had 
to the usual experiment, the mathematical theory of which 
was so ably described by Mr. Frederic Barnes, assistant con- 
structor of the navy, in his paper read at the first session of 
this Institution, viz., The vessel was launched with the iron and 
wood work of hull nearly complete, 62 armour-plates out of 115 
bolted to sides, equal to 224 tons, wood backing all complete, 
equal to 76 tons, and in this condition on the 1st of January, 
1868, the following experiments were made : 

The vessel was moored alongside the wharf in Bow creek, 
and the top of the tide chosen to avoid the influence of any 


current, and the evening was very calm, 


A board was placed in the after hatch of the battery, and 
the inclination in 20 ft. was measured by a 3 scale of parts. 
To heel the vessel two armour plates were used, No.1 
weighing 5.05 tons, and No. 2 weighing 5.086 tons, and there 
was at this time about 17 tons of engineer’s weights on 
board, the positions of which were carefully noted, as they 
would have to be eliminated from the other weights to deter- 
mine the correct position of centre of gravity of the iron and 
wood of hull. Eighteen hands were employed in shifting the 
weights, dividing themselves equally on each side of the 
battery after having moved them. 

The draught of water during the experiments was 8 ft. 11 in. 
forward and 9 ft. 5in. aft., or a mean of 9ft. 2in., and the 
displacement to this draught was 878 tons. 

Centre of buoyance below WL ... ane 3.5 ft. 
Metacentre above centre of buoyancy 11.2 ft. 

It was found when the two plates were placed equidistant 
from the middle line, or 24.75 ft. apart, that the vessel did 
not quite plumb, No. 2 plate was therefore brought to 9.62 ft. 
from the middle line, when the vessel plumbed. 

Ist Experiment. No. 1 plate kept in position; No. 2 
moved 19.70ft. to port side, which gave an inclination in 





20 ft. of a or .6675 ft., equal to an angle 1° 37’, GM 
= PC 40m. 

W tan. ? 

2nd Experiment. No. 1 plate moved 22.66 ft. to starboard, 
and No. 2 plate to 2.92 ft. to starboard from original position. 
Inclination in 20 ft. snes’ or .76 ft., equal to an angle of 


2° 8’, or G M equal 3.950. 
3rd Experiment. No. 1 moved 24ft.6in. to starboard, 
and No. 2 2.92 ft. to starboard from original position. In- 


clination in 20 ft. sail or .8281 ft., equal to an angle of 


2° 22’, GM=3.819 ft. 

The mean of these three experiments gives GM as = 
3.937 ft. To check the calculation of height of centre of 
gravity of iron and wood of hull, we have as follows:—M 
the height of meta-centre above 9 ft. 2in. W L = 7.7 ft., or 
1.57 above L WL. G the centre of erarity below M (mean 
of the three of the experiments) 3.937 ft., and, as M is 
1.57 ft. above L W L, we have 3.935 — 1.570 = 2.365 centre 
of gravity below LW L. 

educting from the above the weight of the two armour 
plates used in heeling the vessel, and the engineer’s weights, 
we have the centre of gravity of hull 2.33 below LW L. 

Again deducting the armour and backing, and the few 
accessories of hull in place at this time, equal to 347 tons, the 
sum.of the moments of which equal 377.775, we get the posi- 
tion of centre of gravity of iron, hull, and woodwork, the 
critical point sought, viz., 4.373 ft. below L W L, the same as 
was seen found by calculation 4.279, difference .004 ft., thus 
showing how that, with ordinary care, such an important 
element as the centre of gravity of a vessel may be obtained 
very accurately, and the experiments, which may be per- 
formed in a small vessel at a trifling cost, when the ship has 
been built, being of value to test the accuracy of previous 
calculations; and to these it must be evident the greatest 
importance attaches, for as the vessel has to be built before 
the experiments can be made, it is too late then to effect any 
material changes, and the result, therefore, of any miscalcu- 
lation must continue the whole lifetime of the ship. I desire 
here, in the first place, to bear testimony to the kindness and 
readiness with which Captain Ford, the managing director of 
the Thames Ironworks, and associate of this Institution, met 
my desire to carry out the experiments which I have thought 
would form a subject for a paper not without interest to the 
various members and associates of this Institution; and, in 
the second place, to the untiring perseverance with which my 
assistants have laboured early and late with me to produce the 
plans* and models before you,no small task, I assure you, when 
there is a fair amount of business carried on, as at,these works. 

In conclusion, I beg to draw your attention to the battery. 


for a vessel to carry a revolving turret on Captain Coles’s 
plan, but as I thought something better could be done for a 
sea-going vessel, I set to work and designed an hexagonal 
form of fixed turret, as shown on the plans and in the models 
before you, where it will be seen that, by placing the ports 
in the sides or faces, which are placed at angles of 45° from 
the middle line, an angle of training may be obtained from a 
fore and aft line of 93° and upwards, and thus obtain, in con- 
junction with the second gun, a converging fire, either ahead, 
astern, or on the broadside, the importance of which I need 
not comment upon. The , with their centres of gravity, 
when both are firing on the broadside, are by the position of 
the ports thrown well into the centre of the vessel, causing 
the small amount of heeling of less than 1°, actually 33’ 0”; 
the bulwarks are by this method kept fixed, and plenty of 
space is afforded to the crew forward between the bulwarks 
for working the ship, and this plan they were pleased to 


* Engravings pre from the plans referred to, will 
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adopt. I haye not arranged the bulwarks for the guns to 
fire in a line with the keel aft, as it would limit the after 
deck, and I think the stern fire is not of the same importance 
as the bow, and a half a spoke of the wheel would always 
bring the guns to bear, and not materially retard the speed 
of the vessel; but, should an emergency arise, a shot could 
always be put through the slight bulwarks. 

For the method of training the guns I am indebted to 
Captain Scott, R.N., who from the first has wnewisry we A ad- 
vised my plan of comag’ f the whole arrangement being, I 
think, mostly complete, the grooved racers and simple method 
of swivelling the slide rollers enabling the gun to be trained 
round to each port in a few seconds, and then shunted so as 
to train at the ports through the large angle of 90°, being 
most efficient. 

You will no doubt observe the striking similarity between 
this form of battery and the one exhibited by Captain 
Symonds yesterday, in his paper on Fixed Central Batteries. 

re is this to be said, however, that while Captain Symonds 
comes before you as a project, mine is an accomplished fact, 
the vessel being now afloat in the Thames. I was led into 
the discussion upon Captain Symonds’s paper to make this 
remark, that if the revolving turret is to be superseded by any 
form of fixed battery it is by the plan I have produced. The 
advantages claimed for the revolving turret being its large are 
of training, and the capability of using all your guns on one 
broadside ; the objections to the plan are the liability to leak- 
age, in spite of every precaution, and the impossibi ity of ob- 
taining, in a saemng ship, a fire in a line with the keel, or 
right ahead, and, as Mr. Reed has very justly observed, the 
“turret ships are the only ships now constructed that cannot 
obtain a direct fire fore and aft ;” another objection is the fall 
down bulwarks, which I am sure will always prove a source 
of annoyance, and in a vessel, such as I have designed, with a 
low free board, and which is always claimed for the turret, 
the first wave that crossed her bows would lift the bulwarks 
when lowered, only to let them fall again and become de- 
tached from their hinges, or otherwise disarranged, so as to 
become incapable of adjustment. Now, as I have shown, the 
guns can be trained so as to obtain a converging fire ahead, 
astern, or on the broadside, and that at a distance of 80 yards, 
and the bulwarks remain fixtures, and, of course, the risk of 
any leakage round the turret is also entirely obviated ; another 
advantage is this, that one gun can be fired on each broadside 
as well as the two on one broadside, which cannot be done by 
the turret. For two 300 pounders the tyrret I have con- 
structed is just suitable, and therefore if the beam of the 
vessel is increased I should not increase the size of the turret, 
so that if the ship was 6 ft. wider I should then obtain a 
sufficient breadth outside the turret to form a passage way, 
and thus have a communication fore and aft without passing 
through or over the turret. I should strongly object to a 
central port in the broadside, as shown in Captain Symonds’s 
plan of yesterday, for I count upon the long unbroken face of 
armour to protect my men from broadside fire, and it is 
obvious that if a converging fire can be obtained nf, the two 
guns at 80 yards, a middle port is not needed. The weight 
of this fixed battery, of 29 ft. internal breadth, is only 116 tons, 
and I reckon a Coles cupola, of 23 ft. area, plated with 6 in. 
armour, with all turning gear, rollers, bed, &., will weigh 
over 120 tons, and therefore a large vessel, with several of 
these turrets connected together, and with the middle line 
portion omitted, would involve a less amount of weight than 
needed for as many cupolas, though, of course, more than for 
an ordinary broadside; but I think the extra weight de- 
manded is more than compensated for by the large amount 
of training obtained. 

I flatter myself therefore I have produced a vessel having 
greater offensive and defensive powers than any vessel of 
similar tonnage afloat, obtaining, as I believe she will, 34 to 
4 knots more speed, complete protection all round to height 
of gunwale, having 6ft. to 6ft. 6in. height of port cill at 
] draught, with excellent accommodation for crew and 
officers, a communication being provided under the protec- 
tion of the armour between the after cabin and the battery, 
and again from the battery into the forecastle, good stowage 
room for coals and ammunition, and with the addition of a 
little more sail, capable of making a cruise to any part of 
the globe in any weather. The ports, when closed, are per- 
fectly water-tight, the lower half being of armour; and the 
top of the battery forms an excellent platform for the cap- 
tain and officers from whence to direct the ship. 

An inspection of the plans and calculations will, I think, 
show that I should not have been justified in refusing the 
terms of the proposition, which was done by several of the 
leading firms of this country, none of whom cared to build, 
as I am informed, with less than 7 or 8 ft. more beam, and it 
was confidently asserted by some that, in launching, she 
would turn turtle. I had, however, made my calculations, 
and therefore stood by them and, as you have seen, I have 
had no cause for regret. Since she has been launched, how- 
eyer, some of the firms, who before had refused, have now 
roposed vessels on these dimensions. 

he weights have come out somewhat less than was cal- 
culated, and therefore with the 40 ton margin I had allowed, 
I am enabled to carry another day’s coal full steaming, 
making together 44 days, and also an extra 50 rounds of 
ammunition, the importance of which the Greek Government 
are fully sensible. I append the connected statements of 
weights, which are as follows: 

tons. 

Iron, hull, and wood works ... oes «» 658 
Battery complete, with armour and backing 110 
Armour on ship oso ood! aha ee BBO 
Backing:. se ose oun teat 63 
Accessories and Outfit aia daa) 80 
Engines oat ie! abel aka abet eer OD 
Coals, 4} days’ full steaming... ... «. 210 
Water, stores, men, and effects ove os 60 
Guns and ammunition, 300 rounds ... 90 
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ON THE APPLICATION OF PORTABLE 
BUFFERS OR SPRINGS TO THE CABLES 
OF SHIPS RIDING AT ANCHOR.* 

By R. Saunpgrs, Esq. 

Tue frequent parting of chain cables and consequent strand- 
ing of ships in various parts of the world, but especially on our 
own shores, is too familiar to the minds of those who watch the 
records of such disasters to need any detailed statement. The 
annual loss of life and property resulting from shipwrecks has 
become a subject of magnitude in a national and commercial 
point of view, and any effort which may tend to lessen the fre- 
quency of such calamities will not be deemed unimportant. 

Very much has been done of late years by the legislature to 
protect life on shore by the inspection of miues, railways, &c., 
and where vessels are required to carry passengers or troops to 
the colonies, such vessels are subject to official scrutiny as to 
their equipment and general efficiency, but as to nearly all 
other ships, whether in the home or foreign trades, great lati- 
tude is given to shipowners. 

Those vessels which are registered at Lloyd’s are supposed to 
be surveyed and “as in every way fitted for the voyage,” 
and they must conform to the rules of that society, but a large 
number of vessels, especially those engaged in the coasting 
trade, it is to be feared, are without this security or inspection. 
Either they are uninsured, or the owners are copartners in some 
local society which protects them from loss in case of disaster, 
but the sailors in the mercantile marine are left very much to 
the mercy of what I venture to term a loose and defective 
system. 

I now proceed, however, more directly to the subject of my 
paper, which is to point out how the principle of a powerful 
spring, as at present applied to railways to control the sudden 
starting and stopping af trains, may be adapted with equal 
advantage to the protection of ships’ cables. 

As a practical navigator, I have known cases almost without 
number, in which ships’ cables, strong enough for all ordinary 
use, have been unable to withstand a severe gale, and have 

rted at the critical moment under severe strain, when a few 
inches of elasticity would have given relief, and safety instead 
of destruction to life and property. 

In order to effect this object springs of great strength and 
power have to be used (say from 20 to 70 or 80 tons), suited to 
all vessels from 200 tons to 3000 tons. Railway springs (being 
always in pairs) from 5 to 6 tons, are found sufficient, but there 
is no difficulty, by increasing the diameter of the ring, in obtain- 
ing proportionate power, and at the present time a large number 
are in course of preparation for the Indian Government for 
the moorings in the Hooghly at Calcutta, which are tested to 
70 tons. 

_ The diagram before us represents a spring of 20 tons, which 

is shown in two forms, one at rest, the other compressed to the 

extent of one-half. 

The action up to that point is 7 in. (as indicated by the scale) ; 
bnt in extreme cases another inch or two of compression may be 
obtained without damage to the material. 

To those who have studied the subject, it will be evident that 
it is not the ordinary every-day use of cables which tests their 
holding power; that so long as ships ride in easy tides and in 
moderate weather, the ordinary strength, as guaranteed by the 
proof test, is amply sufficient; but when a ship is riding in a 
strong tideway and boiling eddies, or in a heavy sea and hard 
gales, the case is altogether different. At one moment she 
forges ahead towards her anchor; at another, she shears off at 
an angle of 25° or more from the course of the tide; again, she 
falls astern, and is suddenly checked. It is at this particular 
erisis that the anchor either starts from its holding bed or is 
broken ; the chain snaps, the windlass is upset, or other serious 
damage transpires. Here, then, rests the whole question, how 
shall we mitigate this damaging shock? Can it be lessened? 
Can its effects be prevented? Yes, as surely as railway carriages 
and passengers are now protected from concussion by the appli- 
cation of buffers, so would lite and property be rendered more 
secure by the application of springs to ships, as herein proposed. 

According to a well-known maxim, the strength of a chain is 
the strength of its weakest link—no more—and one flaw is fatal. 
But if, at the moment of severest tension, a few inches stretch 
can be given by means of a powerful spring the danger of 
parting is thereby avoided. 

Many familiar examples might be given to illustrate this well- 
known law of dynamics. 

One that will readily occur to all seamen is the common use 
of fenders, particularly those made of coir and cork combined ; 
how in a moment an otherwise severe concussion is rendered 
harmless by throwing such a squeezable cushion between the 
sbip’s side and the dockhead, or any other rigid body coming in 
contact. The explanation is obvious. In the one case the 
shock is instantaneous, and therefore mischievous; in the other 
the momentum expends itself upon a yielding body, and no 
damage is done. 

Precisely on the same principle it is that the use of a sprin 
sufficiently powerful to act at the moment required gives relie 
to a chain by absorbing the surplus strain. One other illustra- 
tion will suffice. Sup two vessels, each riding by a cable, 
the breaking strain of which is 50 tons, one provided with a 
Spring, the other not; so long as the strain does not exceed this 
extent both are safe; but the forces of wind and sea, combined, 
perhaps, with a strong tide or heavy pitching, are conditions so 
ever varying as almost to defy exact calculation. For an instant 
the strain may be 60 or 70 tons, and under such circumstances 
it is evident the one cable must part, whilst in the other case the 
vessel would continue to ride sately. 

Doubts may arise in some minds a> to the probable dura- 
bility of these sea-going buffers, exposed, as they must be, to 
rough w and all kinds of weather, but there need be no 
apprehension on this head. They will stand the test of salt 
= and fresh, and hard work in danger is their standard and 

esign. 

Statistics would amply show that where one ship was lost in 
mid-ocean, at least 100 are lost on various shores. 





* Paper read before the Institution of Naval Architects. 





The case of the Royal Charter, so painfully familiar to all, 
is a case in point. She reached our shores after a successful 
run; but having, through stress of weather, to trust to her 
anchors as the only alternative, her chains parted, and the sad 
disaster followed. 

I will close these remarks with one or two extracts lately re- 
ceived—one from W. C. Douglass, Esq., engineer to the Trinity 
Board, the other from the committee of Lloyd’s officers. 


Copy. 
Lloyd’s, Jan. 15, 1868, 

Sir,—Having carefully examined a model of Saunders’s patent 
spring for moorings and chain tackling, and read the testimonials 
from the harbour authorities at Calcutta, where the springs 
have been used for some time, both on the moorings in the 
harbour and by the light and pilot vessels at the sand heads, 
and of others who have used them, we are of opinion that it is 
an admirable invention, and, if in general use, would be the 
means of preserving many a vessel from wreck. 

We remain, Sir, yours obediently, 
(Signed) C. Y. Warp. 
Cuas. P. WiLson. 
I. SEALEs. 
C. W. Bonnam. 
To I. A. W. Harper, Esq., 
Secretary to the Wreck and Salvage 
Committee, Lloyd’s. 
Trinity Works, Penzance, 
arch 12, 1868. 

Dear Sir,—I have had the rubber discs taken out of the 
springs and carefully examined; they appear to have altered 
very little either in shape or size since the first day they were 
used (20th March, 1865); the slight cracks on the edge, visible 
when under pressure, being scarcely visible when they are out 
of the frame. 

By careful measurement, I find that two of the discs have in- 
creased a little in diameter,’and are each ¥,th of an inch thinner 
than they were. The others have not altered in size, and from 
their present appearance, I see no reason why they should not 
last three or four years longer. 

Believe me, dear Sir, yours very truly, 
(Signed) W. Dovetas. 
R. Saunders, Esq. 


o-. 
asper Channel, Jan. 1, 1868. 

Dear Sir,—It gives me much pleasure to inform you that 
your springs have lately and more than ever proved their great 
value in easing—saving, I might more truly say—ships’ cables 
in a heavy sea. 

On the 1st of November last, with two strong springs on my 
chain, I rode in the Gasper Channel successfully through a 
cyclone which sunk and disabled many fine vessels and snapped 
chain cables not. assisted by your springs as if they had been so 
many pipe stems. 

To give you some idea of the severity of that hurricane, I 
will state a few facts. On the evening of the 1st of November 
there were anchored within a few miles of me, but in a much 
better anchorage, two ships, a brig, and two powerful steamers. 
All these vessels, I believe, had two anchors down, but they all 

ted—three of them, a ship and two steamers, drove on shore. 
ad these vessels’ cables been assisted by your springs, I firmly 
believe not one of their chains would have parted. 

In such a short, quick, and heavy sea as we had in that gale 
the jerking of the chain in the old ordinary way would be fear- 
ful, and I believe this jerking is in most cases the sole cause of 
the chain parting. At any rate, if it does not part it in one 
gale, it renders the cable more liable to part in the next, for it is 
a well-known fact that a continuation of jerks render a chain 
quite brittle. What next follows, I need not say. . 

With your springs there is none of all this, and was it not for 
the howling of the wind, the washing of the water, and the 
violent motion of the vessel, one would think, to judge from the 
easy play of the cable, that there was but an ordinary every- 
day breeze and sea. 

When every British ship carries a pair of your springs we 
shall hear far less of parting cables, stranded ships, and whole- 
sale loss of life and property. 

(Signe J. Gipson, 


d) 
Commander H.M. lightship Comet. 
Previous to the application of springs to the Comet’s cables 
she parted on the average five times a year, as shown by the 
books at the dockyard. 





DISCUSSION. 


The Chairman thought the invention a very ingenious 
one. Knowing what elastic power remained in india- 
rubber, there was no doubt, where the strain was not dead 
and constant, it would recover its position with ease. 

Mr. Symington asked how it was proposed to attach it to 
the cable. 

Mr. Sauritlers replied that a clutch at one end of the 
spring had a spare chain passed through it, and that piece 
of chain was either made fast to the bits or the windlass, 
clear of the chain cable which the ship was riding by. In 
case more cable was required the spare piece of chain was 
let go, when the ship would ride by a cable, the clutch was 
taken off in a moment, and the cable veered away as much 
as required. 

Mr. Barnaby thought it would be interesting if Mr. 
Saunders would state something about the trials made with 
his invention at Sheerness Dockyard. Some experiments 
had been made there with reference to derrick and crane 
springs. 

Mr. Saunders said that when he first invented the spring, 
three years ago, Blackfriars-bridge was about to be re- 
moved. An accident happened, and Mr. Thorn, the con- 
tractor, sent one of his men round to look at the springs, 
who said they were just what they wanted for lifting the 
heavy materials, to take off the sudden jerk, and they at 
once adopted them. That had led him to apply to the 


Government to have them applied in a similar way at the 
dockyard. An accident had occurred at Woolwich in lift- 
ing a heavy boiler, where the chain had broken, and two or 
three men were killed. The Government had kindly allowed 
him to send two or three down there to be tried, 

were put under hydraulics to be tested as to the strength of 
the bar, and the bar had broken. Two others were after. 
wards sent down and attached to the large cranes. He dig 
not think it would be fair to expect any one in the dock. 
yard or Government service would let run any great wei 
merely to test his springs, therefore he had applied to the 
Admiralty to test them in some other way; but, up to the 
present time, he had not been successful in that. Hig 
object was to get them tried on ships’ cables. A notion 
seemed to have crept into the mind of the Admiralty that if 
the spring broke the ship would go ashore. That was not 
the fact. Ifthe spring were to break fifty times it did not 
follow that the cable would break. It would be indiscreet 
to give more slack than was needed for the free action of 
the spring, and if it broke there was still the cable to rely 
upon. 

Mr. Norman Scott Russell said that he had been under 
the impression that the curve formed by a cable chain wag 
sufficient to allow for any sudden shock, and to give suffi- 
cient elasticity to the chain; but, from what Mr. Saunders 
had said, it appeared that the spring gave additional safety 
to the cable, and if the spring were destroyed the cable 
would be just as strong and just as capable of resisting a 
second shock as it would be capable of resisting without any 
spring at all. 

Mr. Saunders: Supposing I am riding by a cable tested 
by 40 tons, and a shock of 60 tons is coming on the cable, 
It is not like a momentum. [If there is a strain of 60 tong 
coming on a cable tested by 40 tons, I am, so to speak, ab- 
sorbing with my spring the increased strain, and with that 
assistance, although a shock is coming of 60 tons, I main- 
tain that a cable tested by 40 tons will hold on. 

The Secretary: As I understand Mr. Saunders, he means 
that if a sudden shock of 20 tons extra comes, and lasts 
only a fraction of a second, the time is distributed, so to 
express it, and he gains time by his appliance. 

Mr. Saunders said that the spring had the effect of absorb- 
ing the strain and gave more time. 

The Chairman would say that it was quite a mistaken 
notion to suppose that the curve of chain, with the riding 
motion of a vessel, was sufficient of itself. Any person who 
had had practical experience would know what he meant 
by the “ringing nip” caused by the great strain upon the 
cable. Something was required to take off the dead nip of 
the windlass, which would sometimes bite into the cable 
and destroy a link, and if this invention effected that object 
it was one of great importance. 

Mr. Saunders said that he had a great deal of respect for 
engineering, and should be sorry to be understood as saying 
anything in derogation of it, still he thought that a little 
practice was a most essential element in its development and 
success. He thought engineering would go ahead much 
more satisfactorily if there were more practice. He be- 
lieved if one man was to go to sea and ride in a gale of wind 
without a spring to the cable, and another with the spring, 
the one would be able to go to rest comfortably in the 
downs without being disturbed, while the other would be 
thrown about by tremendous shocks throughout the ship. 
By overcoming the shock, security was given to the ship. 
He might be wrong, but that was his experience. 

Mr. Young asked whether Mr. Saunders introduced the 
subject as a novelty altogether, or simply as a novelty of 
application, because he recognised the spring as one which 
has been for many years in use on railways. 

Mr. Saunders said he merely introduced it as a novel 
mode of application, though he knew nothing about its use 
on railways. He thought there could be no doubt of the 
advantage of anything which would ease the sudden jerk 
experienced by ships riding at anchor. 

Mr. Young said it had been used as a buffer for railway 
carriages, and if it answered with a push, he did not see 
why it would not answer with a pull. 

The Chairman thought Mr. Saunders was entitled to 
their thanks for placing his invention before them. 

Mr. Saunders expressed his thanks. As a practical man 
he would not have introduced it if he had not seen merit in 
it, though he supposed inventors always believed there was 
merit in everything they took in hand, but felt sure that 
anybody knowing anything about ships or chain cables 
would not be blind to the advantages which these springs 
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BREWING AND BREWERIES. 
To tHe Eptror of ENGINEERING. | 

Str,—I notice in your articles on “ ge | and 
Breweries” one or two little inaccuracies which, although 
trifling, I think it will be desirable to correct. 

Ist. In the sections given of Messrs. Allsopp’s Brewery 
and Tunnery, Mr. Davison is made to —— as engineer 
and architect, whereas he was engineer only, Messrs. Hunt 
and Stevenson, of London, being the architects. 


Qnd. The eredit (if any) of arranging the “ flying cords” 
for driving ao | screens is given to Mr. Stirk instead of to 
Mr. Hamilton Woods and Mr James Hendy, who —_ the 

ese wor! 


arrangement and directed the execution of Q : 
A cosine to make these (to me at least) most interesting 
articles as correct as possible, must be my excuse for troubling 





you. 
March 31, 1868, Bx. 
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oe 
ON WAVES ata ~ ha ALONG WITH 
SHIPS.* 


By W. J. Macquory Rank1nE, Esq. 

i this Paper.—The relation between the length of 
ae 6 speed mith which it travels in water of un- 
limited depth, when not interfered with by external forces, is 
well known; and it was many years ago made use of by Mr. 
Scott Russell as the basis of his theory as to the least lengths 

r for the entrance and the run of a vessel respectively in 
* Order that she may be driven at a given speed without causing 
the resistance to increase faster than the square of the velocity. 
The object of the present paper is to'show how a certain rela- 
tion between the depth to which the disturbance of the water ex- 
tends, and the speed of the wave bears upon the form and 
motion of waves which travel along with ships. 

2. S of Wave in an Uniformly Disturbed Canal.—lt 
has long been established, both by theory and by experiment, 
that when a wave travels along a canal of a given depth, and 
when the horizontal component of the disturbance of the 

rticles of water is uniform throughout the whole depth of 
the canal, the speed of advance of the wave is equal to the 
velocity saguivel by a heavy body in falling through half the 
depth of the canal—that is to say, in algebraical symbols, let k 
denote the depth of the canal; g, gravity; and a, the speed of 
advance of the wave; then ‘* 

a=A/ 9k; 
the value of g being very nearly 32.2 ft., or 9.81 métres. 


3. Relation between Speed of Wave and Virtual Depth of 


Uniform Disturbance.—Very recently it has been proved} that 
asimilar relation exists between speed of advance and depth of 
disturbance, even in water of unlimited depth, and with a hori- 
zontal disturbance following any law whatsoever; provided that 
for the actual depth of an uniformly disturbed canal there is 
substituted what may be called the virtual depth of uniform 
disturbance ; or, more briefly, the virtual depth : that is to say, 
adepth found in the following manner. Conceive a stationary 
vertical plane, of a given breadth, to coincide at a given instant 
with the crest of a wave, where the motion of the particles of 
water is wholly horizontal ; find the rate, in units of volume per 
second, at which the water passes through that plane, owing to 
the disturbance: divide that volume by the horizontal velocity 
of a surface particle, and by the breadth of the plane; the quo- 
tient will be the virtual depth. Let this be denoted by &; then 
the speed of advance of the wave is a=A/q &, as in the formula 
of the preceding article,t This principle is quite universal, and 





which a disturbed particle of water occupies in performing one 
revolution; multiply the periodic time in seconds by the radius 
of a circle whose circumference is equal to the acceleration pro- 
duced by gravity in one second, and by the ratio which the 
greatest vertical velocity of the surface particles bears to their 
greatest horizontal velocity. In symbols let T be the period in 
seconds; g, gravity; ,, the 
particle, and v,, its greatest vertical velocity; then the speed of 
advance is 
%, 
e=_', 


u, 
The value of gz is 5.12 ft., or 1.56 métres per second. 
n 


Pa 
2n 


The length of the wave isof course L=aT. When the actual 
depth to which the disturbance of the water extends is great 
compared with the length of a wave, it is known that the 
greatest horizontal and vertical velocities of a snrface particle 
are sensibly. equal; so that the speed of advance in that case 
is simply equal to the period in seconds multiplied by the radius 
of a circle whose circumference is equal to the acceleration pro- 
duced by gravity in a second; or denoting this last-mentioned 
speed of advance by b, we have 


gT 
=n 
=Tx 5.12 ft. per second. 
=T x 1.56 métres per second. 
5. Acceleration and Terminal Speed of a Wave.—When a 
rolling wave of a given period travels freely, the virtual depth 


(k) and the ratio of vertical to horizontal disturbance “ 


i 
necessarily adjust themselves so as to make the values of the 
speed of advance in terms of the virtual depth, and in terms of 
the period equal to each other. That is to say, in symbols, we 
must have 
v, gT a. 
aT 


> 
= 
te 
= 
7 


and consequently, 
v1 


 —- 2 oe 22 
gk=a (: b 


2) 
When the disturbance which originally produces a wave extends 
to an actual depth which is small as compared with the whole 


depth of the water, the ratio of the vertica! to the horizontal 


disturbance is less than unity, so that g k is less than 5, and th 
Fic.l. 
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holds for waves of all figures, and for every kind of disturbance, 
provided only that the upper surface of the water is free; and 
all the values of the speed of advance of waves in terms of 
length, or periodic time, &c., which have been arrived at in pre- 
vious researches can be deduced as particular cases from the 
value in terms of the virtual depth. 

_ 4. Speed of Advance in Terms of Periodic Time.—Accord- 
ing to previous researches which are well known, the speed of 
advance of a wave is expressed as follows in terms of the time 





* Paper read before the Institution of Naval Architects. 
+ See Proceedings of the Royal Society, 1868. 

_ In algebraical symbols, let u, represent the horizontal velo- 
tity of a surface particle; « the horizontal velocity of a par- 
Ucle at the depth, z, below the surface; dz, the vertical thick- 
ness of the layer of water in which the horizontal velocity of 
a] particles is; then the virtual depth is given by the for- 

ula, 


palude, 


u 
For example, in water of very great depth it is already known 


that w=u,¢ - 2"*, approximately, where L is the length 


of the wave; so that in that case we have for the virtual depth, 

pofude L 

Uy 2n 

and for the speed of advance 
; L 
anVgraV(S 3 

being the well-known expression for the speed of a rolling wave 
ep water in terms of the length, which various authors have 


deduced from the rinciple that the free surface of the water is 
everywhere n to the resultant of gravity and reaction. 











speed of advance is less than that corresponding to the same 

riod in deep water. As the wave advances, the disturbance 
is gradually communicated downwards to layers of water 
situated at greater and greater depths below the surface; the 
surface velocities of disturbance (v, and u,) both diminish, and 
the horizontal surface velocity «, diminishes the faster of th, 


two, so that the ratio 7: of the vertical to the horizontal velocity 
u 
approximates to equality ; the virtual depth (%) increases, and 
2 
approximates gradually to the valve (=) corresponding to the 


speed of the wave when the actual depth to which the disturb- 
ance extends is unlimited; and the result is, that the wave 
advances with a speed gradually increasing, and approximating 
closer and closer to the speed (6) corresponding to the period 
when the horizontal and vertical disturbances are equal. Hence 
the speed (6) may be called the terminal speed of advance of a 
wave of the given period, and the corresponding value of the 


2 
virtual depth (“) may be called the terminal virtual depth. 


The length of the wave gradually increases ay geome to the 
a= of advance, and approximates towards a terminal length 
(6 T). 


6. Oblique Advance of a Wave.—It is to be observed that 
the speed of advance referred to in the preceding articles is 
measured in a direction perpendicular to the ridge or crest of a 
wave. When the solid body by which a wave is raised moves 
through the water at a speed greater than the speed of advance 
of the wave, the ridge of the wave places itself so as to advance 
obliquely, and the obliquity is determined as follows: In Fig. 2, 
let C be the point where a wave crest is raised by a solid body 
moving through the water at a speed greater than the speed of 
advance corresponding to the virtual depth of uniform hori- 
zontal disturbance. Draw D C to represent the velocity of the 


greatest horizontal velocity of a | bod 





solid body, and upon it as a diameter describe a semicircle. 
Then about D, with a radius (D E) ting the s' of 
advance corresponding to the virtual depth, draw a circular arc 
cutting the semicircle in E, and draw the straight line, CE; 
this will represent the position which will be p—nediow be the 
wave ridge, so as to enable it to travel along with the solid 


y: 
7. Application to Waves raised by Ships.—The principle now 
stated has already been applied to the explanation of the addi- 
tional resistance, increasing faster than the square of the velo- 
city, which is met with by vessels that move faster than the 
terminal speed of the waves which they raise, that terminal 
speed being the speed corresponding to the length of entrance 
according to Mr. Scott Russell's system. It has now to be 
shown how the depth to which the disturbance produced by the 
vessel extends must affect. the form and motion of the waves 
which travel along with her. Let AB in Fig. 1 represent a 
half-breadth plan of a ship; A her cutwater; B her sternpost ; 
and let C be the point where the crest of a “ wave of displace- 
ment is raised by the bow of the vessel. Draw DC to represent 
the speed of the ship; draw, as before, a semicircle on DC as a 
diameter, and lay off DE to represent the speed of advance 
(/7& ) corresponding to the virtual depth of disturbance (*) ; 
then C E perpendicular to D E will be the position assumed by 
the wave-ridge as it advances obliquely from the ship. (The 
geometrical construction may be performed by means of the 
enlarged diagram, Fig. 2, for convenience.) It is probable 
that the virtual depth (k) bears some definite relation to 
the mean depth of immersion of the part of the ship by 
which the wave is raised, meaning by that mean depth, the 
displacement of the part in question divided by the area of its 

lane of flotation; but what the precise nature of that relation 
is still remains to be ascertained by experiment and observation. 

Let C’ in Fig. 1 be the point where the crest of a ‘“‘ wave of re- 
placement” follows the ship. ‘Then in Fig, 2, lay off DE’ to 
represent the speed of advance corresponding to the virtual 
depth of disturbance (which will be certainly not less than, and 
in many cases greater than, the virtual depth in the wave of 
displacement) ; then the position assumed by the wave ridge at 
C’ (Fig. 1) will be parallel to C E’ in Fig. 2. To illustrate the 
same principles further, sup the ship to be driven by paddle 
wheels; and let C” in Fig. 1 be the point where a wave crest is 
raised by the paddles. Then in Fig. i lay off D E” to represent 
the speed of advance corresponding to the virtual depth of the 
disturbance of the water by the paddles (which will probably be 
equal, or nearly equal, to their depth of immersion); then the 
position assumed by the wave ridge at ©” in Fig. 1, wi 

arallel to C E” in Fig. 2. The data according to which the 

gures are drawn are as follows: 
Velocity of ship, D C, 24 ft. per second. 


Virtual Speed of 
Depth. _ Advance. 
Ft. Ft. per second. 
Wave of displacement at C k=45 a=12 
Wave of replacement at C’ ... 8.0 16 
Wave raised by paddle at C” ... 2.0 8 


Terminal Positionand Forward Currature of Wave Ridges. 
—According to the principle stated in Article 5, the disturbance 
of the particles produced by the passage of the ship is gradually 
communicated to layers of water at greater and greater depths, 
and the speed of advance of each wave gradually approximates to 
a terminal speed, depending on the periodic time, in the manner 
stated in Article 4. The periodic time of any one of the waves 
raised by a ship is equal to the length of that wave as mea- 
sured parallel to the line of flotation divided by the speed of the 
ship. In symbols, let L be the length, so measured, and c the 


speed of the ship, then T = L - The length of the wave of dis- 
c 
placement is either equal to, or bears some definite relation to, 


the length of the ship’s entrance; that of the wave of replace- 
ment bears some definite relation to the length of her run. To 


] find the terminal position of one of these waves, lay off D F, in 


Fig. 2, to represent its terminal speed as calculated from its 
period, then the terminal position of the wave ridge will be 
rallel to C F in Fig. 2,as exemplified at c and c’ in Fig. 1. 
ence each of the wave ridges raised by a ship bends forward 
as it spreads, approximating by degrees to the position corre- 
sponding to its terminal speed in a manner which is illustrated 
by the curves Cc, C’c’, ©” c”, in Fig. 1, and which must be 
familiar to every one who has watched the waves that follow a 
steam vessel when calm weather and smooth water enable their 
figures to be distinctly seen. The rate at which the forward 
bending of the wave ridges goes on remains to be determined b: 
observation ; for it depends upon the still unknown rate at which 
the disturbance of the water is transmitted downwards. The 
data as to periodic time assumed in the construction of the 
figure are as follows: 
Length of waves of displacement and replacement, L=96 ft. 
Speed of ship, C—24 ft. per second. 


Period Tex =4 seconds, 
Terminal speed, b=D F=5.12x4=20.5 ft. per second, 


nearly. 

9. "Retarded Waves.—The particles of water near the vessel 
may sometimes, especially if she has full bows, be forced to 
move in waves which travel for a short time at a speed greater 
than that corresponding to the virtual depth, and in some cases 
greater than the terminal speed. Such waves, as they spread 
outward from the vessel, are ery retarded, until they assume 
their proper free speed, and their ridges present a backward 
curvature, as in Fig. 3. 

Conclusion—E xperimental Data Desirable.—In the absence 
of precise experimental data as to the figures of the wave 
ridges which travel along with ships, it has been impossible, in 
the present paper, todo more than to point out the nature of 
the principles upon which those figures ecm and to show 
the general agreement of the results of the theory with those of 
observation. It is obviously very desirable that accurate ob- 
servations should be made of the positions and curvatures of 
those wave ridges as raised by vessels of various figures at 
various speeds, use, when we have those observations, the 
theory will enable us to deduce from them values of the depth 
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to which the water is disturbed by the passage of the ship, and 
of the rate at which the disturbance is transmitted downwards 
to greater depths; and it is very probable that the knowledge 
thus obtained may lead to some results which may prove useful 
in practice. 








INSTITUTION OF NAVAL ARCHITECTS. 
(Continued from page 347.) 

Vice-Admiral Belcher read his paper on “ Naval Con- 
struction from 1800 to the Present Time, and its Probable 
Future.” On the conclusion of this paper, which we publish 
on page 353 of the present number, the following dis- 
cussion took place. 

Mr. Rochussen said he should not have attempted to 
address them had not the gallant admiral wakened warm 
feelings of early youth by his allusion to the Dutch frigate. 
On board that ship he could not help being struck with the 
inconvenient weight of teak spars, heavy hemp rope, and so 
on, In India he had thought how disgracefully ship- 
builders of that time were beaten by the native builders of 
the Indian prow, which would scud over the waves at the 
rate of twenty knots an hour. It was important that the 
shrouds and back stays to a ship should be of a light and 
strong material, so as to decrease as much as possible the 
top hamper. Yesterday he had committed himself to a 
statement that might be thought more or less visionary, 
that he could produce a steel equal to 290 tons per square 
inch. He had the wire now with him, and would leave it 
for inspection. If that sort of steel was adopted in ships of 
the navy and mercantile marine, they would save a deal of 
top hamper, and approach what might be called a cobweb 
rigging. He had noticed, and supposed that most naval 
architects had also noticed, with a great deal of interest the 
construction of a small gunboat by Mitchell, of New- 
castle, from the design of Mr. George Rendall, of Sir Wil- 
liam Armstrong and Co. That boat was 27 feet long, and 
carried a heavy gun, It would be a realisation of what 
Mr. Scott Russell aptly termed some years ago “a floating 
gun carriage.” We were now able to produce a metal which 
did not commercially exist in large masses at the time of the 
sitting of the plate committee, viz., the casting of a good 
malleable material. In every emergency they had to fly to 
casting. It was all very well to talk of the 9 or 10-inch 
rifled gun, but that was a matter of time, and if the neces- 
sity should arise, they would have to adopt the American 
system of using large guns of iron unrifled. 

The Chairman: The question raised by my excellent 
friend, Admiral Belcher, is for the purpose of endeavouring 
to elicit from us a prophecy as to what will be the future of 
the navy. Gentlemen, I will venture to prophesy that 
within the next twenty-five or thirty years—I will now turn 
prophet and tell you what I think it will be—ships will be 
propelled by steam; that there is no doubt of. ‘The form 
of propulsion will be the turbine. The vessels will be full 
rigged, and the armour plate will be very much reduced, 
but not lost sight of. It is said that it is penetrated at 
right angles. If that be trae—I do not say it is, but you 
gentlemen engaged in science know—it is of no use. But 
you tell me it is not to be penetrated at certain degrees of 
angles. As the force shall be reduced, so shall we be com- 
pelled, by the necessity of floating our ships, to get rid of 
the armour plate. That is my belief as to what will arise 
in the course of twenty-five years. 1 hope the reporters 
will record what I have said, so that in the future it may 
be seen whether my prophecy is an accurate one. 

Captain Selwyn said that he should be sorry that naval 
architects should continue under the delusion that they 
could not get an answer from the navy as to what was 
wanted. If you did not give the highest speed attainable 
by any man-of-war afloat in the world, you had taken 
away the power of catching a man-of-war when she was 
seen. Whether ships cost one, ten, or ten hundred thousand 
pounds, if they couid not do the work they were sent out to 
do, it would have been better to have spared the whole 
money, as the cheapest way of dofng nothing. Our ships 
should be able to keep the sea during any number of months 
during which they might be required, and not be able only 
to commit a little devastation and retire. Speed and sea- 
worthiness were two tests, and if you did not give one 
single gun they would beat the enemy with their teeth, if 
the vessels possessed those two qualities. If naval architects 
were sent to sea for six years, when boys, they would not 
devise such monstrosities as he had sometimes seen proposed. 
With regard to propulsion, he joined with those who said 
that the turbine propeller gave an advantage which no other 
form of propulsion could give, irrespective of speed. It was 
to be remembered that no man commanding the best screw 
vessel that could be floated, could pass a few ropes or sub- 
marine obstacles which an enemy might lay down. The 
turbine was not liable to those objections, and therefore the 
balance of benefit was in favour of adopting such a form of 
propulsion, although, in order to procure speed, more steam 
power had to be employed. The use of liquid fuel would 
materially enable them to reconsider the question of engine 
power. There was no reason for saying that a ship could 
not be built upon the broadside principle to carry a 3000 
pounder if it were wished. If you could bring a cupola 
ship to carry a 3000 pounder gun, he would make a broad- 
side ship to carry two. 

The Rev. Mr. Drew said that he wished to speak to a 
practical matter affecting rather the navy of the future. 
His Lordship (the chairman) was well known in this 
country as one of the greatest friends the navy had had 


and the Institution was known as the head quarters of 
scientific matters connected with the arming, fitting, and 
designing ships of war. It appeared to him that there was 
one great defect in the country with regard to these matters 
—for though there was such an officer as the chief con- 
structor who took care of the hull of the ships, and the 
Armour Plate Committee which took care of the material 
forming the armour, there was no authority for dealing with 
such matters as he saw placed around him. In 1865 he had 
delivered a lecture at the United Service Institution on the 
construction and armament of ironclad ships of war in which 
he had upheld the principle of half turrets placed on the 
broadside giving the same degree of lateral training as 
Captain Symonds’s. These designs were submitted to the 
Admiralty, and received with open arms, and now in 1868, 
he had heard casually that they were being fitted to a ship 
at Pembroke, the Inconstant, and the Hercules.. A Naval 
Committee was required similar to the Armour Plate Com- 
mittee constantly sitting to deal with matters of detail, and 
he did not think fair play would he obtained, or that the 
service would ever see the best talent of the country brought 
to bear upon the question unless they were fairly dealt with, 
and that when a plan was pronounced seaworthy the credit 
was given to the gentleman who first brought forward the 
design. If this Institntion could, in some way, obtain a 
bond fide working committee of practical seamen they would 
not have miserable squabbling over the real inventor of 
some system which was well known. 

Mr. Barnaby said that Mr. Drew was labouring under 
great misapprehension as to what was done in the Incon- 
stant and the Hercules. The Inconstant was a ship not 
armour cased, and her broadside guns were worked on the 
oldest principle imaginable. The heavy guns were worked 
on turntables, which were being worked out by Captain 
Scott, but there was nothing in the running in and out at 
all peculiar. He should be sorry to raise an objection to 
any proposal which would tend to remove those difficulties 
which were encountered by scientific gentlemen and in- 
ventors. He would say that there was a committee in ex- 
istence so far as improvements relating to ordnance were 
concerned, and gentlemen who knew anything of the secrets 
of the War Office would know that there was no great satis- 
faction from it. 

The Rev. Mr. Drew said that the gentleman who had 
last spoken stated that there was no such plan as half tur- 
rets fitted in the Inconstant. It was a slip of the tongue 
when he had said “ fitted,” but the models existed there 
the day before yesterday. With regard to the endless screw 
running out apparatus, he could only judge from the daily 
reports in the papers, which said that the guns fitted in the 
Hercules were fitted with this machine. 

Vice-Admiral Belcher said that as there had been some 
remarks made with reference to the angle at which shot 
would penetrate, he might state that the “ Whitworth” 
penetrated at an angle of 15°. 

Friday Evening Meeting. Viczr-ADMIRAL BELCHER 
in the Chair. 

The Secretary (Mr. Merrideld) read a paper, “On the 
Application of Portable Buffers, or Springs, to the Cables of 
Ships lying at Anchor,” by R. Saunders, Esq. 

The Secretary (Mr. Merrifield) read a paper “ On the 
Reverse Currents and Slip of Screw Propellers,” by Arthur 
Rigg Jun., Esq. 

Captain Heathorn read is paper on “ Muzzle Pivoting 
Gun Carriages for Naval Armament.” 

These papers, together with the discussions which followed 
them, appear on pages 356, 329 and 331 of the present 
number respectively. 


Saturday (Morning), April 4, 1868, Dr. WooLiey 
in the Chair. 

Mr. Reed read his paper, “‘ On the Stability of Monitors 
under Canvas.” This paper, with the discussion upon it, 
we give in another part of the present number. 

Mr. Mackrow read a paper “On the Position of the 
Centre of Gravity of the Greek Armour-clad King 
George.” This paper appears on page 354 of the present 
number. 

Mr. Reed said he strongly felt that Mr. Mackrow had in 
his design succeeded in making a very considerable step in 
the production of small iron-clad ships. With wooden 
hulls we were obliged to carry an enormous weight, which 
could be got rid of by designing wisely in iron. He did 
not quite gather from Mr. Mackrow whether he got a fore 
and aft fire with his vessel. 

Mr. Mackrow stated that it was rather beyond that. 

Mr. Reed said that one of the great disadvantages of 
broadside ships as compared with turret ships was the 
number of operations. You had first to place the gun on 
the turntable, then you had to raise it, to disconnect the 
breeches, and other operations. He thought Mr. Mackrow 
had some little cause to apprehend a want of success, for a 
great many twin screw vessels had been tried, and none of 
them had given anything like a constant of the amount he 
had stated, although he thought it probable that Mr. 
Mackrow would get a much better constant than any they 
had got. The limitation of draught was a disadvantage, 
for if you designed a ship for a special purpose the chances 
were that the special purpose had passed before she was 
finished, and then she was put to a general purpose for 
which she was entirely unfit. He said that the Vixen and 





the Waterwitch had the most unsatisfactory defect, viewed 


as seagoing vessels, of being extremely light in their 
draught of water. He was anxious to bear testimony to 
the great value of the paper. cs 

Captain Symonds said that the principles of Mr. Mackrow 
were precisely similar to those which were specified in q 
model designed in 1861. 

Mr. Mackrow said he was anxious to confine the battery 
to the dimensions he had stated in his paper. You coniq 
turn the two guns in the turret on either broadside, therefore 
only half the number of guns need be employed. For a 
600 pounder gun there would be more recoil, greater length 
of slide, and more breadth of battery needed. There was no 
pivot used at the port, neither was there any of the usual 
gun turning apparatus. The question of speed must be left 
until the trial test. He expected it would have been over 
or he would not have brought forward this paper, With 
regard to Captain Symonds, he would only make this ob- 
servation, that if in 1863 Captain Symonds saw the value of 
this straight face, why he, in 1864, took out a patent for a 
round corner, which actually limited the turning to 60°, 

The Chairman said that they were under an obligation to 
Mr. Mackrow for his interesting paper. With regard to the 
main part of the paper, the determination of the centre of 
gravity, it gave all of them pleasure to see that the labours 
of the Institution were not thrown away, and that nayal 
architects were beginning to appreciate the advantages of 
making such calculations and experiments, and he hoped 
Mr. Mackrow’s example would be extensively followed, 
The time would come when no ship, whether for mercantile 
or war purposes, would leave a yard without having those 
experiments made which Mr. Mackrow had so ably de- 
scribed. ‘ 


The Secretary (Mr. Merrifield) said he would read Admiral 
Paris’s paper to the meeting; but before doing so he would 
state that if there were any shortcomings in the abstract 
which he had made, it was due to his want of judgment in 
selecting it, and that such deficiencies should not be laid to 
the charge of the admiral. : 

The Secretary then read the paper which, together with 
the discussion, we give on another page. 

The Secretary then read a paper “On Waves that Travel 
with Ships,” by Professor Rankine. This paper will be 
found on the previous page. 

The names of candidates for membership were read to the 
meeting, and they were duly elected. 

The officers of the Institution were re-elected as already 
constituted, with the exception of Mr. Samuda, who had 
been re-elected by the Council as Vice-President. 

Vice-Admiral Belcher moved that a vote of thanks be 
accorded to the Society of Arts for the use of their hall, 
which was seconded by Mr. Ritchie, and carried unani- 
mously. 

The Chairman: Gentlemen, I think we cannot separate 
without expressing our great. regret that our meeting has 
lost the advantage, for the first time since the establishment 
of the Institution, of the presence of the President, more 
especially when we consider what has occasioned that dis- 
appointment. Nobody can have been present, as most of us 
have been, at nearly the whole of the meetings up to the 
present time, without knowing what very great value has 
been derived from our discussions by the part Sir John 
Pakington has taken in them, and the great appreciation he 
has always shown of the points contained in the papers 
read. It is one of the greatest misfortunes and disappoint- 
ments to us that he has been unable to be present among us 
on this occasion. I hopelit only forms a single exception, 
and that for many years to come we may enjoy the advan- 
tage of having his Presidency at our annual meetings. 

The Secretary stated that it was with regret he had to 
announce the death of a lamented friend—Mr. William 
McPhail Rice. He had had a communication from the son 
of that gentleman to the effect that he should like to place 
some of his professional works at the disposal of the Institu- 
tion for the improvement of the library. He need hardly 
put it to the meeting whether they would authorise him to 
accept them, and to express the thanks of the meeting for 
them. 


CHAMPAGNE FROM PrTROLEUM.—It is no longer a secret 
of the chemist’s laboratory that clear golden syrups can be 
made from starch and sulphurie acid; that delicious wines 
and brandies can be made from beet-root; that a barrel o! 
peanuts can be transformed into excellent coffee ; that la’ 
can absorb an enormous quantity of water in certain con- 
ditions; that in fact there seems no limit to the adultera- 
tions that an intelligent and dishonest chemist can practise 
upon his fellow men. All these marvels of chemical science 
have in these lattter days become degraded into mere tricks 
of trade, and their chief beauty is in their capacity to enable 
unscrupulous dealers to lighten the pockets and destroy the 
stomachs of the confiding and consuming public. Concerm- 
ing the article of champagne, a writer in the Portland 
(Maine) Star tells us that it is made from a thousand dit- 
ferent substances—even from refined petroleum. Yes, from 
the fiery benzoles a sparkling, bubbling, foaming champagne 
can be produced which will delight the eye, tickle the palate, 
gladden the heart momentarily, but quicken our paces & 
ward the graveyard. This is a new use for petroleum, which 
those who have been experimenting with it as an agency for 
generating steam have little dreamed of. Who can say thal 
the Pennsylvania old territory, now considered mostly worth- 
less, may not some day be regenerated into the great cham- 
pagne-producing country of the world.—Cincinati Journa 
of Commerce. 
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EXPANSION GEAR OF THE ENGINES OF THE “COLUMBIAN.” 
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WE give this week a two-page engraving of the engines of the 
West Indian mail steamer Columbian, these engines having been 
built by Messrs. Thomas Richardson and Sons, of the Hartlepool 
Ironworks, from the designs of Mr. George W. Jaffrey. They are 
inverted cylinder direct-acting engines, fitted with a surface 
condenser, and their chief peculiarities consist ia the arrange- 
ments provided for enabling the condenser to be used with a jet 
injection when required, and in the construction of the reversing 
and expansion gear. These peculiarities we will describe in the 
order in which we have mentioned them. 

The engines are fitted with one air pump and one circulating 
pump, these pumps being worked from the crossheads by means 
of beams with unequal arms. The air pump is that on the 
right, ‘and the circulating pump that on the left, in Fig. 1. 
The condenser is situated between the cylinders, and is sup- 
ported by a hollow casting, the interior of this casting being in 
communication with the interior of the condenser tubes. At 
the back of the casting supporting the condenser is a vertical 
pipe, the upper end of which joins the condenser and communi- 
cates with the space between the tubes, whilst the lower end 
has two horizontal branches leading to the air and circulating 
pumps respectively. That branch which leads to the circulating 
pump is fitted with a slide by which it can be closed when the 
condenser is being worked as a surface condenser. The circu- 
lating pump is also fitted with another pipe, shown in Fig. 1, 
this pipe having two branches, one leading to the hollow column 
at the base of which the pump is situated, and the other com- 
mupicating with the casting supporting the condenser, and 
por sone with the interior of the condenser tubes. Each of 
these branches is fitted with a slide by which it can be closed 
when required. 

The exhaust steam enters the condenser from the cylinders 
through four openings or ports, two of which are shown in 
Fig. 4; and it is condensed by coming in contact with the 
external surface of the condenser tubes, or with the injection 
water, according to the way in which the condenser is being 
worked. When it is being used as a surface condenser, the 
seniating pump is, by closing the necessary slides, shut off 
rom communication with the vertical pipe rising at the back of 
the condenser, and also with the hollow column at the foot of 
which the pump is placed. The water ing through the 
pump is thus delivered through one of the | ae pipes already 
mentioned into the casting carrying the condenser, and thence 
it flows up through the condenser tubes and escapes by an 
aes pipe to the ship's side. The steam condensed, as we 

ve said, by contact with the external surface of the tubes 





LATA 


falls to the bottom of the condenser, and is drawn off by the air 
pump through the vertical pipe already mentioned. From the 
air pump the water is delivered into the hollow column in 
front of the pump, this column and the hollow base plate with 
which it communicates forming a reservoir in which the feed 
water is stored. The feed pumps are worked from the inner 
ends of the crossheads of the air and circulating pumps; and 
they draw the water from the reservoir and force it through 
heating tubes laid horizontally along the side of the condenser, 
and thence into the boiler. 

When the condenser is being used with a jet injection, the 
arrangement is as follows:—Both pumps being in this case 
used as air pumps, the suction passage leading from the circu- 
lating pump to the ship’s side is closed, and so is the slide on 
the pipe which puts that pump in communication with the 
interior of the condenser tubes. At the same time this pump 
is put in communication with the vertical pipe leading to the 
interior of the condenser, [and the slide on the branch pipe 
leading to the hollow column at the base of which the pump is 

laced. The suction and delivery passages of the air and circu- 
lating pump thus become similarly arranged, both pumps 
drawing from the condenser through the vertical pipe, and both 
delivering into their respective hollow columns, from which in 
this case the waste water overflows through shown in 
Fig. 1, to the side of the vessel. The feed water also in this 
case is pumped direct from the hollow columns to the boiler 
without being passed through heating pipes, the valves being 
arranged so as to allow of this being done readily. The injec- 
tion water is admitted through the pipe shown on the left of 
Fig. 8, this pipe communicating with a kind of belt, with a 
perforated inner side, which extends round three sides of the 
condenser. 

The reversing gear is shown most plainly in Figs. 4 and 5, 
It consists of a small donkey engine fixed vertically to the side 
of the condenser, the crank shaft of this engine having at its 
end a worm which gears into a segment keyed on a horizontal 
shaft. This shaft passes along the back columns, and carries 
at its ends the short levers by which the links are pulled over. 
The donkey engine is set in motion, either for going ahead or 
astern, by the movement of a hand lever. 

The expansion gear is of a simple kind, and consists merely 
of a straight link, one end of which is coupled to an eccentric 
rod, whilst the other end is supported by an ingenious arrange- 
ment of links, which we shall describe presently. The degree 
of expansion is varied by shifting the link horizontally 80 
that the stroke of the expansion valve is altered, and this 
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horizontal movement of the link is given by means of an arm 
on a weigh shaft fitted with a segment and worm, as shown by 
the dotted jines in the enlarged views which we give on the pre- 
sent page. That end of the expansion link which is not con- 
nected to the eccentric rod is required to move in a horizontal 
line, and to cause it to do this, and at the same time dispense 
with guides, Mr. Jaffrey has adopted the ae arrangement 
to which we have already referred. As will be seen by the en- 
gravings on the present page, at a short distance from that end 
of the expansion link which is required to move in a horizontal 
line, there is coupled to it a link which extends to the upper 
end of a vibrating lever. Motion is imparted to this lever at 
the same time as the expansion link is shifted and, as will be 
readily understood by reference to the figure, the effect is that 
a kind of parallel motion is formed and the end of the expansion 
link is caused to move in a horizontal line. 

Our engravings of the engines we have described have been 
prepared from drawings kindly supplied to us by Mr. Jaffrey, 
and we may state in conclusion that the engines themselves 
have been found to perform well, their consumption of coal in 
actual service being only a small fraction over 3 lb. per indicated 
horse power per hour. 








Exursitioy at Tur1n.—It is now definitely settled that 
an exhibition of national industry will be held at Turin 
during the forthcoming festivities on the occasion of the 
marriage of the Prince Humbert with the Princess Mar- 
gherita. This exhibition will be held in the building formerly 
occupied by the Minister of Finance, in the Piazza Castello. 
The committee of the Lega Pacifica (a league for the en- 
couragement of national industry) are doing their best to 
insure the perfect success of this show of national industry. 
Forty of the principal manufacturers at Turin have promised 
their support to the undertaking. The applications for space 
from intending exhibitors will remain open until all is filled. 
a expenses of carriage, &c., are to be borne by the exhi- 

itors. 

American Cast Inon.—An English engineer, now in 
New York, writes us as follows: “The cast iron here 
astonishes me. I saw in Brooklyn navy yard a cast-iron 
naval which had been hit by a Southern shot about 4 ft. 
from the muzzle, and the shot had left its mark, impressing 
the wap | uite clearly. There was not a crack upon the 
surface o' the un; but the dint was driven right through 
the thickness of the gun and reproduced in the chase, so that 
a closely fitting shot could not be fired from it.” 
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BRIDGING THE HOOGHLY 


Few engineering problems. that have, within the 
last quarter of a century, been urgently required to 
be solved, more practically illustrate the art of ‘‘ how 
not to do it,” than that long vexed question of carry- 
ing the East Indian Railway across the Hooghly into 
Calcutta. It was not very many months ago that the 
subject once more was taken up by the directors of 
the East Indian Railway Company, and there did ap- 
pear, at last, some prospect of the — being 
finally settled by that company undertaking to carry 
out the necessary works as a part of its already exten- 
sive system of railways reaching from Howrah to Delhi. 
After a brief passage of words, this important under- 
taking has again been periiittéd to fall on one side, 
whilst it is at present, practically, as far off becoming 
a realised fact as ever. ,The question is, however, 
soon likely to be revived"in this country, since, as we 
informed our reade¥s’M'#)récent number, a com- 
mittee has lately beett Appointed in Calcutta, to take 
it into their considetation; and their report will, no 
doubt, in due eoutsé’ Be forwarded to this country. 
In the meantime, and before the details of that report 
are made known to the public, it may be interesting 
to record what has hitherto been proposed with a view 
of effecting the mitch desired object of connecting the 
Kast Indian Railway at Howrah with the Eastern 
Bengal line at Sealdah. 

A committee appointed not very long ago in Bengal 
to consider and report on the proposed junction of 
the East Indian Railway with the Eastern Bengal 
Railway in Calcutta, reported ‘in favour of effecting 
the junction by carrying the East Indian Railway 
across the Hooghly by means of a bridge to be placed 
about two miles above OOssipoor. ‘This would in- 
volve the sacrificing of(@Rout five miles of railway 
already constructed on th@jHowrah side of the river, 
besides the necessary exp@i@iture for the construction 
of about eight miles of #éW lines, in addition to the 
cost of the bridge over the Hooghly. ‘That site was 
selected as being the high@st point above Calcutta to 
which any vessel was driven by the last cyclone, and 
where, it was consequentlythought, any structure 
would be safe against injury in any future cyclone. 

The schemes which haye from time to time been 
submitted for effecting @ Passage across the Hooglily, 
are as follows : 


1. A plan by Colonel Goodwyn for a + bridge 


on the resultant tension principle, at the Clive-street 
Ghaut ,.. eee eee eee eee eee eve 
2. A plan by Messrs Henderson and Greaves for a 
steam floating bridge ... eee pee eee eee 
. A suggestion by Mr. Rendel fora wrought-iron 
tubular girder bridge, to be carried across from the 
Aheereetolah Ghit to Sulkea, where the river is 
2300 ft. in width, in spans of 200 ft. ... eve 1854 
4. Scheme by Colonel Goodwyn for a boat bridge 1854 
. Project by Messrs. Dicey and Hill for a boat bridge 1857 
.» Project by Mr. Turnbull for a suspension bridge, 
having its roadway stiffened by lattice girders eee 
. Second project by. Mr. Rendel for an iron girder 
bridge at the site seleeted by the committee eas 
. Project by Messrs. Longridge and Purdon for a 
tubular tunnel under the Hooghly .. 
. Project by Mr. Fred. Chas. Danvers for a 
subway, supported on iron cylinder piers 


1862 
1865 


1866 


tubular 
«» 1867 

The consulting engineer to Government, in 1854, 
objected to a permanent bridge at the site then pro- 
posed for it, on account of the obstruction it would 
cause to shipping ; of its costliness, and of the time 
it would occupy m construction. A floating bridge (it 
was stated) would interfere in a still greater manner 
with the navigation, as it could not safely be raised 
sufficiently to pass large boats, and during high tides 
the undulation of the platform would frequently render 
the bridge unsafe, and storms would cause occasional 
derangements of the structure; and though it would 
not, like a permanent bridge, occasion danger to ships, 
it would be itself endangered by vessels passing 
through the openings, or getting adrift, occasionally, 
during storms. And a steam ferry would not answer 
the requirements of a railway. 

There are, however, two other means by which the 
railway might be carried across the river, which do 
not appear, at that time, o have received considera- 
tion, or, indeed, to have been suggested as a means of 
crossing the Hooghly at Calcutta. The one is, that 
of a large steam ferry-boat, of sufficient size to carry 
an entire train, with all its contents, bodily across the 
river ; and the other, that of taking the railway from 
one side to the other by a subway under the bed of the 
we, The latter plan has, however, since been pro- 

sed, 

The schemes for a floating bridge, and for an ordi- 
nary steam ferry, may be at once dismissed as not 





suited for the circumstances of the present case. 
Although the former plan answers admirably for carry- 
ing the line connecting the branhes of the Mannheim- 
Heidelberg-Basle, and of the Ludwigshafen-Strasburg- 
Basle Railways across the Rhine at Carlsruhe, where 
that river is 768 ft. broad; the difference in the cir- 
cumstances of the two rivers would render the same 
plan inapplicable for the Hooghly, on account of the 
rapidity of its currents, and the constant interruptions 
that would be caused by passing traffic. 

The objections to a bridge are, that such a structure 
cannot, on account of the obstruction it would cause 
to navigation, be placed at the spot otherwise best 
suited for effecting the passage, and where the require- 
ments of the railway termini, as at present situated on 
either side of the river, demand that it should be 
built. Again, by adopting a bridge as a means for 
crossing, the railway must be raised on either side of 
the river on considerable embankments, in order to 
obtain a sufficient elevation for the roadway of the 
bridge. ‘This entails the provision of additional land 
for obtaining earth for embankments, and the extent 
estimated to be required for this purpose, if the com- 
mittee’s recommendations were adopted, is no less 
than 30 acres; besides which it would be necessary to 
construct temporary lines of road between it and the 
main railway bank, in order to convey the earth for 
making the embankments, All this tends considerably 
to increase the cost of the works. 

The principle of carrying a train bodily across a 
river by means of a huge ferry-boat is adopted with 
success on the Great Western Railway of Canada, 
where that line crosses the Detroit river, at Detroit ; 
and a similar plan has recently been proposed for 
crossing the English Channel, as a means of through 
communication between London and Paris. It will, 
however, not improbably be admitted that this, though 
efficient in certain cases and under certain circum- 
stances, would hardly be sufficient to meet the require- 
ments of the case in close proximity to a large and 
important terminus ; besides which, it might not always 
be possible to avoid accidents in crossing, which in 
rough weather would be likely to occur; and as it 
would be necessary to have floating stages on either 
side of the river, in order to adapt the level of the 
rails to the state of the tide, these would be liable to 
be washed away, or at least seriously injured by any 
unusually high bore. All these considerations, and 
many others which might be mentioned, are against 
the adoption of this plan on the Hooghly, 

The object of a railway bridge across the Hooghly, 
being primarily to bring the tratlic of the East Indian 
Railway into Calcutta, to a spot so situated as to 
enable an interchange of traflic to be effected with the 
Eastern Bengal and the Calcutta and South-Eastern 
Railways, it necessarily follows that, in the absence of 
deterring causes, the shortest route must be the best. 
Now, by referring to the map of Calcutta, it will be 
seen that the terminus of the East Indian Railway at 
Howrah, is almost immediately opposite to the joint 
termini of the Eastern Bengal and the Calcutta and 
South-Eastern Railways on the other side of the river, 
at a distance, in a direct line, of a little over two miles ; 
if, therefore, it could be shown that a direct line of 
communication between the two might be effected, 
not only would it not be necessary to abandon any of 
the line of the East Indian Railway already constructed, 
but a saving would also be effected of at least seven 
miles of railway construction which would be rendered 
necessary by adopting the plan advocated by the com- 
mittee. 

Whatever scheme may ultimately be adopted, the 
committee to which we have above referred considered 
that a road bridge across the Hooghly was not neces- 
sary for the ordinary traffic between Calcutta and 
Howrah. That a bridge over the Hooghly is necessary 
in connexion with the railway traffic, and that, irre- 
spective of the difficulties and objections attending 
the construction of a road bridge in a convenient 
locality, it would be better to take the railway into 
Calcutta to the traflic, by constructing a railway bridge, 
than to take the traffic to the railway by constructing 
a road bridge. And that a railway bridge over the 
Hooghly should not be constructed below Cossipoor. 

This final opinion expressed by the committee as 
to the site of any railway bridge must be considered 
altogether fatal to the construction of a bridge over 
the Hooghly at all, merely for the convenience of the 
railway, unless the railway company, or the Indian 
Government, or the Calcutta Municipality, or some one 
else is prepared to make up any Selcteney on 5 per 
cent. interest on the necessary capital to be expended 
in the eonstruction of so much extra railway in ad- 
dition to that of the bridge, in consideration of the 





great conveniences to be derived by bringing the East 
Indian Railway into Calcutta. 

The site fixed upon as the most convenient for the 
junction of the East Indian and Eastern Bengal Rail. 
ways is at, or near, the termini of the Eastern Bengal 
and the Caleutta and South-Eastern lines at Sealdab. 
By referring to a map of Caleutta it will thus be seen 
that any line crossing the river above Cossipoor must 
ron through a great part of the native town of Cal. 
cutta in order to reach that point, unless it make a de. 
tour and follow the line of the Eastern Bengal Rail. 
way from the Dum Dum Station, or thereabouts; and 
either scheme would involve the construction of from 
7% to 84 miles of new railway, besides, as we have 
above shown, rendering the first 5 miles of the existing 
line out of Howrah nearly useless. A bridge, also, at 
the above-mentioned locality would most completely 
fail to meet two most important requirements: 
firstly, it would not furnish any accommodation for 
the passenger traflic between Calcutta and Howrah; 
and, secondly, it would not give the Calcutta and 
South-Eastern, or Eastern Bengal Railways, access to 
the goods station of the East Indian Railway, so as to 
enable them to effect a ready interchange of freight 
with tliat line. It is true that this might be done by 
carrying the goods right round by Cossipoor ; but it 
is rather an extravagant idea to have to carry goods 
over ¢welve miles of railway in order to convey them 
between two points scarcely more than ¢wo miles apart, 

Besides the first cost, there are other considerations 
that cannot fail to suggest themselves to any one 
seriously considering the matter. Amongst others 
may be noted the fact that for every mile of increased 
length of railway between two given points, the in- 
crease of working expenses of every train running 
over that line must be increased in proportion, and all 
other expenses, such as maintenance of way, &c., 
which devolve upon the railway company, are likewise 
increased. Qn the other hand, by making a detour 
and a long line, where a short line would be cheaper 
and equally practicable, the extra cost does not fall 
only upon the shareholders who construct the line, for 
they naturally demand higher fares from the public 
who use their line, besides making increased charges 
for every ton of merchandise carried by them. Thus 
it is the public chiefly who are interested in the 
economical construction of railways, and it behoves 
the public of Calcutta to awaken from their lethargy, 
and to insist upon having a voice in the determination 
of what may be called their metropolitan lines of rail- 
way, the construction of which will, of course, be 
carried out with capital bearing a guaranteed interest, 
which will be paid out of the revenues of India. It 
must be, to a great extent, the fault of Calcutta, and 
her residents and merchants, that the river Hooghly 
has so long remained a “ Pons Asinorum,” impassable 
to most, and only passable to the few at a sacrifice of 
comfort and convenience. It is true we are not with- 
out a somewhat parallel case at home ; but, in that 
instance the passage of the river is comfortably 
effected in large and commodious steam ferry-boats, 
which run from the landing stage on either bank 
every five minutes during the day, and constantly 
during the greater part of the night. On the 
one bank of that same river a railway has been 
stopped short, just as the East Indian Railway 
at Howrah, whilst the railway termini on the oppo- 
site side are a short mile from the river bank. It 
will readily be understood that we are here referring 
to the river Mersey, between Liverpool and Birken- 
head. Many schemes have from time to time been 
put forward for carrying the railway across the river, 
either by a high-level bridge, which would admit the 
passage of tall-masted ships beneath it without striking 
their masts, or by a tunnel carried through the sand- 
stone bed beneath the river. ) 

From the above comments it will readily be perceived 
that we are no advocates for the proposed bridge 
across the Hooghly, five miles above Howrah. It may 
at once be stated that upon a calm consideration of all 
the circumstances of the case, there appear to be few 
places where a subway would be so well adapted to all 
requirements, and whilst its adoption would reduce 
the required length of new line to two miles only, that 
two miles would also fulfil many local demands for 
passenger traffic accommodation, for which the line 
towards Cossipoor would be unsuited, for reasons 
which may be briefly statad as follows : 

The committee, to which we have more than once 
referred already, stated that, in the event of the East 
Indian Railway being carried across the bridge above 
Cossipore, to Sealdah, there would then be urgent 
necessity for the construction of a short line to bring 
the passenger traflic of the three lines from Sealdah 
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a point in the heart of the town, near Tank-square. 
Now, if we draw a straight line from Sealdah to 
Howrah, on a map of Calcutta, that line would run 
very close to Tank-square ; and as one of the chief 
advantages to be derived from a subway is directness, 
and consequent shortness of line between those two 
points, it will be seen that by adopting that plan of 
crossing, directly and in a straight line from Howrah, 
(at which point the river is narrower than it is either 
above or below that spot) the line would run to Sealdah 
in the very direction where accommodation is required 
for local passenger traffic, and there might then be a 
station for passengers in the immediate vicinity of 
Tank-square. f : é 

Having thus pointed out some respects in which a 
subway at Howrah would be better calculated to meet 
the requirement of the case, than a bridge situated five 
miles higher up the river Hooghly, we must defer 
until next week the consideration of how far the con- 
struction of a subway would be practicable at that 
point. 








LA FORGE DE SIREUIL. 

Tue railway line which connects Paris and Bordeaux 
passes the town of Anganléme, the centre of the French 
paper manufacture. At this town.@ branch line, 
Chemin de fer des Charentes, joins this railway, and 
this branch leads to the Forge de Sireuil, an old-esta- 
blished and interesting forge, originally started by a 
company in alocality which has neither mineral fuel nor 
ironstone within many miles round, and which must, 
therefore, draw all its raw materials from enormous 
distances. To compensate for this, the Forge de 
Sireuil is placed on the banks of the river Charente, 
which provides not only an éxcellent means of com- 
munication with the sea coast, but which also yields 
all the necessary power for working the:machinery of 
the works. In this form Sirewilrepresents a class of 
metallurgical establishments whick Rilonge to the past 
rather than to modern practice, and,were it not for the 
great skill of management, and the accidental fact of 
the discovery of the Martin process,at*these works, the 
Forge de Sireuil would have fallen a victim to the 
treaty of commerce, incapable as it. was to compete 
with better situated establishments in England and 
even in France, in an open market; The forge is a 
very large group of buildings; and contains a blast 
furnace which, however, has been out of blast for 
several years past. This furnace ‘was worked with 
charcoal and some manganesic ores from the south 
of France. It is of,.moderate size, close topped, 
and arranged for heating the blast with waste gases. 
The blowing engine was worked by.a :water wheel, 
and consisted of a pair of vertical cylinders con- 
nected to a crank, which was driven from the water 
wheel shaft. The pressure was about 21b., and the 
iron which this furnace produced was of very high 
quality, but its ee cost was so very high as to make 
the working of this furnace commercially impracticable. 
The rest of the forge, which consists of an iron and 
steel works, with steam hammers and rolling mills for 
the manufacture of rails, tyres, merchant bars, forg- 
ings, and steel gunbarrels, is in complete operation, 
and the principal material produced and worked at 
Sireuil is the Martin steel. ‘The most striking feature 
in the Sireuil forge is the manner in which the river is 
utilised for affording facilities of transport and the 
yield of power. The Charente at Sireuil allows of 
the utilisation of about 4 ft. fall. The head race or 
upper reservoir for the water forms a kind of dock 
or harbour for the vessels, which bring the raw mate- 
rials and remove the finished goods. This dock is 
surrounded by fine stone quays forming the three 
sides of a long rectangular figure, and the forge is built 
on three tracts, which enclose the river harbour. The 
water wheels are placed in the different buildings at 
two sides of the dock, and the water falls eon the 
corresponding passages. The fall being small, the 
water wheels are all of very great breadth. ‘he tail 
race is formed by the river bed itself, and the whole 
18 So arranged as to allow the passage of barges and 
river boats up and down the river. These barges, 
several of which belong to Messrs. Martin, are sent 
& short distance up the river from the dock in the 
centre of the works, and they can then take their 
Course according to their destination. The principal 
cargoes for these boats are British coals. The whole 
supply of mineral fuel used at Sireuil comes from 
Scotland and Wales. The steam colliers come to 
Charente or Rochfort and are discharged into the 
small barges, which then are towed up the river to 
Sireuil. Lhe Seotch splint coal is the finest quality 
used at Sireuil, its price at the works exceeding Ld. per 
ton, The price of Welsh bituminous coal is not 





much lower. The pig iron now used at) Sireuil is 
brought by the same kind of barges. - It comes from 
St. Louis and Lachat, in France, and from various other 
sources, and the greater part contains a great —_ 
of manganese, being, in fact, characteristic spiegel- 
eisen. Old rails and wrought iron made with charcoal 
are also largely used up in this forge. There are at 
resent two Martin furnaces at work for the manu- 
facture of steel. These are Mr. Siemens’s regenera- 
tive gas furnaces, worked from a pair of gas genera- 
tors placed in the yard, and at a considerable distance 
from the furnaces. The producers are worked with 
non-coking coal of fine quality, and do not therefore 
afford the advantage of utilising coal slack in this 
locality where fuel is very expensive, ‘but where it 
would not pay to import inferior coal, since the ex- 
pense of transport is far greater than the original 
value of the coal. The gas furnaces are capable of 
working a charge of 3 tons each. The furnaces make 
each two charges in twenty-four hours, and the 
material made in them at present is soft steel for the 
gun barrels of the Chassepot rifles. These barrels are 
made solid, and bored out afterwards at the Govern- 
ment works. The ingots for producing them must 
be of an extremely soft and uniform quality of steel, 
and the tests made with each charge at Sireuil afford 
very satisfactory proofs of the practical success of the 
Martin process, and of the perfection with which the 
quality or temper of steel is under the control of the 
workman. The ingots are of about 3 ewt. each, and 
they are hammered and rolled into round bars of about 
241n. diameter. These are afterwards cut into short 
lengths when cold, and each length produces one gun 
barrel when rolled in a peculiar mill, giving a taper to 
the barrel. The bottom end is formed to shape by 
hammering between swages. In front of each Martin 
furnace a large turntable is placed, which carries the 
ingot moulds, and is worked by hand gear. For 
turning, the moulds are brought in succession below 
the spout, and filled one after the other. Mr. Martin 
— to arrange the moulds for his ingots in straight 
ines upon a table, which traverses on rails in front of 
the furnace; but in his own forge he has been obliged 
to adopt a circular table from want of space. The 
rolling mills are geared to a water wheel of about 12 ft. 
diameter, and about 10 ft. width. This wheel has a 
rolling mill at each side—one destined for rails and 
heavier articles, the other, a 9-in. mill running at 120 
revolutions per minute, forms the merchant train. 
This latter mill, with its breaking-down train, is ar- 
ranged with three superposed rolls for rolling forward 
and backward; but the back motion is not used at 
present, and the articles are lifted over the top roll, the 
same as if there were only two rolls in the mill. The 
test for the gunbarrels is that the rolled 23-in. bar 
must double up cold completely without cracking, and 
every day’s test is preserved in a special compartment 
for a whole month. At the end of each month the test 
samples are thrown back into the steel furnace to make 
room for others; but no charge is passed without the 
test samples having been properly inspected and ex- 
amined. There are twenty degrees of hardness, dis- 
tinguished as a scale of gradation, and the degree or 
number shown by each sample is regularly entered 
into the books. It is very rarely that a charge is found 
harder or softer than intended, because the furnace 
manager makes his own tests previous to teeming, and 
he does not run his metal into moulds until he has 
arrived at the exact temper. Nor is there any danger 
of overshooting the mark, since the addition of either 
pig iron or wrought iron affords the means for going 
both forward and backward in the scale of decarburi- 
sation. For the manufacture of weldless tyres, two 
vertical tyre-mills are in use, one for breaking down, 
the other for finishing. These mills, however, are 
hardly strong enough for making large weldless tyres 
of steel, and a larger mill is to be put down shortly. 
The steam hammers are of moderate sizes. 








THe TerrGrarn in Apysstnta.—The telegraph line is 
completed and in working order to Attegerat, a distance of 
101 miles from Zoula, though interruptions constantly occur 
by breaks in the line, generally supposed to be caused by 
natives of the country, who steal the wire. The progress of 
the line onwards towards Antalo is at present Saad for 
want of ‘poles ; none suitable are procurable in the neighbour- 
hood, and .our transport animals are so fully employed in 
carrying up provisions and moving troops, that, for the next 
two or three weeks, there will be a difficulty in bringing any 
up from Zoula. The 2nd Company Bombay Sappers and 53 
Tent Lascars have been placed at the disposal of Lieutenant 
St. John, R.E., Director of the Telegraph, to assist in putting 
up posts and laying the line. 

WIN-SCREW LauncneEs.—The whole of the high pressure 
twin-screw steam launches constructed and fitting at Chatham 
Dockyard are in future to each mount a single rifled gun, 
which will be carried in the bow. 








LIQUID. FUEL. 
To THe EpiTor or ENGINEERING. 

‘Srr,—In your report of the discussion ‘on the subject of 
Liquid Fuel, at the Institution of Naval Architects, I see you 
ascribe the remarks I made to Dr, Ball, May Erequest you 
to oblige me by correcting this in your next annibes ¢ 


y Yours very truly, 
April 13, 1868. Bengamin H. Pavr. 





To THE Eprtor or ENGINEERING. 

Srr,—In your sepest of the discussion on the above paper, 
read by Captain Selwyn at the Institution of Naval Archi- 
tects, which appeared in Eneineerrne of the 10th inst., I 
notice I am made to say that the consumption of the creosote 
was “70 gallons per hour.” is is evidently a printer’s 
error, as it should have been “10 gallons per hour.” 

I am, Sir, your obedient Servant, 
Cuartes F. T. Young, C.E., 
Mem. 8.E., Assoc. I.N.A. 
7, Duke-street, Adelphi, W.C., April 13, 1868. 





To THE Eprtor or ENGINEERING. 

Srr,—In Fac issue of April 3rd, you report: a lecture 
on Liquid Fuel, given by Captain Selwyn, R.N., before the 
Institution of Naval Architects, in which he,speaks of a steam 
boiler at Hackney Wick, which has been at work since 
Christmas last, consuming 230 gallons of creosote per day, 
without alteration of furnace, and also goes on to éxplain the 
F ame) of the apparatus, and the extraordinary effects pro- 

ueed. 

As no mention is made of my name in the matter, I should 
feel obliged if, by inserting this letter, you will inform your 
numerous readers that I am the patentee of that apparatus, 
and should be happy to show numerous-boilers at different 
factories fitted with the apparatus, some of which have been 
in use since June last, giving entire satisfaction. 

{ am, Sir, your obedient Servant, 

Chemical Works, Stratford, E. 8. E. Crow. 








TUMBLING BEAM ENGINE. 
To THE Epitor oF ENGINEERING. 

Srr,—I was absent when your paper of December 6th, 

1867, arrived, and did not see a communication signed 
“E. R.” until two days ago. He states that my invention 
of the tumbling beam engine, illustrated in ENa@rygErine, 
November 29th, 1867, is identical with one of the late Elijah 
Galloway’s, which, I think, could hardly have been intended, 
for the resemblance exists only in the geometrical peculiarities 
of the engines, and then only when viewed in one direction. 
' In the Galloway engine t fg is transmitted from two 
pistons through one crosshead, two cross-bars, two beams, 
and two cranks to one shaft, and then is involved two sets of 
parallel rods and mountings; moreover, the force is deflected 
for a portion of the revolution by means of slides and their 
appurtenances, which involves so grave a question of friction 
that one piston could be but little in advance of the other 
with mechanical propriety, and the design is so shown in the 
plate referred to by “E. R.” In fact, one piston is then 
shown so little in pe Mare of the other that the geometrical 
resemblance to the tumbling beam engine is slight. 

In the tumbling beam engine the power from two pistons 
is transmitted through one beam and one crank to one shaft, 
and is, for a part of the time, deflected by a parallel motion, 
which involves so little friction that one piston may be readily 
set a half stroke in advance of the other; and, moreover, 
in this engine the centres of force and resistance lie in the 
same plane, so that overhanging stress is almost absent, and 
hence the parts may contain but little material to secure the 
requisite strength, and the whole device has a degree of flexi- 
bility very desirable, especially in marine engines. _ ; 

When my tumbling beam engine is said to be identical 
with the engines designed by My, Galloway, I dissent ; if it 
be called an improvement upon the Galloway engine I am 
content, but claim great improvement and much credit for 
improvement upon the ideas of go able a master. 

Yours truly, 
Norman W. WHEELER. 

81, Broadway, New York, March 31, 1868. 


Tur WAMPANOAG AND HER Enoines.—The screw steamer 
Ville de Paris recently made another fast run across the 
Atlantic, in eight days aud sixteen hours, at the average 
8 of 144 knots per hour, through good and bad weather. 
ae » has a screw of 29 ft. Gin. pitch, and she averaged 
during the voyage of 3000 knots, 53.5 revolutions per minute ; 
hence her screw was advancing 16:7 knots per hour. The 
U.S. steamer Wampanoag has a screw of 26 ft. pitch, and she 
averaged on her late run along the shore, with “a fresh 
breeze abaft the beam,” 63.67 revolutions per minute ; hence 
her screw was advancing 16.2 knots per hour. ' The Ville de 
Paris is of 5100 tons, the Wampanoag of 4100 tons displace- 
ment; besides, the former is not near as fine a model as the 
latter ‘Hence, it is plain, as the Ville de Paris offers so much 
more resistance in passing through the water, that to rotate 
a propeller attached to her, so as to give an adyance of 15.7 
knots per hour, requires even more power than to rotate a 

ropeller attached to the Wampanoag so as to advance 16.2 
per hour. It seems, therefore, clear that the Ville de 
Paris, in her tcp across the Atlantic, was exerting fully as 
much power as the Wampanoag exerted on her short ex- 
cursion. Thestaunch machinery of the Ville de Paris weighs 
but little more than half that of the Wampanoag, and 
occupies about one-half the space. The Ville de Paris has 
but thirty-two furnaces in her boilers against fifty-eight in 
the Wampanoag; she has but four boilers against twelve 
in the Wampanoag ; she has but one funnel against four in the 
Wampanoag; her steam machinery cost but about half as 
much as the complicated cog-wheel contrivance in the Wam- 
panoag. The engines of the Ville*de Paris are constructed on 
principles which Mr. Isherwood pretends to haye knocked on 
the head by certain experimental legerdemain. 
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BREWING AND BREWERIES.—No. V. 

Matertats Empioyep 1n Brewinc—BaR.ey, AND 

THE Process or MattiInc.—(Continued.) 

Tue drying of the malt for the brewer has in all 
times been admitted to be an operation of the first 
importance ; and it was a saying, amongst old brewers, 
that “the ale was made on the kiln.” The process 
of drying on a kiln, such as we have described, 
is as follows: When the kiln is newly loaded, all the 
ventilators are thrown open until the amount of 
moisture in the malt is considerably reduced; and 
the sliding doors are then partially closed that the 
temperature of the kiln may rise. For the first day 
the kiln is very gently fired, and if it has been charged 
in the morning the malt should be turned in the after- 
noon. ‘This is done to prevent the acrospire from 
coming through as it sinsube might do from the 
heat and abundant moisture in the upper layers of the 
malt ; but from this time until the finishing off heat 
is applied there is no use in turning. Turning is, in 
fact, not only unnecessary but injurious during the time 
that the moisture is being expelled from the malt. 
By turning, the moist upper layers are brought below 
those which are more or less dried; and the steam 
from the former is thus made to pass through the latter, 
delaying the drying process and having the effect of 
making the malt ean. 

As the malt dries it diminishes in bulk, and it 
consequently becomes more open and allows the 
heated air to pass through it more freely. This 
action is exactly the reverse of that which takes 
es on the malt floors; where the grain, in growing, 
hardens so that the maltster may know by pressing the 
malt with his feet, when turning is requisite. The 
temperature of the kiln, commencing at under 100° 
Fah., is allowed to rise gradually until it reaches about 
160°, the air passin Enough the kiln being at the 
same time reduced in quantity, so that the last 
applied heat should be only radiant and as free as 
— from the moisture which is always, more or 
ess, to be found in the atmosphere. 

To suit the double malthouse, to which the kiln 
which we have described belongs, this stage should 
be reached in 48 hours; and if the malt is dry and 
free from rawness to the palate when chewed, it may 
then be gathered into a heap to mellow, as it is called ; 
but in reality to allow the heat to radiate from the 
centre of the mass outwards, and thus completely 
expel any moisture that may have remained on the 
surface of the malt when spread out. Sometimes 
malt is allowed to remain heaped in this way for a 
whole night, and if the doors and ventilators of the 
kiln are carefully closed below, little harm can ensue 
from this course ; it is as well, however, that it should 
be taken off the kiln after resting a few hours, when 








the heat has begun to decline. 
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becoming scorched in flavour, nor can it be gathered | being about twenty-four hours on the kiln, OF as soon 
into a heap, or put into close boxes at such a heat | as the moisture can be expelled. It is finished 

without injury. Mr. Ford, in his treatise on malting | increasing the fire and cutting off the kiln ventilation, 

and brewing, to which we have already referred, gives | causing all the air admitted to pass a the 

the following Table of kiln temperatures for producing | furnace. In some kilns, the draught is, from defective 

different kinds of malt : | construction, irregular; and in such cases it is 

ne First Graduall | necessary to vary the thickness of the layer of malt 

Description heat inswensell On kiln. at the various parts of the floor, the malt being laid 

of Malt. in Pit. thickest where the draught is strongest, and vice versd, 

| At the maltings connected with the Wellpark 

| Brewery, Glasgow (Messrs. J. and R. Tennent), it is 

| the practice to spread the malt on the kilns to an 

Pale Amber 96 ... ove |average depth of 12$in.; and the grain is never 

Be uw uw OC wm B ee 140 ,, 180 |turned until it is thoroughly dried to the surface, 

The thickness to which the malt should be spread | The drying process takes, on an average, three 

upon the kiln will depend upon the nature of the | days, the temperature during the first day being 
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Fie. 2. 


CIRCULAR MALT KILN AS CONSTRUCTED BY MESSRS. BRYAN, CORCORAN, AND CO. 


The heat at which pale malt may be gathered or 
heaped on the kiln is about 160° or 165°; but if the 
malt be taken off without heaping the final temperature 
may be allowed to arise 10° or even 20” higher with- 
out injury. Time, however, is an important element 
in this matter, as malt cannot be long exposed to the 
high temperatures we have just mentioned without 


kept at from 80° to 90°, and being then allowed to 
rise to 200°. 

In making brown or “ blown” malt, the temperature 
of the kiln is allowed to rise to 300° or 350°. The 
blowing process only occupies two or three hours 
altogether. The kiln used is small, and the fire, 
which is made of beech-wood billets, is at once 


draught, and may vary from 10 in. or 12 in. to as 
little as 5 in. When amber malt is being made the 
depth should not be more than 4 in., and the grain 
should only be turned once, the moisture being ex- 
pelled by a coal or coke fire, and the — heat 
required to give the colour and flavour being derived by 
a tre of wood. Amber malt is usually dried off after 
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applied, so as to give a high temperature on the floor, 
which is frequently only about 7 ft. 6 in. above the 
furnace. The malt is put on a few quarters at a time, 
and the workmen keep turning it every quarter of an 
hour until it is brown, when it is dried off. The term 
“blown” malt is derived from the inflated appearance 
of the pickles, the extreme and suddenly applied heat 
causing the separation of the kernel and husk, and 
the blowing out of the latter. During the process of 
browning the malt keeps quite soft, and if it is made 
for sale it is taken off so as to retain the great swell 
(about 15 per cent.), caused by the inflation of the 
husk, the heat within it being sufficient to render it 
saleably dry. Brewers, of course, give it an hour’s 
drying in the kiln, and even after this drying the swell 
is still about 10 per cent. over barley and duty charges. 
The kiln used for making “snapped” or blown malt at 
the Wellpark Brewery, Glasgow, is circular, and is 
19ft. 6in. in diameter. The floor is of wove-wire, 
with }in. meshes. The kiln is heated by a fire of beech- 
wood billets, and the temperature is from 200° to 
990°, The malt is at once exposed to this temperature 
when brought from the floor, and is turned every five 
minutes when on the kiln, the whole operation of 
“snapping” being completed in about an hour. The 
kiln is attended by four men, these doing the whole of 
the work, including firing. 

Brown or blown malt is generally made of second 
sized barley ; but it is necessary that the corn should be 
ofa kindly quality, and should vegetate perfectly and 
freely, as those grains which do not vegetate will not 
“blow,” and they are moreover deficient in colour. 
Blown malt is far from being as much used by the 
brewers as it used to be, it having to a great extent 
been replaced by “ patent” malt, of the manufacture 
of which we shall speak presently. 

When malt is dried on a kiln, it is not merely the 
expulsion of the moisture which takes place ; there is, 
besides this, a further action, namely, the conversion 
into sugar of an additional proportion of the un- 
changed starch. This conversion is caused in two 
ways: first, by the starch being rendered of a gummy 
nature by the kind of roasting process which it under- 

oes ; and, second, by the action of the gluten on the 
nethe at the elevated temperature which exists in the 
kiln, A proof of this action may be obtained by taking 
a sample of the malt before placing it on the kiln, and 
then allowing the sample to be by exposure at natural 
temperatures, when the sample thus dried will be 
found to yield a less saccharine extract than that 
which has been subjected to the kiln-drying process. 
This latter process, moreover, imparts to the malt a 
peculiar, agreeable, and slightly burned taste, derived 
probably from the formation in the husk of a small 
~~ of empyreumatic oil, which is considered by 

r. Ure to not only givea flavour to the beer, but also 
contribute to its preservation. 

We have said, that during the earlier part of the 
process of kiln drying the temperature should be 
raised gradually. If this point is not carefully attended 
to, and a high temperature is suddenly applied, the 
unconverted gluten will become fixed, and the farina 
will be rendered horny and difficult of conversion and 
solution in the process of mashing. The too sudden 
application of a high heat, also, hardens the exterior 
of the grain, and prevents the escape of the interior 
moisture, until eventually, the heat being continued, 
the husk is in all probability split. If at any time 
during the drying process the Lest applied be too great, 
& portion of the sugar will be caramelized and rendered 
bitter; or if, on the other hand, the malt is not 
thoroughly dried, its keeping properties will be de- 
stroyed, and it will become soft and liable to mildew. 

_in the matter of the form of kilns and materials for 
kiln floors, considerable difference of opinion exists 
amongst maltsters, and a good deal might be said upon 

the subject. In Scotland, as we have already stated, 

the preterence has long been given to the old form of 
iln, with arched sides, and furnace with ventilators in 

front, such as we have already illustrated and described. 
st Barton, and many other m drow the arched kilns, with 
arge furnace and wide air openings, but without special 
Ventilators, are the favourites, and there is, no doubt, 
most excellent malt made on them. ‘The worst form 
: kiln, probably, is that without enclosing arches to 
ee, the whole being open below ; in fact, many 
ialtsters of great experience go so far as to say that such 

h do not deserve the name of kilns at all. We give in 

the next column an engraving of a form of kiln which 
18 In extensive use. In this kiln the fire is at one side, 
and erewe of the arch over it is about 3'ft. 6in. above 
et “ part of the fire-grate, so that there is ample 
ited a eda of The amount of ai A 
the outsid eu _ ya cast-iron sliding plate fitted to 
ide opening of the furnace, this plate not 





being shown in the engraving. In the case of a kiln 
of the dimensions marked in our illustration—which 
dimensions are derived from an example given by Mr. 
Ford in his treatise on malting already quoted—the 
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fire-grate is about 3 ft. 6in. long, by?2 ft. in width; 
and the bars, the upper sides of which are about 16 in. 
above the ground level at their highest ends, are laid 
with a slope of about 4 in. in their length. The heated 
air from the fire is diffused over the kiln by a disperser 
plate 15 ft. long by 12 ft. wide, placed 7 ft. 6 in. above 
the ground level, as shown by the dotted line. This 
kiln is intended for pale malt, and, in conjunction 
with another kiln of the same size, will dry the produce 
of a 90-quarter malthouse. 

Another form of kiln, and one which is far from 
being so well known as it deserves to be, is the circular 
malt kiln, as erected by Messrs. Bryan, Corcoran, and 
Co., of Mark-lane. of this kiln we give on the oppo- 
site page a vertical section and sectional plan, prgeee 
from a drawing supplied to us by Mr. Corcoran. From 
these engravings it will be seen that in this kiln the 
lower part, as well as the dome, is circular, and this 
form, combined with the arrangement of the fire and 
the arches enclosing the kiln pit, causes the heated air 
to pass very equally through all parts of the floor. In 
this kiln the dome is of brickwork instead of wood, as 
usual, being formed by carrying up the sides of the 
kiln and gradually closing them inwards. In a kiln of 
this kind, for drying off 25 quarters at one time, the 
principal dimensions will be as follows : 


ft. in. 
Diameter of flor _... tia " ¢ 
opening at top of dome ... eee 
_ : is ... -—< a ae 
Height of floor above grate level ... ... 12 6 
» » dome eee ooo ove «. 38 0 
ogg? Riese os 19 0 


The largest kiln which has as yet been erected by 
Messrs. Corcoran on this plan, is one 30 ft. in diameter, 
at the maltings connected with Messrs. Day’s brewery, 
at St. Neots. In this case the fire had to be placed 
some distance below the ground level, in order to get 
the necessary distance from grate to kiln floor, and at 
the same time keep this latter at a convenient level as 
regards the floors of the malthouse. 

Next as regards kiln floors. The floor of a kiln 
should have an area of not less than 20 square feet for 
every quarter of malt to be dried on it at one time; 
but this area, which would require the grain to be 
spread upon the floor to a depth of a little over 10 in., 
will have to be considerably increased in many instances 
where a good draught is not available. Formerly floors 
used to be largely made of hair cloth ; but this material 
is now gone out of date, At present the favourite 


floors are those made of tiles, and these floors are used 
to the exclusion of all others by the Burton firms, and 
those malting for them. ‘The tiles for kiln floors are 
generally cored out or recessed on the under side, so 
that the small perforations which pass through the tiles 
extend through a slight thickness of material only. 
The coring out also of course greatly reduces the 
weight of the tiles. The perforations for the pas 

of air also should be clearly formed, and should be 
perfectly free from any burrs, which would cut the 
grain. Some of the tiles for kiln floors, made by first- 
class makers—such as Messrs. Fison, of Stowmarket 
—are really admirable specimens of the plastic art. 
In the Scotch kilns the floors are generally made of 
perforated cast-iron plates; these plates being usually 
18 in, square, and having the slots cast in them. ‘The 
plates are carried by cast-iron bearers, having dovetail 
shaped ends, which fit into jaws cast on the sides of 
the main girders, as shown in the subjoined sketch 


ll in vill | \ cl 
wna ra fi 
iN | a i 


Hil all iN] 
I yf AU 
lt 


i 


Waal 





The main girders are supported by columns at inter- 
mediate poimts, as shown in the engravings which we 
published last week. These plates have the advantage 
of being less brittle than the tiles, whilst like them 
they absorb a considerable quantity of heat, and cause 
the drying of the malt laid on them to be, to a great 
extent, completed by radiant heat only. At the 
maltings connected with the Wellpark Brewery, of 
which we have already spoken, two of the kilns have 
cast-iron floors of this kind, the plates forming them 
being 18 in. by 12 in., perforated with slits 1, in. wide. 
Another kiln has a floor made of perforated glazed 
tiles set on brick arches. Tile floors are eminently 
safe floors, as from the limited area of their perfora- 
tions they render it almost impossible to merely 
air-dry the malt; but, on the other hand, they 
retain so much heat that, if the fire is allowed to get 
too high, there is a danger of the malt becoming 
scorched. 


Another material, which has been largely used for 
kiln floors, is wove-wire, and, if properly applied, such 
floors are very durable. Messrs. Corcoran, who have 
had great experience in the construction of floors of this 
kind, fix the wove-wire as follows :—The edges of the 
wire are laced or sewn to straining bars, and these bars 
are taken hold of by hooked-bolts, which pass through 
the wall of the kiln, as shown in Fig. 3 on the preceding 
page, each bolt being provided with a large washer- 
— bearing on four courses of bricks. The straining 

ars, &c., are covered by a cast-iron skirting plate, 
secured as shown. The plate or wire is supported by 
round bars byw at 24in. pitch, these bars resting 
in half-round holes formed in the upper edges of the 
longitudinal beams, which are ef wrought iron 4 in. 
deep by lin. thick. These beams are carried partly 
by the walls of the kiln, and partly by cast-iron cross 
girders, which are, in their turn, supported at inter- 
mediate points by columns or stanchings. The use of 
the round bars immediately beneath the wove wire 
leaves almost the whole area of the latter clear for the 
passage of air, and there is, moreover, far less chance 
of dust or dirt lodging on the round bars than there 
would be on bars flat on their upper edges. Wire- 
floors, of course, require to be well protected from 
rust, and probably the best method of preserving them 
is to cover them, when not in use, to a depth of about 
8 in., with oat husks, or with dry straw to a depth of 
about 18in. Whilst speaking of wove-wire floors, we 
may mention that a peculiar kind of wire-gauze for 
this purpose has lately been introduced on the Conti- 
nent, and is, we believe, now being supplied in this 
country by Messrs. Morton and Wilson, of London 
and Stockton-on-Tees. This gauze, after being wove, 
is passed between smooth steel rollers, which have the 
effect of indenting the intersecting wires into each 
other, and thus producing a parfeoti level surface, on 
which the shovelling and turning of. the malt can be 





verv readily performed. Wire-gauze smoothed by 
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passing between rollers in this way has also been em- 
ployed by Messrs. Jobn and Henry Gwynne, of Ham- 
mersmith, in the tea-preparing machinery made by 
them, and it is found to give very good results. 

Before leaving the subject of wire-gauze, we should 
state that, in addition to being used for kiln floors, it 
can sometimes be advantageously employed for 
equalising the draught at different portions of a kiln. 
For this purpose sheets of the gauze must be sus- 
pended beneath the floor at those points at which the 
draught is strongest, the size of the gauze, &c., being, 
of course, regulated according to the amount of check- 
ing effect. which it is desired to produce. Punched 
wrought-iron plates are sometimes used as a substitute 
for wove-wire for kiln floors, and on the Continent 
large quantities of such plates are employed. 

in considering the qualifications of different kinds of 
kilu floors, it must be borne in mind that the advan- 
tages or disadvantages of any particular kind of floor 
may be materially modified by the nature of the 
draught available. and the means provided for regu- 
lating it. Ifthe ventilation of a kiln is under perfect 
control, good malt may be produced on any of the 
floors we have mentioned. 

The opening at the top of a malt kiln is provided 
either with a revolving cowl, as in the case of the kiln 
illustrated on.the preceding page, or with a short shaft, 
or cupola, fitted with louvre boards, as in the kiln 
of which we gave engravings on page 332 of our last 
number, This latter plan is the cheaper of the two ; 
but the cowl, if Saopecly constructed, is probably the 
most effective in excluding down draughts of cold air. 
If, however, the cowl is not made so as to move freely, 
it may cause the very effects that it is used to prevent. 
Cowls are most generally made of wood; but a great 
many copper cowls have been erected, and from their 
lightness and cheapness they-ere to be recémmended. 
Cowls may also be made of galvanised iron, or of zinc ; 
but these materials are far less durable than copper. 
It is probable that a ventilator, constructed on the 
principle of the aspirateur Nouahlier, which has been ap- 
plied in many instances to buildings and railway car- 
riages in France, would answer well for a malt kiln. 
This ventilator, or aspirateur, of which we subjoin an 
engraving, was designed by M. Nouahlier, of Paris, 
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and it will be’that it is so constructed that wind blow- 
ing in at the side opening is deflected upwards, and 
made to assist in creating a draught through the ven- 
tilator, In any case, the opening at the top of the 
kiln should be of suflicient size to carry off freely the 
moisture arising from the malt, and the area of open- 
ing necessary to do this will, of course, depend to 
some extent upon the draught available. To improve 
this draught as much as possible, all doors, &c., open- 
ing into the dome of the kiln should be well fitted, so 
that they may be closed perfectly tight, and the dome 
itself should be of good height. Generally, with a fair 
draught, an opening, equal to from one-thirtieth to 
one-thirty-fifth of the area of the kiln floor, will be 
found sufficient; but Messrs. Corcoran and Co. give 
a much larger opening, that of the kiln which we 
illustrate on the preceding page being about one- 
eighteenth of the area of the floor. 

Recently Mr. James Schofield, and Mr. Joshua C. 
Dawson, of Leeds, have patented a method of heating 
malt kilns by means of steam pipes laid beneath the 
floors. The same plan was proposed some years ago, 
by Dr. Ure, who recommended it for drying pale malt ; 
we do not know, however, of any instance in which 
it has been practically earried.out. Some years ago, 


also, Mr. Hallewell, of Leeds, patented a malt kiln 


heated by gas, the jets being placed a short distanc® 
below the floor. .This plan has been stated to hav® 
given good results, although slightly more costly than 
the ordinary plan; but we ourselves know nothing of 
its working. 

The fuel used in a malt kiln should be free from 
sulphur, as although the sulphurous acid generated by 
the combustion of such sulphur may, by its bleaching 
action, sometimes improve the appearance of the malt, 
yet it decidedly injures its quality and lessens its value 
to the brewer. Well made eoke and good anthracite 
both make excellent fuel for malt kilns; a ton of the 
former drying off, in aswell-constructed kiln, about 
50qr., and a ton of the,latter about 55 qr. of malt. 
The relative cost of the two fuels will, of course, 
to a great extent, depend upon;the part of the country 
in which a kiln is situatedy,;Zhe good qualities of 
anthracite were known as longiago as 1595, when 
Owen wrote as follows: ‘‘Phis kind of cole.is not 
“ noisome for the, smoke, nor nothing so loathsome 
* for the smell as the ring-cole is; whose smoke annoyeth 
all things near it, as fyne linen; men’s handes that 
“ warm themselves by it; but this stone-cole yieldeth 
“in a manner noe smoke after it is kindled, and is soe 
“ pure that fyne camerick and lawn is usually dried by 
“it, without any stayn or blemish; and it is a most 
“ proved good drier of malt, therein passing woode, 
** ferne, or strawe.” 

By the process of kiln drying, the rootlets are ren- 
dered brittle; and it is the practice to separate them 
from the malt by passing the latter over a screen. 
Sometimes the malt is trodden, to separate the roots 
more thoroughly before being screened. In former 
times the screening of malt was required by law, and 
by the 2nd and 3rd Edward VI., cap. 10, it is enacted 
that, under a penalty of 2s. per qr., “ No person shall 
“ sell any malt not well trodden, rubbed, and fanned, 
“‘ whereby there may be conveniently fanned out of 
“one quarter half a peck of dust or more.’ The 
average quantity of coombings, as the screenings are 
called, amounts to from about 24 to 3 per cent. of the 
malt screened. The coombs are sold for feeding lambs 
and cows, whilst the malt-dust is disposed of for 
manure. 

During the process of malting a given quantity of 
barley diminishes in weight from 18 to 22 per cent., 
and at the same time increases in bulk from § to 9 per 
cent. Dr. Ure, in speaking of the loss by malting, 
mentions that raw grain dried at the same temperature 
as the malt would lose 12 per cent. of its weight of 
water; and taking the average total loss by malting 
at 20 per cent., there would thus remain but 8 per 
cent. to account for. This 8 per cent. he divides as 
follows : 

14 per cent. dissolved out in the steep water. 

3 dissipated in the kiln. 
3 va by the removal of the fibrils. 
GG « of waste. 
Malt, however, when ready for crushing for the use 
of the brewer, is found by analysis to contain only 
about 6 per cent. less water than barley, and the loss 
of solid matter during malting is therefore considerably 
greater than above estimated. Muspratt gives the 
mean results of a number of experiments, as indicating 
a total loss during malting of 19 per cent., and this he 
divides as follows : 


” 


Water eve ove 6.00 
Saline matter ese 48 
Organic matter *... 12.52 

19.00 


The fact that the above quantity of organic matter 
is actually lost during the process of malting appears 
to be corroborated by the relative quantity of the ash 
procurable from barley and malt. Muspratt gives the 
ash of barley as amounting to 3 per cent., and that of 
malt as 2.52 per cent., there being thus a loss of ash 
of 0.48 per cent. This loss agrees--very closely with 
that which would be due to the disappearance of 12.52 
per cent, of organic matter; 0.48 bearing very nearly 
the same proportion to 12.52 that 3 does to 84, these 
latter figures being respectively the percentages of ash 
and dry organic matter in barley. 

We may give here some particulars of the process 
of malting as followed at Munich and other places in 
Germany. According to Dr. Ure it is the practice to 
steep the barley until the seed germ appears to be 
quickened, a fact which is denoted by a swelling of 
the stalk end of the ear, and also by a slight projection 
of the embryo being visible when a pickle is pressed 
between two fingers against the thumb nail. If the 
seed-germ sticks too fast to the husk it has not been 
sufliciently steeped. The steep water is changed re- 
peatedly, first about six hours afier the grain is im- 





mersed, the whole mass being thoroughly stirred up, 


and afterwards about once in every twelve hours jp 
summer and once in every twenty-four hours in Winter 
When sufficiently steeped it is drained for from four 
to six hours, and then turned out and laid on the 
couch floor in a square heap 8 in. or 10 in. high. This 
heap is turned over every morning and evening in such 
a manner as to bring the middle portions to the to 
and bottom of the heap. When the acrospire has 
grown to the. full length of the grain the malt jg 
carried to withering (we/kboden) or drying floor, which 
is in the open air, and here it is exposed in fing 
weather from eight to fourteen days, being duri 
this time turned over thrice daily. Next it is dried 
at a gentle clear heat, all browning or discolors. 
tion being carefully avoided. As the Bavarian brewers 
will not use smoked malt, the drying is conducted 
either in cylinders or in a flue-heated kiln. In the 
latter the malt is placed upon wire-wove shelves 
situated one above the other, these shelves having 
below them rows of sheet iron flue pipes, through 
which the products of combustion of a small furnace 
on the ground floor are passed. The flue pipes heat 
the air passing up through the shelves to about 
122°, and the malt is thus dried without the slightest 
discoloration or injury to the diastase. The whole 
range of pipes and shelves is enclosed in a vaulted 
chamber, the roof of which is provided with a wooden 
pipe for conveying away the moisture evaporated, 
‘The time occupied in drying a charge in these kilns 
is from eighteen to twenty-four hours. 








THE MARTIN PROCESS. 


One of the oldest and most primitive methods of 
steel manufacture, practised in different localities for 
several centuries past, consists in the immersion of 
wrought-iron bars into a bath of molten cast iron, 
The iron bars are converted into steel by cementation, 
but the steel is not allowed to melt in the bath. After 
a certain time of immersion, the bars are withdrawn 
and worked up into marketable steel by fagoting and 
welding. The steel, which at one time was manu- 
factured in Styria, and sold under the name of “ Pool” 
steel in the markets of all the world, we believe to 
have been made by this now extinct process of steel 
manufacture. All that time, or, at least, during its 
earlier periods, the rationale of this process was w- 
known to those who employed it, and the progress of 
science which succeeded in explaining this old method 
of cementation at the same time brought about the 
extinction of this primitive process by supplanting it 
with more effective and more economical modes of 
operation. As soon as it became more generally 
understood that the proportion of carbon combined 
with the iron constituted the main difference between 
cast iron, wrought iron, and steel, and that steel held 
an intermediate position in the series between cast and 
wrought iron, the idea suggested itself of producing 
steel by a mixture of the two extreme ends of this 
series, and numerous methods varying in the mode of 
operation, but all identical in principle, have been sue- 
cessively invented, patented, and experimented with. 
Instead of the immersion of iron bars in a bath of 
cast iron, the melting of wrought-iron scrap, turnings, 
and shavings, along with a charge of pig iron, was 
proposed and tried in the cupola, in the air furnace, 
in the crucible, and in gas furnaces of different kinds. 
At an equally early date the idea of substituting pure 
iron ores for wrought iron in this process of mut 
reaction suggested itself, and records of experiments 
on this subject exist in the French Jowrnal des Mines 
as early as 1798. In England, we believe, David 
Mushet was the first to patent a similar process of steel 
manufacture. ‘The most comprehensive and most 
scientific proposal in this direction was the patent 
specification of Josiah Marshall Heath, filed in me 
This far-seeing metallurgist specified the application © 
a reverberatory furnace, heated by gas, to be deriv 
from the top of a blast furnace, or from a special gas 
producer, and proposed to make steel in this —_ 
without the application of crucibles, by making the 
entire furnace bottom into a dish-shaped form, cap# e 
of holding the whole mass of liquid metal oper 
upon. The bath of metal was covered by a layer 
slag, which latter performed the function of the lid, 
or crucible cover, viz., the protection of the bath from 
an excessive oxidising action of the flame. The a 
fication’ of Heath further proposes to vary te, a 
tive proportions of cast iron and wrought iron, rer 
ing to the degree of hardness or softness wore - 
the product, to work with a more or less neutra ~ 
oxidising flame, according to the requirements of . 
process ; to employ wrought iron in the farm of scrap, 

nines. ¢ avines ve the form of iron 
turnings, aud shavings, or even I - 





sponge or powder, first obtained from iron ore y its 
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reduction at a low temperature, and in contact with an 
insufficient quantity of carbon for carburising and 
melting the metal. Heath also proposed to heat the 
wrought iron before introducing it into the bath of pig 
iron in his furnace, and he designed an arrangement 
for effecting this by the waste heat of his gas furnace. 
The furnace shown in the drawing of Heath’s specifi- 
cation has a circular bed formed like a dish, and sur- 
rounded by a set of compound tuyeres for the simulta- 
neous introduction of combustible gases and of a 
current of air previously passed through pipes placed 
in the flue for raising the temperature of the air and 
increasing the heat obtained within the furnace. The 
furnace gases pass over a long bed before entering the 
chimney, and upon this bed the wrought iron is placed 
previous to its being charged into the bath. Alt ough 
the specification of Josiah Marshall Heath points out 
the mode of making steel by the mutual reaction of 
over-carburised iron and of iron free from carbon, by 
the employment of an open furnace heated by gas, in a 
most correct and scientific manner, we can give it no 
other name but that of a proposal or a scheme, since 
Heath never carried out his invention in suc- 
cessful practice, and his failure was the main cause for 
the prejudice and discredit which has been subse- 
quently thrown upon this sensible and very valuable 
principle of steel manufacture by reaction. In 1854, 
John Devie Stirling took out a patent for steel manu- 
facture by the reaction of cast iron, and wrought iron, or 
iron ore. He proposed to work in crucibles or in the 
open air furnace. About the same time the Austrian 
Captain Uchatius patented and commenced to work in 
England his process of melting granulated charcoal 
pig iron with pure iron ore in closed crucibles; and, 
finally, in 1855, Mr. Henry Bessemer took out a 
patent for a similar modus operandi, laying particular 
stress in his specification upon the cover of liquid 
slag which is required for protecting the surface of the 
metal when the steel is made in an air furnace, and 
without the employment of crucibles. There can be 
no doubt that the experiments made by Mr. Henry 
Bessemer, and most probably the practical difficulties 
which may have presented themselves to him, the same 
as to all his predecessors, suggested to this ori- 
ginal and ingenious inventor to strike out a new line 
of action, and to follow a course different in its 
scientific principle, in its mode of operation, and in 
everything connected with its practical working from 
all that had been proposed, practised, or even con- 
sidered plausible before. The Bessemer process, with 
its brilliant success, its rapid spread, and its magnifi- 
cent results, has acted, in a certain sense, as a check 
upon the progress of the older and repeatedly pro- 
posed method of steel manufacture, which, having 
een abandoned by so many of the ablest metallurgists, 
was considered a proved and established failure. Only 
when carried out in the crucible has this system of 
steel manufacture proved successful, and found its place 
in all modern steel works. The application of the 
Siemens furnace gave increased facilities to steel 
makers, and the perfect control of the tempe- 
rature, the high heat and economy of fuel which 
are the characteristics of the Siemens furnace, 
made the crucible process so efficient and economical 
as to hold its ground under many special conditions 
against the competition of Bessemer steel up to the 
present moment. This fact has sometimes been 
ascribed to the effect of the Bessemer royalty, and it 
has been maintained that Bessemer steel will compete 
more favourably with the pot steel after the expiration 
of Mr. Bessemer’s first patent. This is an obvious 
mistake, since the royalty drawn by Mr. Siemens from 
crucible steel-makers employing his furnace is very 
nearly as high as the Bessemer’s royalty, and Mr. 
Siemens’s patent will expire even before that of Mr. 
Bessemer. Only a few months ago we published a 
letter from Mr. C. W. Siemens, who maintains, and 
with good reason, that his system comprises a series 
of valuable inventions, many of which will yet, for 
several years, remain protected by patents. Without 
in the least disputing this fact, we consider it obvious 
that, from the moment the principle of regenerating 
heat in a gas-fired furnace a public property, 
the market value of all the more or less successful 
details, which Mr. Siemens designed and patented in 
reference to the working out of this main principle 
contained in his original patent, must be extremely 
small compared with the value of the principle itself. 
‘he royalties which now are worth paying even at a 
high rate per ton of steel made in the Siemens furnace, 
will then require to be cut down to the very lowest 
margin in order to prevent the employment of rival 
constructions. There is nothing easier than going 
round a clever detail in the design of an apparatus, if 
once the scientific principle involved in it has become 





public property. It is obvious, therefore, that by the 
time the Bisidner royalty will be reduced in conse- 
quence of the expiration of Mr. Bessemer’s first patent, 
a similar course will be required on the part of: Mr. 
Siemens’s, and the relative position of the two pro- 
cesses will remain very similar to its present state) so 
far as the influence of royalties is concerned, 

We have in the above recorded all. the. most promi- 
nent failures of previous attempts at making steel by 
reaction of cast and wrought iron in an open-air 
furnace, in order to define more clearly the historical 
position of the inventors who at last arrived,at,a 
commercial success in that direction, and to. place 
the practical and..moral claims which attach them: 
selves to this often. forestalled patent. before our 
readers. Messrs. Emile and Pierre Martin, the 
proprietors of the Forge de Sireuil, in France, are now 
known as the patentees and the first successful 
operators of the reaction process carried out in an open 
furnace and without the employment of pet 
Messrs. Martin have taken out,several patents. which 
refer not so much to the principle involved, but to the 
modus operandi and to the total ensemble of details which 
are indispensable for attaining practical success, and 
which, in their. combination, form what is now 
designated with the name of the Martin process. At 
the late Paris Exhibition, the Martin steel was, for 
the first time, brought before the public in a promi- 
nent manner. ‘The international jury awarded a gold 
medal to Messrs. Martins’ exhibit, and the first steel 
masters of all countries entered into contracts with 
the patentees for the working of the Martin process in 
their respective localities. In France, Messrs. Verdie, 
of Firmins, Messrs. Schneider, of Creusot, the Usine 
de Terre-noire, and several others took licences, and 
are now working successfully. In America, Messrs. 
Cooper, Hewitt, and Co. took an exclusive licence 
from Messrs. Martin for working and introducing that 
process in the United States. In Austria, M. Mayr 
v. Mcluhof, one of the most celebrated ironmasters in 
Styria, has taken a licence, and commenced to work 
the new process with very satisfactory results as 
regards the quality of steel produced in the Martin 
furnace. Last, but not least, in this country, Mr. 
Samuelson, of Banbury, has obtained the property of 
Messrs. Martins’ patents, and is now preparing for the 
commencement of operations on an extensive scale. 
It is difficult to point out, in a pregnant and concise 
manner, which particular details, or combinations of 
details, form the essential features of the Martin pro- 
cess, and are the causes of its success as compared 
with the previous failures to which we have already 
referred, and we prefer, therefore, to give a detailed 
description of the whole operation as now practised at 
the forge de Sireuil, under M. Pierre Martin’s own 
superintendence. 

The whole process is conducted in a regenerative 
gas furnace of Mr. Siemens’s patent design, and to 
the application of this furnace in a great measure the 
final success of the Martin process is due. Yet the 
Siemens furnace is not indispensable for the success of 
this process, and any well constructedfurnace fired with 
gas will give the same results, although probably with 
a greater expenditure of fuel or with a less convenient 
form and general arrangement. Amongst the fur- 
naces which are eminently fit for the Martin process, 
besides the Siemens furnace we may name the Wilson 
furnace and the Swedish gas furnace described in Dr. 
Percy’s celebrated Metallurgy. The principal condi- 
tion to be fulfilled by the arrangement of the furnace 
is the production of a neutral or non-oxidising flame 
and of a high and constant temperature. The tempera- 
ture of the Martin furnace has often been overrated, 
and it does not usually exceed a common welding heat. 
It is higher, of course, for making the softer kinds of 
steel than for the production of hard steel, and it is 
gradually raised during the course of the operation 
from the melting point of cast iron to that of the hard 
steel or soft homogeneous metal produced in the 
charge. A newly-fired Siemens furnace requires 
about three days of firing for getting up to the re- 
quisite temperature ; and to maintain it with sufficient 
constancy for proper working, it is of the utmost 
importance that everything charged into the furnace 
should be heated previously to a bright red heat at 
least. The introduction of cold substances sensibly 
affects the regularity of the operation, and it also 
reduces the temperature of the furnace, causing a 
waste of fuel which is greater than the quantity of 
fuel required for the previous heating in a special 
furnace. Even the application of a bed for heating 
the charges by waste Treat of the furnace, such as that 
proposed by Heath, has been found inconvenient by M. 
Martin, since the rapid changes of temperature caused 
in this heating chamber by the frequent introduction 


of cold materials sensibly affects the temperature of 
the furnace itself and interferes with the regularity of 
the operation. One of the most important details is 
the preparation of the furnace bed upon which the 
operation is conducted. The lining of the furnace 
must virtually form the crueible for the pan it 
must, be refractory at the hightemperature employed ; 
it must be free from all substamees which can be de- 
composed by the liquid metal or the slag, and which 
could contaminate the steel or inflaence its temper ; it 
must be easily repaired after each eharge, and the fresh 
material added. at,.each fettling must readily unite or 
jcement together with the main body of the solid mass 
‘so as-to form a) prope? and impervious vessel for the 
liquid mass. . ixpermments have been made with a 
great number of substances wliich seemed likely to 
produce a suitable fettling. The iron ore and crude 
fettling of the puddling furnace was found incapable 
to withstand the protracted action of the metal and 


.| slag during the period of six or-eight hours occupied 


by each charge: Burnt lime:and eoke and burnt lime 
alone crumbled into dust when employed as furnace 
lining. An excellent furnace bottom was formed from 
the powdered mass of old steel-melting crucibles made 
of fireclay, but this bottom could not be repaired when 
damaged, since the .mass subsequently added for 
fettling or repairing could not be made to unite or 
cement together with the old material. The ganister 
or similar sand contains too little basic matter for 
producing a kind of nitreous.surface which is re- 
quired for making the bed impervious to the liquid 
metal. The only suitable material hitherto found b 
M. Martin is a silicious sand mixed with a ras | 
proportion of an argillaceous sand. The mixture is 
effected by using old moulder’s sand from the 
foundry mixed with fresh silicions sand in about 
equal proportion. The actual requirement is 
sand containing about 90 per cent. silica and 10 
per cent. of aluminia or magnesia. This sand is 
spread over the furnace bed in a layer of about 4in. 
thickness. It is desirable to keep the furnace bottom 
cool, and, therefore, to avoid excessive thicknesses of 
lining, the sand is carried by a cast-iron furnace bed, 
and a current of air is kept in constant action below 
this bed for keeping:the latter as cool as possible. 
The sand is spread upon the bed in a damp state ; it 
is then of a nature and consistency resembilin 
moulder’s sand, and it is rammed into its place wit 
heavy iron blocks. When the desired form of the 
furnace bottom is arrived at, and the surface made 
properly smooth, the temperature of the furnace is 
raised to a bright red heat for the purpose of vitrify- 
ing the surface of the bed. This belae effected, the 
whole is again compressed and made smooth at the 
surface by means of tools introduced through the 
furnace door. The roof of the furnace is made of 
common firebricks. It can stand 200 charges without 
requiring repair, and it can be reconstructed, if de- 
sired, without cooling down the furnace. For this 

urpose the supply of gas is shut off, and the whole 
fonibat is filed up with pieces of brick and with sand, 
so that this filling material touches the roof all over its 
surface. The brick roof can be removed and a new 
roof built in its place upon the solid support formed 
by the block of sand. When the new roofis arched 
in completely and capable of supporting itself, the 
sand is withdrawn from the furnace through the doors, 
and the whole is ready again for working. An opera- 
tion of this kind has been carried out in Sireuil in the 
course of a few hours. When the furnace is properly 
prepared in the manner just described, the charge 
commences by introducing a quantity of pig iron in 
small blocks of about 20 Ib. dak heated to redness in 
an adjoining furnace. It would probably be preferable 
to melt the pig iron in a cupola, and introduce it in 
the liquid state, but no suitable plant exists at Sireuil 
for this operation just at present. The pig iron is all 
carefully selected, and the Martin process 1s in so far 
fully as dependent upon the purity of its pig iron as 
the Bessemer process, and almost all other known 
modes of steel manufacturing. 

(Zo be continued.) 








A Tetearapnic Novevry.—Messrs. J. B, Stearns and J. 
G. Smith, of the Franklin Telegraph Company, have been 
for some time engaged in perfecting an apparatus for work- 
ing in both directions over a single wire at the same time. 
The method employed is the one originally devised in 1854 
by Frischen, Inspector of Telegraphs in Hanover, Germany, 
but has been improved by the addition of a local circuit 
attachment to the transmitting apparatus. A wire between 
this city and Boston has been lately worked in this manner 
with the greatest success. The above gentlemen are entitled 
to much credit for practically introducing this system on the 
American lines. many cases it will be found a valuable 
addition to the facilities of a telegraph company having but 





a limited number of wires.—-New York Telegrapher. 
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THE 


“KNIFE-ROLLER’ 


ee 


COTTON GIN. 


CONSTRUCTED BY THE NORTH MOOR FOUNDRY COMPANY, ENGINEERS, OLDHAM. 
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WE give, above, engravings of the “ knife-roller” cotton 
in, as now being made by the North Moor Foundry 
Jompany, Oldham. in this gin there is the usual Macarth 

“ ginning roller,” a, having a steel blade or “ pressing knife,” 
d, forced against its surface by the springs, f, and screw, e; 
but instead of the ordinary vibrating knife or “ beater plate” 
of the Macarthy gin, there is provided a “ knife-roller,” 5. 
This “ knife-roller,” which forms the chief feature of the gin 
we are describing, consists of a spindle on which are placed a 
number of washers about 5in. in diameter, these washers 
being inclined to the axis of the shaft, and being held in their 
positions by ferrules. Although the outline of the roller is 
circular, the washers are necessarily, in order that this should 
be the case, elliptical. As the knife-roller revolves, the 
washers draw the seed cotton alternately right and left along 
the edge of the pressing knife, the ginning roller at the same 
time pulling away the fibre from the seeds, which afterwards 
fall through the grating, 4. A guard, ¢, is provided to 
prevent the seed from being broken between the surface of 
the ginning roller and the edges of the knives on the knife- 
roller. The grating, 4, can be drawn back for cleaning when 
a by taking out the bolts, i. 

n working, the space between the leather roller, a, and 
knife roller, 6, and guard, ¢, must not be more than ,, in., 
and the pressure of the knife, d, is regulated by the screws, e, 
and the springs, f, to such a degree that the roller gets 
slightly warm when working, and the pressure must be 
uniform on the entire length o, the roller. 

The top edge of the pressing knife should be about 4 in. 
above the centre of the leather roller, a, but must never be 
below the centre. This height of the knife does well for 
some kinds of cotton, but, if it should be found that the 
cotton is not taken freely, the knife must be lowered to that 
point where it takes it in the best. The cross bar, g, which 
supports the pessing knife, d,can be raised or lowered by the 
set screws underneath. 

The leather roller, as it wears, can be brought nearer to 
the knife-roller by the adjusting screws, k,. The two rollers 
are geared together by a spur-whee, and pinion, as follows : 
The pinion is fixed on the knife-roller-shaft, and the wheel 
(which has a stud in its side) is fixed on a small independent 
shaft. On the leather roller shaft is » crank, connected with 
the wheel by a slot in the crank ; the stud in the side of the 
wheel fits into the slot referred to. The pinion on the knife- 
roller shaft drives the wheel on the independent shaft, which, 
in its turn, drives the leather roller by means of the crank 
and pin. The leather roller may thus always be brought 
into contact with the pressing or “doctor knife” as the 
leather wears down, without interfering with the proper 
depth of gear at which the wheels should work. 

m what we have said, it will be seen that the gin is 
very simple in its construction; and it has been proved on 
many trials to turn out excellent work very sapidiy. It is 





self-feeding, and, from the absence of cams and vibrating | 


knives, it works very smoothly and noiselessly. The pulley 
on the knife-roller shaft should be driven at 350 revolutions 
per minute, and at this speed a 40in. gin will turn out from 
50 lb. to 150 Ib. per hour. In our illustrations Fig. 1 is a front 
elevation of the gin; Fig. 2 is an end elevation; Fig. 3 is a 
view of the grating, h; and Fig. 4 is a part section, showing 
the relative positions of the principal parts of the machine. 








YOUNG ENGINEERS. 
To THe Eprtor oF ENGINEERING. 

Srr,—The courteous reply of “Young Engineer” to my 
letter of the 28 ult., and the immense importance of the 
subject, has induced me to ask the favour of a few concluding 
remarks thereon. I regret to find that the same system, so 
pernicious to the rising generation of mechanical engineers, 
exists with civil engineers also; it therefore deserves to be 
widely ventilated. A short time ago there appeared in the 
Times a statement, that in the kingdom of Siam several large 
works were contemplated, and that thus an opening would 
be made for some young English engineers. According to 
the Times, several of them went there, but were found, from 
their superficial education, unequal to the task. These posts 
were ultimately filled by young Americans, whose general 
and more practical education made them better suited for the 
work. One more illustration and I havedone. A young man, 
with whom I am well acquainted, having “served his time” 
in a “crack” shop, heat himself at the end thereof under 
the disagreeable necessity of earning his livelihood ; he con- 
sequently sought and obtained employment, which the repute 
of the firm where he was apprenticed assisted him readily in 
doing. The first day of his engagement he discovered his 
incapacity, and with much weeping, wailing, and gnashin 
of teeth, found out too late that somehow or other he hac 
been done, and that his time had been wasted. After three 
other trials at different shops, he felt himself compelled to 
relinquish his profession. He has now entered a new field of 
labour, in which he is industriously earning his livelihood. 
I advise Mr. Samuelson and the Society of Arts, when next 
discussing the subject of technical education of the middle 
and lower classes, to bestow a few glances on the gentlemen 
engineers also, as the system militates heavily against our 
national character. The instruction in some of our large 
shops is something akin to the classical instruction and 
education in our Universities, where “ muscular Christianity,” 
boating, &c., are more highly esteemed than development of 
the mind. 

I trust some more able pen than mine will take up the 
subject, worthy even of the well-known talent of the Editor 
of ENGINEERING. Yours truly, 

London, April 13, 1868. R. Waxaoop. 
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Tue Mort Cents Tunxet.—From the report of the 
Minister of Public Works for 1869 we learn that on the 31 st 
of December, 1868, 48,200,000 francs will have been expended 
on the Mout Cenis tunnel. Hight millions more are to be 
spent in 1869. If the expens2s continue at the same rate, 
and if the tunnel be completed, asis hoped, in 1871, its entire 
cost (without reckoning the two bits of railway that are to 
connect it with Susa and St. Michel, and which wll be 
enormously costly) will not fall far short of three millions 
sterling. A portion of this will be borne by France, as is 
only just, for, after Italy, she is assuredly the country that 
will gain the most by the completion of the colossal work. 

Gun Corron Transport.—Mr. James Wilson, the = 
manager of the North-Eastern Railway, has made the follow- 
ing report to Captain O’Brien on the transport of gun cotton 
by railway: “Mr. Prentice, the managing director of the 
Gun Cotton Company, has been here this morning, and has 
tried the experiments which you wished to have tried. A 
small box of cotton containing 125 charges, said to be equal in 
effects as a blasting agent to a quarter cask of gunpowder, 
was taken into the cricket field. A fuse was inserted and 
lighted. When the flame reached the gun cotton there was 
a great blaze like the burning of a heap of loose straw, but 
no explosion ; in less than half a minute there was no flame 
except from the burning of the brown paper in which the 
gun cotton had been packed inside the box. The box was of 
wood about half-inch thick, and was nailed, but not bound 
with iron at the corners; it was one of the ordinary packages 
used for sending the cotton out. Several charges were then 
laid on the rails near the coal depdts, and coal wagons were 
run over them: some of them were ignited, others were not. 
Some of them were placed so that an engine should pass over 
them ; they were all ignited. Mr. Prentice took an axe and 
chopped one charge into several pieces, there was no explo- 
sion or ignition. Small pieces of gun cotton placed on the 
iron rim of a wheel and sharply struck with a hammer ex- 
ploded, or rather detonated. In all the cases where ignition 
was produced by concussion, whether of a hammer on iron 
or of the wheels of an engine or wagon on the rails, it was 
very ‘evident that only so much as was actually struck ex- 
ploded or detonated, the part not struck firing from the explo- 
sion and burning like so much straw or flax. To make sure 
that we were dealing with the article which produces such an 
effect when exploded in close confinement, we had a hole 
bored into a large block of hard tough wood, in which Mr. 
Prentice placed a charge of gun cotton with a fuse attached 
to it; he then filled up the hole with broken slate tightly 
rammed, and fired the fuse. When the gun cotton exp oded 
the block of wood was shivered to pieces, each piece being 
blown several yards away. The results of the ex priments 
convince me that we may safely carry cotton along with 
other goods in ordinary wagons, adopting the same rules as 
now apply to the conveyance of cartridges.” 
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DUDGEON’S ROLLER TUBE EXPANDER. 
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Mors than eighteen months ago (vide page 272 of our 
second volume) we described an excellent tube setter or ex- 
pander invented by Mr. Richard Dudgeon, of New York, 
and patented by him both here and in erica. Since that 
time Mr. Dudgeon himself has visited England, and his tube 
expander is now being used in this country with such success 
by those firms that have tried it, that we feel it our duty to again 
call the particular attention of all interested in the working 
or construction of tubular boilers to the merits of the contriv- 
ance. All those who have had charge of tubular boilers 
know the trouble and expense attendant upon leakage of 
the tubes, and any cure for this evil must be especially wel- 
come to them. Mr. Dudgeon’s tube expander, in the form in 
which we formerly described it, consisted of four small steel 
rollers, which could be forced outwards against, and at the 
same time rolled round within, the tube to be expanded, by 
means of a tapered steel mandril. Mr. Dudgeon has, how- 
ever, found it better to substitute three rollers for four, as the 
three rollers accommodate themselves better to holes of irre- 
gular shape, and it is of the three-roller expander that we 
now publish illustrations. As will be seen from the sections, 
the expander consists of but very few parts, and these are of 
simple construction. There are the three rollers contained in 
recesses in the main body of the expander, and prevented 
from falling out by a ring at one end, secured by three 
screws ; there is an adjustible collar which bears against the 
tube plate when the expander is in use, and ensures that the 
rollers act on the proper portion of the tube; and, lastly, 
there is the central mandril, a plain tapered piece of steel, 
having holes at one end in which a bar for turning it can be 
inserted. These parts constitute the whole instrument, and 
they are all of simple form, and not likely to be injured by 
even the rough usage in a boiler shop. 

Of the wor! | ey by this expander it is impossible to 
speak too highly. We have ourselves seen pieces of iron 
tubes cut out of the tube plate after being set with this tool, 
which have had clearly impressed upon their exterior surfaces 
the whole of the marks made by the drill in boring the tube 
hole. At the North London Works, at Bow, this expander is 
being used for fixing the tubes both in new and old engines 
to the exclusion of all the old-fashioned drifts and other tools, 
and Mr. William Adams states that it turns our far better 
work than he has been able to obtain by any other means. 
It is found at Bow that the tubes of new boilers set by Mr. 
Dudgeon’s expander remain perfectly tight without any 
signs of “ weeping” even under a severe hydraulic test—a test 
that under o circumstances is generally found much 
more trying to the tubes than any test by steam pressure. 
Messrs. Aveling and Porter, of Rochester, the Anglo-Ionian 

Steamship Company, and other firms are using the expander 
extensively, and all speak highly of the results obtained. In 
America, also, the tool has and very largely adopted and 
with the most complete success. 

.,.n cases where this expander is employed there is no neces- 
sity that the tube holes should be bored out with the accuracy 
ee under ordinary circumstances. We are no advocates 
“ slovenly work, but it is decidedly an advantage to have 

bh © power of expanding a tube so as to fit accurately a 
> ve. or even fin. oval, as may be readily done by the 
‘his we are describing. In tightening the tubes of old boilers 
a roperty of the expander is espeeially valuable. And 
nother good point is that the tool can be used just as effec- 
ay if the boiler is full of water, or even if it contains a 
— steam, as it can if it is blown off. Another feature of 
; expander which claims particular attention is its power 
oO pang out tubes into holes considerably larger than them- 
= ves. The action of the rollers is so gentle that, by their 

i, tubes, which would crack under the action of an ordinary 

» can be readily set out without injury ; and, as there is 
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no hammering required, the fixing of one tube does not loosen 
another, as is sometimes the case with the ordinary method of 
working. 

In fixing tubes with Mr. Dudgeon’s expander, they may 
be cut so as to project about #;in. beyond the tube plate, 
and then, being slightly elongated by the action of the roller, 
they will be found to be set over by the tool quite sufficiently. 
No ferrules are required, and, as the tubes are made a per- 
fect fit in the tube plate for the whole thickness of the latter, 
no leakage can ensue even if the ends are burned off. Alto- 
gether we consider the tool an invaluable one for all who have 
anything to do with tubular boilers, and we feel convinced 
that it must come into universal use in all places where such 
boilers are constructed or repaired. Mr. Dudgeon, we may 
state, is at present in London, his address being 18, London- 
wall, E.C. 


SOCIETY OF ARTS. 
Wednesday, April 15th, 1868. 
“LIQUID FUEL.” By Brensamin H. Paut, Esq. 


THE economy of fuel is a subject of so much importance in a 
variety of aspects, and it affords so much scope for improve- 
ment, that any suggestion made with that object is always de- 
serving of full consideration; and, even if such suggestion 
should be impracticable or erroneous, it is at least worth while 
to demonstrate clearly the circumstances which may be} cun- 
sidered as justifying an adverse opinion. That such a course is 
appropriate in regard to’a project which is expected to involve 
a reconstruction of our navy and a radical revolution in steam 
navigation, will, 1 apprehend, be readily admitted. 

The proposal to substitute for the coal now used as fuel in 
steam vessels some kind of liquid combustible, is an offshoot of 
the excitement which has prevailed during the last few years in 
regard to the discovery of vast quantities of petroleum in 
America; and it was that material which was in the first in- 
stance recommended as the substitute for coal. A commission, 
appointed in America to investigate the subject, reported that 
petroleum was beyond doubt more than twice as effective as 
anthracite coal in the production of steam, and that steam could 
by the use of this material be produced in less than half the 
usual time. 

It was an inference by no means unnatural that if this were 
the case, and if coal could be superseded by this material as the 
fuel of steam vessels, a very great portion of the space required 
in merchant steamers for the stowage of coal would be rendered 
available for more profitable cargo; that steam packets might 
become independent of coal depéts at various points of their 
passage; and that vessels of war would be enabled to keep the 
sea for a very much longer time than they now do with coal. 
Any prospect of such advantages as these being attainable 
might reasonably have been expected to justify a more thorough 
and searching investigation of this subject than it has yet re- 
ceived in this country. 

Besides petroleum, several other analogous materials have 
been proposed as substitutes for coal; for instance, the oil ob- 
tained by distilling some kinds of coal, or the shale which occurs 
in coal formations, and more recently the oil known as “dead 
oil,” which is one of the products obtained in rectifying the coal 
tar of gasworks. All these materials resemble each other 
closely in being composed chiefly of carbon and hydrogen, which 
are, in various proportions, the combustible and heat-producing 
constituents of all kinds of fuel. For the application of these 
materials and of liquid fuel generally, various methods have 
been proposed ; but before speaking of them it is desirable to 
consider what is the evaporative power of these materials re- 
spectively, since that is a very important point to determine in 
| regard to the question as to the relative merits of different 
| kinds of fuel, 
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The heat generated by combustion has been made the subject 
of the most careful investigation ; and since the time of Lavoisier, 
Laplace, and Rumford, the more precise measurement of the 
amounts of heat capable of being produced by the combustion 
of carbon and hydrogen has been repeated by several physicists 
with results that agree so closely that they may safely be re- 
garded as well established. The names of Dulong, Despretz, 
Andrews, Favre, and Silbermann are, moreover, an unquestion- 
able guarantee that these results, and the methods by which 
they were obtained, are perfectly trustworthy. According to 
these results, the maximum heat-producing capabilities of carbon 
and hydrogen are in the ratio of 1 to 4.5. The actual quan- 
tities of heat generated by the combustion of a pound of carbon 
or of hydrogen are as follows: 


Relative Calorific Power. 


Ib. Heat units. 
Carbon .. 1 14,500 1.00 
Hydrogen ... 1 62,082 4.28 


The heat unit here referred to is the quantity of heat which 
raises the temperature of 1 1b. of water 1° Fahr. (from 40° to 41°). 
Therefore the numbers given in the Table represent the quan- 
tities of water capable of being heated 1° Fahr. by the conver- 
sion of 1 lb. of carbon into carbonic acid gas, or of 1 lb. of hydro- 
gen into water. As there are, in the Fahrenheit thermometric 
scale, 180° between the freezing point and boiling point of water, 
those numbers divided by 180 give the corresponding quantity 
of water capable of being heated from 32° to 212° Fabr. Again 
the quantity of heat required to convert 1 lb. of water at 212 
Fahr. into steam of the same temperature, is nearly five and a- 
half (more exactly 5,37) times as much as that requisite to heat 
1 lb. of water from the freezing point to the Coiling int, 
therefore the quantities of steam capable of being produced from 
water at 212° Fahr. by the total heat generated in the com- 
bustion of 1 Ib. of carbon or of hydrogen are of course ascertain- 
able by dividing the number of pounds heated from 32° to 212° 
Fahr. by 5.87. These several quantities are given in the follow- 
ing Table: . 


Quantities of Water 
by the heat 


or converted generated in 


Heated, 





into steam, combustion of 
From From From water 
40° to 41° F. | 82° to 212° F.| at 212° F. 
Pounds. Pounds. Pounds. Pounds. 
14.500 80.55 15. 1 carbon. 
62.032 344.62 64.2 1 hydrogen. 





These quantities of 15 lb. and 64.21b. of water convertible 
into steam by the total heat generated in the combustion of 1 lb. 
of carbon or of hydrogen, represent what is termed the “ theo- 
retical evaporative powers” of those substances. By the term 
theoretical, however, it is not to be understood that these values 
are in any degree imaginary or assumed; they represent actual 
facts, which have been established as the results of positive ob- 
servation, and they are theoretical in reference to the practical 
application of fuel only in this sense, that these results are not 
realised in ordinary practice. The reason of this is not the 
existence of any uncertainty that the total quantities of heat 
generated by burning 1 lb. of carbon or 1 1b. of bydrogen are 
respectively capable of converting 15 lb. and 64.2 lb. of water 
at 212° Fahr. into steam; but it is simply the fact that, under 
ordinary circumstances, only a portion of the total heat gene- 
rated in either case is ever available for the production of steam. 
The statement of the theoretical evaporative power of fuel, or 
of carbon and hydrogen as constituents of fuel, is, therefore, 
like the statement of relative calorific power, only an expres- 
sion of their relative capabilities, and it indicates in this re- 
spect a limit which, though it cannot be exceeded in any case, is 
never fully attained in practice. 


(To be continued.) 





Toe NortHampronsHire Ironstone.—In Mr. W. 8 
Smith’s letter on the “‘ Northamptonshire Ironstone,” on page 
327 of our last number, the word “ oolitic” was, by printer's 
error, given in the twenty-fourth line as volatic and in the 
thirty-fourth line as volitic. 

UnprereRrounp Raitways.—Several new bills for proposed 
underground railways in New York City have recently been 
introduced at Albany. Some of them are backed by influen- 
tial and wealthy citizens, gentlemen of matured views, and 
well known for their personally disinterested exertions in 
advancing the best interests of the metropolis. 
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FORTIFICATION.—No. IV. 

TuE great importance of inundations, water flowing 
or confined, in the defence, made us very unwilling to 
stop where the limits of space compelled us in our last 
paper, though the point is not reached in our course 
where we can do full justice to the subject. We shall 
merely remark here that when the ditches of a work 
can be filled with water the opportunity is never 


FIG. 14. 


neglected ; when they can be filled to a depth of 6 ft. 
or more the advantage is too obvious to require to be 
stated. When ariver, by throwing a dam across it, 
can be made to overflow the ground in front of defen- 
sive works, or on their flanks, an immense advantage 
is gained. When a river of moderate depth in front 
of a long line of works within range of their fire, and 
crossing the ground that the enemy must traverse, can 
be rendered unfordable by dams well protected from 
his fire, an advantage has been gained that has few 
parallels. Examples of these and their striking effects 
are crowding to he shown ; but, as we have just re- 
marked, the point is not reached where they can be 
shown with advantage. 

Fig. 14 is an instance of the utilisation of hedges 
and underwood or plantations in field works. 

It is evident how very valuable a thick, strong hedge 
must be without any artificial strengthening, support- 
ing and covering the face of a parapet. One of the 
ways of adding to its value as an accessory, when it is 
more than 64 ft. high, is to bring it to this height, 
unless its base be on lower ground than the terreplein 
of the parapet, by cutting off the greater part of 
the top branches, firmly interlacing those left, and 
weaving the others into the weaker parts of the body of 
the hedge. A ditch may be dug in front, and the 
earth thrown over the hedge to form the parapet; if 
time presses, the more expeditious construction is that 
which we have here given. A more rapidly con- 
structed profile, if the hedge be low, less than 6 ft. in 
height, is by a trench and a ditch. This would allow 
two sets of men to proceed at the same time, one 
throwing the earth from the ditch over the hedge, the 
other from the trench towards it. In this way, cover 
n ight be obtained in less than half the usual time, as 
a banquette might be dispensed with, the defensive 
troops standing in the trench. Hence the parapet 
might be less than 3 ft. above the plane of site. Almost 
in the fuee of an enemy important cover might be 
reised, using the hedge as a screen during the 

pers iin, by digging a trench (in the rear) 3 it. in 
wid h, 21, in depth, and throwing the earth into a 
purepet of 2 ft. in height, 
o! 4 ft. The cover o! the parapets in the Diippel lines, 
too 'ow for Englishmen, but so much as ‘ we have 
often gladly rushed to. 
very stiff soil, it might be raised i» half an hour. Men 
of ordinary height would require io stoop behind it to 








This would afford a cover | 


One merit is that, unless in a | 


be adequately covered, but this inconvenience would | 


be much less with the breech-loading rifle, which has 
at least trebled the value of parapets. 

The hedge in the instance here cited should not be 
clipped, but made as close and effective a screen as 
possible for the defenders. 


To those who give a little thought to the question it 
will be clear that, with the aid of strong hedges, very 
strong defences may be quickly raised, but this is not 
their only important use. In advance of a parapet 
they may serve the very same purpose as abattis by 
having their smaller branches cut off, the larger inter- 
laced, and the former, woven into the body or weaker 
parts of the hedge. 


Underwood of some strength, such as shown to the 
front of the parapet in Fig. 14, may be worked into 
what is termed in an entanglement in much the same 
fashion, and if of auiiedia breadth, a very serious 
entanglement it would be. Where heavy timber is 
found in similar positions, as in nearly all the way of 
General Grant’s advance on Petersburg, the trees may 
be used in this way, fashioned into still more formid- 
able obstacles; and here they were so utilised to an 
extent unheard of in former wars. The cutting of the 
trees half through, turning down their tops, and inter- 
lacing them, was what is termed “slashing” in Colonel 
Smith’s account (which we have already given) of the 
rapidity with which he saw defences constructed by 
the Federal troops. Sir Joshua Jebb says of such 
barriers, to be formed of large and smaller trees, or 
underwood: “ Stumps should be left of different 
“heights, varying their size; those that are large 
* enough to conceal a man should be cut as near as 
“ may be to the ground, but it will be useful to leave 
“ smaller ones 4 or 5 ft. high. If these latter, instead 
“ of being entirely separated, are ouly half cut through, 
‘and the tops turned down and interlaced among the 
“ stumps, in the way in which a growing hedge is 
* *nleached,’ it would puzzle the devil himself to get 
“through such an entanglement under a close fire, 
“ provided there were trees enough on the ground to 
“make it perfect.” We should say of his majesty, 
that in foremg his way through his tail would surely 
suffer, if exposed as described in his famous “ visit to 
earth”’—by Porson, Coleridge, Southey, or somebody 
else. 

Fig. 15 is an English lane, of which there are yet 
many examples to be found, utilised in the defence, as 
it might be—a veritable Devonshire lane, which a 
witty rhymer compared to marriage : 


“In the first place ’tis long, and when once you are in it, 
It holds you as fast as a cage does a linnet ; 
For howe’er rough and dirty the road may be found, 
Drive forward you must, there is no turning round. 
But though ’tis so long, it is not very wide, 
For two are the most that together can ride ; 
And even then 'tis a chance But they get in a pother, 
And jostle, and cross, and run foul of each other. 

- * * * * 


Then the banks are so high, to the left and the right, 
That they shut up the beauties around them from sight ; 
And hence, you'll allow, ’tis an inference plain, 

That marriage is just like a Devonshire lane.” 


Whatever our readers may think of the poetic 


| similes, they will readily admit that such a lane might 


| 


be utilised with great advantage in a work of defence. 
With one hedge covering the face of the parapet, and 


| a well-formed entanglement in front, exposed to the 


most effective fire of the parapet—as all obstacles 








should be—the defenders would surely hold a strong 
position. ‘he assailants that would drive them from it 
must approach in greatly superior numbers, and be 
prepared, should the work be at all adequately de. 
fended, for a terrible sacrifice of life. 

In Fig. 16 a hedge is again utilised. This work js 
constructed on the crown of a ridge, with a step in 
the interior slope above the banquette to enable the 


defenders to search the hollow ground beyond the 
abattis with their fire, which they might be unable to 
do standing on the lower banquette. Standing on the 
upper step a soldier’s head and shoulders would be 
considerably above the level of the crest of the parapet, 
but he wall be tolerably safe from the upward fire 
from such hollow ground as we have here supposed. 
(To be continued.) 








Tue Inpo-Evrorgran TeteGRaPaH Company.—A pro- 
spectus has been issued of the Indo-European Telegraph 
Company, with a capital of 450,000/., in shares of 25/. each, 
to carry out the projected line for which exclusive concessions 
have been granted to Messrs. Siemens by the Prussian, Rus- 
sian, and Persian Governments, so far as their territories are 
respectively concerned. Arrangements have been made with 
the Electric Telegraph Company and Reuter’s Telegram 
Company, and the Prussian Government at their own cost 
are constructing the line through North Germany. The por- 
tions to be constructed, therefore, are those through Russia 
and Persia, the former involving a cable of about 200 miles 
in the Black Sea, and at Teheran a junction will be effected 
with the existing Indian Government line to Bussorah, and 
by the Persian Gulf cable to Kurrachee and the entire Indian 
system. The working is to be direct and under English 
management throughout, so as to avoid the mistakes which 
render a large proportion of the present messages vid Turke 
unintelligible, and the cost of a message of 20 words, whic 
is now BL 1s. is proposed to be fixed at 3/. 10s., while mes- 
sages not exceeding 10 words will be taken for 27. Of the 37. 10s. 
for an ordinary message 11. 17s. will be paid to the Indian 
Government and 9s. 7d. to the conceding Governments and 
companies, leaving 11. 3s. 5d. for the Indo-European company, 
on which terms, assuming only an average daily traffic of 200 
ordinary messages each way, and an amount of 8000/. for 
inter-Russian telegrams, a yearly revenue would be yielded of 
about 20 per cent., while the line would be capable of work- 
ing to five times that extent. The concessions are to be made 
over to the company by Messrs. Siemens, in consideration of 
their receiving a fifth of the surplus profits over 12 per cent., 
and the same firm have tendered to complete the whole under- 
taking during the year 1869 for 400,000/., and to maintain it 
for a further sum of 34,0001. per annum. The entire scheme 
appears to have been honestly framed, and the board is com- 
posed of men of practical experience. In a commercial and 
political sense the importance of the work is unquestionable, 
and it may, therefore, be hoped that an investigation of the 
matter by capitalists may prove sufficiently satisfactory to 
induce them to complete the required capital, one-half of 
which has already been subscribed. The vocation of the mere 
premium hunter is for a time, at least, ended, and conse- 

uently those who join the enterprise must do so from their 
faith in the future of telegraphy and their judgment as to the 
peculiar capacities of the chosen route.—Times. : 

Tue Pactric ayp AvstrauiaN Mart Service—It is 
understood to be the intention of the directors of the Royal 
Mail Steampacket Company that, commencing with the 
steamer leaving the 2nd of June, their Atlantic steamers shall 
run through from Southampton to Colon, thus avoiding 
transhipment in the West Indies of mails and for 
ports in the Pacific, and for New Zealand and 
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OPEN FIRES FOR WARMING HOUSES. 


Tue present system of warming houses is as ex- 
travagant and wasteful as can be. When we con- 
sider that at least three-fourths of the useful heat of 
the coal, burnt in an open grate, goes direct up the 
chimney without at any time giving any warmth to 
the air in the room, we must say that it is time some- 
thing should be done to avoid the enormous waste now 
going on. Even when an open fire is burning brightly 
three-fourths of the useful heat is absolutely thrown 
away. The waste is still greater when a fire is just 
lighted, or when fresh coal is put on. We have often 
seen an open firegrate filled with coal about 1 ft. dee 
and only a few inches of red hot coke below. Suc 
fires send off the greater and most useful part of the 
coal in smoke, and give but very little warmth to the 
rooms until the whole is burnt through into one mass 
of coke, and even then this bright fire gives but one- 
fourth of its heat towards warming the room it is in. 
In taking three-fourths as the direct loss of heat from 
the coal burnt in open fires, we certainly take the 
minimum loss. Experiments and calculations have 
been made on this loss of heat, which give results 
varying from Zths to }4ths, depending upon the kind 
of open firegrate in which the coal was burnt. As- 
suming #ths to be the loss, or waste, of heat, the fol- 
lowing will be about the proportions wasted in diffe- 
rent ways: §ths to #ths of heat will pass direct from 
the fire up the chimney, about 3ths of heat will be 
taken up by the current of air passing from the room 
into the chimney above the fire, and from 4th to 3ths 
loss of heat in the unconsumed smoke. A bright and 
blazing fire in a comfortable room is certainly very 
cheerful and pleasant to look upon on a cold winter’s 
evening; but how many are there who would wil- 
lingly, in fact gladly, give up the cheerful blaze, if 
they could, have the same amount of warmth at one- 
fourth the cost? What a great boon this saving would 
be to the labouring man who earns but 15s. or 20s. per 
week, if, instead of having to pay for fuel from 1s. to 
Qs. per week, and sometimes more, he could obtain the 
same amount of heat at one-fourth the cost! This 
would sometimes be a saving to him of nearly 10 per 
cent. on his wages, and a saving at a time when he 
most needs the money for other purposes, namely, 
in the winter time, to buy warmer dothing and better 
food. 

In many of the houses of the labouring class the 
loss of heat from the open fires is greatest, because 
the chimneys have a“Very large sectional area for the 
size of the firegrate, and, in consequence, take up 
more heat direct. Again, the chimney is, perhaps, 
only the height of one room, and therefore no heat is 
given to the walls of other rooms, as is the case where 
a chimney passes through several floors. The waste of 
heat from the present mode of burning fuel for warm- 
ing houses is the greatest with the labouring man. 

In building workmen’s houses we think it might be 
arranged to warm them much more effectively and far 
cheaper than is now done. In a block of houses of, 
say, three hundred or more, instead of having as many 
separate fires, have only one, one heating apparatus in 
a central position to supply every room with heat. 
Here the fuel could be made to give up its heat far 
more effectively by one man than by three hundred 
stokers. Whether the houses are warmed by hot 
water pipes, or warm air, or hot-air flues, it does not 
matter, so long as warming only is required and is 
effectively and cheaply done, combined with the best 
mode of ventilation. But as each house must be pro- 
vided with some kind of cooking apparatus, it almost 
seems advisable to adopt the hot-water pipes, having 
the water at such a temperature that it will give sufli- 
cient heat to the “hot plate,” “cooking stove,” or 
“oven” that each house must be provided with. The 
cooking might be done with gas, of course, and, if 
80, then either of the other modes of warming might 
be adopted. Each tenant should be able, to a moderate 
extent only, to regulate the supply of heat to his own 
house. The ventilation of the rooms would have to be 
very carefully studied, and arranged in such a manner 
that the tenant should be able to regulate it so that 
he could have as much as he likes, but should not be 
able to stop it, at any time, completely. We need 
Scarcely say how much cleaner and free from smoke 
and dust rooms are that have no fires in them. ‘The 
labour saved to the workman’s wife would be con- 
siderable, and would give her more time to attend to 
her children and other duties. The warming appara- 
tus should be arranged so that on a cold day the tem- 
perature of the roomcould not be raised above, say, 
60° Fahr.: it is far better in cold weather to keep 
oneself warm with warm clothing in a moderately cool 
room than to be im a very warm room with thin 











clothing. The change from indoors into the open air 
is not nearly so great ; although the change is partly 
avoided by putting on additional clothing it is not 
avoided altogether, for the lungs feel the whole of the 
difference of temperature, no matter how much addi- 
tional clothing is put on. 

Could three-fourths of the fuel now being burnt in 
houses in London be saved, what a wonderful difference 
there would be in its atmosphere! The difference 
would be wonderfully perceptible, especially on fogg 
days. What a pleasant difference it would be to find, 
after a walk through the streets, that one had a layer 
of soot of ouly one-fourth the thickness of what one 
gets at present! We are convinced that houses can 
be warmed as much as required with far less fuel than 
is now used, and the sooner open fires are superseded 
by proper warming apparatus the better it will be for 
the atmosphere and for the pockets of the tenants ; and 
many thousand tons of coal will be saved to be used for 
a better purpose than polluting the atmosphere in 
London. 

There can be no doubt the quantity of smoke thrown 
into the atmosphere by open fires is by far greater 
than it would be by twenty times the present number 
of furnaces in the manufactories and works of our 
metropolis. 


RECENT PATENTS. 

Tne following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 2114, 4d.) James Hargreaves, of Appleton- 
within- Widnes, patents methods of utilising steel slag 
and cinder in the manufacture of glass, and steel slag 
in the manufacture of carbonates and hydrates of 
soda and potass. 

(No. 2119, 1s. 10d.) John Saxby, of Kilburn, 
patents some improvements in the construction of 
locking gear for railway points and signals, which it 
would be impossible to describe briefly. 

(No. 2123, 3s. 10d.) Charles Frederick Whit- 
worth, of Upper Mill, Saddleworth, also patents ap- 
paratus for working railway points and signals, &c. 
As in the case of the last-mentioned patent, it would 
be impossible to describe here the particular arrange- 
ments claimed. 

(No. 2124, 10d.) Arnold Budenburg, of the firm 
of Schiffer and Budenburg, of Manchester, patents 
methods of making pipe joints. According to these 
plans the ends of the pipes are enlarged, so that when 
two of them are joined together a sphere is formed, 
the joint line preferably dividing the _— at an angle 
of 45° with the line of the pipes. The two halves of 
the sphere are held together by bolts or screw clips, 
and the joint line being at the angle above mentioned, 
the pipes can be joined so that they are either in line 
with, or at right angles to, each other. 

(No. 2126, 6d.) William Gaudley Creamer, of 
Woburn-place, Russell-square, patents the arrangement 
of ventilator for railway carriages which we illustrated 
and described on page 77 of our last volume. 

(No. 2134, 6d.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of John 
Baptiste Christoffel, Samuel Booth, and Samuel Booth, 
junior, of New York, U.S., an apparatus for cleaning 
boiler tubes, this consisting of a series of scrapers 
arranged spirally round a central rod in such a manner 
that they exert a spring pressure against the interior 
of the tube to be cleaned. 

(No. 2185, 1s.) John Walker, of Cowper-street, 
City-road, patents arrangements of bottle and cask 
washing machinery which it would require the aid of 
drawings to describe. 

(No. 2142, 4d.) Hector Auguste Dufrené, of 4, 

South-street, Finsbury, patents protecting iron or steel 
from oxidation by coating it with an alloy of copper 
and zine, as follows: a bath is formed by dissolving a 
salt of copper in borax, or in boracic acid, and to this 
bath is added a solution of zine, varying in quantity 
according to the alloy to be formed. The articles to 
be coated, after being scoured, are then placed in the 
bath, and the deposition caused to take plac by pass- 
ing an electric current through them. 
(No. 2143, 8d.) Walter Easterbrook, of Kilburn, 
patents arrangements for working railway points and 
signals, which could not be described without refer- 
ence to drawings. 

(No. 2147, 10d.) Sir William Thomson, Knight, 
of Glasgow College, patents improvements in the re- 
ceiving and recording instruments of electric tele- 
graphs, which we may perhaps describe in detail in an 
early number. 


(No. 2148, 10d.) William Geeves, of Thornhill- 
square, Barnsbury, patents machinery for cutting two 
tenons at the —— ends of a piece of wood simul- 
taneously. In this machine each tenon is cut by four 
circular saws—two revolving in a vertical and two in 
a horizontal plane,these saws being adjustible to various 
distances apart, and the heads carrying their spindles 
being also adjustable on the bed of the machine so as 
to enable the latter to operate upon pieces of wood of 
various lengths. 

(No. 2150, 10d.) William Simpson, of Chulton 
House, Rosherville, and William Howitt, of Man- 
chester-buildings, Silchester-road, Notting-hill, patent 
making arched ribs for the roofs of Lontieersl 
buildings of short lengths of pipes or tubes united by 
socket pieces so as to form frames of polygonal outline. 

(No. 2155, 10d.) Alexander Melville Clark, of 53, 
Chancery-lane, patents, as the agent of John Berry 
Page, New York, U.S., an arrangement for converting 
rotary into reciprocating motion and vice versa. This 
apparatus somewhat resembles the well-known 
“mangle motion,” but it is more complex and less 
likely to work well. It is of course very inferior to 
the simple crank which it is designed to replace. 

(No. 2158, 8d.) Charles Henry Murray, of Loman- 
street, Southwark, patents making the dies or aper- 
tures of brick-making machines through which the 
clay is delivered with sides formed by movable hollow 
blocks or chambers charged with lubricating material, 
the sides of these boxes being perforated so as to 
deliver a thin film of the lubricant on the surface of 
the material passing through the die. 

(No. 2161, 10d.) Alexander Wilson, of the Cyclops 
Works, Sheffield, patents an arrangement for weighing 
ingots whilst being poured. We illustrate and describe 
this apparatus on another page. 

(No. 2162, 10d.) John Brown, of Carham, and 
William Lillie, of Tweedmouth, patent arrangements 
of reaping machines, which we could not describe 
without reference to drawings. The patent includes 
arrangements for enabling the working rate of the 
cutters to be varied. 

(No. 2166, 10d.) Clinton Edgcumbe Brooman, of 
166, Fleet-street, patents, as the agent of Emile Martin ~ 
and Pierre Emile Martin, of Paris, methods of manu- 
facturing cast steel. An account of the Martin pro- 
cess appears on another page of the present number. 

(No. 2169, 1s. 6d.) Jonathan Edge, of the Tipping 
Ironworks, Bolton-le-Moors, patents arrangements of 
valve-gear, &c., for steam engines. According to these 
plans, each end of the cylinder is provided with inde- 
pendent admission and eduction valves of gridiron form, 
and each valve is driven by a separate cam provided for 
the purpose. ‘The patent also includes an arrange- 
ment of governor, which could not be clearly described 
without the aid of drawings. 

(No. 2177, 2s. 4d.) William Henry Gedge, of 11, 
Wellington-street, Strand, patents, as the agent of 
Joseph Debry, of 39, Faubourg St. Martin, Paris, 
arrangements of machinery for cutting slate, coal, or 
stone, which could not be described without reference 
to drawings. 

(No. 2178, 8d.) Edward Thomas Hughes, of 123, 
Chancery-lane, patents, as the agent of Stephen John- 
son Gold, and Henry James Weston, driving the 
paddle wheels of steam vessels by means of pinions 
gearing into teeth at or near the pene of the 
said paddle wheels, and also strengthening the vessels 
themselves by the employment in their construction of 
transverse bulkheads. We should think that the 
value of the former proposition is about equal to the 
novelty of the latter. ; 

(No. 2182, 10d.) Humphrey Chamberlain, of 3, 
Saint John’s, Wakefield, patents improvements in hot- 
blast stoves. One of the principal features in this 
patent consists in the arrangement in the flues or 
spaces of ordinary hot-blast stoves of open brickwork, 
so disposed that, whilst it does not materially interfere 
with the draught, it serves to equalise and regulate 
the heat. 

(No. 2189, 4d.) Thomas Greener and William 
Ellis, of Darlington, patent making the dry bottoms of 
heating or mill furnaces of ores or substances con- 
taining oxide of iron, and also methods of collecting 
the melted ore for such bottoms, together with the 
cinder from the iron which is a heated, and using 
the mixture as “fettling” for puddling furnaces. 

(No. 2191, 6d.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of Simon 
Gardner Cheever, of Sestedt U.S., machinery for 
hulling rice. In this machine the rice is passed be- 
tween a fixed ribbed plate and a kind of. movable 
apron formed of a series of ribbed bars fixed to end- 





less chains arranged like those of a Juckes’s grate. 
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OVER THE DANUBE; AUSTRIAN STATES RAILWAY. 


MM. SCHNEIDER AND CO., CREUSOT, AND M. CASTOR, PARIS, CONTRACTORS. 
(For Description, see the opposite Page.) 
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INGOT WEIGHING MACHINE; CYCLOPS WORKS, SHEFFIELD. 


DESIGNED BY MR. ALEXANDER WILSON. 
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SCALE /2 n= 1 Foor 


Iy pouring steel ingots, and especially those intended for 
the manufacture of steel rails, it is of the greatest importance 
to make each ingot, as nearly as possible, of the exact weight 
required, as all inequality of weight causes waste ; and, with 
the sharp competition at present going on, any waste means 
a material diminution of the manufacturer’s profits. If the 
ingots are too heavy the result is long crop ends in the 

mill, whilst if they are too light the rails have to be cut 
to the next shorter length to that for which they were in- 
tended, and the waste is as great. The usual plan adopted 
to ensure uniformity of weight is to make a chalk mark on 
the inside of the ingot mould, and to pour up to this mark ; 
but it requires very considerable care to fill a mould up 
correctly to a mark in this way, and there is, moreover, always 
a chance of the errors incident upon variations in the capacity 
of the moulds, as well as in the density of the metal itself. 
Again, the foremen at the Bessemer steel-works are all on 
piecework, and they are apt to look more to the total yield 
than to the pouring of the ingots of the exact weights re- 
quired by the firm. 
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| space is taken up by the apparatus. 


| mitted as students of the Institution, Messrs. James Alston 
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Under these circumstances the weights of ingots intended 
to be the same are found to differ to the extent of from about 
16 lb. to 28 Ib., and in the case of firms making, say, 700 tons 
of rails per week, these differences of weight gave rise to an 
enormous annual waste. It is to prevent this waste that the 
machine, of which we give illustrations above, has been de- 
signed. By this machine, which is the invention of Mr. 

lexander Wilson, of the Cyclops Steel-works, Sheffield, the 
ingots are weighed whilst being poured, the pouring being of 
course arrested as soon as the desired weight of metal has 
been deposited in the mould. The machine as used at the 
Cyclops Works consists simply of a cast-iron table 2 ft. 9 in. 
long by 2 ft. wide, on which the ingot mould is placed, this 
table being carried by a series of compound levers connecting 
it witha steelyard like that of an ordinary weighing machine. 
The arrangement is very neat and compact, the whole of the 
working parts being completely out of the way; and being, 
moreover, protected from all dust or dirt, &e., by the over- 
hanging lips of the table. Our engravings are to the scale 
of 4 in. to the foot, and it will be seen by them that but little 


The machine of which we give illustrations has now been 
in regular use at the Cyclops Works for the last five months, 
and we are informed that it has never been out of order. It 
is attended, at the time of pouring, by a boy who gives notice 
as soon as the lever “ gets easy.” The fact that by its aid the 
ingots are regularly poured to within 2 lb. of their intended 
weight is sufficient to testify to its value. 








Tue InstTITUTION oF CrviL EnGInEERS.—At the monthly 
ballot, on the 7th inst., the following candidates were balloted 
for and duly elected—as members: Messrs. Walthew Clarence 
Barton, James Bower, William Wenham Clark, Richard 
Smith Clayton, Francis Jellanus Dennys, James Mathias, 
John Paton, George Lowe Reid, David Richmond; and as 
associates: Messrs. Herbert Goulburn Anderson, Frederick 
Cadogan Barron, William Thomas Blacklock, Walter Raleigh 
Browne, Richard Henry Brunton, Charles Townshend Case- 
bourne, Robert George Clutton, Charles Hutton Croudace, 
Henry Algernon Shrapnel Fenner, William Randolph Innes 
Hopkins, William Stuart Howard, Alfred Longsdon, Robert 
Reynolds, Francis William Robinson, Robert Brough Smyth, 
William Sykes, James John Wallis, and David William 
Young, and Sir Arthur William Mackworth, Bart., R.E. 
It was also announced that the Council, acting under the 
provisions of Section IV. of the Bye-Laws, had recently ad- 


Carfrae, John Malcolm Gibson, Charles Selwyn Harris, 
George Edward Page, and Frank George Wynne. 

CLEVELAND.—The state of industrial affairs in the Cleve- 
land group appears to be tolerably satisfactory. The number 


RAILWAY BRIDGE OVER THE DANUBE. 
On the opposite page we give illustrations of a bridge 
which is about to be erected Sar the Danube, near Vieant, 
for the company of the Austrian States Railway. 

It consists of 5 - ge of 262 ft. across the thalwey or deep 
water portion of the river, and of 4 spans of 112 ft. 6in. 
across that portion of the river which is dry at low water, 
and according to present plans, it is to terminate on that side 
by a wooden viaduct. Itis carried at both ends by abutments 
of masonry and concrete resting upon timber piles, at a depth 
of 32 ft. below ordinary high water level. 

The large spans are carried by cast-iron caissons, 16 ft. 6 in. 
diameter at the bottom, reduced to 12 ft. 6in. at the top, and 
carried down to a depth of about 63 ft. below high water 
level, the underside of the iron superstructure being about 
15 ft. above that level. The caissons are 70 ft. long, made in 
lengths of about 8 ft. 3in., except the two lowermost rings ; 
the several rings are made in 6 segments of 1}in. metal in 
the body, bolted together through flanges faced in the joints. 
The caissons are filled in with concrete, and are surmounted 
with ornamental stone cappings upon which the girders rest. 
The smaller spans are carried also by cast-iron caissons 8 ft. 
in diameter, and 64 ft. long, cast in complete rings of 8 ft. in 
depth, surmounted also with stone cappings similar to those 
on the large caissons. 

It had been originally decided by the engineers of the 
company. to sink the caissons by means of the compressed air 
system, but they have since abandoned this plan, and the foun- 
ations, the contract for which has} been let to M. Castor, of 
Paris, are to be go into place by the use of temporary caissons. 
In our illustration, however, of the caissons, we have shown 
the apparatus as at first intended to be used for sinking them, 
with the belief that it may be interesting to our readers. 

The large spans consist of two continuous main girders 
constructed on the lattice system, 26 ft. 6 in. apart from centre 
to centre, and 25 ft. deep over all, this being ;},th of the 
span. Their top and bottom members, which are of exactly 
the same section, as is generally practised by Continental 
engineers, consist of dwarf mw A 2ft. Zin. deep, made 
of two plates riveted together of an aggregate thickness 
of 3sths, and of flanges made of plates of the same thick- 
ness as those of the dwarf webs, 2 ft. 7in. wide, and vary- 
ing in number, from six (irrespective of cover plate), 
at the points of greatest fatigue, which, in the case of 
continuous girders, occur over the piers, to three in the centre 
of the spans, and to two at the points of contrary flexure, 
being those of least fatigue, and situate at distances of 4th 
the span from the piers, except in the end spans, where, there 
being only one point of contrary flexure, that point is situate 
at a distance from the first pier of very approximately 3th 
the span. It follows from this, that the girders over the end 
spans require to be somewhat stronger than. over the inter- 
vening spans, as shall be pointed out with more precision in 
the sequel ; and we have no doubt that the engineers of this 
work, who are thoroughly alive to these theoretical niceties, 
have paid, or will pay, proper attention to this desideratum. 

The fonane are connected with the dwarf webs by,means 

of 6 in. angle irons § in. thick, the whole being riveted together 
by means of 1 in. rivets. 
The lattice bars consist of vertical struts placed at dis- 
tances of 12 ft. 6in. apart, and of diagonal ties crossing each 
other in each bay; the struts consist of two pairs of angle 
irons riveted together back to back, with a stiffening plate 
between them, and the ties consist of flat bars, both struts 
and ties being riveted in pairs to the dwarf webs on the in- 
side and the outside of the girders ; the lattice bars, of course, 
go increasing in strength or ——— from the centre of the 
girders to the piers and abutments, but in our illustrations 
we have shown a section (Fig. 7) of the largest size only. 

The main girders are connected both at top and bottom, by 

cross girders 2 ft.7in. deep, placed also at distances of 12ft. 6in. 
apart, and by diagonal braces connecting opposite ends of alter- 
nate cross girders. The upper cross girders, whose duties are 
merely to steady the main girders, laterally, are of very light 
construction, but the bottom cross girders which have to 
the roadway are solid plate — of strong build. The rai 
are carried by full-webbed longitudinal bearers about 16 in. 
deep, riveted in between the cross girders, with their top 
flanges level with those of the latter, and each set of bearers 
between two consecutive cross girders is connected by a light 
strutting girder for the sake of lateral stiffness. 
The platform or roadway covering of the bridge consists of 
24 in. planking, carried by ag of scantling 4 in. x 3 in. 
in section; on the outside of the rails, and in the 6 ft. 6in. 
space, the roadway planking is level with the top of the rails, 
and within the lines of rails it is laid 3 in. lower. 

The maximum rolling load to which the bridge may be 
subjected could never exceed two tons per foot run, or one 
ton per foot for each main girder, that load corresponding to 
a train of medium-sized locomotives of sufficient lengte to 
cover two consecutive spans upon each line of rails, and the 
load accruing to each main girder from the structure of the 
bridge itself may be made up as follows : 


bs. 
Main girders ... 1126 
Cross girders ... 355 
Diagonal braces 120 
Roadway planking... 193 
TRANS ose see 000 000 55 


Total... 1. ss 1848 Ibs. or 164 ewt. 
Consequently, the total load upon each main girder is 1.825 
tons. 

Under these cireumstances, if the girders were not con- 
tinuous, the bending moment would be 
2 ¥ 
uot — 11886 X20? _ 15659.3 foot tons, 
w representing the load per foot; and if we limit the strain 
upon the flanges to five tons per square inch, the sectional 
area of flange ~ in the centre of the span would be 
ae EF ORE XSOM? _ 195.97 09, in 
Bxe'xd xoxo. 








of furnaces in blast in the district is 87. 


d representing the depth of the girder. 
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STEEL FROM CLEVELAND IRON. 


RESULTS OF EXPERIMENTS TO ASCERTAIN THE STRENGTH OF CLEVELAND STEEL MADE BY 
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But as the girders are continuous, or intended to be so, the 
half length in the centre of each span may be dealt with as 
an ordinary girder of that length, freely supported at its 
ends, namely, in this case, over the points of contrary flexure, 
and loaded with the uniform load per foot run as above ascer- 
tained, and the quarter length of span upon each abutment 
must be dealt with as a cantilever, having to carry at its end 
one-half the total load upon the central half span, and being 
loaded besides with the same uniform load per foot run as 
the other portion of the girder. 

Dealt with in this manner the bending moment on the 
central half girder becomes 


s 
3 ) wl? 1',826x 262" 
-_«, ww 32 
and that for the quarter span resting on the pier 
M, = yew L?+ J, L*= sy L?= gy x 1,825 x 262*= 117445 
foot tons. 
Upon close inspection the curious fact reveals itself that the 


-~== 3914.8 foot tons, 


sum of bending moments on the theoretical subdivisions of 


irders of continuous make over a series of contiguous spans, 
is, under the same uniform load, equal to the bending moment 
on one isolated girder of the same span; or symbolically 
M=M,-+M,, 
and also M,=3}M 
M,=3M 

We do not at present remember that this coincidence has 
been pointed out before by any writer on this subject, but 
as we cannot pretend to have read all that has been written 
upon it we would not be over positive on this point. 

It follows from the above that the sectional area of the 
flanges over the piers should be three-fourths of that of the 
maximum cross section of flanges of an isolated girder of the 
same span, or ; : 

*X 125.27 sq. in.= 93.96 sq. in. ; 

and in the case of these girders, taking into account the whole 
area of the angle irons, the total area of the flanges over 
the piers is 84 square inches, being about 10 per cent. less 
than that found above. According to the above equations 
the cross section of flanges im the centre of the span requires 
to be one-third only of that over the piers, but in this case it 
has been made rather better than one-half that area, the 
angle irons remaining the same, and the number of plates 
being reduced only to three. 

The next point of interest to consider is that of the condi- 
tions of equitichen in the end spans, and the first of these 
conditions is that the moment of the forces on the short 
theoretical or imaginary cantilever in these spans, extending 
from the point of contrary flexure to the first pier, should 
balance the moment of the forces on the corresponding canti- 
lever in the succeeding span, if,\ therefore, 2 be made to 
represent the distance of the point of contrary flexure from 
the first pier, in fractions of the whole span, we shall have 
the following equation for the conditions of equilibrium: 

[¢ Q—2) e+)2") w L’=she L2, 
or § [ (1-2) 2+27) =a, 
whence #— \\, of the span, 
which is very nearly one-fifth, as we stated in the earlier 
portion of this paper. 

The moment on the land-end portion of the girders con- 
sequently will be 
13° 1° 
16 


1 w L*— 1825 x 262+ 
8 12. 


= =10337.6 ft. tons. 
13.11 an ae 
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We annex some Tables, &c., showing the results of GJERS’S PROCESS. 
pgm : Mtr "Gijon y-tolongy ay Seay Resistance to Extension and Rupture under Pulling Stress of Four Hammered Bars. 
4 . . a 7 — 
further of this process on another page. : Original. | Ultimate Stress. Fractured. Extension. 
) Mr. Gjers, Middlesboro, April 41868. || Test | 3 | Yr | | | | seome | | Broke. 
Linthorpe Ironworks, Middlesboro’. ; "| Ss Per — “he —_ 
Herewith we have the honour to forward you the particulars Size Area.| Total. |squarein.| Size. | Area. | Area.| Cent.| In. | Cent. 
of the lever test taken by us, on your request, in the works of Bie sca Vitae | 
Messrs. Hopkins, Gilkes, and Company (Limited), on the 2nd| C — . *’ } 
instant, with a 65 1b. double-headed rail, rolled out of i 296 | Bi| .98x .97, 0.951| 110.370} 116.057| .93x.93| 0.865 086 | 9.0 | 66 | 66 | Suddenly, 
| ingot made by your process, compared to an iron rail of the Granular, 
same section, both pieces having equal length, and 3 ft. 7 in. Very Sas. 
distance of bearings : 298 | B2| .97x .96 0.931) 104.150| 111.858] .93x.92! 0.855 0.76 | 8.1 | .74 | 74 | Do. 
ili 300 B3 | 1.08x .97) 0.999| 102.310; 102.413 |1.00x.95| 0.950 0.49 | 49 | .39 3.9 Do. 
Sin Came ey 302 | B4| 1.00X1.01| 1.010| 101.280| 100.277 |0.97X.98| 0.931| 0.59 | 5.8 | 34 | 3.4 | Do. 
- a _ — _-— —— | | | | } 
Tir fa at te \Mean ...| 107.651 |Ib. Mean..| 6.9 | .. | 5.3 | 
ie a) sal 2s | | — | | 
22) 5 84 33 3s lea | 
BE) Bee! SE| 8 28 | en eee | = ieee 
Fe iA lt | gan) 8 - Resistance to Deflection and Rupture under Bending Stress of Four Hammered Bars. 
A 8 en er lol ee 20 in. between supports. 
tons. in. | in. | |tons. | in. | in. | — — | ; PE ees. 
12 |0.12) 0 | 12 |0.14; 0 + } ti ; Value of S. 
16 0.14) 0 | | 16 {0.24 |0.08 | | Tested | Marked. | Dimensions. BD: | a Ultimate ae LW Effects. 
20 '0.20| 0 | 20 |0.88 0.72 No. | Deflection. Stress. per * | seri pe 
25 |0.24| 0 | | 25 \2.48 2.24 
30 0.60) .84 27 |5.40 canted 2.00 ’ | : 
Cc BD in. Ib. Ib. 
= a ; o but not broke. 308 «| «6B4 | «(0.97x0.95 0.847 6.50 5179 6114 30.570 Uncracked, 
= 90/9 an removed. 
40 [2.18 |1.86 | 297 B1 | 096x097! 0.903 6.50 5432 6015 30.075 Do. 
43 [2.23 |1.90 301 «=| «B38 | 0.97x0.99 0.951 3.46 5544 5830 29.150 Snapped. 
Se laos ines! cented 1.90. | | 299 B2 | 0.99x0.98 0.950 6.50 5447 5734 28.670 Uncracked, 
— 5 iia removed. 
es a et ik ! | | Mean ....s.00. 5.74 5923 | 29.615 
The Inspectors to the Dutch Government. Sig John Gjers, Esq., Messrs. Lloyd and Company, 
Signed M. Van Rutn, Linthorpe Ironworks, Middlesboro’. 
igned 7 A. J. VAN DER HeYDeEn. The Grove, Southwark-street, S.E., April 4, 1868. (Signed) Davip KirKa.py. 





Practically speaking, therefore, it may be said that the 
flanges of the land-end portions of the girders should be of 
the same sectional area as over the piers. 

At the points of contrary flexure the aggregate area of 
the flanges and dwarf webs should be such as to enable them 
to transmit the shearing strain to the two consecutive lattice 
bars meeting at those points, the connexion of which is com- 
plete only through the medium of the flanges; and as the 
fact of the continuity of the girders cannot, and does not in 
any way affect the size, and consequently the weight, of the 
lattice bars, as required to transmit the vertical load to the 
piers, it follows that the only saving effected by the continu- 
ous system is the comparatively trifling amount in the 
flanges, which is done at the risk of endangering the stability 
of the entire superstructure of the bridge, if from some acci- 
dental cause perfect continuity should be severed, and what 
is still more important, at the risk of the lives and property 
temporarily entrusted to its safe keeping in every train that 
passes over it. For ourselves, we shall always question the 
wisdom of such doubtful saving. 

The iron work of the superstructure has been let to 
Messrs. Schneider and Co., of Creusot, France ; and the 
foundations, as has already been mentioned, will be put in by 
M. Castor, of Paris. Tenders for the iron work were invited 
from some of the large engineering firms in this country, but 
either price or interest, or both, have thrown this, like many 
other similar works, into the hands of our foreign com- 
petitors. 

In our illustrations, Figs. 1 and 2, are general elevations 
and plan of the bridge, with the omission of the wooden 
portion in the shallow part of the river; Figs. 3 and 4, 
vertical and horizontal sections through one of the caissons, 
with the apparatus as intended to be used if they had been 
sunk on the compressed air system; Figs. 6, 8, and 9, en- 
larged sections through the flanges of the girders at the 
centre of the spans, over the piers, and at the points of 
contrary flexure respectively ; and Fig. 7, a section through 
one of the sets of lattice bars. 





THE INSTITUTION OF CIVIL ENGINEERS. 
April 7, 1868. 
CuarLes Hurron Greeory, Esg., President, in the Chair. 

Tue paper read was “ On the Experimental Determination 
of the Strains on the Suspension Ties of a Bow-string 
Girder,” by Mr. W. Airy, Assoc. Inst. C.E. 

Although in this communication the case of a bow-string 
girder, as ordinarily constructed, only was considered, yet 
the author believed that the principle, on which the strains 
had been ascertained, was equally applicable to all mechanical 
structures with complex bracing, as, for instance, station 
roots, where the labour and uncertainty of a theoretical 
calculation rendered an experimental investigation exceed- 
ingly desirable. 

Lhe model on which the experiments were made, was com- 
posed of a bow of steel, and had a span of 6 ft. with a rise of 
Lft.; the string being constructed of two slips of oak, and 
the suspension ties being of steel wire, gauge No. 6 (96 ft. to 
the oz.). 

The process by which the tensions were ascertained was 
the following: the ties, on being sounded, gave a good 
resonant musical note, and advantage was taken of this to 
compare the note of any string with that of a free string 
suspended in a frame, and cut off by a sliding bridge to the 
length of the string under comparison. The free stri 


supported a smajl scale-pan, and this scale-pan was load 








with weights till the note of the free string and that of the 
string under comparison exactly coincided. This was deter- 
mined by ear with the greatest accuracy, the effect of } oz. in 
80 oz. being clearly perceptible. The tension of the string 
on the girder was thus measured by the weight in the scale- 
pan of the free string; and this was done for every string in 
every case. 

The determination of the thrusts was arrived at by a 
differential process, thus:—A uniformly distributed weight 
was applied on the girder, and the tension of every string 
was taken; then a travelling weight was introduced in 
addition, and hung at any one point, and the tension of every 
string was again taken: the difference of the tensions in the 
two cases of each string being regarded as the thrust, or 
tension, of that string produced by the travelling load. 

The reduced results of the experiments, comprising the 
effect of every possible arrangement of loads that could come 
on a girder, were given in diagrams. It was verified by ex- 
periment: 1°, that the tension, or thrust, of every string was 
proportional to the weight causing it; and 2°, that when 
several weights were applied at the same time, the effect on 
every string was that due to the sum of the effects which 
would be produced by each of the weights separately. 

The rules by which the strength of ties should be regulated, 
as deduced from the experiments, were, for an evenly dis- 
tributed stationary load, that all the bars were in tension, 
that the end uprights were most strained and the middle ones 
least, and that, with respect to the diagonals, those were 
most strained which radiated outwards from the points where 
they met the string—the strain on each of which might be 
taken at one-half the load due to a bay—those that radiated 
inwards from the‘points where they met the string being 
strained to the extent of one-fourth the load due to a bay. 
In the case of a single movable load, the uprights were 
liable to a tension of from 3¢ to 3 of the weight, as the load 
advanced from either end towards the middle, and the 
greatest tension to which the diagonals were liable was 
one-fourth, and the greatest thrust two-thirteenths of the 
weight. 








Errata.—We are requested to state that Mr. Ritchie, in 
the remark reported near the bottom of the middle column 
on page 335 of the last number of ENGINEERING, did not 
refer to a balanced rudder fitted by Mr. Reed, but to one 
fitted by a private shipbuilder. Also that the word “not” 
should be omitted from the end of the fourth line from 
top of third column page 338. Also on page 357, through- 
out the page, for » read mw. In foot-note to column 1, 
« 2a2 

read - . 

me %L 


Great Eastern Rattway.—The Great Eastern Railway, 
between London and Stratford and the main line through the 
Stratford yards is now laid with steel rails. The iron rails 
used during the past half year are double-headed, and weigh 
80 lb. to the lineal yard; the steel rails, which are also 
double-headed, weigh 75 lb. to the lineal yard. In the course 
of the half year ending December 31, 1867, the following 
quantity of permanent way matériel. was laid down on the 
Great Eastern system: steel rails, 529 tons; iron rails, 2432 
tons; chairs, 1617 tons; fish plates, bolts, and spikes, 336 
tons. In the corresponding period of 1866 the quantity laid 
down was: steel rails, nil ; iron rails, 2377 tons; chairs, 1171 
tons ; fish plates, bolts, and spikes, 264 tons. The renewal of 
the permanent way was thus proceeded with more vigour in 
1867 than in 1866. 
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PUBLISHER’S ANNOUNCEMENT. 











An untruthful paragraph has appeared weekly, for 
a few weeks past, in The Engineer, stating that the 
circulation of that journal exceeds, by many thousands, 
that of all the other engineering journals combined. 
The circulation of The Engineer «as but 5000 in May, 
1862, and it is barely more than that number now. The 
rincipal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily dechined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires of The Engineer weekly. The circulation of 
N GINE RING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.m. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau TENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez #!. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whim also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue InstTITuTION oF Civit EncingERs.—Tuesday, April 
21, at 8 p.m. 1. “Irrigation in India.” By Mr. Allen 
Wilson, M. Inst. C.E. 2. “* On the Benefits of Irrigation in 
India; and on the Proper Construction of Irrigating 
Canals.” By Mr. Thomas Login. 3. “ Irrigation in Spain, 
chiefly in reference to the Construction of the Henares and 
the Esla Canals, in that Country.” 

Society or EnGingErs.—Monday evening, April 20, at 
74 P.M. Discussion on “ The Sewerage Works at Redhill,” 
read on 6th inst. By Mr.Sydney A. Reade, M.A. 

Crvin AnD Mecnanicat Eneinerrs’ Socrety.—Wednes- 
day evening, April 22. Mr. Augustus Hamilton Jacob, 
A.B., will read a paper on “ The Disposal of Town Sewage.” 
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HOW TO FIGHT THE ENEMY AT SEA. 


“Witt they never be done,” asks the British tax- 
payer, “ with their confounded ‘ reconstructions of the 
navy’ ?” We fear not. The days of naval medizvalism 
were numbered when steam came in. First we had a 
paddle fleet, then a screw fleet, and in both cases it 
was a wooden fleet. We had three-deckers and two- 
deckers, and finally we adopted the frigate type, 
carrying fewer but heavier guns than before. We 
had our line-of-battle ships, which were relatively 
short, broad, and blunt, made for easy steaming and 
to fight in numbers, and we had longer, narrower, 
and sharper ships, which could chase and fight, and, 
if necessary, run away. But every one of them could 
be set on fire from stem to stern by a single broadside 
of red-hot shot or explosive shells, of which the genius 
of destructiveness has invented so many. ‘“ We don’t 

mind the shot, so long as they don’t set fire to us,” 
said the sailors, “but for God’s sake keep out the 

shells.” Then came that arch agitator in naval 
engineering, Louis Napoleon, who, with a few hun- 
dred tons of thick iron plates on his La Gloire, sent 
our whole fleet to the limbo of old fogyism. To have 
fought our wooden ships, magnificent as they were, 





against ironclads would have been next to self-murder- 
And so we began plating—and another recon- 
struction of the navy, and yet another, and another. 
Iron war ships, we had thought, would never do. 
They were all very well for the merchant service, but 
iron fouls fearfully, especially in tropical seas, and 
shot-holes in iron plates are of every shape and refuse 
to be plugged. But wood will never stand the weight 
of heavy plating, and the Admiralty have not ventured 
even to carry out Mr. Henwood’s plausible scheme 
for cutting down and armouring our steam line-of- 
battle ships of a dozen years ago. Iron it is, and 
iron, or rather steel, which is merely the best kind of 
iron and not a metal sui genexis, it must be for the 
future. No more wooden ships. But now even our 
iron-built ships of a very few years ago are becoming 
antiquated. The Warrioris a fine fast ship, but there 
are hundreds of guns afloat which could riddle her 
44 in. plates with shot, and she is moreover too long 
and too slow in coming round to manceuvre in action. 
As a fighting ship, therefore, she is not to be depended 
upon. 

And we are apparently now as far from naval finality 
as ever before. If difference of professional opinion 
affords any indication of tie room for further recon- 
structions, we may have half a dozen new navies 
within the present generation. We are debating 
questions of turrets and broadsides, of sails and no 
sails, and of everything that can enter into the design 
of a fast-going, floating, fighting machine. One tempt- 
ing field of speculation is the ramming theory. A 
heavy ship in rapid motion is an enormous projectile 
if we could safely and readily work it as one. At 
15 knots an hour, or 25.3 ft. per second, a ship having 
a displacement of 5000 tons would strike with the 
same force as if its whole weight fell from a height of 
10 ft., the force being 50,000 foot tons, or the same 
as that of a huge cannon-ball weighing 1} tons flying 
at the rate of 1600 ft. per second. But whereas the 
cannon-ball, if we had a gun which could fire it, could 
be sent instantly and with accuracy in any direction, 
and do its work perhaps half a mile away, the ship 
could only be used as a ram at the risk of injuring if 
not sinking itself, it might be so out-manceuvred that 
in a dozen attempts it might not strike once, and in 
any case either a long run, and thus much time, or 
else a tremendous amount of power would be required 
to get up the speed. If this, starting from a state of 
rest, is to be done in a cable’s length of 120 fathoms, 
the ship just instanced must be impelled with a mean 
force of 50,000 ft. tons 720 ft. = 69.44 tons over 
and above the resistance of the water itself. If the 
speed of the engine pistons is one-third that of the 
ship, or 506} ft. per minute, this would require an 
average total piston pressure of 208.3 tons over and 
above that due to the resistances of motion. With a 
pair of 100 in. cylinders, in which each pound per 
square inch gives a total pressure of 7 tons, this 
would require nearly 30lb. mean effective pressure 
per square inch, even if the ship moved, as it does not 
move, with no resistance from the water. The time 
required, too, would be about one minute, so that 
the enemy would have his chance of escaping the blow. 
A less speed would, no doubt, suffice to do much in- 
jury when the collision did take place, but the injury 
might not be all on one side, after all. Indeed, the 
attacker would almost necessarily suffer as well as the 
attacked, and much will require to be done before we 
can safely and successfully put our ships to the most 
desperate service of ramming, of which so much has 
been said and so little ever accomplished, except b 
the Merrimac against the wooden ships in Norfo 
Roads in 1862. 

Sir Edward Belcher, who seriously proposed to the 
British Association, at the Bath meeting of 1864, to 
cover our ships of war with paper armour, and, two 
years afterwards, at the Nottingham meeting, to raise 
great weights, like lifting off the Northumberland when 
she stuck on the ways, by the swelling of wetted peas, 
told the Institution of Naval Architects, the other 
day, of his scheme for a 400 ton bolt to batter the 
enemy’s ship under water! Here, again, is the ram- 
ming theory, one captain obligingly laying alongside 
and allowing the other to do his little job of profes- 
sional ship breaking. ‘This submarine steam hammer- 
ing, as is pretty well known, has been proposed before. 
We cannot say at what speed Sir Edward intends to 
work liis steam bolt, a little lump of iron of about 
2000 cubic feet, or, say, 5 ft. in diameter and 100 ft. 
long, or 7 ft. in diameter and 50 ft. long. We should 
suppose it would be expected to move as rapidly as a 
steam hammer with a 16 ft. fall, or 32 ft. per second. 
In that case it would strike with a force of 6400 foot 
tons, equal to that of a shot weighing 358 Ib., and fly- 
ing at the rate of 1600ft. per second, Let us put 





this 2000 cubic feet of iron into the diameter and 
length first assumed, and it will require a pressure of 
64 tons acting throuch 100 ft. to get up its velocity, 
and this apart from frictional or other resistances to 
motion. A steam pressure of 64 tons corresponds 
nearly to a pressure of 28 lb. per square inch, upon a 

iston 80 in. in diameter. Fancy the 80 in. cylinder 
{00 ft., or, say, 103 ft. long! No doubt the piston 
would cushion in steam towards the end of its stroke ; 
but supposing it did not only knock in the sides and 
ribs of the accommodating captain flying a hostile flag, 
but nevertheless laying to for the purpose of gens, | 
the blow, but also knock out the cylinder cover 
There would be a 5 ft. hole left in the side of the 
attacking ship, under water, which nothing could close, 
and 400 tons or so of dead weight, equal to that of 
the coal for four or five days’ ae steaming, would be 
got rid of at once and for ever. Not that the loss of 
the “ bolt,” that “elegant trifle,” to employ the de- 
scription applied to Captain Cuttle’s watch, need 
necessarily sink the ship from which, as from the hand 
of Jove, it had shot forth. If the cylinder was pro- 
perly secured to the inside of the ship, the only result 
of knocking out the cover would be to fill the cylinder 
with water from the sea. We think we may, however, 
dismiss all further consideration of the gallant admiral’s 
scheme, not but that it may have more merit than the 
famous swelled peas wherewith he proposed to liberate 
the Northumberland when she stuck upon the ways. 
If great power be empire then the empire is peas— 
“ Pempire c'est les petits pois.” 

Something has been said of submarine artillery, and 
Mr. Birley and Mr. Thomas Page have taken out 
patents for guns intended to fire from the ship’s side 
under water, and Mr. Longridge has lately treated the 
subject as one of entire practicability. Nothing, how- 
ever, has been done in this way, and we do not sup- 
pose anything ever will be except to burst the gun at 
the first fire, and fill and sink the ship with water. 

We shall yet have arguments in favour of guns in 
the maintop, or at the mast-head, and vertical fire. 
With unarmoured, or but lightly armoured, decks, one 
good-sized shot going down through the ship, bottom 
and all, would sink her. But we have first to take and 
work the gun aloft, and we can afford to wait until some 
enterprising artilleryist has completed this startling 
addition to the rig of Her Majesty’s ships, and shown 
us how it would behave in a heavy beam sea, and how 
long it would take to cut down the masts, shrouds, 
tripods, or what else, with chain shot, although pos- 
sibly we may yet have iron towers on deck half as high 
as the Monument. Mr. Reed will at once be able to 
give us a paper on the stability of such ships; but 
even were they sea-worthy, and in all other respects 
practicable, the enemy might prefer to keep his dis- 
tance, and the maintop-gallant gun “ve possibly send 
its shot down through the friendly and supporting hull 
beneath it, and thus put the ship out of commission 
by sending her to the bottom. Yet this result of a 
vertical fire might be avoided either by armourin 
the decks (more armour!), or by subdividing the hu 
so far that no one or half a dozen shot holes in the 
bottom could sink it. 

It will yet be seen whether two ships carrying a 
steel rope, with a torpedo suspended between them, 
will be able to “nurse,” as the omnibus men say, an 
enemy’s ship, and by hauling the rope taut under her 
bottom let off the infernal machine at the right time 
and place. Mechanically this is quite practicable. It 
is only a question of mancuvring and out-manceuvring. 

Another scheme, from which something may be ex- 
pected, is that of carrying a small fleet of gun boats 
on board ship, and dropping them when going into 
action, so as to divide the enemy’s fire, ok surround 
him as it were with a nest of hornets. The Staunch, 
illustrated on another page, carries a 124 ton rifled 
and armour protected gun, and yet her whole displace- 
ment is but 150 tons; and a large ship might carry 
half a dozen such boats, high and dry, just as steam 
launches are now carried, and as it was originally in- 
tended to carry paddle boats of good size on the deck 
of the Great Hastern. Such light gun boats might be 
so made as to make it ver difffoult to sink them by a 
shot, even at the water line, and as they could turn 
almost in their own'length and steam their seven or 
eight knots, it may prove very difficult to run them 
down. Being but temporarily employed, or only in 
action, they might have very light, fast working, high- 
pressure engines, the boilers being fed with salt water, 
and blown out after an action if the boats themselves 
were still afloat. 

We have said enough to indicate the possible scope 
of the naval science of the future. We must look for 
new and yet newer navies. We shall require greater 
speed, so as to secure choice of position in fighting, 
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or, if nec , to effect a safe retreat. We shall be 
satisfied with nothing short of the most powerful guns 
that can be seotaanl and it is very far from certain 
that we have yet approached the limits of gun con- 
struction. Here, in our present week’s number, we 
have a description of a gun — by one of our 
cleverest engineers, and intended to throw shot of 
literally any weight. So the British taxpayer may 
resign himself to further reconstructions of the navy. 








INSTITUTION OF CIVIL ENGINEERS. 


Tue result of the recent vote upon the question of 
a new or an enlarged building for the Institution of 
Civil Engineers cannot have failed to remind nearly 
all non-resident members of the great disadvantage at 
which they are placed from their inability to vote by 
proxy. Of the nearly 1500 members and associates, 
not one-sizth were present at the special meeting on 
Tuesday week, and only those who were present had 
the right of voting. While a legislative body, voting, 
not in its own interests, but upon public questions 
(except the House of Lords), cannot receive the 
proxies of absent members, it does, nevertheless, ap- 
pear unreasonable that the members of a private society 
(from which the public are excluded, and the right of 
reporting wit held) should not all be — entitled 
to vote upon questions concerning only their own 
intone —eanallg entitled to vote whether present or 
absent. There is no necessary reason why the opinion 
of a member, resident in Edinburgh or in Plymouth, 
should not be as sound as that of another living in 
Westminster, yet the former—unless he happen to be 
coming up to town on other business—must purposely 
journey 800 or 500 miles, as the cases may be, and 
sacrifice two days of valuable time, in order that his 
opinion may have practical effect. A shareholder in a 
monied institution of any kind would hardly have 
invested in it unless he could vote by proxy at all 
shareholders’ meetings. The argument against voting 
by proxy in bodies like our own Institution, which, 
although private, are essentially deliberative, is that 
opinions cannot properly be formed until after due 
discussion, This argument has much apparent weight ; 
but whether the body be a deliberative assembly or 
otherwise, the argument as relating to its internal 
policy, and pecuniary affairs, applies as fully to a 
railway company as to a professional — And 
when the argument is further examined it breaks down 
altogether, for it is manifest that no one should be 
compelled to hear the discussion before voting. Were 
the member a juror in a civil or criminal case it would 
be different. It would be morally wrong for him to 
shut his ears or to go to sleep during any part of the 
trial, for he has to decide upon the rights or the lives 
of individuals; but in a body into which he has been 
elected by his fellows, and of the affairs of which he 
has, presumptively at least, a full knowledge, he has 
an esdeniable right to his own opinion, apart from any 
obligation to listen to any one. He will listen if he 
desires to do so, and he often does listen, as a matter 
of courtesy, when he had much rather not. His own 

sition, in a body of equals, implies, that even if he 
te a 1000 miles away at the time of taking a vote, 
he will wish to vote only after having formed a deli- 
berate opinion. Let him have a ballotting paper, and, 
as an honourable man, he will return it only as the 
expression of an honest opinion, which nothing but 
the disclosure of new and important facts could alter. 

All the facts sfhandeens ning upon the question 
of the new or enlarged building for the Institution of 
Civil Engineers were contained in the report of the 
Council, sent, we presume, to every member and 
associate previous to the special meeting of Tuesday 
week. These facts were accompanied with a recom- 
mendation of Council that the Great George-street 
site should be adopted, and it was adorted by a meet- 
ing largely composed of Great George-street members, 
a meeting well attended as meetings go, although 
it did not number one-sixth of the whole body. Yet 
none, having no local preferences, based upon associa- 
tion or personal convenience could, upon a full examina- 
tion of the case, fail to see that the Victoria-street site 
was in all essential respects the better of the two, and 
had all the members and associates of the Institution, 
or as many of them as would have voted, present or dy 
proay, expressed their convictions, there can be but 
ittle doubt that it would have been adopted. 

Nearly two years ago, as all the members are aware, 
one of the very finest sites in Westminster, viz., the 
freehold numbered 15 and 16, Great George-street, 
with a frontage on three sides, respectively, towards 
Great George-street, the Houses of Parliament, and 
Westminster Abbey, could have been had, and a build- 
ing worthy the first of modern professions erected and 


furnished for a total sum of 66,000/. Towards this the 
Institution already possessed upwards of 20,000/. in 
available funds, including the then present value of 
its lease of the present house, No. 25, and nearly 
25,000/. more were quickly subscribed among the 
leading members. The Institution had, moreover, an 
annual surplus of nearly 1000/., and there would have 
been the saving of 375/. yearly in rent of the present 
premises. Upon this surplus and saving it was pro- 
posed to raise a sum on mortgage sufficient to com- 
plete the building. But few of the leading members 
of the Institution omitted to subscribe. There were 
a very few exceptions, however, and, among these, 
two or three gentlemen whose opposition was so de- 
termined as to threaten to break up the Institution if 
the proposal was not abandoned, the subscriptions 
cancelled, and the 25,000/. already subscribed thus 
lost. All this followed, and a quasi harmony was 
thus preserved. One of these gentlemen, whose office 
was next door to the Institution, was part owner of a 
back yard which he wished to sell, for an enlargement 
of the present building, at the trifling figure of 7000/., 
or about the value of the ground, exclusive of building, 
of the present site! ‘The back yard, as nearly as we 
can measure it on the plans, is Jess than 1400 square 
feet in extent.* ‘I'he present site, saying nothing of 
its frontage, measures 3600 square feet. Deducting 
the value of buildings there is not, probably, a single 
full size site, with frontage, in Great George-street of 
which the present value is as much as is put upon this 
back yard of 32 ft. by 42 ft., a yard having no direct 
access from any recognised thoroughfare. The whole 
present annual rental of the present site, building and 
all, on a lease with forty years to run, is but 375/., 
while the rental, for 99 years, of the back yard, with 
no buildings, no frontage, and no approach, is put at 
350/.! Or, to take leases of equal periods, that of 
the present site, covering 3600 square feet, and in- 
cluding a four storey building of 30 ft. frontage, and 
handsome elevation, on a first-class street, is offered 
at 450/. annually for 99 years, as against a wretched 
yard of 1386 square feet, with, as we have said, no 
building upon it, no frontage and no approach, for 
350/. Allowing for the estimated present value of 
the lease at 5 per cent. the rental would be 575/. as 
against 350/. ‘To have asked the Institution to pur- 
chase this, a convenient site for a stable or a work- 
shop, at 7000/. would, of course, have been pre- 
posterous. The body has, therefore, been placed 
under “great obligations,” and a vote of thanks has 
been conveyed to the proprietors of the dorsal pre- 
mises, for their having “ presented” 28337. of their own 
estimate of the value to the Institution, on condition 
that the members should take the remainder on lease, 
at 5 per cent., for 99 years, on a valuation of 4167/., 
and build upon it to the value of at least 5000/. more. 
The rent, under such a lease, at 208/. 13s. 4d. could 
be sold any day, in the present state of the money 
market, for 5000/. or 6000/., and there is no reason 
why the liberal landlords should not sell it, and no 
reason for supposing that, as soon as the lease is 
signed, they will not do so, as there will be nothing 
whatever to prevent them. 

We must be pardoned for referring again, this week, 
to this transaction. When we wrote, a fortnight ago, 
we had no idea that the Institution, even under the 
recommendation of the Council, would sanction, as 
they have since sanctioned, such a glaring job. Nor 
do the consequences of the job end here, and we are 
=~ the term “job” in the Websterian sense of 
“a low, lucrative affair.’ The Institution, once 
secured, built in front, and an additional expenditure 
of 17,000/. once incurred, it is practically in the hands 
of the owners of the remainder of No. 24, the gentle- 
men who are now about to part with their back yard. 
It is certain that the Institution must, sooner or later, 
require the whole of No. 24. It will require more 
frontage, more light, more internal space for a general 
reading (newspaper and periodical) room, as well as 
for plans and models and for statuary. By one stroke 
the owners of No. 24 have increased the value of their 
property one half, if they bave not, indeed, doubled it, 
and when their front is wanted they can make their 
own terms. No investment which they could have 
made (and they are both members of Council, and, 








presumably, took part in the recommendation of Coun- 
cil) could iene paid them better than that of “ giving” 
2833/. as a donation or anticipated legacy “ off” their 
own estimated value of their back yard at 7000/. 
Lucky donor! Lucky legator ! 





* By erroneously supposing that a certain small courtyard, 
to be formed out of this back yard, was also to become the 


Members who ey understood the case, espe. 
cially those not influenced by mere residence in or 
deference to Great George-street—the “ Thieving- 
lane” of ¢emp Henry V1IL.—and still more especially 
the non-resident members, who, could they have voted 
by proxy, would have voted in hundreds, must have 
seen the great advantages of the Victoria-street site 
over that now occupied and to be enlarged. Although 
property is intrinsically worth much more in Victoria. 
street than in Great George-street, the rental of 633] 
square feet in the former would have been but 409/. 10s, 

inst 658/. 13s. 4d. for 5000 square feet, but in. 
cluding the present building, No. 25, in the latter, 
The former site would have been open on three sides 
instead of one, giving 210 lineal feet, in which windows 
could be placed for light and air, against 95 ft. (ex- 
clusive of a small and deep court) at the present site 
when enlarged. The former, after carrying out Mr. 
Wyatt’s design, would have left 1034 square feet of 
remaining ground to be either disposed of or built 
upon afterwards. The building would have been a 
fine structure with 65 ft. frontage on one, and 81 ft. 6 in. 
on another street, whereas the present house, when 
extended, will only show 30ft. The cost, strictly 
considered, would be practically the same for the large, 
fine house in Victoria-street, as for the much less 
handsome and less commodious enlarged building in 
Great George-street. ‘The cost of the former, with 
furniture complete, is estimated at 26,500/., and of 
the latter 16,970/., or say 17,000/. Here is an ap- 
parent difference of 9500/. But towards this is to be 
set off the value of the lease of the present premises, 
if abandoned, viz., 4000/., and the capitalised value of 
the difference (250/.) in rent, worth at least 5000/,, if 
not more. Practically there would be no difference in 
the cost of the two sites and buildings. 

True, the Institution has not 26,5002. of cash funds 
which it can pay down, but it has 16,000/. or 18,000/. 
besides the proceeds of the value of the present lease, 
say 4000/. more, and the remainder would be readily 
made up by subscription or loan if the Council would 
but accept it. 

As for the mere associations of the old house, they 
should have little influence, nor do we believe they 
have had much. As for convenience of position, the 
Metropolitan District Railway will alter everything, 
and the St. James’s Park station will be almost as near 
to the Victoria-street site as will the Westminster 
station to the present house. This station will be open 
as soon as either site can be fully occupied. As for 
contiguity to public offices, the Institution, as a single 
or united body, has but little communication with 
them, and a quarter of a mile or so in distance either 
way is, practically, of little or no account. But as for 
contiguity to engineers, a matter of far greater import- 
ance, the rising men of the profession are already 
settling in Victoria-street, and that in large numbers, 
and there is every reason for believing that within a 
few years only a few of the older members will be left 
in Great George-street. Is it going too far to say 
that a number of these, members of Council, too, own 
houses in or immediately near that street, and that the 
value of house property would be materially lessened 
were the Institution to be removed? In at least one 
case, as the members will yet find to their cost, the 
vote of Tuesday week will add greatly to the value of 
a single property there. But there is no chance now 
of rescinding that vote. The non-resident members 
have had no voice unless a few have paid for it in 
long journeys, travelling expenses, and loss of time, 
and few would again undertake this even if summoned 
to another meeting, feeling that they ought to be 
heard by proxy. 

But let us be comforted. It will be a pleasure to 
see our president in his ew chair next November, 
and he is the most parliamentary president the Insti- 
tution has ever had. ‘The lecture theatre will be the 
same, exactly the same, as in the Victoria-street de- 
sign; the entrance-hall will be very much widened, 
the library converted into a long, wide, lofty room 
with a gallery and with two tiers of windows in front, 
there will be a fine staircase, very good and spacious 
offices, and on the whole, despite the job that - 
been perpetrated, and the deficiency in light, we sha 
all be agreeably surprised at the change when we 
behold it all at the first meeting in the next session, 
now but little more than seven months hence. 











Sr. Pererssvre and Moscow Rartway.—The — 
of the disposal of this line to private individuals has aed — 
been settled. It will probably = under the contro > oe 
American company, headed by Mr. Winans, or of the ¢ 
Russian Railway Company. A definitive decision. w 


shortly arrived at on the su ject by an official commission, to 





ed of the Institution, we last week estimated it at 
800 square feet. 
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THE GOVERNMENT AND THE 
TELEGRAPHS. 


In the preamble of the bill introduced by the Chan- 
cellor of the Exchequer, it is recited that ‘“‘ Whereas 
“it would be attended with great advantage to the 
“ State, as well as to merchants and traders, and to the 
“ public generally, if a cheaper, more widely extended, 
“and more expeditious system of telegraphy were 
«established in the United Kingdom, an to that end 
« it isexpedient that Her Majesty’s Postmaster-General 
“ be empowered to work telegraphs in connexion with 
“the administration of the Post Office.” 

It is of course a self-evident truth that ‘a cheaper, 
“more widely extended, and more expeditious system 
« of telegraphy ” would be of immense advantage to 
the State, merchants, and the general community ; but 
it will not be so easily conceded that all this is to be 
attained by simply transferring the administration of 
telegraphs from the present boards of direction of com- 
peting companies to a Government official. 

Of course it would be quite possible for the Govern- 
ment to extend the lines and even reduce the price, 
since they have not to earn a dividend for shareholders ; 
but that a more expeditious system of telegraphy shall 
at the same time be provided, without ma ing the tele- 
graph a heavy yearly tax on the country, is simply 
promising great things which we have not the slightest 
reason for believing can be brought about by merely 
placing all our telegraphic lines in the hands of an 
official of the Post Office. 

A telegraph is not capable of conveying an unlimited 
number of messages per day, and therefore there is 
a limit as to price at which messages could be sent 
remuneratively on any given circuit, even supposing 
that the wire was kept in constant work during the 
twenty-four hours. For such constant use, however, 
of one wire throughout the twenty-four hours, we 
must suppose the messages arriving for transmis- 
sion in continuous succession, or else some must wait. 
In ‘practice, however, the great mass of messages 
are given in between business hours, say, between 
ten a.m. and five or six p.m. Sufficient wires 
must be provided, therefore, so that this mass 
shall be all despatched within those hours, the wires 
remaining idle, or nearly so, during the rest of the 
twenty-four, or else messages must be delayed in order 
to spread them over the twenty-four hours. It is 
evident that the first method cannot be adopted at the 
same prices as the second, since it involves three times 
the number of wires required for the second. In fact, 
just as we reduce the price of messages, so we must 
either decrease the profit or increase the average delay. 
Assuming that the dividend earned by our present 
companies, therefore, is a fair one, it is evident that 
to decrease the price we must decrease the average 
expedition with which messages are despatched, unless 
we can find some means of actually decreasing the time 
occupied in sending a message. 

Mechanical manipulation, long ago proposed, ex- 
perimented on, and rather carelessly abandoned, but 
now perfected by Wheatstone in his automatic tele- 
graph, is a great step in this direction, and, no doubt, 
when adopted throughout the principal circuits, will 
enable a reduction of price to be effected. But this 
improvement (the benefit of which we shall have 
whether the Government obtain their bill or not) is 
entirely a scientific one, and, indeed, as we have shown, 
the only hope of decreasing the price of telegraphing 
in England must be by means of scientific improve- 
ments such as these. 

Now, have we any right to expect that the Govern- 
ment have some grand stock of these improvements 
on hand ready to be brought into play directly the 
lines are made over to them, or have we much reason 
to hope that such improvements hereafter will be 
more readily accepted by Government officials than 
by the officers and directors of our present telegraph 
et Does the history of the Admiralty or 
the War Office give reason to expect that inventors 
and scientific men will have a freer scope for improving 
telegraphs when these become a Government monoply ? 
We think not. 

Government departments have not as a rule a 
character for quick perception of the advantages of 
any novelty, and we fear that, scientifically, the tele- 
graph will come practically to a stand-still as soon 
as it passes into the hands of Government. We 
shall, perhaps, be lucky indeed if we do not recede; 
for the grand promises of cheap telegraphs, and with 
“omner expedition also, without any explanation of 

ow this is to be effected, leads us to doubt whether 
the promoters of the scheme really have any. plan 
in detail, or, indeed, any knowledge of the subject 


We trust at least that a select committee will enable 
the whole designs of the Government to be carefully 
weighed before the country takes the final step of 
placing our telegraphic system at the mercy of a 
Government department. 








STEEL FROM CLEVELAND IRON. 

Tue iron of the Cleveland district, of which up- 
wards of one million tons are now made yearly, con- 
tains a proportion of phosphorus which has always 
been considered as rendering it wholly unfit for con- 
version into steel. And notwithstanding the claims 
which have been occasionally made by gentlemen in 
the north-eastern iron trade, in favour of iron over 
steel, there is no object which the blast furnace masters 
along the Tees are more truly anxious to attain than 
the production of cheap and good ingots from Cleve- 
land pigs. Several steel making processes are now on 
trial in Middlesboro’, mostly secret at present, but we 
expect to be soon able to give all requisite particulars 
of the treatment pursued. ‘The so-called Heaton or 
Hargreaves process of conversion by nitrate of soda 
or nitrate of potash has been tried, and steel purport- 
ing to have been made by it, direct from Cleveland 
pig, has been exhibited. The best informed men in 
the trade express grave doubts, however, as to the 
genuineness of these samples, and their doubts are to 
some extent justified by the evasive and very unsatis- 
factory paper lately read by Mr. Hargreaves himself 
before the Institute of Cleveland Engineers. 

Among those now engaged in wollen out the im- 
portant problem of steel making from Cleveland iron, 
Mr. John Gjers, the well-known blast furnace en- 
gineer, and manager of Messrs. Hopkins, Gilkes, and 
Co.’s; and Messrs. Lloyd and Co.’s furnaces, at 
Middlesboro’, has pater some very good and highly 
encouraging samples of steel from Messrs. Lloyd’s 
Linthorpe iron. He has sent us fractured specimens 
of a steel rail, a 2in. square bar and smaller sizes, 
showing the toughness of the steel under a oe 
test. They are all very good indeed. Mr. Gjers wil 
shortly be in a position to give the fullest informatiou 
as to his process, and in the meantime he expresses no 
more than the hope that it will permit of the produc- 
tion of Cleveland steel at a cost which will enable it 
to compete with Bessemer steel. 








TURRET SHIPS. 

Ir any proof were wanting of the misconception at- 
tending the question of the comparative merits of 
turret and broadside ships of war, it was afforded by 
the remarks of the Earl of Hardwicke, as chairman of 
a meeting, the other day, of the Institution of Naval 
Architects, on the occasion of reading Admiral Halsted’s 
paper on his proposed seven-turret ship. The position 
of the noble earl, and the great attention he has paid 
to the whole subject of naval warfare, gives to his 
views and expressions an importance and weight which, 
in the present case, they do not justly deserve. Admiral 
Halsted’s proposal, which we illustrated and described 
more than two years ago, is for a ship having seven re- 
volving turrets, with 16ft. of freeboard and small 
broadside guns below them, and driven by both steam 
and sails. The vessel would be 420ft. long, 60 ft. 
beam, and would have a displacement of about 
11,000 tons. “ This,” said the Earl of Hardwicke, “isa 
perfect scheme in all its branches.” We admit that 
in many respects much may be said in favour of 
Admiral Halsted’s design which does not apply to 
ordinary turret ships. But the noble earl went on to 
say that great guns could only be worked on a turn- 
table, or, in pf om words, in a turret, and that they 
could not be worked in broadside. Now, however the 
gun is mounted, it is loaded, run out, and elevated or 
depressed by the same means in either case. After the 
gun has once been trained upon the enemy, these 
operations comprise all the working there is to be 
done, and to say that they cannot be performed in 
broadside equally amounts to saying that they cannot 
be performed in a turret. If a broadside and a turret 
ship roll through the same angle, the guns in both will 
have the same tendency to run out or inboard, and will 
therefore require precisely the same restraint. The 
only difference in the working of a broadside and a 
turret gun is, that in the former the weight of the gun 
and earriage, perhaps 20 or 25 tons is traversed or 
trained by itself, while in the latter it is trained, with 
its fellow gun of equal weight, in a turret weighing, 
with all its parts, and including guns, perhaps 200 tous, 
or even 250 tons. The question is, what is the com- 
parative safety of the respective turning or training 
gear? ‘The turret, if its gearing gave way, might 





whatever. 


perhaps cause no dismounting of the guns, while in the 


case of a broadside gun the consequences might be very 
serious. But there is no reason why the traversing 
or training gear should not be as sufficiently strong 
and under as perfect control in the broadside as in the 
turret. We long ago illustrated Ericsson’s traversing 
gear in the Dunderberg, but Lord Hardwicke re- 
marks: “I don’t care for your cog, your lever, or 
“your winch, for I have a conviction in. my own mind 
“that it is not possible. 1 am fully aware that re- 
‘course is had now to great mechanical power, but 
“every mechanical power used must have great 
“strength; with great strength it must be of great 
“ weight, and with great weight it may produce a 
‘certain amount of successful application ; but when 
“you come to use the gun working in a sea way, of 
‘the dimensions you have spoken of, the machinery 
** will go to pieces, and your gun will be nothing else 
“thau a terror to your crew.” The noble speaker’s 
conviction was that of a sailor and not of an engineer. 
It would be at least as easy to train a 25 ton gun as 
the rudder of a ship like the Warrior going at full 
speed. And the consequences of breaking away 
might not be worse in one case than in the other. 
The racers would be pivoted just under the muzzle of 
the gun when run out, to a pin of any required 
strength, and the inboard end of the racers would be 
perhaps further kept to their true curved track by a 
strong angle-iron guard, and all the wheels runuing on 
the curved ways would have flanges. ‘There are many 
ways of training, as well by hydraulic gear, curved 
racks, screws, &c., as by sails, and there are more 
than one frictional apparatus which could be depended 
upon to lock the racers with the gun as fast in any re- 
— position as if they were bolted down to the 
eck, just as the heaviest guus are checked, to any re- 
pat extent, by Ericsson’s compressor, adopted b 

Captain Scott and Sir William Armstrong. That all 
this has not been done is no reason for concluding 
that it cannot be done, and the problem might readily 
be left to any really competent engineer. 

Admiral Halsted’s plan shows 5 ft. of armoured side 
above water, then 11 ft. of unarmoured $ in. skin, 
then seven 25 ft. turrets aloft, with their guns 19 ft. 
above water, and finally a spar deck. ‘lhe united 
peripheries of the turrets, covered with 2 ft. of armour 
of plates and backing, is 525 ft., and their weight is 
distributed along nearly three-fourths the length of 
the ship. Now, 525 ft. Yineal of armour would enclose 
a battery 206 ft. long and 60ft. wide, giving seven 
ports at the great distance of nearly 30 ft. between 
centres, although it would be practicable to mount the 
guns in pairs, pivoting the racer of each gun, and thus 
to carry fourteen guns on a side. The battery would 
enclose 11,312 square feet, or more than a quarter of 
an acre, of space as against 24244 square feet ‘in the 
seven turrets. In the turret ship a great amount of 
space would be required for the training engines and 
gearing below. In the broadside ship all would be 
eft clear, except for the strong vertical supports carry- 
ing the weight of the guns. The extra weight car- 
ried below for working the turrets would more than 
compensate for a considerable number of guns which 
the broadside ship might carry. The broadside ship 
could carry sails or not, as thought best. In the 
turret ship the masts, shrouds, and stays would be 
likely to be cut down by her own guns; and in the 
ordinary or American turret ship careful calculations 
of their stability show that they would capsize under 
sail, if they rolled beyond a very moderate extent. 
The ordinary turret ships. will not bear canvas, nor 
do they afford proper quarters for their men. Admi- 
ral Halsted’s turret ship may do both, but only at 
the expense of increased weight and length, as com- 
pared with a broadside ship. ‘I'he Earl of Hard- 
wicke’s suggestion that our future line-of-battle ships 
should have but moderate speed is, if acted upon, a 
most dangerous one. While they were tumbling 
about, our commerce, which it should be their business 
to protect, would be swept from the ocean by priva- 
teers of perhaps one-half greater speed. 








New Work on Suipsuitpinec.—We understand 
that Mr. E. J. Reed, Chief Constructor of the Navy, 
has in the press a comprehensive work entitled 
“ Shipbuilding in Iron and Steel.” Mr. Reed’s book 
will, we believe, differ from all existing works on iron 
shipbuilding in being exclusively practical in its mode 
of treatment, and confined entirely to detailed descrip- 
tions of the manner in which the parts of iron ships 
are formed and combined, distinguishing between the 
oe of work practised on the Thames, the Tyne, 
the Mersey, and the Clyde. It may be expected to 
appear from Mr. John Murray’s publishing house in 





the present year. 
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THE INDIAN BUDGET. 


Tue general outline of the new Indian Budget will 
doubtless have been read by many of our subscribers 
before the publication of the current number of Evyer- 
NEERING ; we shall, therefore, in the present instance 
confine our remarks to an examination of the provision 
to be made for the construction of public works in 
India during the ensuing year. 

Slowly, but surely, the Indian Government is awak- 
ing from the hallucinous dream that all the public 
works of that vast empire must be constructed out of 
surplus revenue. That fallacious policy has already 
been too long entertained for the good of the country 
and for the reputation of its successive Governments. 
Periodical famines in various parts of India, carrying 
desolation and death over vast portions of our eastern 
territories, bear painful witness to the deficiency of 
their administration in years past. The absolute 
necessity for a more vigorous prosecution of irrigation 
works than was possible under the old system, neces- 
sitated a resort to raising special loans for that pur- 
pose, and we are glad to find that the same policy 
which dictated the necessity for that measure seems 
now to have been still further extended, as it must 
eventually become recognised that the construction of 
public works by means of money raised on loan is as 
applicable to India as it is to any of our colonies, or to 
any other nation on the face of the earth. 

Turning now to the budget itself, we, perhaps, can- 
not do better than to give in extenso those parts which 
refer to public works expenditure, and in which the 
future policy of providing money for their construction 
is clearly laid down. Referring to the estimates for 
the year ending with 3lst March last, Mr. Massey re- 
marks: “The expenditure amounts to 47,340,0007., 
and the income to 46,780,000/., leaving an estimated 
deficit of 557,000/. after defraying all charges, including 
the extraordinary charges for the year under the head 
of public works. Early in the year, some time before 
making his last financial statement, he had anticipated 
this result, and had addressed himself to see if it were 
not possible'to reduce the expenditure. But this was 
found impracticable. It was found, however, that there 
was one item of expenditure which might be dealt with 
in a manner different to that which had hitherto ob- 
tained. He referred ta the great grants for public 
works, which, including railway charges and those for 
reproductive works, amounted to five and a half 
millions. On full consideration of the subject, the 
Government found that this vast grant was fairly 
divisible into two classes: lst. The charges properly 
debitible to the income of the year ; 2nd. Those charges 
which were of an exceptional and extraordinary cha- 
racter. He would mention the great expenditure in- 
curred in military works, and especially on barracks. 
It was deemed expedient to push forward the con- 
struction of these buildings with the utmost rapidity, 
and the result was that, instead of the total ——— 
ture of 11,000,000/. on this account being spread over 
a series of years, they felt obliged, by the pressure of 
circumstances, to compress the whole of this vast ex- 
penditure into the shortest a period. The 
estimates for these works had been framed on a scale 
of liberality consonant with the magnitude of the 
works, and the scientific principles on which they had 
been planned. The charges for such works as these— 
indeed for any great scheme of public works—were 
seldom very considerable during the first years, but 
always expanded as the works proceeded. But after 
defraying the charges up to March last, the pressure 
had become of a very formidable character. The 
Government had to provide nearly 2,000,000/. for 
barracks, and the construction of trunk roads, and 
arteries and lines of communication all over the 
country. They had therefore addressed a communica- 
tion to the Secretary of State, suggesting that these 
works should be included in the category of special 
charges, as otherwise these charges were calculated 
to create a false impression of the state of the 
Indian finances. Excluding these extraordinary charges, 
the finances of the empire were, sound and flourish- 
ing, and showed a large surjlus. They had there- 
fore asked the Secretary of State to sanction the 
proposal to divide the public works’ charges into two 
classes—ordinary and extraordinary ; the, ordinary to 
be charges against the income of the year, and the 
extraordinary to be charged against income when there 
was any surplus to meet them; but when the question 
lay between borrowing and additional taxation to pro- 
vide for the extraordinary charges of the year, they 
had "requested permission to have recourse to a loan. 
To that proposal the Secretary of State had cordially 
assented. He gave permission to charge the extra- 
ordinary expenditure to capital when there was no 








surplus out of which it could be met. They had also 
asked the Secretary of State to sanction the loan of 
one million for barracks, but in the same despatch they 
felt it their duty to state that the surplus, if any, 
should be applied to the payment of this special debt. 
The effect of this was to convert an estimated deficit 
of 550,000/. into a surplus of 450,000/. The grant 
for public works comprehended two other important 
items, the principal being works which were called re- 
productive—that is, works which, in the course of 
years, might be expected to pay for their construction, 
and ultimately also to yield a handsome addition in 
aid of the general revenues of the State. They also 
asked to be allowed to place these reproductive works 
in a separate class, to be provided for year:by year by 
loan. ‘This was a policy which had found great favour 
in India and greater favour at home, for it, was a policy 
which indicated that it was the intention of Govern- 
ment to construct as rapidly as possible, and on a 
grand scale, all those undertakings which were so 
essential to the prosperity of the country. It was the 
desire of Government to avail themselves of all the 
means which money could furnish, and engineering 
skill afford, to push forward those works with as little 
delay as possible, and no one in India or England 
could doubt the expediency of doing so. Money was 
required to be borrowed to meet the expenditure on 
this account. Another special charge was the advance 
made to Bombay on credit of their special land fund. 
The local Government had at first represented that the 
land sales at Bombay would produce from three to 
four millions. Ultimately, they increased this estimate 
to eight millions, but then it was not desirable that 
expenditure in special works in Bombay should be 
met from the cash balances. It was therefore decided 
that the works should be classed as reproductive 
works, and their cost met by aloan. The wisdom of 
this course would be at once apparent when it was re- 
collected how much easier it was for the Government 
of India to borrow money on the security of the re- 
venues of the country than for the local Government 
to raise money on a mortgage of the land for sale by 
the authorities at Bombay.” 

Turning from the subject of expenditure to that of 
receipts, it must be evident that the latter is liable to 
fluctuations, influenced to a greater or less degree by 
the Indian railway traffic results. It appears from 
Mr. Massey’s statement that during the year under 
review, the total expenditure of the empire had ex- 
ceeded the receipts by the sum of 1,120,000/., the 
cause of which is thus explained : 

“The excess was principally due to two items. 
They had estimated that on account of guaranteed in- 
terest, less the nett receipts of the railways, they would 
not be called upon to pay more than 580,000/., but 
this estimate had unfortunately proved a failure. This 
failure was attributable, partly to the decay of the 
cotton trade, and partly to the diminished receipts of 
East Indian Railway, but more to the disasters on the 
railways in Bombay, from the break-down of the great 
works at the Bhore Ghaut incline, and from the failure 
of all the bridges along the Great Indian Peninsula 
line. These works would have to’ be replaced from 
capitai, and the interest on that capital would have to 
be found by the Government. In the meantime, the 
traffic along the line had been seriously and disaster- 
ously affected.” R 

With reference to income, it was stated that ‘there 
was a surplus of 228,000/. after deducting the 
whole of the charges of the year, except those for 
irrigation. The cash balances in hand for next year 
were to be ‘taken at something over ten millions. 
This was a very moderate amount, but it would, no 
doubt, be increased; by the transactions of the year. 
One of the greatest questions now presented to the 
Government was how to deal with the irrigation works. 
The council were, doubtless, aware that irrigation 
works were to be provided for by loans. The estimate 
for irrigation amounted to 1,270,000/. Now there 
was a surplus of 800,000/., and the unexpended 
balance of the loan. When it was proposed to borrow, 
it was at the express suggestion that any surplus 
accruing during the year should be applied to irriga- 
tion, so that this unexpended balance, and the surplus 
of 800,0002., would preclude the necessity for any loan 
on the budget for this year. But although the esti- 
mates now laid before them did not provide for a 
loan, they were not to suppose there would be no 
loans. There would be loans, and heavy ones too. 
Great works had to be constructed in the future. The 
Government were in negotiation for the purchase of the 
East India Irrigation Works in Orissa, the pro- 
gress of which had been greatly retarded by want of 
capital. This would involve an outlay of nearly a 
million. The company, he would mention, had sur- 





rendered the Soane project to the Government, by 
whom the prosecution of this great work would be 
undertaken. The expense, however, for the first year 
would not be very considerable, and would be pro. 
vided for by loans. The Government had also resolved 
to undertake the construction of a line from Lahore 
towards Peshawur. The railway would be pushed on, 
in the first instance, to Rawul Pindee or Jhelum, and 
how far it would be eventually carried towards Pesha- 
wur would be a matter for future consideration. The 
taking over of the Calcutta and South-Eastern Rail- 
way would also involve a large expenditure. Some, 
or all, of these works would be carried into effect in 
the ensuing year, and necessitate large loans. In 
making this statement he guarded himself against any 
charge of a departure from the policy of last year. 
The taking up of loans for barracks, roads, &c., he 
regarded as a sound measure, but one which was not 
to be resorted to unless the question should be between 
new taxes on the one hand, and loans for special works 
on the other. In such cases the Government ought 
to resort to loans.” 

In concluding his statement, Mr. Massey compared 
the state of India with the financial condition of the 
various European Governments, and showed that India 
held a better position than any of them, with the ex- 
ception of Prussia, and that in point of income the 
Empire ranked only next to France and England. He 
impressed upon the Government the duty of dealing 
liberally by expenditure, without renouncing its right 
to scrutinise, with the utmost closeness and jealousy, 
the demands made upon it by local governments, who 
were, from their necessarily limited range of vision, 
unable to appreciate the demands made upon the 
imperial purse. 





A 6000-POUNDER GUN. 

WueEn the Duke of Wellington once examined the 
construction and working of Perkins’s steam gun he 
observed®that if gunpowder had been invented after- 
wards it would have been a great improvement. But 
for very heavy ordnance the use of gunpowder limits 
artilleryists to calibres and strengths much below those 
now required: Although good, strong smooth bores 
may be, and are made, up to calibres of 15in., and 
even 20 in., all our skill has been barely able to make 
a really trustworthy rifled gun of even 13.3 in. bore 
to throw a 600Jb. shot. The initial force of explo- 
sion of the powder is beyond the resistance which the 
metal of the interior of the gun offers to crushing, 
and the iron must be compressed before it is extended, 
although this may appear to involve a contradiction of 
terms. It is only as the iron is compressed into 
itself, from the interior, that the outer portion of the 
gun is brought into strain, and it is only by this com- 
pression, momentarily enlarging the bore, that the 
tensile strength of the material ig exerted. If the 
same force could be brought agaist a flat plate of 
iron there would be only compression and no tensile 
strain. It is over compression of the bore that pro- 
duces, first permanent ames, then radial internal 
cracks, and, finally, explosion, but a few hundred 
rounds, and often but a few dozen rounds being 
sufficient for the destruction of the gun. Another 
fault of gunpowder is that it cannot be so used as to 
obtain anything like an equal amount of work along 
the whole length of the gun. The very shape of 
cannon, especially of the American Rodman’s, shows 
this, there being but little strain at the muzzle, al- 
though there may be a very great strain at the breech 
when the whole inertia of the shot has yet to be over- 
come. : 

What appears to be required is a reservoir of power, 
at a high ot not an enormous pressure, a pressure at 
which a gun of literally any size may be made. If 
air could be very highly compressed, say, to 10,000 Ib. 
per square inch, it would serve this purpose, although, 
however great may be the pressure of air its effluent 
velocity, and,” consequently, the velocity of anything 
driven by it, cannot exceed 1300 ft. per second, whic 
is hardly as great as is required in ordnance. For so 
long as the density.of compressed air exactly corre- 
sponds with ifs pressure—in other words, so long as 
one atmosphere weighs 14.7 Ib. per square inch, = 
air compressed to 100 times that pressure, or 1470 lb., 
weighs 100 times as much for each cubic foot, then it 
would require a column of air, if of uniform density 
all the way up, of a height of five miles to generate 
the same pressure, in either case, by its own dea 
weight, and the effluent velocity will be that, 1300 ft. 
per second, due to a fall of five miles. 1 

One of our most successful inventors and engineers 
has lately patented, and the specification has been 
published, of an enormous air gun of 32 in. bore, to 
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throw a 6000lb. shot. The bore of the gun is to be 
upwards of 30ft. long, and the inventor, asserts that 
he can compress and retain air at a working pressure 
of 10,000 lb. per square inch. The sectional area of a 
32 in. bore is 804} square inches, and the total initial 
pressure would thus be 8,042,400 lb., or nearly 3600 
tons. It would, of course, be next to impossible to 

ump in air fast enough at this enormous pressure to 
| som up the velocity of the shot, so the high pressure 
air is to be contained in a huge casing or jacket formed 
around the bore of the gun, and eine the same 
capacity of say 165 cubic feet. . Thus, instead of the 
pressure oe reduced almost to ad/ at the muzzle, 
the air would have been expanded but twofold on the 
discharge of the shot; and if we disregard the in- 
fluence of rarefaction, and consequent cooling by ex- 

ansion, and its effect on the pressure, we should have 
5000 1b. per square inch still left. If we take the 
average pressure at 7500 lb. throughout the length of 
the bore, we shall have 2400 tons exerted through 
30 ft., or say 72,000 foot tons, and this, were the air 
to follow fast enough, would send a 6000 lb. shot at a 
rate of more than 1300 ft. per second. As no ordinary 
valve could be opened quickly enough to admit air 
under such pressures, and in such quantities, the shot 
itself forms the valve. The high pressure air in the 
air casing or jacket enters the chamber of the gun 
through ports, like those by which steam enters a 

8 if J : ; 

steam cylinder. ‘The shot—a short cylinder with 
hemispherical or pointed ends—is so packed as to 
close these ports while the jacket is being pumped 
full. To discharge the gun a little high pressure air 
is separately pumped in behind the-shot, so as to start 
it on and past the ports, when the stored-up. air, does 
the rest of the work. 

Although there may be certain practical difficulties 
in carrying out this scheme, it possesses great interest, 
and we shall look with much curiosity to its practical 
realisation. 


ABYSSINIA. 

THERE remains but little of interest suited for the 
columns of ENGINEERING now to report with reference 
to the low lands of Abyssinia, all attention being natu- 
rally enough directed to the advance columns of the 
army. Ere this, the railway from Zoula to Koomayloo 
has probably been completed, as, so far back as the 
2nd of March last, only five miles remained to be laid. 
At that date the report states that the three engines 
were doing their work over the existing line unre- 
mittingly, except when they got off the line, which 
was not of unfrequent occurrence; but this, it ap- 
pears, is not to be wondered at, considering that in 
parts the rails are laid too close for the action of the 
wheels. A new line of communication has recently 
been discovered between Mayen Wells and the coast 
which is a few miles shorter than the Koomayloo 
route, and will, if adopted, enable the difficult defile of 
Sooroo to be avoided. The outlet of the newly-dis- 
covered way is distant five miles from Araphale, and 
about eleven from Zoula. There is some work to be 
done in the way of cutting away trees, clearing off 
stones, and in carving zigzag paths to surmount two 
steep hills. 

The road from Senafé to Attegerat, a distance of 
about forty miles, is described as a fair bridle track, 
presenting no serious obstacles to horses or mules 
even when laden with baggage or stores. Imme- 
diately after quitting the little valley of Goona-Goona 
one or two rather steep ascents have to be made, and 
these, with a still steeper descent a. few miles from 
Attegerat, are the only exceptions that need be noted 
in terming the road paves 3 level. Attegerat is a 
miserable collection of hovels, situated at the eastern 
extremity of an undulating plain, the low-lying parts 
of which are under cultivation, but the larger portion 
is rocky and almost barren. The camp of the infantry 
and artillery is pitched on a rocky eminence, but that 
of the cavalry and the lines of the transport train are 
in the valley a few hundred yards further on, so as to 
be in close proximity to grass and water. Attegerat 
is, notwithstanding its apparent insignificance, the 
chief town of the province of Agame, and was for 
many years one of the favourite residences of Sabagadis, 
the ruins of whose castle are the most extensive of the 
many ruins which are to be met with in every village. 
The present chief’s residence at Attegerat consists of 
4 square tower with four smaller erections oi the top, 
and is surrounded by a wall strong enough to resist 
any native engine of war. There is also a church in 
the place, by no means an insignificant building, pos- 
sessing a porch, a court, an inner and outer wall, a 
holy of holies, &c., according to the ancient Jewish 


fashion. 








The next station beyond Attegerat is Mai Wuhiz, a 
distance of fifteen miles. For the first five miles, to 
Mai Afdoor, ‘the road is up a gently undulating 
valley, beyond which is a rather difficult ascent of a 
—— of a mile in length. Four miles from Mai 

uhiz is the Gorgodna ravine, which also presents 
some serious work for mules. At two points on the 
line, however, great pom | was experienced in taking 
on the artillery ; at one of these, owing to the zig-zags 
up the face of the hill being made with very acute 
angles, and much of the road being rotten, there was 
not space enough for the horses to turn when yoked 
to the limber. The horses had, therefore, to be re 
moved, the guns unlimbered, and dragged up the ac- 
clivity by means of ropes. Fifteen miles from Mai 
Wuhiz is the next station, Ad Abaga, round which the 
country is very stiff, with successive steep rises and 
falls. The road from Ad .Abaga to Dungolo is said 
to be myer steep in several places, and so dif- 
ficult for artillery, that special examination and pre- 

aration have been necessary. Beyond Dungolo there 
1s sr | likely to cause delay or trouble till Kikhullut 
is reached, a distance of thirty-five miles, when a series 
of rugged, rocky, and precipitous ascents and descents 
commences, and, with an occasional hundred yards for 
breathiug space, continues all the way to Antalo. 

The following campaigner’s guide from Antalo to 
Magdala has been compiled by General Merewether, 
chiefly from native accounts. The distances stated he 
believes to be full ones. From Antalo to 

Miskee, 7 miles ; road good ; grass and barley pro- 
curable. 

Messino, 8 miles ; road undulating, but not very bad 
nor very stony ; large villages; grass, boosa, and barley 
procurable. 

Attala, 13 miles; leaves Amba Alachee on the 
right ; ascents and descents moderate, but very rough ; 
road stony and jungly throughout. 

Aiba, 8 miles; a fair sized river here, flowing by 
Takazze. 

Dolea, 8 miles; before the plateau of Belagool there 
is a bad ascent, higher than the hill just before Dolo 
(about 30 miles north of Antalo); short descents and 
jungle; road generally good as far as Ashangi; many 
villages. 

Ashangi, 12 miles; camp close to north-west end 
of the lake; no river flows in or out; supplies 
plentiful. 

—_— Gurtu, 8 miles; undulating road, generally 
good, 

Lat, 8 miles; undulating road with one middling 
ascent. 

Woubureel, 9 miles ; road good over a plain. 

(Name unknown), 9 miles; bad throughout, rough 
and stony to Sa Goolsaf. 

Sa Goolsaf, 9 miles; road bad as above; camp of 
Gobazye’s army; supplies and water plentiful; grass 
scanty. 

Wadela, 10 miles; ascents and descents, but none 
very bad; supplies plentiful; grass over the hills 
mostly green now. 

Beshlo(?), 20 miles; can be divided into two 
— supplies plentiful; leave the Djedda on the 
right. . 

Magdala, 25 miles; road bad, country hilly; halt- 
ing-place half way. 

It is added that there is plenty of grass throughout 
Woggerat, Wofela, and Lasta, which last is entered 
after Lat; that there is plenty of water everywhere, 
and grass generally procurable. Horned cattle and 
sheep are never scarce. 

An alternative route branches south-south-east from 
Antalo, 

Messino, 15 miles; as above. 

Arara, 12 miles; road fair, slight ascents and de- 
scents; supplies procurable. 

Googoof, 10 miles; road over a plain; hill near 
Googoof, and short descent. 

Fokissa, 9 miles; road over a plain, good, and con- 
tinues so as far as Kookoobie. 

Hayn, 9 miles ; road good. 

Dayoodeelli, 12 miles ; road good. 

Wadja, 11 miles; road good. 

Kookoobie, 12 miles; road good. 

Wadela, 12 miles ; ascents. 

Magdala, 45 miles ; as in first route. 

This latter route General Merewether would con- 
sider the preferable of the two, but for the presence of 
a rebel who holds an amba at Arara, and who might 
prove troublesome. 





Tue Union Pacrric Rartroap.—The Union Pacific Rail- 
road is completed to a point 27 miles west of Chevenne, and 
within 4 miles of the highest summit on the entire route. 
The number of men employed in that section is 3000. 





LIVERPOOL NOTES. 


Liverpoon, Thursday. 

The Birkenhead Ironworks.—Messrs. Laird Brothers have 
been kept reasonably busy notwithstanding the extreme de- 
pression which has prevailed in the iron shipbuilding trade 
for many months past. On Thursday last the twin-screw 
ironclad steam ram De Steir, built for the Dutch Govern- 
ment, was successfully launched from their byilding-yard. 
This vessel is one of a fleet of ironclads which are being built 
in this country for the defence of the Dutch coshound, and 
for foreign service when ne - Messrs. Laird have been 
entrusted with the construction of several of these, and the 
first of them—the Prins Hendrik—has been already tried in 
very heavy weather, and has been proved to be an excellent 
sea-going vessel, and admirably adapted for the service. She 
is a twin-screw turret ship of 2100 tons and 400 horse power. 
The De Steir is a smaller ship, being only 1325 tons. She 
has one turret on Captain Coles’s principle, armed with two 
300-pounder rifled guns, having a range of fire from 10° of 
the line of keel forward and 6° aft, so that she will be able to 
keep up a rapid fire in every direction, while the twin-screws 
will give her great facilities for mancuvring. Her extreme 
length is 200 ft.; breadth, 38 ft.; depth, 19ft.; and her 
draught of water, when ready for sea, will be about 16 ft. or 
15 ft. 6in. Her armour plates are 6in. thick, and rest upon 
a backing of 10in. teak and an inner skin of iron lin. in 
thickness, strongly secured to the framing of the ship. Her 
turret plates are 8 in. in thickness, increasing to 11 in. at the 
ports, and rest upon a teak backing of 13 in. with an inner 
skin of lin. iron. The ram is of great strength, and pro- 
jects about 5 ft. at such a depth as would enable her to strike 
an enemy’s ship below her armour plating. It is solidly 
built into the framework, and would not feel the shock of 
the collision to a great extent. The turret is fitted with 
steam gear to render its movements more rapid, if necessary. 
All the machinery has been made at the Birkenhead Iron- 
works, and consists of two pair of surface-condensing direct- 
acting engines of 175 horse power each, but capable of work- 
ing up to a very high indicated power. Her boilers fre 
fitted with superheaters, and all her machinery is on the 
principle most approved by the Admiralty. ' 

Messrs. Laird Seve also launched lately two sister monitors 
for the Dutch Government, which are now receiving their 
machinery and fittings in the same dock as that in which the 
De Steir has been placed. The names of these vessels are 
De Panter and De Krokodil. They are light-draught vessels, 
have twin-screws, and carry each one turret pierced for two 
300-pounder rifled guns. The plating of the monitors is 54 in. 
in thickness, and rests upon the usual 10 in: teak backing and 
inner iron skin. The turret is protected by plates 8 in. thick, 
increasing to 11 in. at the ports. They are fitted with a 
double bottom, divided into compartments, so arranged that 
water can be admitted between. This will sink them to 
within 2 ft. of the water level, and render them a much more 
difficult mark for the enemy’s shot. 

In one of Messrs. Laird’s adjoining docks Her Majesty’s 


turret ship Captain, 4200 tons, is gradually approaching com,» 


pletion. She is plated with 8in. armour plates on a solid 
teak backing, and will carry two turrets, each armed with 
two 600-pounder rifled guns. In another dock there is a 
composite gunboat, the Teazer, in process of construction for 
service in the Chinese seas. . 

Messrs. Laird have also just laid down the lower frame- 
work of Her Majesty’s broadside ship, Vanguard, of the In- 
vincible class, orders for which have just been issued by the 
Admiralty. It is proper to add that Messrs. Laird Brothers 
received the commission for this ship on account of their 
having sent in the best design of eight private builders for an 
ironclad of any class. 

These are the principal ships in hand at the Birkenhead 
Ironworks ; but Messrs. Laird have also some smaller steamers 
for the mercantile marine service in process of construction. 

London and North-Western Ferry Boats—On Thursday 
Messrs. Bowdler and Chaffer launched, from their yard at 
Seacombe, two large ferry boats for the London and North- 
Western service between Liverpool and Monks’ Ferry on the 
Cheshire shore. They are of the following dimensions: 
length, 105 ft.; breadth, 20ft.; depth, 8ft.6in. They are 
on the American saloon principle, and are somewhat similar 
to those at present used by the Birkenhead Commissioners 
between Liverpool and Woodside. The engines have oscil- 
lating cylinders, 34 in. in diameter, with a stroke of 3 ft. 6 in. 
The vessels are double bowed, and may be steered from either 


end. 

The Woodside and Wallasey Ferries are not in a very 
prosperous state. ‘They manage these things better in’”— 
America. At the pif meeting of the Birkenhead Com- 
missioners, held last week, the accounts of the Woodside 
Ferry were presented by the Ferry Committee. The receipts 
for the eleven months ending March 31st, amounted to 
35,438/., against 34,3927. for the corresponding period of 
1866-67, showing an increase of 10461. The expenditure for 
the same period was 29,133/., against 29,2147. Within the 
last three years the commissioners have placed on the river 
three large saloon ferry boats on the same principle as the 
American passenger boats. But these boats are so clumsy, 
although most comfortable and commodious, that collisions 
with each other and with other vessels lying in the Mersey 
are so frequent that a very. heavy contingent fund has to be 
provided out of the earnings. 51. a week used to be sufficient 

tocover damages and other contingencies, but now 201. a 
week is not enough. Certaigly 1000/. a year for collisions 
and other cognate expenses i8 rather heavy an item for such 
a ferry as this, notwithstanding that the boats run every ten 
minutes, and hourly the whole night through. 

The expenditure at the Wallasey ferries rose from 14,9637. 
last year to 23,7741. this year, the receipts remaining without 
material change. These figures have been repudiated by Mr, 
Kerferd, the chairman ; Sut they were taken from the 
Board’s own accounts, so that any inaccuracy rests with the 
Wallasey Board themselves. 








Communication between Newry and Liverpool.—It is in 
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contemplation to put on a new line of steamers between 
Newry and Liverpool, and already upwards of 12,0007. has 
been subscribed towards the capital of the new company. 
Preliminary meetings have been held at the Imperial Hotel, 
Newry, and the counsel and co-operation of several influential 
parties here have been freely given. There is every likelihood 
that the project will be perfectly successful. Newry is a 
rapidly rising town, and only requires material assistance 
from Liverpool to develop fully the trade it already possesses. 

Opening of the Llanrwst and Bettws-y-Cwyd Railway.— 
This new line, belonging to the London and North-Western 
Railway Company, has commenced to carry passengers. Its 
construction occupied about twelve months ; and although it 
is only some 34 miles in length, it has been an expensive 
undertaking, on account of several bridges and deep cuttings. 
As traffic increases it is intended to carry the line to Dolyd- 
delen and Festiniog quarries. 

The Great Eastern and Lord Cranborne.—Some trepida- 
tion is felt by the Great Eastern shareholders in Liverpool 
lest Lord Cranborne, now that he has become Marquis of 
Salisbury, should abandon the post of chairman. The noble 
marquis’s great commercial and financial ability has been 
already very apparent in the improved condition of the line. 
The railway conference at Manchester this week has felt his 
absence very materially. 

The Mold and Denbigh Railway Company.—The directors 
of this company have filed in the Court of Chancery a scheme 


of arrangement with their creditors, under the provisions of 


the Railway Companies’ Act, 1867. The capital raised by 
the company amounted to 432,000/., comprising 107,000/. on 
mortgage, 100,0002. preference shares, and 226,000/. ordinary 
shares, all of which has been spent, and the company are 
still indebted to landowners, contractors, and others a con- 
siderable sum. To cover a portion of this liability the board 
have issued Lloyd’s bonds tor 60,0007., but are unable to pay 
the interest thereon or upon any of the mortgages. They 
have, therefore, determined to abandon the branch lines, and, 
after making an arrangement with their creditors, to 
with the main line; for which purpose they hope to 
to raise a sufficient amount by loan. v 


TWIN-SCREW GUNBOAT 


BY SIR. WILLIAM ARMSTRONG AND CO, ELSWICK, FROM THE DESIGNS OF MR. GEORGE RENDEL. 











THE NEW GUNBOAT “STAUNCH.” 


A aunBoaT named the Staunch, built for the Admiralt 
upon the plans of Mr. George Rendel, of the firm of Sir Wil. 
liam Armstrong and Co., has just been completed, and tried 
at sea off the mouth of the Tyne, with the Admiralty in- 
spectors and a numerous party of officers on board, including 
some members of the Ordnance Select Committee. This 
vessel, though insignificant in appearance and cost, represents 
some very novel principles. She is only 79 ft. long and 25 ft. 
beam; her draught of water when loaded, 6 ft., and her dis- 
placement, 150 tons. She has twin-screws driven by two 
pairs of condensing engines of 265 horse power (nominal) 
combined, giving her a mean speed of seven knots and a 
half. She ¢arries as heavy a rifled gun as any in the navy, 
and, to all appearance, carries it most efficiently. The gun, 
a 12} ton 9in. Armstrong, is mounted in the fore part of the 
boat in a line with the keel, and fires through a bulwark or 
screen over the bow, which is cut down and plated something 
like that of a monitor. Thus placed, it is easily worked in a 
rolling sea, and its change of position by power | does not ap- 
preciably affect the trim of the vessel. At the same time, to 
provide for heavy weather, it is made capable of being lowered 
into the hold, so asto relieve the little vessel of its deck load, 
and enable it to carry the weight as cargo. Machinery is 
also employed for the purpose of working the gun, by which 
means more than half the ordinary gun’s crew can be dis- 
pensed with. The operation of lifting and lowering is 
performed by simple but powerful machinery. Durin 

the recent trials the gun, with its carriage and slide, and the 


| platform carrying them—-weighing in all 22 tons—was raised 


| way, in from 6 to 8 minutes. 


and lowered in a rough sea, with the boat rolling 11° each 
When the gun is lowered the 


| gun-well is closed and the deck left perfectly clear; butin a 


eo | 
» able | 
npaid landowners will be | 


asked to accept payment by rent charges bearing interest at | 


the rate of 5 per cent. per annum Five per cent. debenture 
stock, to an amount not exceeding 40,000/. will be issued, and 
both it and the rent charges are to be a first charge upon the 
line. The present mortgage debt, amounting to 107,000/., 
will be converted into ps orth stock bearing interest at the 
rate of 4 per cent. for the first five years, and after that 
period 5 per cent. Debts not included in the above are pro- 
posed to be met by additional debentures to be issued to an 


amount not exceeding 30,000/., and to bear interest at the | 


rate of 4 per cent. for the first five years, and after that 5 per 
cent. This stock, together with the mortgages, will be a 
second charge upon the railway. The directors also ask for 


powers to enable them to raise, at the same rate of interest as 
above, a sum not exceeding 70,000/., for the purpose of pay- 
ing off Lloyd’s bonds, and all arrears of interest thereon, and 
on the mortgage debt of the company. 


few minutes the gun can be again brought up ready for action. 
For working the gun small capstan heads on deck are used. 
These are turned by machinery from below, and instead of 
the gun tackle being hauled by a large gun detachment, one 
man on each side has merely to take a turn with his rope 
round the nearest of the revolving capstan heads. The cap- 
stan, upon his tightening his end of the rope, draws the 
rope for him, and on his slackening his end, frees it. Thus 
the gun is run in or out, or trained right or left, with great 
ease and precision. In the same way shells are run up 
out of the shell room, and other analogous services per- 
formed. This simple method of economising manual labour 
has been already applied in many ways, such as for 
drawing trucks and moving heavy weights in railway s 
stations, in ———— with hydraulic machinery. With 
such assistance, during the trials of the Staunch, the 12}-ton 
gun was easily handled by six men instead of sixteen, and fired 
with extra charges of 561 1b. of powder and 285 Ib. of shot. It 
must be observed that very little, if any, training is requisite 
with the gun of the Staunch. The vessel is so small as to be 
a sort of floating gun-carriage. Her twin screws enable her 
to turn rapidly in her own length. Her helmsman is placed 
just behind the gun. The gun, therefore, can be laid by 








—=} 





“STAUNCH.” 





rudder right or left with far more ease and speed than any 
other gun of similar weight otherwise mounted. During the 
recent trials with engines driving reverse ways, the vessel 
made the full circle in her own length in two minutes and 
three quarters. With both engines going full ahead she 
made by the helm a complete circle of seventy-five yards 
diameter in two minutes and a quarter. The Staunch is 
wholly unarmoured. Her strength and security lie in her 
great gun and her diminutiveness; and she must be considered 
as one of a flotilla of similar vessels. Sixty such could be 
built at the price of a single armour-clad frigate, and ten of 
them, acting from different points, doubling in their own 
length, escaping into shallows, shelterin nie forts, would 
drive off or render a good account of any hostile vessel 
venturing to attack our harbours.—I/lustrated London News. 








Rio JanEtRo.—In 1867 1095 ships cleared out of the port of 
Rio Janeiro on long voyages; these ships presented an aggre- 
gate burthen of 567,690 tons.. In 1866 the corresponding 
total was 862 ships, of an aggregate burthen of 461,706 tons. 
The principal ports of destination were La Plata, New York 
(126 ships), Baltimore (58), Marseilles (39), Havre (34), 
Liverpool (34), Lisbon (28), New Orleans (27), Gibraltar (27), 
California (23), Hamburg (20), Valparaiso (17), Oporto (15), 
Bordeaux (14), Southampton (13), &c. The export coasting 
trade of Rio was carried on in 1867 by 2028 sailing vessels 
and 347 steamers. Since the civil war in the United States 
the cultivation of cotton has been trebled in the Brazils. 
Brazilian cotton is forwarded direct to Liverpool from the 
ports of Cara, Maraguon, Pernambuco, Bahia, and Santon. 

Gzrman Locomorives.—At the close of 1866 there were 3508 
locomotives on the lines of 58 German companies. Of these 
engines 3081 were made in various German states—the ex- 
pression including Prussia and Austria—148 in Belgium, 118 
in England, 63 in France, and 7 in North America. 

Tue Corron Trapg.—The average weekly deliveries of 
cotton from Liverpool to the trade to April 8th this year has 
been 62,300 bales, as compared with 38,310 bales in the corre- 
sponding period of 1867, and 40,290 bales in the corresponding 
period of 1866. The average for the whole of 1867 was 
47,290 bales. 

SHEFFIELD.—There has been no great change in the state 
of trade matters at Sheffield. The heavy branches of local 
industry, excepting armour plates, are depressed, and the 
iron workers are finding only partial employment. There 1s 
a fair demand for most descriptions of railway matériel, both 
for home use and the Continent, and the demand is especially 
good for steel rails. 

Gas 1x Paris.—The consumption of gas in Paris ap - 
to be very greatly —— n 1855 the quantity sold by 
the Parisian Company for Lighting and Heating by Gas was 
40,774,400 cubic metres; in 1860, 75,518,922 cubic a 
and in 1865, 116,171,727 cubic metres; while in 1867, the 
total further increased to 136,569,762 cubic metres. 
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revolying shear or cutter is used, combined with, and acting 
against, a stationary surface, which is so formed as gradually 
to approach the path described by the edge of the revolving 
shear until they coincide, so that there is no space left for the 
paper, which is thereby separated in a line corresponding to 
the shape of the shear. By this means no impediment is 
offered to the progress of the oes sheet, as is the case 
with all reciprocating shears, and such rotary shears as act 
against a stationary blade; neither is there any wear or con- 
cussion by the metal parts coming into actual contact, because 
the shear itself sovelves in free space without of necessity 
touching the standing shear, but revolving so close to the 
surface of the latter, that there is not room for any inter- 
vening substance, which is separated by the fixed surface 
forcing the paper on to the edge of the knife. In the case of 
the rotary printing press, this shear must be straight, and so 
positioned as to cut off the paper between the printed sheets 
or pages. 

On the shaft, 8, the cylinder, H, is affixed, carrying the 
shear, 26, and this cylinder being of the same diameter as 
the type cylinders acts on the paper in unison therewith. 
H? is a head block over the shear cylinder, H, fitted so as to 
be adjusted, haying a curved surface next said cylinder 
gradually approaching thereto, until it coincides with the 
path described by the shear, and if that point of coincidence 
be a straight line, the separation is yah ert across the 
whole sheet, because the shear, 26, coincides so closely with 
the fixed surface, that there is no room for the paper, which 
thereby is punched or cut off. There is, therefore, no wear 
on the shear, 26, by coming in contact with metal, and should 
there be, from inaccuracy of workmanship, the parts wear to 
each other’s shape. It has, however, been found that with 
high speed the damp paper is sometimes liable to become 
clogged between the cylinder, H, and standing shear, H', 
on account of there not being a tension on the paper to pull it 
through, and this difficulty has been obviated by making the 
separation progressively or at two operations, and applying 
traction rollers. 

Where the paper is taken away by a packing apparatus, as 
hereafter described, slight filaments of paper may be left to 
ensure the passage of the paper into the apparatus. The cir- 
cumference of the cylinder, H, becomes the measure of the 
length of paper, but where the revolving shear is attached by 
arms instead of the cylinder H, this apparatus may be used 
to cut off paper or any other fibrous substance at any length, 
according to the speed of the material compared with the re- 
volutions of the sa as in paper mills, &. It will be 
evident, also, that two or more cutting shears might be 
attached to the cylinder, H, to separate the paper or other 
substance at the desired points. 

The device for receiving the sheets as they are separated 
from a continuous web or sheet, or receiving printed sheets 
as delivered from a press, is shown towards the right hand 
side of the figure. This contrivance consists in projecting 
the sheets through the air in such a manner that they fall in 
regular succession on to each other, and are taken away by an 
endless apron or equivalent device to be stacked up in reams, or 
folded ready for use; o is an inclined table, on to which the sheet 
is delivered, and from which it passes between endless bands, p! 
and p*, formed in ranges of any desired number, and passing 
around the rollers and drums, P: p?, 33and 34. These rollers 
and drums are so located relatively with the table, o, that the 
bands, p*, travel on the surface}of the table, 0, and then have 
an upward direction given to them as they pass below the 
drum p and up over the drum p*, whence they return over 
the saliee, 84. The endless bands, p', pass direct from the 
drum, p, around the roller, 33. The effect of this part of the 
packing apparatus is to receive the sheet between the bands, 
p’, and p’, that gradually approach each other, and then im- 

yart to the sheet a slightly upward movement as it is pro- 
jected rapidly from between the bands and drums, p and 9", 
so that the sheets fall successively between the vertical sides, 
q*, in the manner represented by the dotted lines on to the 
table or apron, #. In order to prevent the sheets flying up- 
wards by any current of air, as projected, there is provided 
a series of belts, g, intermediate to the belts, p', on the drum, 
Pp; these belts passing around a roller or drum, r, that is set 
in bearings on the vertical sides, g*. This roller, 7, as well 
as the rollers, 7’, r*, 7°, and r*, are turned with alternating 
small and large parts or pulleys, so as to receive the endless 
bands, s, in series, as shown, and these bands pass from the 
smaller part of one roller to the larger part of the next, 
whereby the speed of the bands is egaleslly lessened, and if 
any sheet travels against these bands, its momentum will be 
checked until it finally subsides. The vertical sides, g*, give 
direction to the sheet and keep it in position transversely, 
and also carry the rollers, r, and bands, s, forming thereby a 
trunk or receiver. The bands, s, are kept tight by the weight, 
36, and q' is a weighted roller to keep the bands, q, tight. 
It is preterred that the bands, p* and p*, should travel faster 
than the sheet is delivered, in order to accelerate its speed 
and separate one sheet from the next, and to aid in so doing 
there are employed narrow rollers, ¢¢, of india-rubber on a 
cross shaft, acting against the outer and centre bands, qq q, 
to confine the paper to these bands in passing under the 
drum, p. By giving motion to the wt we apron, «, the 
sheets fall shingling, or one slightly behind the preceding, so 
that the handling 1s greatly faci)itated, and the apron may 
be conveyed away any desired distance to accommodate 
folders or packers who may be located at tables on each side. 





Aw otp Armour Piarr.—In the United States’ navy 
yard, at Brooklyn, is preserved an iron armour plate, made 
and experimented upon in 1837, more than thirty years ago. 
The armour is laminated, and is composed of sixteen thick- 
nesses of } in. plate, fastened together by 1} in. rivets, pitched 
7 in. apart horizontally and 9 in. vertically. The target is 
2 ft. 9 in. wide, and 6 ft. high, and has been perforated by an 
8 in. shot, which has torn asunder the plates in every direc- 
tion and sheared the rivet heads. The experiment, of which 


so interesting a result is still in existence, was carried out 
at Sandy Hook, under the superintendence of Ccmmodore 


STEEL RAILS v. LRON RAILS. 
To Tue Eprror or ENGINEERING. ; 

Srz,—For some time back I have read with great interest 
the various articles and letters which have appeared in your 
able journal on the above subject. 
It appears to me that many of your correspondents specu- 
late more in the matter of compound interest than in any 
practical suggestions for making the use of steel rails more 
general. 
Now, if it be true that steel rails are double the strength 
of iron rails, why may we not reduce their weight at all 
events to two-thirds of the weight of those of iron, and still 
have a very superior permanent way? If this can be done, 
many colonies requiring rails, where freight entered largely 
into the first cost, would be stimulated to use steel at once. 

Allow me to puta case presumptively, although not ex- 
clusively, hypothetical. 

Suppose it is required to lay a light railway in the north- 
western portion of the province of Ontario, where the weight 
on each individual wheel of the locomotive should be limited 
to 70001b. It certainly appears to me that a steel rail of 
28 Ib. per yard would as effectually serve the purpose as an 
iron rail of 42 Ib. per yard, and the comparative costs of each 
per mile, I submit, may be safely estimated as follows : 


s. d. 
42 tons of steel rails, f. 0. b. at an English port, 

141. eco ose ove ove -. 616 0 0 
Freight to Quebec, 15s. a00 ese a ee 
Duty and insurance (say)... ove oo 6 9 0 
Transhipment and other charges and freight to 

Toronto, 20s. ots eee ose ow. 44 0 0 
Landing, wharfage, &c., 2s. ... ove wow 6 8 6 
Inland freight and distribution over line of works, 

say an average of 70 miles, 30s. oak a & ts 
Laying, 15s. eve ove ove 33 0 0 

Total cost per mile of steel rails +4802 17 0 
£ s. d. 
66 tons of good iron rails, f. o. b. at an English 

port, 87.... eee ose ove . 528 0 0 
Freight to Quebec, 15s. ese ae 49 10 0 
Duty and insurance (say) ... eee ma oa © 
Transhipment and other charges and Toronto 

freight, 20s. exe ove ove 0 0 
Inland freight, &c., 30s. ove eee -. 99 0 0 
Landing and wharfage, &c., 2s. eee o. 612 0 
Laying, 16s. eve eee ese «. 4910 0 

Total cost per mile of iron rails «+-£804 2 


showing a small amount in favour of using steel rails. 
Another subject does not appear to have been discussed 
during the controversy, yet it appears to me to be an im- 
portant element in arriving at a clegr conception of the 
whole matter; and I should be glad to have your opinion 
and also that of some of your able correspondents upon it— 
that is, will a locomotive with steel tyres on its driving wheels 
have the same amount of grip or bite for tractive purposes 
upon steel rails as it has upon iron rails? Unless this can 
be clearly demonstrated affirmatively, it appears to me that 
for lines of road with gradients of from 50 ft. to 80ft. to a 
mile the necessarily increased weight upon the driving 
wheels might negative any economy which would arise from 
diminishing the — of rails. 
am, Sir, yours obediently, 
Toronto, March 23, 1868. S * # * *, 





To tHe Epitor op ENGINKERING. 

Srr,—In your number of March 13, you have been so 
good as to publish, without the least delay, the letter which I 
had the honour to write you on March 9; but the printers 
have not well read my writing, and have made many errors 
in the equations, that is, in the part the most important of 
my arguing. 

In order to make my demonstration intelligible, it is 
necessary to rectify them, conformably to my original text, as 
follows : 





A-A’+C=X (1.05)" 
B-—B’+C=X’ (1.05)"” 
B+X’=A+X 
Y (A-A’+C) [ (1.05)*—1] 
(B-B’+C)+(B=A) [ (1.05)*’-1 
O=(B-B'+C)+(B-A) [ (1.05)*’—1) 
0 


(1.055)* = 


In the table, also, it must be read, 2.07, or 2 years and 

1 month. It is evident that every intelligent reader could 

easily rectify the mistakes of the printer; but it would be, 

perhaps, better to correct them in one of your next numbers. 
: I remain, Sir, yours very truly, 

Paris, April 7, 1868. An ENGINEER. 





Tur Apysstntan Rattway.—The last report received 
regarding the progress of the railway from Zoula to Koomay- 
loo shows 6 miles and 576 yards of the line to have been com- 
pleted on the 26th ult., leaving 5 miles and 1184 yards still 
to be completed. The commanding engineer reports that 
many and great difficulties have had to be contended against 
from the different descriptions of plant forwarded from India. 
He states that the rails received from Kurrachee differ in 
size from those received from Bombay; that many of them 
are bent, and that the fish plates attached are not bolt-drilled 
man uniform manner. In addition to this, there has been a 
paucity of skilled workmen, and an insufficient amount of 
ordinary labour on account of the number of other works on 
hand at Zoula; but orders have been issued for every avail- 
able man to be put on this work, and the officers command- 
ing at Zoula and Senafé have been directed to render every 
assistance in their power by placing strong working parties 
at the disposal of the commanding engineer. The most 
difficult part of the line has been completed, and it is hoped 


SOCIETY OF ENGINEERS. 
April 6th, 1868. 
Batpwin Latuam, Esq., President, in the Chair. 
“REDHILL SEWERAGE WORKS.” 
By Sypney A. Reape, M.A., C.E. 
(Continued from page 343.) 

Ir should be mentioned that the outfall sewer at present 
receives a small supply of water from the deep-seated springs in 
thesand. This amount the author has carefully measured, and 
finds to be 30 cubic feet per minute, and not perceptibly affected 
by the amount of rainfall at different times. Adding to this the 
average flow of a small brook which has been diverted from the 
roadside into the sewer, and which may be taken at 50 cubic 
feet per minute, and the probable maximum flow of sewage from 
the present population at 31.25 cubic feet per minute, we havea 
total of 111.25; to which may be added 1000 cubic feet for the 
proportion of the maximum rainfall that will reach the sewer: 
leaving a margin for the extension of the population, which there 
is good reason for supposing will double its numbers in the next 
ten years. Itis probable also that many of the shallow drains 
which at present needed not to be interfered with, will, as houses 
multiply, necessarily be abolished, and the refuse water they now 
convey away be brought into the sewer. 
Betore leaving the subject of the dimensions of egg-shaped 
sewers, the author asks permission to submit to the notice of the 
members three general formulz applicable to the construction ot 
egg-shaped sewers, which he deduced for his own convenience 
in calculating the area and perimeters of the Redhill sewers and 
in constructing the templates for the bricklayers ; for it will be 
seen, by referring to the figured dimensions on the diagram, 
that these sewers deviate somewhat from the usual proportions 
which are as follows: B=equal diameter of circle forming in- 
vert; C=diameter of arch; R=radius of curve forming sides; 
D=depth; then B=} D; C=$D; and R=D. These are the 
proportions taken from Molesworth,’ and are those for which 
tables of areas, hydraulic mean depth, &c., have been con- 
structed. They certainly offer great facilities to the dranghts- 
man; but it will readily be admitted that circumstances may 
arise where a sewer having a greater proportional width to its 
depth than is given by this construction, may be desirable; for 
instance, the engineer, from the proximity of the surface of a 
road to the crown of his arch, or from other causes, may wish to 
reduce the depth of his sewer while still preserving the same 
sectional area, and retaining the advantages of the egg shape; 
and there is no reason why he should be compelled to use this 
particular form, and no other, merely because it has been the 
custom to do so. In our case the main sewer was partially 
above ground for a considerable portion of its length, and it was 
desirable to reduce the mound in the field through which it 

das much as possible. Now, it is easily seen that if the 
proportion of B and C to D are altered, and also the proportion 
they bear to each other (as given above), R is no longer equal 
to D, and the two circles do not touch, the distance between their 
centres being no longer equal to the sum of their radii. Itthus 
becomes necessary to furnish the draughtsman with a new value 
for R, which shail be perfectly general in its application. This 
expression and the other two for the area and perimeter will be 
as follows: 
R being the radius of the side, r of the arch, and r, of the 
invert, and @ the distance between the centres of the circles, 
obviously equal to D—(r-+-7":), we shall have, 


(1.) R=4 (= +rtn) 


@) A= 


in (¢ (R=1n7)+-90 (?-+n: ») ~d (R-r) 


@) c= (¢ B—r)+90¢+r,) ) 


The above are easily deduced, and might prove useful to others, 
as I have found them. The angle 9°, which is that subtended 
by the are forming the sides, may be found from its sine, or 
tan., for 

d 
Kk—r, 


Up to the present only 220 yards of the outfall sewer have 
been constructed, and a temporary outfall formed into the brook 
at the point (A). As there was some delay in obtaining the 
necessary borrowing powers from Government for the purchase 
of the land, the corporation thought it undesirable to postpone 
the construction of the sewers till that was obtained. Now, 
however, that the land question has been satisfactorily settled, 
and the greater part of the drainage scheme completed, there is 
no further hindrance to the continuation of the outfall sewer to 
the proposed irrigation fields. At the point (A) the works were 
commenced. The bricks for the sewer were specified to be 
radiating, and at first the author had them made of two 
different forms, one to suit the exact mean radius of the arch 
and another for the invert. This, however, was found to cause 
a delay at the brickyards, and caused the author to substitute 
a mean brick, which answered all curves of the different sewers 
without making the outer joints objectionably wide. The in- 
verts were cast in blocks in the usual way, and were allowed a 
week to set before being inserted in the work. The curve form- 
ing the sides of the sewers was built with ordinary-shaped 
bricks, the radius being large enough to allow this to be done. 
The thickness of the brickwork was 9 in., and the compost com- 
posed of two parts sand to one of Portland cement, which was 
specified to be of such quality as to bear a tensile strain of 
180 1b. on the square inch. After seven days’ immersion in 
water specimens were tested from time to time, and answered 
the required test; but the author hopes to elicit opinions from 
some of the members as to the value of this test, which he 
believes is adopted by the Metropolitan Board ot Works. In 
cases where rapidity of setting is important, it is, no doubt, of 
value, but to prove the actual strength of the cement when 
thoroughly set—i.e., when at its best—it seems to tail. The 
author has found cement taken from some casks which were 





Sin. g= AB. tan, §= 
k-r 








Kerry. 





that the work will now progress more rapidly. 


supplied by Messrs. Hall and Co. for these works set hard in a 
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few hours, when other specimens would take as many days. 
One instance out of many he selects: in casting the blocks for 
the 2 ft. culvert in the London-road, where the ground was very 
bad indeed, the foreman of the bricklayers complained that one 
or two casks of cement were so bad that they were obliged to 
reject them, as the cement would not go off at all. A specimen 
was mixed on a board and examined; after a few days it was 
found to be so soft that the impression of the finger could be 
made on it. A portion of the same cement was inserted in the 
testing-frame, and allowed to remain for three weeks, and was 
then tested by the author and Mr. Hornibrook (borough surveyor 
of Reigate), and found to beara tensile strain of 367 lb. per 
square inch, or more than twice the required strain; and its 
hardness was found to be about 3} to 4 on Moh’s scale of hard- 
ness, as it easily scratched a specimen of heavy spar, although, 
had it been subjected to the seven day test of 1801b., it must 
have failed entirely to bear it. . 

The foundation at starting was very good, being a sandy clay, 
dry and firm. This continued, however, only for a length of 
about 50 yards, at the end of which a small brook was crossed, 
and the treacherous morass entered upon; although at a dry 
season of the year the ground was wet and sloppy, and in some 
places so soft as to be dangerous to walk on. A few days 
previous the author had surface drains cut as deep as the level 
of the brook would admit, and connected with it at a point as 
far down stream as was practicable. The surface water was 
thus drained off to a depth of 1ft. or 18in., and the ground 
through which the excavation was to run rendered fitter for 
moving about materials. It was never, however, hard enough 
to admit of cartage, which necessitated planking to be laid for 
wheelbarrows to convey all the required materials. The depth 
of the sewer, from the commencement of the morass to the 
Brighton road, averaged under 5ft., so that the crown of the 
arch was above the surface of the field. The subsoil may be 
described as soft peat, black, mixed occasionally with clay and 
sand, not fibrous, like the Irish bogs, and very wet. Of course 
an artificial foundation was necessary on such ground, and from 
the three which were described in the specifications, and of 
which drawings were furnished, the author decided on No. 2, 
which was formed of hurdles interlaced with brushwood, 
laid on three longitudinal sleepers not less than 16 ft. long, 
and covered with concrete which reached to within 18in. 
of the springing of the arch. The concrete was composed of 
four parts of broken stone, two of sand, and one of Portland 
cement, or about one cask of cement to a yard of gravel and 
sand. In getting in this foundation, the method adopted was to 
excavate a 16 ft. length and sink a sump hole, the sleepers were 
then inserted so as so break joint, the hurdles, which were 
6 ft. x 3 ft., laid over them, and a layer of concrete 6 in. thick 
tipped in from barrows. The hand pumps were kept at work to 
keep the water down until this layer had sufficiently set. A 
wooden template of the exact form of the outside of the sewer, 
and 10 ft. or 12 ft. long, was then suspended from cross timbers, 
so that its lower extremity just touched the layer of concrete, 
and the spaces between this template and the sides of the exca- 
tion were filled in with concrete to the required height. When 
this had set sufficiently the template was moved on, and another 
length completed in the same way. Before commencing to put 
in the invert in the first instance, the foundation was tested to 
ascertain if any subsidence would occur. For this purpose the 
pumps were stopped, the templates allowed to rest on the con- 
crete bottom, and then loaded with bricks equal to 24 times the 
weight of the sewer for that length, levels were taken from a 
bench mark on an adjacent bridge, and after a fortnight taken 
again: no perceptible subsidence had taken place, and the brick- 
work was then proceeded with. In excayating, it was found 
necessary to remove the material some distance trom the side of 
the trench as it was taken out; for though the sides were close 
timbered, the additional — forced up the bottom. This 
moving away of material, and moving it back when the sewer 
was completed, caused this part of the work to proceed but 
slowly. Some difficulty was also experienced in drawing the 
runners after the brickwork was got in, owing to the tenacious 
nature of the soil, The author should mention that the 
foundation shown in the diagram was slightly modi- 
fied: 1st, the concrete was brought up perpendicular at the 
sides flush with the sides of the excavation; 2nd, square 
sleepers of foreign fir, 5x 5in., were substituted for fir poles 
6 in. diameter; and 3rd, one foot of concrete was laid over the 
hurdles instead of 6 in. ‘The total length of the 2 ft. 8in. x3 ft. 
9 in. sewer was 223 yards (from point A to B on plan). The 
details of the cost will be given at the close of this paper in con- 
nexion with that of the other sewers. At the manhole (B), the 
main sewer turns at right angles along the Brighton-road, 
diminishing in size to 3ft. 6in.x2ft. 6in., and at the same 
point is joined by a 15in. pipe sewer diminishing to 12 in., which 
will take drainage from the high ground in the extreme south of 
the district. The ground traversed by the 3 ft. 6 in. x 2 ft. 6 in. 
sewer from the point B to where it turned off the road was, with 
one exception, the worst the author had to deal with. To give 
an idea of its general nature, he has given a section of the 
ground at right angles to the road, which, without pro- 
fessing to be strictly speaking a geological section, shows 
the nature of the strata of the locality; the peat continued 
at the surface for a distance of about 350 ft. along the road, 
it averaged here about 6 ft. deep, and gradually passed into a 
sandy clay abounding in green grains, and very watery. Lower 
down the clay disappeared, and a quicksand was met with 
for the first hundred feet; as long as it was not necessary to 
g0 lower than the peat, the hurdle foundation was continued as 
before; but as the excavation proceeded along the rising ground 
the sand was encountered, and here it was found necessary to 
adopt foundation (No. 3), consisting of 4in. planks spiked to 
the sleepers and covered with concrete; the same modifications 
were observed in this instance, the concrete being carried up 
perpendicularly at the side, and a layer 1 ft. thick tipped in 
over the planking. Proceeding still further the strata sunk 
through are those represented in the diagram, peaty clay and 
peat to a depth of Gft.; under this a hard stiff blue clay 
quite impermeable to water, and upon excavating this it was 
thought our difficulties were over, as it seemed probable that the 
clay continued to a considerable depth; such hopes proved 
delusive, for when about 18 in, of the clay had been excavated 








water showed itself oozing from the bottom and sides, and when 
another 6 in. had been removed, the excavators found themselves 
in a quicksand; the water being under pressure here owing to 
the impermeable stratum overlying the permeable was more 
abundant and more difficult to deal with than before, and we not 
having been so well prepared for it, it caused some mischief. 
1st. The timbering had} been put in in separate frames 4 ft. 
deep, the walings were placed across the centre of the runners, 
and the struts 6 ft. apart. The peat on the surface necessitated 
the runners being placed close; had the clay continued only 
2 or 3 ft. deeper this would have been amply sufficient, but (for 
misfortune never come alone) it happened that on the very 
evening this artesian spring of sand and water was tapped there 
came a thunderstorm and heavy fall of rain, which soon found 
its way from the steep slopes on each side of the valley to the 
works, down behind the timbers, joining the springs below. 
Pumps were kept constantly at work in the treneb, but in spite 
of all, the lower frame of timber gave way and the sand burst 
in, the surface of the road at each side of the excavation sunk 
at the same time about 4ft., owing to the sand having been 
drawn from underneath, adding to the strain on the top frame 
and breaking many of the struts. The men, however, though 
drenched with rain, stuck bravely to their posts all night, fresh 
runners 14 ft. long, extending the full,depth of the excavation 
were obtained and driven outside the walings, and by dint of the 
most creditable and untiring exertions on the part of the foreman, 
the trench was kept open, and the water kept under until the 
morning. Of course, after this the system of timbering with 
separate frames was abandoned, runners the full depth of the 
excavations were used, and the thickness of the timbers in- 
creased to 4 in, ; these, of course, projecteda great height above 
ground until the excavation was carried down to a considerable 
depth, for which reason, as well as because the material could 
not be taken out by potter | it on to the stages, owing to the 
quantity of water it contained, shear legs were erected of suf- 
ficient ‘length to clear the tops of the runners, a horse gear 
attached and the sand drawn up in buckets. As may be sup- 
posed, some difficulty was experienced iu getting the brickwork 
dry, and even when one length had been completed, and the 

umps removed preparatory to getting in the planked foundation 
or the next, the water as it rose would force its way through 
the concrete, and in some cases through the joints of the brick- 
work while the cement was green ; to reduce the pressure behind 
the brickwork drain-pipes were at first inserted a few courses 
from the bottom of the sewer, which reached across the con- 
crete to the side timbers, and admitted a considerable portion 
of the water into the sewer, where it flowed to the outfall ; these 
it was found did not admit the sand, although the contrary might 
have been anticipated, and it may be generally remarked that, 
although where there is a free surface exposed, water will carry 
a large quantity of sand, yeta moderate amount of friction will 
retain the latter. Thus it was always noticed that although 
so much; sand was drawn through the pumps as to require 
them to be frequently stopped for repairs, before the planking 
could be got in, yet directly that was accomplished the water 
was thrown out of the pump holes comparatively clear, and 
when the length of brickwork had been got in ctly so, and 
the quantity of water remaining the same, to diminish the chance 
of the entrance of sand through the safety vents (as they may 
be termed), the author adopted the following expedient: 

As soon as a length of planking had been got in, and before 
the concrete was laid, vertical pipes were placed at intervals at 
each side of the trench, these were generally 6 in, earthenware 
socket pipes, which from the presence of fire cracks, or from 
other defect had been rejected. They were placed socket down- 
wards resting on the planking, and were filled with gravel ; the 
concrete was then tipped in and the brick sewer carried up as 
usual until it reached as high as the tops of the pipes. 2-in. 
agricultural drain pipes were laid connecting these vertical pipes 
with the sewer (the edge of the Pipe being chipped to receive 
them); they were laid with a:slight fall pointing in the direction 
of the flow; the remainder of the sewer was then completed, 
and the tops of the vertical, pipes covered in with concrete 
when the pumps were moved on, and the water allowed 
to rise through the vertical pipes and thence into the 
sewer. After this method was adopted we had no case 
of a joint being injured by the pressure of the water 
underneath. The whole length of the main sewer, where 
these inlets were inserted, has beef examined at different times 
by the author, particularly after heavy rains, and found to be 
entirely free from any trace of sand. It may be remarked here, 
that the admission of subsoil water into a sewer is in all cases 
recommended by Mr. Rawlinson, though it has been objected to 
by some engineers on the obvious ground of the dilution of the 
sewage: this objection only partially applies; first, the water 
admitted by this means is inconsiderable compared with sewage, 
which ordinarily flows even in dry weather; second, it must be 
borne in mind that spring water is not distilled water, that it 
holds in solution a variety of fertilising salts; and thirdly, the 
evil of dilution is in many instances overrated, for if the sewage 
is so applied to the land, as to leave there all its fertilising 
matter to be utilised, it seems to the author to be of no great 
consequence (within certain fixed limits), whether that fer- 
tilising matter is conveyed there by a greater or lesser amount 
of water, the principal object being that the water as it leaves 
the land should contain a minimum of organic matter. The 
author wishes it to be clearly understood that he would on no 
account recommend means to be providgd in a main sewer for 
the admission of subsoil water properly so called, that is water 
percolating from the surface, and intermittent in its flow; for 
when such means of ingress were not employed in letting in 
water, they would be in letting out sewage, and sewage gases; 
but it is otherwise with deep-seated and constant springs, espe- 
cially if they happen to be artesian springs, derived from a 
water-bearing stratum underneath an impervious one, and 
acting under pressure; in such cases, it is better to admit it, or 
part of it, than go to increased trouble and expense in excluding 
it, providing only that nothing but water is admitted. Except- 
ing these inlets, the sewer was practically speaking water tight, 
the brickwork being laid in cement, and both rings of the arch 
rendered on the top with a coating of cement. That it was so 
was proved by sending a man through from one manhole to 
another after some heavy rains had fallen; the back of his coat 








was somewhat dusty from contact with the arch, but was per- 


fect] 

The remainder of the 3 ft. 6 in. x2 ft. 6in. outfall sewer, after 
getting through the quicksand, presented no peculiar difficulty ; 
upon leaving the road the peat was again encountered, and the 
same foundation used as that described for the larger outfall 
sewer near the temporary, ll... One thing, however, should 
not be omitted to bed connexion with these springs. 
Several new houses course of erection on the side of 
the hill, west of the. iton road, and to supply these with 
water, deep wells had f¢en sunk through the dry upper sand 
into the q nd below, ; some of these wells were upwards of 
60 ft. deep, and. the nearest about 200 yards from the sewer. 
So rapid is'the flow of Water in the stratum that all the wells 
were dried within two of three days after the trench was opened 
to its full depth; the bottom of t swt ells were exactly 10 ft. 
above the invert of the-sewer, and by levelling from them the 
author determined the approximate in tion of the water 
bearing stratum, which was about 1 in 20, as shown on the 
section. 

The general arrangement of the sewers is shown in the plan 
by the red lines, the arrows indicating the direction of the fall ; 
it will be seen at once that they are laid out in what may be 
called the modern rectilineal system, #.¢.,,in straight lines from 
point to point, having a manhole or lamphole at every change 
of direction, and with very few exceptions at every change of 
gradient. The advantages derived from this method of con- 
struction need not be referred to here; but in addition to recog- 
nised utility, the author will direct attention to the facilities it 
affords for determining questions relating to the flow of sewage, 
for testing or correcting the accuracy of general formule and 
tables; for, possessing an uniform rate of inclination, a constant 
sectional area, and a given length in a straight line between 
every two manboles, we have so many independent data for 
basing general conclusions on. The sewer pipes were 15in., 
12 in., 10in., and Yin. in diameter; the largest size were 
supplied by Messrs. Doulton and Sons, Lambeth, the others by 
Mr. Thompson, Nettlebed Potteries, Oxfordshire; they were 
specified to be of fire clay or froowers be moulded under 
pressure, and the socket of every 4 eye e pressed on or formed 
with the body of the pipe, and to be truly concentric with the 
pipe. Pipes were to be rejected which were, first, not well nor 
uniformly glazed; second, not properly burnt; third, which 
contained injurious fire cracks; fourth, not true in section; 
fifth, not perfectly straight in the direction of their length, 
The thickness of the material of the pipes of the several sizes 
were to be as follows: 






STONEWARE. Firecvay. 
Diameter. Thickness. Diameter. Thickness. 

in. in. in, in. 

4 4 4 

6 6 

9 9 ; 
10 10 1 
12 1 12 1A 
15 14 15 M4 
18 sey 18 1 


The pipes supplied were in all cases stoneware and of the thick- 
ness specified for that class of pipe. They were whole socketed, 
In laying the pipes great care was taken that each pipe 
was supported at every point by cutting cavities to bed each 
socket in, and in cases where planked foundations were re- 
quired under the pipe sewers the planks were covered with 
sufficient material, well trodden down and consolidated, to allow 
of this most important point being attended to. The jointing 
was executed with well tempered clay, which was forced into 
the joints by means of a wooden tool made for the purpose, and 
rendered the joints water-tight. Under the railway, which was 
crossed at two points, cast-iron pipes were laid jointed with 
lead, and a manhole constructed in both cases on the railway at 
the up side of the crossing. : 

The general arrangement of the pipe sewers is seen at a 
glance on the map, and need not be particularised. It wili be 
sufficient to notice that the fall of the ground was so rapid on 
the south side of the principal street (Station-road) that the 
greater part of the houses on that side could not be connected 
with the 15 in. main laid in the street, and were therefore pro- 
vided with a sewer running through the back premises lel 
to this, some few of the occupiers having naene provided in 
both mains, as the street main was laid sufficiently deep to drain 
all cellars situated in the front of the houses. The {6 in pipe 
sewer in High-street may also be noticed. It will be seen that 
it runs parallel with the main outfall sewer while the flow is in 
the contrary direction. It might seem at first sight more 
desirable to have carried the main sewer through High-stree 
joining its pean course at the point, b, the fall of the rear 
from C to D being inconsiderable, and the whole length of pipe 
sewer in High-street would have been saved, and no private 
ground entered upon. 

(To be continued.) 








PHoToGRAPHING THE INTERIOR OF A TUNNEL.—Amongst 
a valuable collection of scientific books, Government reports 
on military and engineering matters, and photographs, just 
presented by Mr. Walter W. Evans, president of the Spuyten 
Duyvil Ironworks, New York, to the Institution of Civil En- 
gineers, is a stereograph of the interior of the high level 
tunnel of the Central Pacific Railroad, 7042 ft. above the sea. 
Every detail is clearly visible, even to the timbering of the 
drifted headings. The entrance to the tunnel happens to 
face eastwards, and the interior is sometimes illuminated at 
sunrise. Advantage was taken of this; and by means of a 
large mirror the light was reflected equally and gradually 
oyer the whole of the interior, whilst the picture—which was 
exposed fifteen minutes in the camera—was being photo- 


oo 

ELGIAN Rats 1n Rvussta.—Messrs. Dorlodoti Fréres 
have taken the contract for the rails for the line from St. 
Petersburg to Helsingfors, delivery 1868-69, at 6/. 17s. 6d., 
delivered at either Wiborg, Helsingfors, or Petersburg. The 
quantity is about 26,000 tons, including fish-plates, bolts, 
&c., all of which are included in the price. 
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DIRECT ACTION DONKEY PUMP. 


CONSTRUCTED BY MR. RICHARD WAYGOOD, ENGINEER, NEWINGTON IRONWOBKS, LONDON. 


IY NN 


We illustrate in the annexed engravings a new form of 
donkey pump which is now being made by Mr. Richard 
Waygood, of Brunswick-street, Dover-road. In this pump 
the crank shaft, fly-wheel, slide valves, &c., of ordinary donkey 
pumps are dispensed with, and the admission of steam to, and 
its release from, the two sides of the piston are effected by a pair 
of double conical valves fitted to the piston itself, as we shall 
explain presently. The piston itself is stationary, being held 
by the two tubular rods, as shown in the engraving, whilst 
the cylinder slides to and fro on it. The pump ant is 
arranged in a line with, and below, the cylinder, and the 
plunger is formed in one piece with the latter, so that the 
action is very direct and the parts are kept as few as possible. 

The piston has two chambers or spaces formed in it, each 
space communicating with one of the tubular rods already 
mentioned. Of these rods one serves as a steam pipe and one 
as the exhaust pipe, and one of the chambers in the piston is 
thus constantly (whilst the pumpisat work ) supplied with steam 
whilst the other is in communication with the exhaust. The 
construction of the piston isshown to an enlarged scale by 
Figs. 8 and 4. Referring to these it will be seen that the piston 
is provided with two double conical valves, one of these double 
valves, C, being fitted to the steam chamber of the piston and 
the other to the exhaust chamber. The action of these valves 
is as follows:—In Fig. 3 the parts are represented in the 

psitions they would occupy whilst the cylinder is moving 

iownwards, the steam being supposed to be flowing into the 
lower end of the cylinder and escapirg from the upper end. 
On the cylinder arriving at the bottom of its stroke its upper 
end comes in contact with the upper end of the pin, f, which 
passes through the steam valve, C, and, by the pressure of 
the spiral spring, forces that valve over from its upper to its 
lower seat. Once over, the valve is kept in its place by the 
pressure of the steam on its upper side. By this movement 
of the valve, C, the steam is admitted to the upper instead 
of the lower side of the piston and the cylinder is thus caused 
to perform an upward stroke. The steam valve, it will be 
noticed, is of such a shape that, whilst it is being transferred 
from one of its seats to the other it cuts »ff the supply of 
steam to the chamber in which it works The movement of 
the exhaust valve, D, is caused simply by the difference in 
the pressure on the two sides of the piston. As soon as the 
steam is admitted to the upper end of the cylinder it presses 
down the valve, D, and thus opens a age for the steam 
which is below the piston to escape into the exhaust pipe. 
The position which the parts assume whilst the cylinder is 
performing its upward stroke are shown by Fig. 2. 

The donkey pumps which we have described are generally 
worked at a speed of about 75 double strokes per minute ; 
but Mr. Waygood has worked them at as high a speed as 
350 double strokes per minute. The lower pn is, however, 
recommended, as at that rate of working there is no “ churn- 
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ing” of the water, the pump filling perfectly at every stroke. 
Amongst other places, Mr. Waygood has fixed these donkey 
— at the Royal Arsenal, Woolwich, and at the Belvidere 

w-mills, at both of which places, we believe, they are 
giving every satisfaction. 
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A Rattway Horset.—No man in America has developed 
greater improvements in car architecture, or has contributed 
more to the comfort, ¢njoyment and luxury of the American 
travelling public, than George A. Pullman. His latest 
chef d@’cewvre is a restaurant on wheels just finished under his 
supervision, at the Aurora shops of the Chicago, Burlington, 
and Quincy Railroad. It is appropriately called “the Del- 
monico.” It is 60 ft. in length, 10 ft. wide, and can ac- 
commodate and feed 48 passengers at one sitting. In the 
centre of the car is the kitchen, a room 8 ft. square, contain- 
ing a double range, a cellar, ice chests, closets, and all the 
other requisites of a complete kitchen. On each side of the 
kitchen are the dining-rooms, each of which contains 12 
tables, and seats for 24 guests. The seats are all upholstered, 
and the sides and ceiling of the car are carved and decorated. 
Stoves at either end warm it, and patent ventilators supply 
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will be conducted on the restaurant plan. Hungry en- 
rs at any hour of the trip can select from a comprehensive 
ill of fare what they desire, and pay for it in proportion. 
An efficient corps of waiters will always be in attendance. 
The car cost $20,000, and is intended for the great central 
route from Chi to New York. The first trip of the car 
will be over the Illinois Central Railroad, when the experiment 
will be tested. If its working proves satisfactory, other cars 
of a similar design will be built. The car may be seen at the 
Great Central depdt. 

Tue Hoosac Tunnet.—It appears from the report to the 
Massachussetts Legislature of the Hoosac Tunnel Commis- 
sioners, that, had a railway been laid for only eight miles up 
Deerfield river, to a vast lumber region at that point, the 
saving in the cost of lumber and supplies thus made would 
have paid the whole cost of the road. The progress in boring 
last year, with the Burleigh machine, was highly satisfac- 
tory. By the aid of nitro-glycerine 150 ft. may now be ac- 
complished every month. On the whole, the commissioners 
have confidence in the future rapid pro of this “ great 
bore of the Commonwealth ;” and the chief engineer, having 
examined the Mont Cenis tunnel, asserts that the machinery 
employed on the Hoosac is superior to that used in the Euro- 


pure air. Wash basins are arranged at each end. The car | pean works. 
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THE AERONAUTICAL SOCIETY. 
(Continued from page 320.) 

Mr. Wenham: The mode shown by the writer of the 
last paper of estimating the force of the bird’s wings, ap- 
to be quite reasonable. It is certain that the force 
exerted during the downward stroke cannot much exceed 
the weight of the bird. If the data are taken from the 
largest bird that I have noted, viz., the pelican, in which 
the number of the wing strokes per minute can be easily 
counted, they will stand thus: number of strokes per 
minute, 70 ; arc of vibration at middle of wing, 2 ft. ; weight 
of bird, 211b. These three quantities multiplied together 
will give 2940 ft. pounds, or #; horse power, or about half 
that of aman. In my first essay read before this society, I 
reckoned the power exerted during the flight of a pelican in 
a different manner to this, and the results of the two calcu- 
lations agree very nearly. I do not see, according to this 
simple and obvious mode of reasoning, that the power of 
the bird in flight can possibly exceed, and it probably falls 
far short of, the quantity named. The impulsive force ot 
a bird’s wing being intermittent, considerable weight is 
absolutely necessary for flight, and were the creature lighter 
than its bulk of air, it could not fly at all; but the power 
is accumulated in the body, as in the fly-wheel of a steam 
engine, to be subsequently made available during the ces- 
sations of impulse, consequently, by means of this stored- 
up power, the bird can]with jmotionless] wings glide long 


distances upon its aérial support, till its previously acquired 
momentum is expended. When the requisite speed for the 
supporting power of flight is once obtained, it is instructive 
to note, in the case of sea birds, how little the loss of power 
from the friction and yielding of the air must be, for, after 
the bird has darted suddenly down, so as to touch the waves, 
the velocity acquired by its descent, and the momentum 
due to the weight of its body, carries it up again without a 
movement of its pinions, to near its original level. On 
various occasions, members of our society have urged the 
importance of defining a law by which to estimate the ab- 
solute forces and conditions required to perform flight before 
any contrivance made without principle can be successful ; 
but ere the discussion has come to maturity, and science has 
determined the conditions, practice has outstripped its pre- 
ceptor, and the flight of man has become a fact of the day. 
I have further to state, that the honour of this discovery is 
to be credited to one of our own countrymen, and a member 
of this society. Legends have reached us of men having 
performed flight'in other countries, and the Marquis of 
Bacqueville, at Paris, and Degen, of Vienna; but in both 
these cases, the experimenters launched themselves from 
lofty eminences. This was not strictly flying, but the mere 
expenditure of force from a falling body, and served no 
other useful purpose but to demonstrate the hazard of such 
feats. The first of these gentlemen breaking his leg on his 
descent, and the second eventually meeting with an accident 
that terminated fatally. But within the last few weeks, 
Mr. Charles Spencer has succeeded in taking short flights 
of a hundred feet from level ground by a machine of his 
own invention and construction, and entirely by muscular 
force. The time since the realisation of this fact has been 
8o short, that it was found impossible to prepare the dia- 
grams and models for illustration this evening; but Mr. 
Spencer will give personal demonstrations at our forth- 
coming exhibition at the Crystal Palace as far as the limits 
of the ground will permit, with improved apparatus. I 
look upon this achievement as being something more than 
the first steps of infancy, for it has overcome what to me 
has been an almost insuperable difficulty—that of making 








the first start. This being accomplished, perfection will 
rapidly follow. I may state, in conclusion, that, from early 
youth, Mr. Spencer’s mind has been directed to the subject 
of aéronautics. He is son to the well known Mr. Spencer, 
the solicitor, who accompanied Mr. Green in some of his 
aérial excursions. This celebrated aéronaut is also the god- 
father of the present Mr. Spencer, who possesses the gift of 
mechanical construction which has enabled him speedily to 
carry his experiments into successful practice. 

The Duke of Argyll remarked that the meeting would 
have been better satisfied had Mr. Spencer come there 
himself. 





Mr. F. W. Brearey next read a communication from Mr. 
Artingstall, of Manchester, detailing the construction of 
his flying engine, illustrated by a diagram. He says: 

I have imitated the one I made between twenty and 
thirty years ago. You will see that a 4-way cock is used 
instead of a slide valve, but the latter could be adopted with 
advantage by a different mechanical arrangement, yet the 
principle of action may be exactly the same. The 4-way 
cock is good for powerfully compressed air. I have not 
yet tried the present model with steam, the ports are not 
quite wide enough for ordinary high-pressure steam, say 
at 50 1b. per sq. in. I must be rather lengthy in my de- 
scription of the action of the 4-way cock, because on it 
depends the mode in which the air is operated upon by the 
wings. Diagram Fig. 1 represents the model, Q the 





cylinder, the piston of which is hollow like a box, JJ 
the connecting rods, F E two tappets to work the handle of 
the 4-way cock, A the handle of the 4-way, S S the 
wing sockets, C the spring to throw the 4-way cock. The 
wings are cemented into the wing sockets with a cement 
that melts with heat; they hold very firm, and by putting 
a lamp or candle under the sockets, the wings may be set 
at any required angle. X X, one of the wings 82 in. long 
and 9 in. broad, these wings are light and elastic, and when 
vibrated against the atmosphere by the engine, drive a 
current of air from the back edge, Y Y, for when the wing 
is driven down, the back edge, Y Y, is inclined up, and 
when the wing is ascending, the back edge is inclined 
down, therefore if the machine were progressing, the wings 
would traverse a kind of waved line or path. The engine 
and wings weigh only 15 ounces, this, compared with the 
capacity of the cylinder (14 diameter and 2 in. stroke) and 
area of the wings, is very light. 

I have not yet had time to try different kinds of wings, 
power required, number of beats in a given time, &. &c. 

I believe I am the first person that ever raised a weight 
by a pair of wings actuated by elemental power; and 
although the present model is a very imperfect one, both in 
mechanical arrangement and principle, yet I think it is a 
step in the right direction. 

Diagram Fig. 2 represents the action of the 4-way cock. 
H the centre of the cock ; A K a rectangular lever forming 
the handle of the 4-way, the part A being the real handle, 
and the part K acting against the spring, C, which spring is 
jointed to the lever at K, and the other end of the spring 
works on the fixed centre, D. The rectangular lever, 
A K, moves loosely on the stem or centre of the 4-way ; 
the segment plate, G G H, is firmly attached to the top of 
the stem of the 4-way, and has near its edge a slot, G G; 
this slot has in it two studs, I I, which studs can be fixed 
by set screws in any part of the said slot ; these studs pro- 
ject through the segmental plate, so as to cause the handle, 
A, when moved by the tappets, E F, to catch them, and so 
move the cock, It will be seen that in the position of the 
handle, A, no steam or air can enter the cylinder ; the 4-way 
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cock being in the analogous position of a slide valve, when 
the crank is ‘‘on the centre,” and the piston at one end of 
the cylinder. Now, suppose the tappet, E, is moved towards 
M, and the lever A thereby forced slightly towards M, the 
equilibrium is instantly destroyed, and the lever A, by the 
action of the spring, is suddenly thrown into the position 
of the dotted line, M, opening wide the steam or air port, 


and causing the wings to strike the air with a kind of _ 


percussive action. Then the tappet F returns towards N, 
and the reverse takes place; thus a constant vibration of 
the wings ensues. It will be seen by the above arrange- 
ment that although the steam or air acts powerfully on the 
wings at the beginning of the stroke, yet it is shut off or 
nearly so at the end of the stroke, therefore the piston is 
not driven against the cylinder ends. 

The principal reason for having the slot and studs, G G 
and I I, is (if required) to let little or no air or steam to the 
piston for the “ upstroke” of the wings, so as to try if they 
could be driven back by a reacting or succeeding wave 
of air, an experiment I have not made with the present 
model. . 

I find that the rising of the wing gives far greater hold 
upon the air in the “ down stroke” than if the wings were 
elevated, and allowed to be still, and then suddenly driven 
down ; it appears as if a wave of air follows the wing in 
its ascent, which is caught and taken advantage of by the 
down stroke before it can make its escape. 

From my present view of this subject, I believe that the 





up and down stroke of a bird’s wing, are so dependant upon 
each other, that the two are essential to produce one com- 
plete pulsation, and the unbroken succession of which causes 
steady buoyancy or uniform progressive flight, and enables 
the bird to maintain its equilibrium in so subtile and light 
a medium as air, although the buoyant or propelling power of 
the wings may not be operating in a line with the centre of 

7 This is an astounding wonder, and seems to be at 
variance with all our theories of the properties of matter 
and motion. Take, for example, the bat, which has no tail, 
and a great expanse of wings that vibrate above and below 
the centre of gravity, yet when the wings are propelling 
above, the head is not depressed; neither is it elevated 
when they are propelling below the centre of gravity, and 
the animal if it pleases can progress as steadily as any bird ; 
indeed, some of the larger species of foreign bats are said 
to float with all the ease of a large and long-winged bird. 
If there were not some strong steadying power, the bat 
would be more erratic in its flight than a common rocket 
without a stick, or an elongated solid bullet shot from an 
smooth-bored gun. How is this wonderful steadying power 
produced? For, according to the common theory of resist- 
ance of fluids, a bird in the air represents the most delicate 
balance that can be imagined ; the body being its centre, 
and the two wings the arms or scales, therefore the least 
power applied above or below one wing more than to the 
other, would instantly destroy the equilibrium ; it may be 
said that a bird feels when it is balanced, perhaps so, but 
one thing is certain, that no machine constructed by man 
would do likewise ; but a bird not only represents a balance 
transversely, but longitudinally ; in this case the wings are 
the centre, and the head and tail the arms or scales of the 
balance. 

I find great difficulty in managing compressed air ; the 
power is either too much or too little. I shall have to 
make a regulating valve. In one experiment the power 
turned on was not sufficient to cause flight ; but by a very 
little movement of the tap which supplies the air, the 
engine made a sudden bound into the air and dashed itself 
against the opposite wall. There are two questions respect- 
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ing flight which may be of great importance to the Aéronau- 
tieal Society, and which I have omitted in my former com- 
munication. 

The first is this, If the two great pectoral muscles]that 
depress the wings of a bird are so prodigiously stronger 
than the muscles that elevate them, how is it that the vibra- 
tions are apparently equai ? 

I have endeavoured to account for this by reaction,{not 
by compressing the air underneath the wing, but bythe 
succeeding wave of air, &c. The second question is, are 
the eleetric or the calorific conditions of the air materially 
altered by the vibration of a bird's wings. We must not 
be too sanguine that flight is purely a mechanical operation 
entirely dependent upon the inertia of the air. 

In conclusion, allow me to remark that the great pro- 
blem of flight can only be solved by experiment; it is 
beyond the powers of mere college or school mathemati- 
cians, however profound, and can only be dealt with by 
the experimental philosopher ; that is, a man who can put 
in practise his mathematical theories. A Newton, a Watt, 
or a Faraday has not yet appeared in aéronautics. 

This closed the business of the evening, when the Presi- 
dent remarked that the “ next meeting would be held at 
the Crystal Palace, where a number of models would be 
shown, and some practical experiments, and amongst them 
this gentleman flying.” 








PERMANENT WAY CONSTRUCTION. 
To tHe Eprror or ENGINEERING. 

Srr,—I have read with interest the letters that have lately 
appeared in Exerygerine regarding Permanent Way Con- 
struction, especially those by your correspondent, ‘‘ An Old 
Platelayer.” In his letter, published in your issue of the 
13th March, he says: “ Many attempts have been made to 
* dispense with the wooden key, but hitherto without success. 
* Tt would be an easy matter to fasten the rail, without this 
“old servant, if the rail was a fixture; but to do so, and 
2 —_— for the easy exchanging or turning of the rail with 
“ despatch, and without the necessity of drawing the fasten- 
“ ings of the chair and interfering with the gauge, is amongst 
* the inventions of the future. Set the thing is of such im- 
** portance, that the solution of the problem is sure to be 
* found.” I expected in the next or following number of 
your paper to see this question solved; but, as no attempt 

as been made, allow me to suggest a solution of it. 

Cast the chair in two pieces, thus—A and B. 


LZ 


A is the principal portion, is provided with bolt holes, and 
secured to the sleeper as usual. The portions, A, being set 
to gauge on the sleepers and secured, the rail will be laid up 
against the Cry part, C, and then the second part of 
the chair, B, will be applied at one end and driven in. A 
small amount of taper will be cast on the portion, D, and its 
socket in A, sc that, as it is driven home, it will fix firmly the 
rail against C. When this is done, a simple fastening is put 
on, to prevent the possibility of B changing its position in A. 
This fastening is arranged to act equally well over a range 
of about 2in., in case B in different chairs, or at different 
times in the same chair, becomes fixed at different lengths 
driven in. A good rail joint could be made by simply bring- 
ing the ends of rails pegeiies in middle of a chair, such joint 
chair being made a little wider than the ordinary chairs. 

This system, besides embodying the main edvantages of 
existing systems, such as truth of gauge, giving facility for 
the elongation and contraction of the rail by heat and cold, 
admitting of readily and quickly turning or exchanging the 
rails without drawing the fastenings of the chair, &c., has 

ther advantages, rom | as 

1. The simplicity of the parts, and the ease with which 
they can be put together. 

2. The firmness of the way when completed; the fasten- 
ings of the rail being all incompressible, no loosening can 
possibly occur, and the road, once firm, continues so. Rail 
and chair forming as it were one hard mass, transmits every 
blow, without a shock, to the yielding sleeper. r 

3. The proposed system will be as cheap, or cheaper, in 
first cost, and much cheaper in maintenance, as the parts are 
all put together in order to be permanent, till taken asunder, 
same as fixed machinery, and no parts liable to work loose, 
fewer surface men will be required to keep the line in order. 

t am, &c., 

April 1, 1868. PRoGREss. 

[ We have inserted our correspondent’s letter ; but we have 
strong doubis respecting the etliciency of his plan. In any 
case the proportions of the parts would have to be materially 
different from those shown in the sketch.—Ep. E. | E 








Deprecration.—The Guiding Star, a vessel of 2000 tons, 
built by the Morgan Ironworks, at a cost of $400,000, for the 
New York and New Orleans service, was recently sold to 
the Central American Transit Company for $177,000. 

Averican Rartway Cars ror Eerrr.—aAt the Spring- 
field Massachussets, some state railway carriages 
have been made, and shipped for the Viceroy of Egypt. 





THE ALLEN ENGINE. 
To tue Eprror or ENGINEERING. 

Srr,—I beg to hand you indicator 1 peer of an Allen 
engine at the India Mills. The engine, which has been running 
for some months in a very satisfactory manner, has a cylin- 
der 18 in. diameter, 30 in. stroke, number of strokes per 
minute, 120. : 

The power is taken off by a leather belt 24 in. broad, made 
in New York, running about 3000 ft. per minute. 








The engine is calculated to work up to 150 horse power 
with initial pressure of 50 Ib. 

The running is remarkably steady, and the bearings 
crank-pin, &c., keep perfectly cool with a moderate con- 
sumption of oil. 

The diagrams are taken with full and two-thirds load. 

I shall be glad to show the engine to any one introduced 
by you. 

Yours respectfully, 





India Mills, Manchester. Cuarzs L. Poorry. 






































AMERICAN MARINE ENGINES. 

To THE Eptror of ENGINEERING. 

Str,—Since the appearance in Enarneertne, of the 27th 
of March, of your article on “ American Marine Engines,” I 
have made a tew calculations relative to the performance and 
consumption of steam of the engines of the Wampanoag, 
upon the supposition that their indicated horse power, at the | 
time of trial, amounted to 4230, that the vacuum in the 
cylinders was 12.53 Ib. per square inch, and that the steam 
was cut off at 0.84 of the stroke. 

A comparison with a geared engine, the friction of which 
was experimentally ascertained, justifies the conclusion that 
298 Ib. per square foot of piston area would be a sufficient 
allowance for the friction of the engines of the Wampanoag, 
whilst 113 Ib. might be taken to represent the friction of the | 
same engines if they were direct acting—in each case exclu- | 
sive of the load friction. 

According to these data, I find the consumption of water 
transmitted to the cylinders in the shape of effective steam to 
be about 32.19 cubic feet per minute, and the effective power 
developed 3084 horse power. But, supposing that these same 
engines could be made to work without gearing, though with 
the same evaporation and the same amount of expansion, and 
under otherwise precisely the same conditions as before, they 
would then assume a speed of about 61.89 revolutions per 
minute, and produce a useful effect of 2919 horse power only 
(the indicated power being in that case = 4026 horse power), 
and the speed of the ship would be reduced from 16.71 to 
about 16.24 knots per hour. 

It is true that the engines of the Wampanoag would have 
developed twice the power (consuming, however, also double 
the quantity of fuel) they actually did, if they had, by the 
removal of the gearing, been made to revolve at double their 
reported speed, provided that the pressure upon the pistons 
had, under those circumstances, remained unchanged. So | 
long, however, as the propeller, and therefore the load re- 
mained the same, no such equality of pressure could have 
existed in the two cases under consideration. 

Mr. Isherwood. having no faith in expansion, must have 
been desirous of «‘aining the maximum useful effect of the 
engines ; apd * ith this object in view, reduced their speed, 
by means ©/ gearing, in order to approximate the pressure in | 
the cylinders to 





acing; 
the boiler pressure, as nearly as his know- | 
ledge of the probable effort required to drive the propeller | 


| prove more than a match for the big Goliaths. 
| subject as we may, 
| the coast, or in our river or harbour, 





would permit. He might have slightly increased the effect 
of the engines, the number of revolutions of the propeller, 
and the speed of the ship, by interposing between the crank 
shaft and the propeller shaft, a multiple of gearing equal to 
2.48, instead of the actual one, which is 2.05 only. 

I think my observations will be found to agree with what 
is generally acknowledged to be the correct theory of the 
steam engine. Every engineer is, of course, conversant with 
this theory ; but there is nothing in it to prevent any one else, 


| not being an engineer, from likewise studying and readily 
| understanding and applying it. 


I am, Sir, your obedient Servant, 
April 9, 1868. 
SUBMARINE ARTILLERY. 
To tHe Epritor oF ENGINEERING. ; 

Srr,—The report of Mr. Longridge’s paper on Submarine 
Artillery, which appeared in your issue of April 3, strongly 
recals to my aati efforts made some years ago to remove 
the apathetic indifference of the naval authorities of this coun- 
try regarding this mode of naval warfare. This indifference 
is the more surprising when we remember that they instituted, 
in the summer or autumn of 1862,a series of experiments 
at Portsmouth which demonstrated the terrible results to be 
obtained from such a method of attack. Even the old 68- 
pounder sent its shot through 3in. iron at about 30 ft. off. 
Shell made an aperture 2 ft. by 3 ft. in the bottom of the old 
wooden war vessel used as a target, sinking her in a short 
time ; the shot even penetrated and passed through both sides 
as she lay sunk, although in some cases fired at an angle of 
45°. When all this could be done with the appliances u 
in these experiments, what are we to expect were more 
powerful guns and improved missiles brought into use? The 





| nation which first uses such a mode of naval warfare will find 


be much in- 
as of old, will 
Look at this 
whether for attack or defence, at sea, on 
“ it is clear that this 
system of naval warfare will in future play a conspicuous 
part. The folly is that we do not prepare ourselves as - 
we may against its dread effects, nor provide ourselves wi 
the means to reap its dire advantages. B. 
April 8, 1868, R. 


an easy victory, notwithstanding that she may 
ferior in real strength. The little Davids, now, 





Aprit 17, 1868.] 
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ENGLISH AND FRENCH TECHNICAL TERMS. 
PREMIERE PARTIE. 


Machines & Vapeur (Autres 


structions Mécaniques en Fer. 
FRANCAIS-ANGLAIS. 


(Continued from page 267.) 


Eau saturée—brine. 

Eau du condenseur—waste 
water. . 

Ebarbage—trimming. 

Ebarber—to dress. 

Ebullition—boiling. 

Ecarts de feuilles de fonte— 
joints of the sheathing 

lates. . 

Ecart de carlingue—scarf of 
the keelson. 

Ecart double—rebated joint. 

Echantillon—loam board. 

Echauffé— damaged, begin- 
ning to decay. 

Echauffer (s’)—to get hot, to 
become hot by friction. 

Echelle de pression—scale of 
pression. 

Echelledu navire—gang way. 

Eclairage—lightning. 

Ecoulement—tischarge, flow- 
ing of liquid. 

Ecouvillon—sponge of a gun. 

Ecran—ash pit damper. 

Ecran de cendrier—damper 
for ash pit. 

Ecrou—nut of a screw, female 
screw. 

Ecrouir—to hammer, to plait. 

Eduction—exhaustion. 

Effet dynamique — gross 


effect. 
Effet utile — duty, useful 
effect. 
Effort—strain. 
Eléments—data. 
Elingue—sling. 
Elingue & croc—ean hook. 
Elinguer—to sling. 
Elongis de roue — paddle 
bearer. 
Elongis de tambours—wing 
wale, paddle bearer. 
Embase—shoulder. 
Emboutir—to expand. 
Embrayage—clutch, coupling 
box 


Embrayage renversé — re- 
versing motion. 
Embrayer—to couple, to put 


in gear. 

Emérillon—hook, large fish- 
ing hook. 

Emmanchement @ douille — 
double socket clutch. 

Emmancher (entrer dans la 
Manche)—to enter in the 
Channel. 

Emporte-pitce — punching 
machine. 

En abord—alongside. 

En avant—head way. 

Encastrements—grooves. 

Enclancher—to throw into 
gear. 

Enclume—anvil. 

Encoche—notch, gale. 

Encrassé—dirty. 

Endenter—to indent. 

Enfourchement—fork end. 

Engorgement—choked up. 

Engoujure—gut, sheave hole. 

Engrenage—coupling. 

Engrenage droit—spur gear. 

Engrenage dangle — bevel 
gear. 

Engrener—to couple. 

Enlever les dépéts—to scale, 

Entablement—entablature. ° 

Entailler—to score, to mor- 
tise. 


F 


Faire le plein — to fill the 
boiler. i 
Faire monter la pression-— 

to get steam up. 
Faire extraction—to blow 
off a boiler. 
Fanal sourd—dark lantern. 
Faubert—swab. 
Fausse quille—false kecl. 
Fausser—set, to take a set. 
Faux baux—orlop beams. 
Faux pont—orlop deck. 
Félure—crack, split. 
Femelle—female. 
Fente—slit. 
Fer—iron, anchor of a row- 


ey. 
Fer & chetal—horse shoe. 
al blanc—white iron. 

er corroyé—fagotted iron. 
Fer de ferraille—scrap iron. 


que les Locomotives) et Con- 


Entaille—scoring, mortising. 

Entre deux des orifices — 
bridge of slide valve face. 

ne oo stay. 

Enveloppe—clothing, jacket. 

Enveloppe de chauditre — 
boiler’s shell. 

Epaulement—shoulder piece: 

Epinglette—borer. 

Epontille—stanchion, pillar, 
prop, post, shore. 

Epontiller—to prop, to pillar. 

Epreuve—trial, experiment, 
proof, proving. 

Eprouver—to prove. 

Eyuarrissoir—countersink. 

Equerrage—bevelling. 

Equerre—scarph, spread of 
the lower rigging, square, 
bevel. 

Equipage—crew. 

Ergot—feather, sung. 

Escarbille—clinker. 

Espace-mort—dead space. 

Essieu—axle. 

Essence—term used to ex- 
press the kind and quality 
of the timber. 

Estrope en fer—iron er 

Estrope d'une poulie—block 
strap. 

Estamper—to stamp. 

Etain—tin. 

Etambot—stern port. 

Etampe—swage. 

Etancher—to free from water. 

Etanche—water tight. 

Etau—vice. 

Etau & pied—standing vice. 

Etirer—to draw wire. 

Etoffé—steeled iron. 

Etoilé—starred. 

Etoupe—hemp, oakum. 

Etoupe blanche—white or un- 
tarred oakum. 

Etoupe noire—black or tarred 
oakum. 

Etrangler—to wiredraw, to 
throttle. 

Etrave—stem. 

Etre engagé—to stitch. 

Etrier— fork link, stirrup 
bolt. 

Etuve—stove. 

Evacuation—exhaustion. 

Evaporation—evaporation. 

Event—vent. 

Excentrique (tige d’)—eccen- 
tric rod. 

Ezxcentrique (arbre d’)—ec- 
centric shaft. 

Excentrique (encoche d’)— 
eccentric gab, eccentric 
notch. 

Excentrique (roue d’)—eccen- 
trie pulley. 

Excentrique (rayon d’)—ec- 
centric radius. 

Excentrique (renvoi' du 
mouvement d’)—eccentric 
rod gearer. 

Excentrique (collier d’)—ec- 
centric strap. 

Excentrique (bouton d’)—ec- 
centric gab pin. 

Expansion—expansion. 

Expiration—discharge. 

Extraction—blowing off or 
out. 

Extraction continue—pump. 

Extraction (faire)—to blow 
out. 


Fer en T~T-iron. 

Fer en Z—Z-iron. 

Fer méplat—fiat iron. 

Fer soudé—welded iron. 

Fer trempé au paquet—half 
converted steel. 

Ferrement—binding. 

Ferreter—bind with iron. 

Feutre—felt. 

Feutrer — to felt, or stuff 
with felt. 

Feuille—sheet. 

Feuille des 
plate. 

Feuille de plomb—shect lead. 

Feuille de cuivre—sheet of 


tubes — tube 


copper. 
Feuillard—hoop iron. 
Feuillure—rabbet. 
Feu—tire, 


Feu brulant mal—dead fire. 


Fiche—trag bolt, ring bolt. 

Fil de laiton—copper or brass 
wire. 

Fil @acier—steel wire. 

Fil de chanvre—yarn. 

Fil de cuivre—copper wire. 

Fil de fer—iron wire. 

Filet de vis—thread of a 
screw, feather of the thread. 

Filet pointu—V-thread. 

Filet & droite—right-handed 
screw thread. 

Filitre — die, dye, screw 
plate, horse. 

Fileter—to worm a screw. 

Fileter @ la volée—to chase. 

Finerie—finery. 

Fin—way. 

Fissure—rent, split. 

Flamméches—sparkles inci- 
dent on the ignition of a 
cartridge. 

Flamme—bilaze, flame. 

Flasques de carlingue—cer- 
tain pieces in the step of a 
mast. 

Fleur de soufre — flour of 
sulphur. 

Flotteur—float. 

Fonctionner—to work. 

Fond plat—flat bottom. 

Fond de cale—the hold. 

Fond de cylindre—cylinder 
bottom. 

Fondation—sole plate. 

Fond dun _ vaisseau — the 
bottom of a vessel. 

Fondeur—founder. 

Fondre—to melt. 

Fonte de premitre fusion— 
pig iron. 


Gabarit—template model. 

Gai—slack. 

Galerie—gallery. 

Galet—friction roller. 

Galoche de fer — hanging 
clamp. 

Ganache—winding. 

Garant — fall of a tackle, 
tackle fall. 

Garant de palan—the fall of 
a tackle, tackle fall. 

Garde feu — powder chest, 
cartridge chest. 

Garniture—packing. 

Garniture en chanvre—hemp 
washer. 

Garniture métallique — me- 
tallic packing. 

Garniture d'une pompe — 
pump gear. 

Garniture d’ enclanche—bush 
for notch. 

Garniture de rechange—the 
spare rigging. 

Garnir—to bush. 

Garnir le cabestan—to rig 
the capstan. 

Garde—guard. 

Garde corps—any man rope, 
netting or rail. 

Gauche—twist. 

Gaule de la pompe—pump 
rod. 

Génie maritime (corps du) — 

corps of naval engineers, 

shipbuilders, shipwrights. 

Genope—a temporary rack- 

ing, lashing, seizing. 

Genoper—to lash, to seize. 

Genou—knee. 

Glissoir—guide block. 

Globule—air hole. 

Godet—tallow cup, oil cup. 

Godet de cure mole—bucket. 

Gond—hinge. 

Gonds du gouvernail—rudder 

bands, braces or irons. 

Gorge—groove. 

Goudron—coal tar. 

Gouge—gouge. 


Hache—hatchet, axe. 
Haubans de cheminée—funnel 
shrouds. 

Haubans (chaines de)--chain 
plates. 

Hauteur de Vorifice—depth 
of the port. 

Hauteur du tiroir—breadth 
of the slide. 

Haut forneau—blast furnace. 
Haute pression—high pres- 
sure. 

Hélice—helix, screw. 


Hélice propulsive—archime- 


dian screw, screw propeller. 








G 
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Fonte de fer—cast iron. 

Force de cheval—horse power. 

Forge—smith’s shop. 

Forgeron—blacksmith. 

Forme flottante — floating 
dock. 

Forer—to bore. 

Foret—drill. 

Fou—loose. 

Four—oven. 

Fourche—fork. 

Fourneau & manche—Wilkin- 
son’s furnace. 

Fourrure — sewing, service, 
old canvas for service, furr. 

Foyer—fireplace, furnace. 

Foyer de lentille—focus. 

Foyer (ceil de) — fireplace 
crown. 

Franchir une pompe—to get 
a pump to suck. 

Frappeur—striker. 

Fraiser—to plait. 

Fraisure—countersink. 

Frasil—ash. 

Frégate & vapeur—steam fri- 
gate. 

Frein—brake, break. 

Frette—ferule. 

Frise — trailboard, baize or 
kersey for lining gun ports, 
&e 


Fuir—to leak. 
Fuite—leak, dropping out, 
Fumée—smoke. 
Fumivore—smoke consumer. 
Fuseau—straight brace. 
Fusée d’un cabestan—barrel 
or body of the capstan. 
Fusion—melting. 


Goujon—plain pin. 

Gouwjonner—to bolt. 

Goujure—score of a block, or 
dead eye. 

Goupille—peg, pin. 

Goupiller—to forelock. 

Goutte de suif—saucer head. 

Gouvernail—rudder. 

Grand piston—steam cylinder 
piston. 

Grand balancier — main 

eam. 

Grand bielle—main connect- 
ing rod. 

Grands paliers—main pe- 
destals. 

Grain—bush, grain. 

Grain dorge—side cutting 
tool, diamond point tool. 

Graisse—grease. 

Graisser—lubricate. 

Graphite—black lead. 

Gratter la careéne—to scrape. 

Grattoir—scraper. 

Grattoir pour la cartne— 
scraper. 

Gréement—rigging. 

Gréement en fer—iron rig- 
ging. 

Grille—grate. 

Grille de trou a charbon— 
coal bunker grating. 

Grille tournante—revolving 
grate. 

Griller le minerai—to roast 
the ore. 

Griffe—turning tool lever. 

Gripper—to cut, to gripe. 

Grippure—rut. 

Grue—crane. 

Guese—pig iron. 

Guide—guide, spindle. 

Guide du té dela pompe a air 
—air pump guide rods. 

Guide de parallélogramme— 
back link, motion link. 

Guide de sowpape — valve 
spindle. 

Guindeau—windlass. 


Herse—strop, selvage. 

Herrison—tumbler. 

Heuse—pump box and spear. 

Hiloi re—binding strakes (ofa 
ship’s deck). 

Hiloires renversées—fore and 
after carlings, under the 
beams. 

Houillére—colliery. 

Houille en motte—rough coal. 

Houille schisteuse — splint 

Houille seche — blind coal, 
malting coal. 

Hublot, Tubolot—light port. 


Immersion des roues—dip of 
the wheels. 

Imprégnation des bois—satu- 
ration of woods with chemi- 
cals, 

Tnclinaison—wake. 

Indicateur—indicator. 

Indication du niveau @eau— 
water gauge. 


Jambe de force—cross tail, 
iron spur. 

Jante—rim, tyre. 

Jardin de tambour—sponson, 
wing curve of the timbers 
and planking before and 
abaft each of the paddle 
boxes. 

Jauge (des cordiers)—gauge. 

Jaugeage—gauging. 

Jaugeur—measurer, gauger. 

Jet—way, jet. 

Jet de vapeur—a jet of steam 

Jeu—play, rub, leak 

Jeu (avair du)—to be un- 
steady, to have too. much 
play, to fetch away. 


Laitier—dross, slag. 

Laiton—brass. 

Laminoir—rolling mill. 

Laminer—to roll, 

Lanterne—lantern, shovel. 

Lance & feu—fire slice. 

Larguer la vapeur—to blow 
off the steam. 

Largeur de Vorifice—length 
of the port, 

Lavage—washing. 

Lavage du minerai—ore wash- 
ing. 

Levier de mise en train— 
starting bar. 

Levier de U’ enclanche—lifting 
lever. 

Levier du tiroir—hand gear 
lever. 

Levier directeur — directing 
lever. 

Levier du contre poids @ex- 

centrique—lever for coun- 

ter balance weight. 

Levier de sowpape de purge— 

blow-through valve handle. 

Levier de Vinjection—injec- 

tion handle. 

Lest—ballast. 

Ligne de flottaisson — load 


engine. 
Machine & ereuser—dredging 
machine. 

Machine _ etherhydrique — 
etherhydric machine. 
Machine & double eylindre— 
double cylinder engine. 
Machine & double te—double 
cross head engine. 

Machine a rotation immédiate 
—rotary engine. 

Machine calorique — caloric 
engine. 

Machine de basse pression— 
low pressure engine. 
Machine a haute pression— 
high pressure engine. 
Machine & double effet— 
double-acting engine. 
Machine a simple effet — 
single-acting engine. 
Machine atmosphérique—at- 
mospheric engine. 
Machine & mater—sheers for 
masting ships. 

Machine a draguer, & creuser, 
a curer—dredging machine 
or dredging vessel. 
Machine a vapewr—steam en- 
gine. 

Machine & épuiser—exhaust- 
ing machine. 

Machine & vapeur marine— 
marine steam engine. 
Machine a fileter—bolt screw- 
ing machine. 

Machine & cintrer les toles— 
bending press. 

Machine rotative — rotatory 
engine. 

Machine a balancier en bas— 
side lever engine, 








I 
gs — engineer, ship- 





uilder, shipwright, 
Injecti . densing jet. 
Intensité — intenseness, in- 
tensity. 


Introduction — introduction, 
induction. 
Itague—pendant, tie. 


J 


Jeu du piston aux extrémités 
de course—clearance. 

Joint glissant — expansion 
joint. 

Joint & dowille—spigot and 
faucet joint. 

Joindre—to reach, to join, to 
overhaul. 

Joint—clinch, joint. 

Joint aw mastic de fonte— 
rust joint. 

Jonction—meeting, joining. 

Joue—cheek. 

Journal de la machine—log. 

Jumeler—to fish a mast, a 
yard. 


L 


Lime—file. 

a ' demi ronde—half round 

le. 

Lime queue de rat—round 
file. 

Lime tiers point—saw file. 

Lime carrée—rubber. 

Lime plate—fiat file. 

Limaille—filings. 

Limande—parcelling, parcel. 

Limeur—titter. 

Lingotitre—ingot mould. 

Listeau—small rails. 

Lit d'une chauditre—bedding 
of the boiler, 

Lopin—bloom. 

Loquet—latchet. 

Louche—rimer. 

Loupe—loop, puddled bar. 

Lubréfier—self oil feeder. 

Lumiere—port. 

Launitre de coussinet — oil 
hole, in different parts of a 
steam engine. 

Lumiere dune pompe—the 
hole in the side of a pump, 
through which the water is 
discharged upon the deck 
or into the pump dale. 

Innette—cone plate. 


water line. 5 Int—lute. 
Ligne ponctuée—dotted line. 
M 
Machiniste—machinist. Machine @ balancier en haut 
Machine—engine. —beam engine. 
Machine a tige bielle—trunk Machine &@ fowrreau—trunk 
engine. engine. 
Machine & clocher—steeple Machine alimentaire — feed- 


ing engine. 

Machine d moyenne pression 
—Woolf’s engine. 

Machine de mise en marche— 
starting steam cylinder. 

Machine a mortaiser—slot- 
ting machine. 

Machine locomobile — port- 
able engine. 

Machine & raboter—planing 
machine, mount machine. 


Machefer — clinkers, iron 
dross. * 
Machoire—jaw. 


Madriers—timbers. 

Maitre couple — midship 
frame. 

Maitre forgeron—smith. 

Maitre bau—midship beam. 

Maitre mécanicien ~- engi- 
neer. 

Maitre charge—storckeeper. 

Maitre de danse—inside cal- 
liper, 

Maillon — rolling hitch, 
stitch, 

Maillet—maul, mallet. 

Mailloche, mailloche a four- 
rer—serving man. 

Main de fer—iron cramp. 

Main courante—guard, hand 
rail, 

Male—male. 

Manomé2tre—manometer, ma- 
noscope, steam gauge. 

Manivelle—erank. 

Manivelle de la tige @ex- 
centrique—gab lever. 

Manche—handle. 

Manche & vent—a wind sail. 

Manche & pompe — pump 
hose. 
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Manche & eau—a hose to con- 


Miche de gouvernail — the 
main piece of the rudder. 
Meche de cabestan—barrel of 

a capstan. 


4 





Manche en cuir pour incendie 
—fire \. 

Manche d'une pompe—pump 
handle 


Manchon—coupling box. 

Manchon & pan—clutch box. 

Mandrin — box mandril, 
chuck. 

Mandrin de tour—mandril. 

Mandrin de forge—mandril 
plug, nipple. 

Mandrin @ rai 

Manille—shackle. 

Manne & lest—ballast basket. 

M rt 


Mécanicien — machinist, en- 


gineer. 
Membrure en fer—iron frame, 
rib. 
Menu—slack coal. 
Menotte—drag link. 
Meplat—fiat. 
Mercure—mercury. 
Merrain—staff wood, staves. 
Métal—metal. 
Métal blane—white metal, 
Babitt’s metal. 
Métal de cloche—bell metal. 
Mét tre—metacentre. 





Maone—vessel used in the 
middle ages. 

Maric salope—mud boat, mud 
lighter. 

Martelage—act of markin 
trees reserved for shipbuild- 


ing. 
See doucement — half 
power, ease her. 
Martinet—tilt hammer. 
Marteau—hammer. 
Marteau a devant — forge 
hammer, sledge hammer. 
Marchandage—piece work. 
Marbre— bench face plate, 
dressing plate. 
Massif de Varritre — after- 
most dead wood. 
Masse—mass, anvil, 
Masse de fer—a pen maul. 
Masse de bois—commander, 
or large wooden mallet. 
M oke sail. 
Mastic—cement, mastic. 
Mastic 4 la céruse—putty. 
Mastic rouge—red mastic. 
Mastic de fonte — rust ce- 
ment. 
Mastiquage—cementing. 
Mat—mast. 
Mat fu brin—mast made of 
a single spar. 
Mater—to aul. 
Matoir — caulking 
driver, blunt chisel. 
Matereau—small mast, pole, 


chisel, 


or spar. 

Matrice—mould, die. 

— hide, scupper 
ose. 


Métre—metre, a French mea- 
sure of length. 

Mettre 4 chaud—to place on 
hot. 

Meule & aiguiser — grind- 
stone. 

Miniwm—tminium, red lead. 

Minerai—ore. 

Modérateur centrifuge—go- 
vernor. 

Modéle—model, pattern. 

Mollir une corde—to ease off 


@ rope. 
Molécule—particle. 
Monter—to set up, to fit. 
Montant—stanchion, bracket. 
Monteur—erecter, fitter. 
Montage d'une machine—set- 
ting up of an engine. 
Mortaise—cotter hole, mor- 
tice. 
Mortaiser—to mortise. 
Mordache—clamps. 
Mouvement—motion. 
Mouvement de sonnette—bell 
crank engine. 
M ¢ composé dun 
arbre et dun levier — 





Mouvement autour d'un cen- 
tre—circum, tion. 

Moule—mould. 

Moulure—bead. 

Mouton—ram. 

Mouton & vapeur — steam 
ram. 

Moyeu—boss, eye, nave. . 

Mur de foyer—bridge in the 
farasde et ates 

Muraille—side of a sh* ». 


(To be continued.) 
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LOADS ON LOCOMOTIVE WHEELS. 


To rue Eprror or ENGrIneerine. 


Srr,—In your number of the 13th March last, you 


lished a letter describing a di 
on the wheels of locomotives. 
for a lon 


ub- 
m for ascertaining the loads 
is diagram is one which has 


time been extensively in use in France, and it is 


attributed to the well-known late Mr. Clapeyron. 


1. Loads on Wheels.—The following is t 


explanation a 


Taking, as an example, a style of engine like this of Fig. 1; 
p, p’ and p” are the weights of the parts which load the 
springs; that is tosay, the total load of the engine, exclusive 





a" 
<—t 

















of the weight of the axles, axle-boxes, and springs. The 
position of the centre of gravity is taken from the weights 
Pp, p’, and p,” and is found to be at about 7 in. in front of the 
driving axle, B. It is possible to conceive that all the 
suspended weight of the engine is distributed only on the two 
extreme ends, Ac, in ratios inversely proportionate to the 
distances of these axles from the centre of gravity. We have 
in algebra for this hypothesis, p’=0, p+p”=2i tons 6 ewt. 
and pd=p”" d". The two equations give us, 
7 
Pd —9 tons. Pda 


e- 3 - * =19 
P = +a" 12 tons 6 cwt. 


a+d" ? 


Then we have the line il of the «iagram, Fig. 2, in which 
ik=p, and kl=p", 


a 








me 














@ -————— 
a 


If we apply the same ing to the other limit of the 
possible distribution of suspended weight—that is to ay for 
the case in which nothing is put on the third axle, C, and 
all distributed on A and B, we have in the same manner: 

i hon tons 6 cwt., pd=p’ d’, 


‘d 
= =1 ton 6 ‘= —__=20 tons. 
ita aati +d’ 

This is the inferior line, d n, of the diagram Fig. 2. Interme- 
diate lines would give the intermediate distributions of sus- 
pended load on the three axles; and the line, pr st, showing 
exactly the distribution of Fig. 1. If we desire to find the 
load on the rails, we may add the weight of the unsuspended 
pieces, as is shown by the dotted lines of the diagram; and 
as we have shortened the line, ik, of the length, 7 k, we will 
add, on the left, a length, ei, equal to the line, j k+-a length 
representative of the proper weight of the front wheel axle 
and springs. : 

If we wish to use the diagram, Fig. 3, which is the same, 
except for the distance, E 1, which is only the unsuspended 

















weight at the front, we take care, when considering sus- 
pended load, to measure only P Q, and not P R. It is easy 
to understand, by the ing constructions, that in Fig. 3 
P Q is equal to P r of Fig. 2 

2. The Balance Beam Question —Many engineers think 
that it is always ible to make an equal distribution of the 
load on the w ods y means of balance beams between the 
springs. Thisis not generally possible, and equalising the load 
between two axles often only tends to reduce the load on the 
third axle. This occurs in many engines in which this axle so 
overloaded is a coupled axle, asin Mr. Sinclair’s mixed 
engines for the Great Eastern Railway, Mr. Ramsbottom’s 
express mixed engines, and many others; and by this is ex- 
plained the heavy cast-iron foot plates (very dead load) put 
at the back part of such engines. 
The diagram of distribution affords us every facility for 
explaining the various circumstances, by the aid of the follow- 
ing cnnaiie rations relating to balance-beam or compensating 
levers. 








FiG.s. 








If we consider Fig. 4, we could easily suppose the springs to 
be solid, and the vertical rods, A, A’, A”, Fig. 4, to be asthe, as 
it is shown by the Fig. 5. This last arrangement is evidently 
the same as that of the Fig. 6, in which the piece, B, is a 
solid balance beam. This Fig. 6 shows usa vehicle carried 
on four points of support, like a four-wheel carriage, and the 
distribution of the load on the four points is dependent 
only upon the — of the centre of gravity. The load on 
the two axles, MN, is distributed in the inverse ratio of the 
branches of the balance beam ; if these are of equal length, the 
weight belonging to the point, P, is equally distributed on 
M and N. 

In\the six-coupled wheel goods engine, shown in Fig. 1, 
the desideratum would be an equal distribution of the weight 
on each axle. If we suppose a balance-beam with equal 


Fig. b. . 
ti. AA" eh 


4). 
A 
p 


arms between B and C, we have the relative data of the F ig. 6, 
in which A B,=6ft. 8in., is the distance of the centre of 
gravity from the front axle, and BC,=4 ft. 8h in., is the dis- 
a 7 —_ alt weg betwen the axles B and C from the 
of gravity. In this arran rg”: 

what is the load on the point ee eee 

e ve pX 6 ft. 8 in.=(p’ ") 4 ft. 82 in., and p’ being= 
p", it follows, p x 6ft. Sin. = 2p’ bi or 
4ft. Stin.x<2 “113 j a ee 
~ GR Bin, = oP’ = 141p’. 

us we see that it is not i i- 
bution with thie a ble to have an equal distri 
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This hypothesis of the compensating lever with equal arm$ 
(see Fig. 7). If we take 


KP=PL ==*, and MR=RN’= 


is easily represented on the di 


= the line PR 


cuts the line K N’ at the point a, and if we continue the 
line ST past the point a, we have ab=ae, and the line 
ST gives us the distribution of the weight of the engine for 
this case. 

Line UV is the distribution corresponding to the h 
thesis of an equal distribution of the suspen load onto 
front wheels. : 

If the arms of the compensating lever are unequal, and are 


in the ratio o you must divide the lines K Land MN’ in 


the same ratio +: 


Now, if we have by hypothesis, the load on the axle A=} 
of total load, and the load on the point, P, equal to the remain- 
ing } of total suspended weight, the load which is distributed 
in P is divided on two axles, B and C, and we must have at 
the point P twice the weight p, this gives us 

abxp=b = Ps 


a 
and b ‘=F 3 


3 
but in our example (Fig. 6), if we made 4 c= =Stt. 4in,, 


the two arms of the compensating lever, B, would not be 
equal; we will have O B=Q B—Q O=$ ft. 4 in.—7 in.= 
2 ft. 9in.,, and B G=O S—O B=8 ft. 3 in.—2 ft. 9in.= 
9 ft. 6in. 

The distribution of the load on each axle is in B and C an 
inverse ratio to those lengths, and we have p’ x2 ft. 9in.= 
p” x9 ft. Gin, 

»_ pw 9 ft. Gin. 66» ow, 
Ot, P’=P" oe in. aa? PS 


By hypothesis we have p’+-p”=§ 21 tons 6 cwt., which gives 
us p’=9 tons 10 dwt., and p”=4 tons 14 cwt.; and by 
hypothesis we have p=} 21 tons 6 cwt.=7 tons 2 cwt. 
line Y Zon the diagram, Fig. 7, is relative to this case. 
It is easy to see that all hypotheses are always given in the 
i ; indeed, if we continue to move the point, P, to- 
wards Q, the load on the axle, C, would be cual decreas- 
ing, and for the extreme position, that is to say P, exactly on 
the vertical line of the axis of the axle, B, the weight on the 
point, S, and on the axle, C, would be nothing, and we have 
in this case p”=0, which gives us the line, Q h, of the 
Diagram 2. ft we sup the point P exactly upon §, the 
load on B would be nothing, and we have the superior line, 
E F, of the dia * " P 

Upon the whole, we cannot, means of compensati 
inal change the limits of the distribution which yee 
upon the position of the centre of gravity and the distance 
of the axles apart. The true benefit of the compensating 
levers is to secure a given good distribution when the engines 
at rest, and to prevent an irre ity coming from the 
variable degree of tension of the springs. With balance 
beams frequent weighing of the engines is unnecessary. 

In order that compensating levers should give the above 
advantages, it is very necessary that the springs also should 
be able to oscillate around their middle point of one, 
otherwise one branch only of the spring is working without 
equalising the load in any manner. Balance beams also 
applied only to the external springs of engines in which the 
driving axles are fitted with four spring are of but very little 
use 


In Germany the use of compensating levers is general, 
and in engines e by Borsig a transverse beam is also 
applied to the springs of one of the axles, so that an engine 
is really supported upon three points—as were the engines 
of the Folkestone class, established with an independent 
crank axle by Stephenson, in 1851, and still working on the 
South-Eastern Railway. 


Paris, April, 1868. 


Yours, &c., 
J. MoRaNDIBRE. 








Tue Mrrrtmac.—Messrs. John Roach and Son, Morgan 
Ironworks, New York, have in their possession the last 
fragments of the Merrimac, a part of the tubular bearing of 
the screw shaft. The Merrimac it will be remembered was 
a frigate of the same type as the Roanoke and other war 
vessels of the United States na At the breaking out of 
the Southern rebellion the Merrimac was stationed at Nor- 
folk, one of the largest military and naval depéts in America. 
It was cut down by the Secessionists, plated, and converted 
into a turret ironclad, while her sister ships were similarly 
altered in Brooklyn navy yard. After doing infinite damage 
to the enemy, the Merrimac, being in imminent danger 0 
capture, was blown up by the rebels at the conclusion of = 
war, such part of her as could be recovered being sold for 0 
metal and melted down. 

ell and Rogers, 


Tue Lenore Gas Exorne.—Messrs. Cory: 
of the Quintard Ironworks, New York, have undertaken 
manufacture of the Lenoir gas engine. the ast 
years they have made one h of these machines, W fe 
would command a larger sale than they do were it not for 





the great expense of working, the gas being sold at @ 
rate in America. 
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THE RAMAPO WHEEL WORKS. 


Tue village of Ramapo, in the county of Rockland, 
State of New York, is situated on the Erie Railway, 
30 miles distant from the terminal station of that line, 
in Jersey City. It occupies the centre of an estate of 
8000 acres, purchased towards the end of the last 
century, by one J. G. Pierson and his brothers. 

The river from which the village takes its name, (and 
which is a tributary of the Passaic, the source of water 
supply to Jersey City) is a fair stream, some 200 ft. in 
width, fed by the water-shed from the hills which rise 
precipitously on either bank, and close in the valley 
on every side. It has a three-fold interest, this 
locality. A natural interest: for its beauty impresses, 
where, rising almost into grandeur, the granite hills, 
sometimes shattered into fantastic forms, lift them- 
selves 600 ft. above the sea, while the green valley 
beneath charms, with the river in its midst, its waters 
tumbling over a weir to a level many feet below, and 
the white painted houses clustered on its banks. An 
historical interest: for a table rock, that crowns the 
highest hill around, and rises 100 ft. above its summit, 
was a favourite reconnoitering spot of General George 
Washington, for the country below and all round hes 
spread out like a map, the spires of the New York 
p sear Bg 32 miles distant, are visible, and ships can 
be seen steering up the Narrows into harbour. Sacred 
to the 700 villagers of Ramapo is the legend that on 
one occasion the great General lost his watch in a 
deep crevice of his favourite rock. It never was re- 
covered, but has nevertheless continued to register 
time duly to this day, and may be heard to tick truly 
and regularly by any right-minded person who inclines 
his ear to the correct opening in the cliff. In the 
War of Independence the entrance to the valley was 
fortified, and remnants of the barricades are still to be 
seen. It has a commercial interest : for in 1790 J.G. 
Pierson and his brothers built the first factory in the 
United States for the production of cut iron nails by ma- 
chinery. In those days they imported the bulk of their 
raw material from Russia, although Sweden was also a 
market to which they resorted, and they found it more 
convenient to pay for iron in cotton goods than in cash. 
This led to the erection of a cotton mill beside their 
nail works, for they had ample water power to work 
a dozen mills, and ample enterprise to manage them. 
This was the second cotton factory erected in America, 
and was quite a pretentious building of five storeys, 
the four upper ones being built of brick, and the lower 
oneof stone. But in a few years the importation of cotton 
goods into Russia was prohibited, and the Piersons lost 
their market for exchange, while in the meantime 
cotton mills had sprung up in the very centre of trade, 
and they could not compete successfully with better 
located manufactories, for transport was too costly, 
and the Erie Railway was then a scheme of the future, 
so they went back to nails, and, in addition, to the 
manufacture of wood screws, the machinery for making 
which was completed under their direction. But 
Ramapo was too far from the high road of traffic, and 
the works were removed to Providence, in Rhode 
Island, to grow eventually into the now flourishing 
American Wood Screw Company. 

Then the shops were closed, and for a generation 
there was but little industry in Ramapo. In the palmy 
days of the Atlantic and Great Western Railway, Mr. 
Charles Pierson, grandson of one of the original pro- 
prietors of the estate, erected extensive carriage and 
wagon shops—a little below the old nail factory, which 
is still standing—and took extensive contracts to 
supply that railway with rolling stock. So actively 
was the undertaking prosecuted, that from the time 
the works were put in operation until the financial 
difficulties overtook and paralysed the company, Mr. 
Pierson completed regularly ninety freight wagons and 
eight passenger cars per month. These works are 
closed now, but the plant is kept in working order, 
and the factory could be put into full swing at twenty- 
four hours’ notice. ‘Two years since the old cotton 
mill before mentioned was pulled down, and on 
its site are erected the well-arranged foundry, pattern 
and fitting shops, which are devoted exclusively to the 
manufacture of chilled cast-iron car wheels. Metal 
from two localities is employed; that obtained from 
the hematite ores of the Richmond Ironworks, in 
Massachusetts, and from the Salisbury mines, of Con- 
necticut, which latter were among the first furnaces 
erected in America, some years prior to the breaking 
out of the Revolution. They were the property of an 

lishmen who at the commencement of hostilities 
returned home, leaving his property to be confiscated 
by the Government, who kept the furnaces in full 
blast during the war. After the Declaration of Inde- 
pendence the works were sold, and ultimately fell 


into the hands of Messrs. Holley and Coffing, the 
latter of whom was the grandfather of one of the pre- 
sent proprietors, whilst the grandson of the former is 
the well-known engineer of the Pennsylvania Steel 
Works, Harrisburg. 

The metal from the Richmond mines has been 
largely used in America for casting heavy ordnance. 
Of this material is the 15-in. Rodman gun, purchased 
by our Government last year. It is a fine grained char- 
coal iron, of great density and tensile strength, the 
latter rising as high as 40,669 lb. per square inch in 
rgnelted iron and 28,442 lb. in the pig. Colonel T. 
J. Rodman gives its tenacity in gun heads at 36,000 Ib. 

The Erie Railway, which runs through the Ramapo 
Valley, and close alongside the Ramapo Wheel Works, 
conveys the pig iron from the Richmond and Salis- 
bury furnaces to the doors of the foundry. All the 
metal is weighed, both on its way from the freight 
trucks to the cupolas in the form of pigs, and after- 
wards on its way back to the freight cars in the shape 
of wheels. There are three cupolas in the foundry, 
two of the united capacity of 40 tons, and one small 
one for experimental purposes, or for special castings. 
All these cupolas are supplied with blast from a 
Mackenzie blower 50 in. in diameter. The two larger 
cupolas are placed in recesses of the foundry, so that 
the whole area may be available for moulding and 
casting. The “chill,” of cast iron, is very carefully 
turned to a gauge in a circular planing machine—a 
well-devised tool made by Messrs. Bement and Dough- 
erty, of Philadelphia. This is kept ‘constantly at 
work, turning out new chills and truing up such as 
have become distorted. It is found that after some 
months’ wear the chills become oval, the distortion 
taking place where the fastening lugs and trunnions 
give an additional thickness of metal to the cast- 
ing. They form the lower boxes of the moulds, the 
parting being situated at the centre, or greatest diameter 
of the wheel flange; the upper box has a series of 
radial arms within it, to hel to strengthen the sand. 
The cores for the boss, and the hollow ring around it, 
are made of a mixture of fine sand and ‘flour, baked in 
a revolving oven for two or three hours, and after- 
wards coated with a preparation of pulverised charcoal. 
Fresh batches of cores are made each day, for if they 
are kept they lose their cohesion, and fall to pieces. 
When the moulds are prepared they are arrayed in 
circles over the floor of the foundry, coinciding with 
the sweep of four cranes, the jibs of which command 
the whole area. The cupolas are tapped into a tipping- 
ladle, from which all the smaller ladles, mounted on 
carriages, each containing sufficient metal for one wheel, 
are filled. After charging, they are left to cool for 
a few minutes, in order that the temperature may 
be slightly reduced before pouring; re are then 
carried, each to its respective mould. After the lapse 
of five minutes the castings are lifted from the sand 
and deposited by the crane upon trucks, on which they 
are carried to the annealing ovens. These are situated 
in another part of the foundry, and contain two rows 
of pits, with six pits in each row, each pit being capable 
of holding three wheels in one tier. In plan these pits 
form three circles intersecting one another, a little 
larger in diameter than the wheels, which lie in such 
a way that their peripheries are in contact. In this 


to the machine shop, and the centre bored out for the 
reception of the salon, upon which they are drawn by 
an hydraulic pressure, equal to 12} tons. It may here 
be melon that these wheels have withstood a 
pressure of 40 tons without a fracture. In the ma- 
chine shop is placed a 30 horse engine, which drives all 
the tools employed on the works, including the Mack- 
enzie blower. We have drawings of this engine in 
preparation, for it presents some specialities peculiar 
to American horizontal engines. A somewhat ingenious 
arrangement for taking up the slack of the heaviest 
driving belt is worth noting. It consists of two vertical 
guide posts placed on each side of the belt, and pro- 
vided with friction rollers at the top. Over each of 
these there is passed a cord, communicating on the 
outside with balance weights of 100 lb. each, and on 
the inside with a block, which slides up and down 
between the guides, always — an initial tension 
upon the belt, by pressing steadily upon the under 
side of it, and rising or falling as the strain upon it 
diminishes or increases. 

After the centre of the wheel has been bored, it is 
completed, the final operation being to weigh it as it 
passes from the machine shop to the siding belonging 
to the works. A large number are drawn upon the 
axles before leaving, but the greater proportion are 
sold unmounted. » this way 130 wheels are made 
daily, in sizes varying from 20 in. to 36 in. in diameter, 
and ranging in weight from 2801b. to 6201b.; and 
the Pron, we is about to be enlarged to enable the pro- 

rietors to meet the greatly increasing demand. There 
is, indeed, hardly any limit to the cast-iron car wheel 
trade of the United States; for built wheels, except 
for locomotives, are nowhere used, and wrought iron 
cannot stand against the American winter, though, as 
is now well known, steel tyres and rails have with- 
stood the extreme cold of the past five months, the 
severest season known on that continent for thirty 

ears. 
P It is found in practice that the duration of a cast 
wheel is greatly influenced by the continuous mileage 
it is made to run; thus a set of wheels which has con- 
stantly to make 500 mile journeys have a life much 
shorter than a set running only 50 mile trips, the con- 
stant, continuous vibration appearing to upset the 
metal, a casualty which is in a great degree obviated 
by shorter journeys and more frequent rests. But the 
principal cause of ultimate failure arises from soft spots 
induced in the tread, from frequent action of the 
brakes, the skidding along the rail destroying the 
chill and softening the periphery. 

The value of the car wheels made at Ramapo is due 
to the superior quality of the metal used, and the great 
care exercised in the process of manufacture. Many 
wheel founders use a proportion of old wheels, re- 
melted with the new metal, relying on the known 
qualities of the Richmond iron to temper the mass, 
whilst at the Ramapo Works only Richmond and 
Salisbury irons are employed, without any admixture 
of old wheels. Some valuable experiments to test the 
strength of cast car wheels were made at Altoona by 
the superintendent of the Pennsylvania R. R. in July 
last, with the following results, which conclusively 
show the advantages derived from the use of an iron 
unmixed with old metals : 
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. | When o | aps | * Blows to Total No. : , 
No. Maker. | Made. Tread.| Size. Weight. Crack Plate. ft Deus. Chill. | Ciass of Wheels. 
| 

| fe | 
1 | Nameomitted. | 1855|B.T.| 38 | 496 | 49 | 24 | 18 86 Freight. 
2 ‘ ‘ 2 83 | 631 21 21 45 87 Sleeper. 
3 a a 1867 | | 38 | 546 9 7 | 28 39 Freight. 
4 RAMAPO. 1867 | N. T.| 33 519 59 | 152 80 291 Passenger. 
5 Name omitted. 1863 | B. T.| 33 549 36 28 _ 64 Freight. 
6 ys 1867| ,, | 382 518 | 61 | 48°) — 94 Passenger. 
7 - 1867 | ,. 33 510 | 26 9 | 12 41 5-16 Freight. 





way some 400 wheels can be packed, and when the 
pits are full, they are well covered with sand, and left 
to cool gradually for four days, at the expiration of 
which time they are withdrawn, and examined minutely. 
Only a very small proportion are found cracked; but 
as the smallest skin flaw is condemnatory, the numbers 
rejected become in time considerable. These failures 
are broken under a monkey, and remelted. After 
examination the wheels are measured upon the centre 
of tread, around the circumference, with a steel ribbon 
gauge, numbered according to size, and paired. By 
this means a perfect uniformity of diameter is secured ; 
for although the shrinkage is almost unvarying, it 
cannot be relied upon to the 30th part of an inch 
in the diameter, to which degree of accuracy the wheels 





are measured. From the gauging house they are taken 





* Each wheel was tested in three places, if not destroyed by previous blows. 


Some hundred hands are employed by the Ramapo 
Wheel Company, and the social observances in the 
valley are worthy of note, as also the relations between 
employers and employed. ‘The descendants of most of 
the workers in the old nail factory and cotton mill 
have remained in the village, and now find occupation 
under the grandchildren of their grandfathers’ master. 
So, almost cut off from the world in the depths of the 
valley, a modified feudal system is in vogue, and the 
employers living on their old estate exercise an abso- 
lute control over their dependants. A church is built 
and a schoolhouse, and the Messrs. Pierson undertake 
the personal supervision of the mental and religious 
training of the workmen and their children. Education 
is compulsory, non-attendance at church is a moral 
crime, and no liquors are allowed within the precincts 
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of the village, while drunkenness, which is practically 
an unknown vice, is summarily punished by expulsion 
from the community. The present Mr. Pierson, 
residing on the estate, encourages the workmen by 
every means to advance themselves, and as a necessary 
consequence an additional stimulus is given to labour, 
while the best relations between masters and men 


prevail. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Clyde Shipbuilding for March.—This branch of our local 
a = Be has been = Bn busy during the past month, and has 
to a large extent recovered its former briskness. There is 
some fear, however, that the trade will be in a disorganised state 
for some time owing to a strike among the sbip joiners of 
Greenock, which has now resulted in a general lock-out. The 
number of vessels launched during the month and quarter 
ending March 31, and their tonnage, are here given and com- 
pared with corresponding ose in om years: 


ears. essels. Tons, 

Month ... ee 1868 15 9,500 
P- on «- 1867 16 15,500 

” eee 1866 23 14,700 

” ove ove §=1865 22 14,600 
Quarter .,, eos ©1868 45 32,830 
” eee ee» 1867 38 84,300 

o 1866 57 81,700 
87,000 


” eee o. 1865 52 
Among the vessels launched during March the 
be mentioned: 


following may 
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Gunboats for China.—In the table above there are included 
two gunboats, the Kwang Tung and Shang Tung. These 
vessels were launched last month from the building yard of 
Messrs, Denny Brothers, Dumbarton. They have since been 
tried under steam at the measured mile, and attained a mean 
speed of 9.2 knots per hour. The dimensions of these vessels 
are as follows; Length, 140 ft.; breadth of beam, 23 ft.; depth, 
104 ft. They are built in the composite style, with iron frames 
and wooden Sanking, the latter being throughout of teak, and 
fastened with copper bolts. The engines are of 70 horse power 
nominal, with multitubular circular longitudinal boilers, and the 
armament of each boat is to consist of one 70-pounder Arm- 
strong gun, amidships; two 20-pounder Armstrong bow and 
stern (chasers; and four 6 and 12-pounder brass howitzers on 
the broadside, Being full brig-rigge:, they will proceed to their 
destination under canvas, after the disconnexion of their pro- 

llers. The order fer these vessels came from Mr. David 





jilliers, of the Hong-Kong dockyards, formerly one of the 
managers of Messrs Denny and Company’s works, Dumbarton. 
Since the foregoing was written, these gunboats baye left for 
C hina. 








Conversion of a large Paddle Steamer into a Screw.—The 
large steamer Washington, belonging to the French Trans- 
atlantic Company, down the river to the last 
week, She was built as a steamer, three years ago, by 
Messrs. Scott, of Greenock and Nazaire, for this company’s 
fleet of packets running between Havre and New York; but 
the expense for fuel has been so great that the company lately 
put her into the hands of Messrs. Robert Napier and Sons, who 
have converted her into a screw steamer. 

The Glasgow Pig-Iron Market.—During the greater part 
of the past two works the pig-iron market has been in a very 
quiet state, with very little business doing, and exceedingly low 
prices. A fortnight ago prices were 52s. 3d. and 52s. 4d. cash, 
and 52s. 6d. a month; since then they have been down as lgw 
as 52s, 14d. cash, at which rate a few thousand tons changed 
hands. On Monday last 1000 tons were sold at 52s, 44d. cash. 
Yesterday, 52s, 5d. cash, and 52s, 6d. a month, were obtained, 
and the prevailing prices to-day have been somewhat similar. 
Possibly a little reaction resulting in better prices may now ensue 
as the lock-out among the iron moulders is now reported at an 
end. No. 1 Coltness and No. 1 Gartsherrie have both fallen since 
my last report: they are now selling at 57s. 6d. and 56s. 6d. 
respectively. Messrs. Connal and Company’s monthly circular 
for March says: The operations during the past month have 
been limited, and the fluctuations in value trifling. The highest 
price paid was 53s, 3d., and the lowest, 52s. 6d., closing quiet 
at our ‘quotations. The stock in Connal and Co.'s yards is 
217,211 tons, with warrants circulating for 205,200 tons; in 
Canal Co.’s yard, 16,895 tons, with warrants for 15,700 tons. 

Glasgow Philosophical Society.—At the ordinary fortnightly 
meeting of this society, recently held, Mr. St. John Vincent 
Day, C.E., read an interesting paper on ‘ The Present State of 
Iron Metallurgy.” Mr. Day was specially severe upon the 
Scotch ironmasters for their lavish waste of fuel in the blast 
furnaces, and for almost systematically ignoring the improve- 
ments which are being brought into operation elsewhere. He 
gave a comprehensive review of what is doing in most parts of 
the kingdom in the way of improvements, and concluded by 
giving a full account of the progress and present state of the 
Richardson process. It seems that this process is making rapid 
advances both at home and on the Continent. It has been 
adopted at Jarrow-on-Tyne, at the Whittington Ironworks, at 
Sireuil, in France, and many inquiries are being anxiously made 
regarding it from the Newcastle district and other places. At 
the Parkhead Forge, in this city, where it has been perfected as 
a commercially successful | en it is intended as soon as pos- 
sible to place all the puddling furnaces in connexion with the 
blast, and thus to give up the use entirely of the old method of 
puddling. 

Recovery of Sulphur from the Soda Waste of the Alkali 

Works.—At the inaugural meeting of the Glagow Chemical 
Society, held last week, a paper was read on a new method of 
recovering the sulphur contained in the black ash waste of 
alkali works, by M. Ludwig Mond, of Utrecht, the inventor of 
the process. M. Mond has just completed arrangements at the 
St. Rollox Chemical Works (Messrs. Tennant’s) for the prac- 
tical application of the process, and he was induced to favour 
the members of the Glasgow Chemical Society with an account 
of its nature and history before leaving the city. He illustrated 
it both experimentally and by means of a complete series of 
specimens. The — is so remarkable that I feel disposed to 
give a pretty full account of it in a subsequent number of 
ENGINEEKING; at present I can only chronicle the simple fact 
that a great revolution in the alkali manufacture seems to have 
dawned. As evidence I repeat M. Mond’s words, and say that 
50,000 tons of sulphur might be recovered by his process yearly 
in this country, purer, and at much less cost than that which is 
imported. 
The Lime-light in Glasgow.—I think I told you that the 
anxiety and curiosity regarding the lime-light had extended to 
this city, and that it was intended to send adeputation from the 
Lighting Committee of the Glasgow Police Board to Perth to 
inspect the arrangements there made to introduce the light into 
the barracks. It so happens that considerable doubt exists re- 
garding the success of the light at Perth, and indeed, if I mis- 
take not, the Government contractor bas returned to London 
and left Sir John Pakington’s lime-light project in a “ mess.” 
The convener of the Lighting Committee aforesaid resolved on 
having a public exhibition of the light without being indebted 
to Perth or Dundee either, and accordingly during four evenings, 
terminating last Saturday, Mr. J. W. Stone, philosophical 
instrument maker, had a public display in Buchanan-street. 
He employed one lime ball with four oxyhydrogen flames im- 
pinging upon it. No expense was spared to give the light every 
chance of success, but gas companies need be in no state of fear 
lest the lime light should supersede the necessity for gas as an 
illuminating material. Their light is not yet ‘put out,” they 
will still receive their dividends, varying from 10 per cent. down- 
wards. Simply as a successful display with the lime-light Mr. 
Stone’s experiment on Saturday evening last was almost all that 
could be desired, but on two occasions it was a failure. I fear 
that the idea of superseding ordinary gas lamps bas now almost 
vanished from the minds of our Lighting Committee; indeed, 
the scientific and commercial difficulties are so great that I am 
almost surprised that sane men having any knowledge of the 
Drummond light woulda bind themselves to the idea that it 
might be successful. Still, it was well that thousands of the 
public who know nothing of it, and had never had an oppor- 
tunity of seeing it previously, should have the means of 
gratifying their curiousity, if they had any regarding it. 

Steamers on the Forth and Clyde Canal.—On this canal, 
where the classic Charlotte Dundas plied many years ago as a 
successful illustration of the practicability of navigation by 
steam power, the traffic between Glasgow, Leith, and the East 
Coast is becoming every year more important, and during the 
last few years great advances have been made in the means of 
transit. Steam has been doing its work on the canal as well as 
on the river, and there are now a fleet of steam lighters trading 
between the east and west coast that can nowhere be equalled, 
either for speed or appearance. Messrs. Robertson Brothers, 
Glasgow, for whom four smart screw steam lighters—viz., the 
Sapphire, Amethyst, Cameo, and Topaz—were built about 
fifteen months ago, have announced that these steamers are now 
to sail regularly three times a week, each way, between Por, 








Dundas and Leith, and also a regular sailing between Port 
Dundas and Kirkcaldy. 

Steamers on the Clyde in 1820.—On this historical subject 
the Glasgow Morning Journal says: The following ix a list of 
the steamers trading on the Clyde aon -cae years ago, from 
which it will be seen that there were thirty steamers employed 
in the deep sea and river trade, viz. : 

Liverpool Trade.—Superb and Robert Bruce. 

Belfast Trade.—Rapid and Rob Roy. 

Campbeltown Trade.—Britannia and Waterloo. 

Fort-William Trade.—Comet. 

Rothesay and Inverary Trade. — Inverary Castle, Argyle, 
Rothesay Castle, and Neptune. 

Largs and Ardrossan Trade.—Albion and Glasgow. 

Lochgoilhead Trade.—Defiance. 

On the other Clyde stations.—Greenock, Wellington, Port- 
Glasgow, Postboy, Oscar, Fingal, Marquis of Bute, Burns, 
Clyde, Dumbarton. 

Cargo Boats.—Industry, Active, and Despatch. 

Tug Steamer.—Samson. 

On Loch Lomond.—The Marion. 

Of these steamers the Comet was the smallest, being only 
28 tons burthen, the others averaged from 50 to 240 (the 
Superb’s tonnage, which was the largest), making a total of 
2500 tons. Their draft of water varied from 3 two 8} ft., and 
their engines from 12 to 72 horse power. A steamer was then 
on the stocks for the trade between Glasgow and Liverpool of 
about 250 tons, and 50 horse power, At that time the two 
steamers—Talbot and Ivanhoe—trading between Dublin and 
Holyhead, belonged to the Clyde; and the principal steamers in 
the hingdom were built and equipped on the Clyde. 

An Old Engine at Douglasfield, near Dundee.—A correspon- 
dent of a Dundee paper draws attention to the existence of a 
very interesting piece of mechanism in the neighbourhood of 
Dundee. It is an old “ Boulton and Watt” engine. “ The old 
lady,” as the engine is called, is still at work. Some idea of 
the quaint construction of the machine will be gathered when it 
is stated that the cylinder is built in three preens that the 
spring beams, walking beam, &c., are all simply square logs of 
wood; and that the motive power, instead of being communi- 
cated through the crank, is brought into action through the 
medium of the sun-and-planet wheel motion—one pinion fixed 
to the end of the connecting-rod revolving round another fixed 
to the end of the main shaft. The writer believes it to be the 
first engine in operation north of the oe nearly a 
century old—and it is one of the last of its kind now in 
operation. It cannot bear out much longer against the steady 
encroachment of modern improvements. There are, however, 
two or three engines with the old sun-and-planet motion still at 
work in London. 


Hutchesontown Bridge.—The old Hutchesontown bridge is 
now in course of demolition. The parapets and part of the 
roadway have been removed to make way for the 7 
side staging, and the arches are being centred with leable 
iron frames on rather a novel plan. These centres are two in 
number for each arch, and are composed of old rails formed into 
a truss placed 8 ft. apart, and secured at the crown with suit- 
able bearing beams, and at the centre and bottom carefully 
united so as to form a solid frame resting on transverse sleepers 
placed on the footings of the old bridge. This frame being set 
in position, a portion of the arching will be cut off the entire 
face to a depth of 6 or 7 ft.; then the frame will be moved in- 
wards to the next section, and soon. Thus the old bridge will 
be gradually removed only as the permanent cylinders are set ; 
but as it is intended to take advantage of the old structure fora 
service roadway, and to give partial support to the temporary 
staging and works which are required for the erection of the 
new bridge piers and arches, as far as this can be done, it may 
be some considerable time before the old bridge is entirely re- 
moved. The greater part of the cast-iron cylinders are already 
cast, and a portion delivered on the ground, for the abutment 
foundations. The contractors have commenced to set up the 
guide staging for the east side cylinders of the southern abut- 
ment, and have got some already fixed ready for sinking. These 
cylinders having been sunk to the hard substratum by dredging 
out the material inside, so that they may descend of their own 
weight to the required depth ; they will be entirely filled up with 
hydraulic concrete. The heads of the cylinders will then be 
partially inclosed by a strong cast-iron casing frame, and the 
interior filled up with the same material to the level of low 
water. The piers and abutment foundations will next be p 
immediately on the top of this bed, and formed of freestone, and 
faced up with grey granite on the exteriors of piers and abut- 
ments. The superstructure of the bridge is composed of two 
piers and three arches of great span. The latter are constructed 
of malleable iron frames, and surmounted by an ornamental 
cast-iron moulding and parapet—the centre arch bearing the 
arms of the city in relief. The engineers are Messrs. Bell and 
Miller, C.E., of this city. Messrs. Hanna, Donald, and Wilson, 
Abbey Works, Paisley, are the contractors, and Mr. John Kyle, 
resident engineer. 


New Invention for Watering and Cleansing Streets.—Work- 
men are at present engaged in Buchanan-street, one of the 
principal Glasgow thoroughfares, laying down pipes which are to 
be connected with the water mains for the purpose of watering 
and cleansing the causeway. The work is being done with the 
sanction of the police board, by Mr. Sim, who has patented 
the invention that is now to be put on trial practically. The 
pipes are of malleable iron, about 3 in. in diameter, and are laid 
down immediately outside the pavement on one side of the street 
only. The water is to escape by openings of ¥, in. diameter, 
drilied about a foot apart. By means of this arrangement Mr. 
Sim expects to be able to lay dust at a much cheaper rate than 
by the old water-butt process, and he will use it in cleansing 
likewise in conjunction with the scavenger’s broom. 

In connexion with street cleansing, 1 may mention that the 
police board have just appointed an inspector of cleansing = 
salary of 400/. per annum, Instead of contracting for the wor: 
of cleansing, they have determined to take the matter into — 
own hands henceforth, in the expectation of making a public 
saving to the tax-payers. The person appointed is Mr. von 
who at nt holds a similar appointment in Li There 
were upwards of 140 candidates for the office. 
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DUMMY LOCOMOTIVES. 

Tae Hudson River Railroad has two depéts in New 
York, one a terminal station for passengers, connected 
with which are the machine and repairi De ge of the 
railways, the locomotive and carriage sheds, car and 
wagon erecting shops, and an extensive station yard; 
the other a goods depdt, three miles and a half beyond, 
and ental, on the bank of the Hudson River, in one 
of the most crowded localities of the town. All the 
heavy goods which are consigned to the care of the 
company are sent to this depét, and the freight cars 
which arrive at the terminal station of the railway have 
to be conveyed there through the streets to be unloaded. 

involves a constant traffic of freight wagons be- 
tween these two points, the route lying along West- 
street and Tenth Avenue, both of which follow the 
river, and lead on to the numerous quays and wharves 
which line the Hudson. A cross sleeper surface line 


for the use of omnibus cars is laid along the whole 














MESSRS. RANDELLS, HOWELL, AND CO.’S ROASTED 


MR. F. W. CROHN, ENGINEER. 
( For Description, see Page 393.) 





route between the two stations, and over this the rail- 
road company run their wagons to the number of some 
fifty or sixty a day. 

Sistas to 1862, the freight was entirely conveyed 
by horses between the two stations, but this means was 
equally inconvenient and costly. Four horses were re- 
quired to each wagon, and they could make but eight 
trips a day, so that at least seven teams had to be con- 
stantly at work to meet the requirements of the traffic, 
and in addition it was necessary to keep an equal 
number in reserve. Independent of this expensive 
method of transport, the long lines of wagons and 
horses crowded the thoroughfare and impeded the 
traffic, rendering almost useless the three services of 
street cars which plied upon the single track, at that 
time almost monopolised by the Hudson River Rail- 
way Company. To reduce the cost of transit, and re- 
move the constantly ge | inconvenience to the 
passengers, Mr. A. F. Smith, then general super- 
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intendent of the line, designed and constructed in 1862 
a high pressure condensing engine, enclosed in a casing, 
having the same general appearance as an ordi 
freight wagon, for the purpose of dispensing wit 
horse power. The experiment succeeding well, he 
built another in 1863, two in 1866, and last year three 
more were constructed at Schenectady for Mr 
Buchanan, the present superintendent of the railway. 
Seven of these engines are now running, although about 
half the number are constantly kept in shed, or reserved 
for yard duty, three or four being found ample to do 
the work, for which more than ‘fifty horses were pre- 
viously required. The engines are compact and in- 
aww d esigned, and we hope shortly to publish full 
rawings showing their construction. They are 22 ft. 
long over all, and upon the frame is placed: a covered 
wagon body, the sides of which are made use of for 
condensing tanks. The framing is carried on four 
coupled wheels, driven from an intermediate toothed 
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Wheel also coupled, and gearing into a pinion on the| process, when the bath is richer in carbon, the scrap 
main driving axle. The boiler is placed at one end of| melts quicker, and that the additions follow each other 
the engine, the surface condenser at the other, and the| at shorter intervals than is the case towards the end 
machine is provided with two starting and stopping | of the operation, when the whole bath is nearly decar- 
levers, so that it can be driven backward or forward| burised. Another important feature in the Martin 
with equal facility. The frame consists of a light} process is the complete decarburisation of the bath, 
wrought-iron top and bottom chord, strutted, and| and the subsequent tempering of the metal by an addi- 
di onally braced with cross ties. Between the frame | tion of spiegeleisen. This is the same principle which 
is placed an upright tubular boiler of ordinary design, | has proved so very valuable in the Bessemer process, 
48 in. in diameter, of Sin. plates, with 300 tubes 1} in. | and which in the Martin process forms one of the main 
internal diameter, and about 3 ft. in length. The fire | conditions for practical success. The whole duration 
door is placed on the side furthest from the condenser, of the charge above referred to was 7 hours 45 minutes, 
and nearest the end of the engine. The boiler is}and the quantity of steel produced is 1620 kilo- 
worked to a pressure of 120 lb., and the steam is sup-| gramme ingots and 79 kilogrammé scrap. The loss of 
plied to the cylinders through a pipe communicating | material in the furnace is therefore 145 kilogrammes, or 
with the top of the steam space, and running along | 7.8 percent. The consumption of coal for the Siemens 
under the roof of the machine to a throttle valve, | furnace and for the heating furnace (which latter is a 
under command of the driver at either end, within | common air furnace, and very wasteful in fuel) amounts 
reach of the starting lever. The cylinders are llin.|to 1260 kilogrammes, and the working expenses 
diameter by 15 in. stroke, the slide valves cut off at | (wages and cost of fuel) for making this charge are 
one-third, and the rods which work them drive also| 75.35 franes. There are only six men employed at 
from the links, the two feed pumps supplying the | each furnace, and they work in two shifts, as the fur- 
boiler, the feed being taken from a hot well communi-| nace is in operation night and day, making two 
cating with the condensers. A surface condenser with charges in 24 hours. It will be seen from the above 
vertical tubes is placed immediately ahead of the proportions that the quantities of iron and steel scrap 
cylinder, and communicates with the tanks on each} which can be economically converted into steel ingots 
side of the engine. These tanks are 6in. wide, 22 ft. | by the Martin process are very considerable, and that 
long, and about 5 ft. high. Oval pipes connect them | the expenditure for this operation is very moderate. 
with the condenser, on one side at the bottom, on the | Taking the value of Bessemer rail crop ends at 5/. 
other at the top, the tanks themselves being united at| per ton, and that of hematite pig, with its propor- 
the opposite end. As the steam heats the water it rises | tionate addition of spiegeleisen at the same figure, we 
in the condenser, and enters the tank through the high | arrive at the following prime cost of a ton of Martin 
level connexion, forcing water into the other reservoir, | steel (taking 8 per cent. waste in the furnace) viz. : 
which in its tum delivers a cold supply ; by these Per ton of steel 








means a constant circulation is maintained. But ingots made. 
should this arrangement be insufficient, as may some- Fig ken endcleteemp =o 25 3 8 

times be the case, then such steam as has not been lp p on ee : ; { 
condensed in its passage through the tubes passes into omcioly TT 

a pipe about 4 in. diameter, and is led through one of Prime cost of ingots ... £6 18 7 perton. 


the tanks into the smoke stack of the boiler, where | Old iron rails of good quality can be worked up in this 
what remains escapes through a group of small nozzles | manner at an economical rate and converted into steel 
placed immediately beneath the chimney; but this con-| rails. It is obvious, therefore, that both as an acces- 
tingenoy, however, seldom arises. The crank shaft is| sory to the Bessemer process for working up crop 
placed immediately in front of the boiler, and drives a va and steel scrap, and also for the conversion of 
pinion keyed on to it, which gears into the spur wheel | wrought iron into steel, the Martin process has a 
coupled on to the bearing wheels of the engine. The | /ocus s¢andi and a considerable importance. The first 
first engines made were driven with friction gearing, | outlay for plant is very moderate. A three-ton fur- 
but this proving unsatisfactory after three years’ trial nace, with gas producers and regenerators, and with 
toothed wheels were employed, and at first a cast-iron | all the apparatus for moving the ingot moulds upon a 
pinion working into a wooden spur was used. This | turntable or straight bed in front of the tap hole of the 
device was resorted to to obtain a noiseless motion, | furnace, may be estimated at about 500/. There are, 
but fa "ng, Mr. Buchanan substituted an iron spur, | of course, the royalties for Messrs. Martin and for Mr. 
the teeth of which fitted tightly those of the pinion in| Siemens to be taken into consideration when estima- 
such a way that while one tooth was geared, the ones | ting commercial advantages of the Martin process. 
adjacent. were also engaged. This arrangement has | We have been informed that a contract exists between 
given every satisfaction, and works without any noise | Messrs. Martin and Mr. Siemens, by which the latter 
or rattle, the proportion being 2} to 1. The weigh shaft | receives a fixed royalty per ton of steel produced 
is connected at its ends with the reversing levers, one | amounting to about one half the royalties drawn by 
of which is placed at each extremity of the engine, to| Messrs. Martin. At a recent date a rumour was 
the right hand of the driver: The coupling links are | spread in France that Mr. Siemens, after having 
hinged upon cast-iron blocks bolted to transverse stays, | entered into this arangement some years ago, is now 
and are arranged:in such a manner as always to main- | trying to upset the Martin patent and to keep all the 
tain a central line of traction between the engine and | royalties to himself, maintaining that it is the merit of 
its load. These machines haul from 10 to 15 eight-| the Siemens furnace, and not the mode of working 
wheeled trucks, weighing each 22 tons, at a speed of | it, by which success has been obtained. Without con- 
6 miles an hour, which is the maximum rate allowed | sidering it necessary to make inquiries with regard to 
by the municipal authorities for steam street traffic, | the truth of such a statement, we may at once point 
For the six months ending January 1, 1868, 6412/ out the extreme improbability, or, in fact, the moral 
loaded trucks were conveyed between the depéts, and | impossibility of such a proceeding. It is not in 
since their first introduction, in 1862, no accident has|the nature of inventors of such standing as Mr. 
occurred, and no serious inconvenience arisen through | Siemens occupies to disregard the moral claims 
their use. of fellow-inventors, no matter whether his patents 
——- we more ro} cea difficult ~¢ defend = yee he 
7 ‘TN p hag aw. It would, moreover, be a most palpable stroke 
THE MARTIN : ROCESS. of bad policy on the part of Mr. Siendnn to separate 
(Continued from page 365.) his interest from that of a patent in which he already 

We have, with the kind permission of Messrs. | has so large an interest by virtue of his contract with 
Martin, noted the details of a charge fromthe books | Martin. Such a course would place Messrs. Martin 
of the Sireuil works, and they will give an example of | in the necessity of proving that their process can be 
the Beegortions and quantities of raw padres s re- | worked with equal success in other furnaces, and no- 
quired for the Martin process, and of the economical | body is better able to arrive at satisfactory results with 
results afforded by it. The original charge of pig iron | a new furnace than Messrs. Martin, who have all the 
forforming the bath consisted of }00kilogrammes of grey | practical experience of five years’ trials and experi- 
charcoal iron. The additions of heated scrap succes-| ments behind them. ‘The result of a lawsuit, which 
sively made to this charge consist of 200 kilogrammes | would then test the validity of the Martin patent, 
of steel scrap, 800 kilogrammes of wrought-iron scrap, | would be disastrous to Mr. Siemens if decided in 
and, finally, 140 kilogrammes of spiegeleisen. It is | Messrs. Martins’ favour, but it would be still more 
the principal characteristic of the Martin process that | disastrous to him if decided against these inventors. 
the quantities of wrought iron or steel mixed with the |The process would then become public property if 
pig iron are introduced gradually, and in yery small |carried on in any furnace but that for which Mr. 
doses. Each additional quantity of metal is allowed | Siemens holds a patent, and this very fact would form 
to melt completely before a fresh quantity is added. |an inducement to start rival furnaces to that of Mr. 
The charges are of about 100 kilogrammes each, and | Siemens’s, which would prove sufficiently effective 
the average time for each is about half an hour. It is}to bring down Mr. Siemens’s rates of royalties far 
bvious, however, that during the earlier stages of the | below the figure he may now receive from Messrs. 




















Martin. It is more probable, therefore, that in the 
event of a struggle for the validity of the Martin 
patent, the interests of Messrs. Martin and Siemens 
will draw in the same direction, instead of opposi 
each other. We have dwelt at some length upon this 
subject because we believe that a trial of the Martin 
patent in the law courts of this country will scarely be 
avoidable. Our readers will have seen from the details 
of the process now given that this mode of steel manu- 
facture is a valuable and important innovation; the 
Martin patent at the same time does not claim a 
clearly defined and very characteristic principle which 
could be readily expressed in a few words at the end 
of the specification. Most of the abstract principles 
involved in the patent are public property, and the 
rincipal merit of Messrs. Martin consists in their 
ong protracted course of ——— operations, 
working out gradually all the different details of their 
method, eliminating the causes which could induce 
failure, and collecting into a complete and commercially 
successful process a series of principles which in their 
abstract form had been invented before, but had re- 
sulted in nothing but failures in actual practice. 
Patents of this kind are seldom left unattacked in this 
country, but the history of some recent trials shows 
that the achievement of practical success in any new 
mode of manufacture is now considered as the decisive 
feature of a real invention, and that a patentee who 
has attained practical success by the application of 
rinciples which, in the hands of previous inventors, 
fad produced nothing but failures, has every pro- 
bability of maintaining the validity of his patents in a 
British court of law. 








THE STRENGTH OF BEAMS.—No. X. 


On THE TRANSVERSE STRENGTH OF STEEL Rats 
AND OTHER ANALOGOUS BEAMs. 

Ay opportunity is afforded of putting the method 
of calculation advanced in this investigation to a 
crucial test, by comparing the calculated and actual 
breaking weight of the rail tested head downwards. 
Under this condition the maximum strain on the fibres 
will be tensile, hence the effective moment of ‘section 
will be M=8.715, and the weight 

4x 8.715 x 38.3 tons 
= 60 in, = 22.2 tons. 

Now, the results of actual test at Kirkaldy’s were 
as follows : 




















Elastic limit. Ultimate. 
Weight. | Deflection. Weight. | Deflection. 
Tons. Inches. | Tons. | Inches. 
15 3 22 5.42 





The difference between the experimental and _ealcu- 
lated result is therefore less than 1 per cent. Hence, 
sinee no complicating conditions due to differences in 
the quality of the steel are involved, we may consider 
the reliable nature of the results given by the process 
of computation adopted to be satisfactorily demon- 
strated. 

It may be contended, with reason, that the strength 
of the rail deduced in the preceding investigation is of 
little practical value, since the rails prepared for fixing 
have a series of holes 17; in. diameter in the fiangee, 
a condition which must obviously materially mo ify 
their ultimate transverse resistance. We shall find a 
much greater loss of strength obtained than that due 
to the diminished sectional area alone ;_ and if we 
measure results by the work done in effecting rupture, 
the detraction from the resistance induced by the holes 
will be far greater than would at first sight be con- 
sidered possible. It will be well, therefore, to investi- 
gate the question of the probable strength of the — 
with holes, in the same detailed manner already adoptet 
in the instance of the solid rails; since, by so doing, it 
is not unlikely some desirable — in the system 
of fastening may suggest itself. ¥ 

The first thine ry noted is the position of - 
holes, which are placed not opposite each other, ‘n 
4 in. apart on alternate sides of the web of the Pa ; 
hence the cross section of the latter through the ho - 
is unsymmetrical with respect to the centre line of the 
web. . a We 
Let us consider the effect of this condition. 7 
have, in the bottom flange of the rail, a wide Phe 
metal with a tensile strain—transmitted throug’ 


web—applied in the direction of its centre line. Now, 
if the sectional area of metal on eac 


of action of the pulling stress were equal in amo 


symmetrically disposed, the unit strain pra but if 


would be uniform over the entire cross sectil Bayh 
this condition be not obtained—as is the case W! 


h side of the line 
unt an 
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rails we are considering—in order to establish equili- 
brium, the deficiency of sectional area on one side of 
the centre line must be compensated for by an increased 
unit strain on the metal on that side. 

This proposition will be more clearly understood by 
its application in the present instance. 

Referring to Fig. 12, representing the section of the 
bottom flange of the rail, through a hole, subjected to a 
tensile strain the centre of action of which lies in the 
plane of the centre line of the web, it will be apparent 
that, since the forces on each side of the centre line 
must balance, the deficiency of metal on the side of the 
hole will induce an increased strain per square inch 
on the edge of the flange nearest the hole, compared 
with that occurring on other portions of the same 


FIG. 12, 


section without reference to the position to the hole ; 
since we have already ascertained, in the present 
instance, the mathematical value of the maximum unit 
strain will be $ths of the mean amount due to the 
moment of resistance of the cross section. 

Proceeding by the method already exhibited when 
dealing with the solid rail, we find, Fig. 13, the position 
of the neutral axis to be 2.45 in. from the head of the 
rail; the'centre of pressure being 1.76 in. and 1.67in. 
above and below that point. The effective area of 
metal shaded on the diagram being 2.4 square inches, 
and the effective depth 1.76 in.+1.67 in.=3.43 in., the 
moment of resistance of the cross section will be 
M=2.4in. X3.43 in.=8.23; and from that we might 








at once deduce the maximum compression on the rail ; 
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member. The average unit strain will, of course, be 
that due to the sectional area of the flange, irrespective 
of the position of the hole; consequently, the excess 
of strain on the metal on one side of the centre line 
will be accompanied by an equivalent reduction in the 
amount on the opposing side. Now, higher tensile 
strain per square inch involves greater elongation ; 
consequently, under a direct pull, the flange of the 
rail would be deflected laterally towards the side on 
which the hole is placed, precisely the same as it 
would be if, in addition to the direct pulling stress, a 
bending force were applied opposite the hole, and 
acting in the direction of the arrow shown on Fig. 12. 
The mean unit strain on the fibres will be the same as 
that occurring on the fibres at the centre line of the 
rail, whilst on one side of that line the unit strain will 
diminish, and on the other side increase, in direct pro- 
ortion to the distance of the fibre from the centre 

e. 

The relative values of the mean, maximum, and 
minimum unit strains on the flange of the rail may be 
determined geometrically as follows: 

Referring to Fig. 12: produce the base line of the 
flange to an assumed point, A, and from the opposite 
edge of the flange erect the perpendicular, BC, setting 
off on that perpendicular the heights, BE and BC, 
equal to the thinnest and thickest portions respectively 
of the metal in the flange. Then from A to é draw a 
line intersecting the centre line of the rail at the point 
a, and from A to E draw another line intersecting the 
edge of the flange at the point 4. Joining the points 
6, a, E, we obtain the equivalent area of flange (shaded 
on diagram), assuming the unit strain to be uniform 
throughout, and equal in amount to. the maximum 
stress occurring on any fibre. Now, since the centre 
of action of the pulling stress lies in the centre line of 
the rail, it is obvious the centre of pressure of the 
forces in action, or what we have shown in previous 
examples to amount to the same thing—the centre of 
gravity of the shaded portions on the diagram—must 
be in the centre line of the rail also. If upon trial this 
condition be not fulfilled, it will be necessary to assume 
a ag position for the point A, and proceed as 

ore. 

In the present instance, the position of the.point A 
will be found to be 4rd the width‘of the flange from its 
edge; hence, since the strain on any fibre will be 
directly proportional to its distance from A, ‘the 
maximum unit strain on the edge nearest the hole will 
be $ths, and the minimum ?ths, of the mean strain on 
the metal in the flange. 

We have assumed in the preceding investigation the 
flange of the rail to be a flat bar under @ direct tensile 
strain, whereas, in point of fact, the tension being ex- 
cited by a transverse stress will diminish in amount 
towards the neutral axis of the rail. . A» little con- 
sideration, however, will .make it evident that the 
results arrived at in the former instance will hold good in 
the latter also, since the flange may be ived as 
made up of a number.of layers, under varying. di 
of tension, each of which will be affected ama si 
manner to the flat bar assumed in the first instance ; 
hence the maximum strain on the flange will also 
be $ths of the mean amount. 

In order to determine the transverse strength. of the 
rail with holes in the flange it will only be necessary, 
then, to ascertain the moment of resistance of the cross 











but as we need only consider tensile strain, it will be 
necessary to ascertain the effective moment of re- 
sistance of the portion of the rail below the neutral 
axis. 


FiG.13 














Now, the mean tensile strain will be less than the 
maximum compression in direct proportion to the ex- 
treme distance of the respective fibres from the neutral 
axis; hence the equivalent moment for the mean tensile 


strain will be M=2:23 im. x 2.45 in._9 9 But the 
4.5 in. — 2.45 in. 

maximum unit strain on each layer of fibres will, as we 
have already shown, be increased to $ths the mean 
amount on account of the unsymmetrical position of 
the holes. Hence, since the maximum strain is the real 
measure of the strength, the effective value of the 


moment will be reduced in that ratio; consequently 
€ g <4 
M =? = 6.145 and with that value of M alone 


will it be necessary for us to deal. 

Having thus obtained the effective moment of the 
cross section, the next step is to ascertain the mathe- 
matical value of the maximum strain on the fibres. A 
little consideration will make it evident that, if the 
value of the moment of cross section is affected by the 
position of the holes, that of the maximum unit strain 
will also be affected, but to a much greater degree. 
For, by reference to Fig, 12, it will be seen that the 
angular deflection of the flange, laterally under a tensile 
strain, will be similar to that of a solid beam, of which 
the point, A, is the neutral axis, and the semi-depth 
AB; hence the depth of the solid’ beam would be rds 
the width of the flange of the rail. ' . 

Now, in a previous investigation we ascertained 
the value of @ was dependent upon the depth of metal 
in the beam conjointly with the deflection ; it follows, 
therefore, that its value in the mt instance will 
be ths of that obtained in a solid bar. In other words; 
the apparent maximum tensile resistance of the flange 
under a direct pull would be a certain amount greater 
than the actual strain on the-fibres} in consequence of 
the assistance the less straixied fibres afford to the con- 
tiguous more severely strained ones. °" 

Again, the mean width of the flanges being ¢%, and 
that of the web'44; the value of ? will be the fraction 
+ of that obtained in a solid bar, which for the steel 
used in the present rails we have ascertained to be 
.6f. Hence the equivalent value of ? for the present 
section will be ?=.6/ ($+}4)=.337. Taking /= 


i on the fibres F=/+?=46.5 tons per square 

inch. 

_ We have now all the necessary data for determin- 

ing the transverse strength of the rails with holes as 

— for fixing. Taking the same bearing as 
efore, that is, 60in., the breaking weight applied 


at the centre would be W= MF 
m 


w= 4x 6.14 x 46.5 tons 





; by substitution, 


=19 tons, 


n. 
Now, in this instance, as before, the results of direct 
experiment afford us an opportunity of testing the ac- 
curacy of the method oF investigation, since two 
— of rails with drilled holes were tested at the 
earing assumed in the previous calculation with the 
ss results : 
No. 1. Position of hole 73in. from centre of bearing. 
Breaking load 27.6 tons. 
No. 2. Position of hole 2in. from centre of bearing. 
Breaking load 20.4 tons. 

As in both instances fracture took place through the 
holes, although they were not made at the point of 
maximum stress—the centre of the bearing—as 
assumed in the previous calculation, it becomes neces- 
sary to reduce the actual breaking load to the equiva- 
lent amount had the holes occurred at the centre. 
Since the strain at any point of the rail would be 
directly proportional to its distance from the nearest 
bearing, the stress being applied at the centre, we 
_— the following values for the required equivalent 
oad : 


No.1. W = 2/.6tons (30 in. — 3 in.) _ 90,4 tons. 








30 in. 
No.2. W= 20-4 tons (30 in. — 2in, 
30 in, 
Mean result = 19.7 tons. 
It will be remembered the result arrived at by 
investigation was 19 tons, which is precisely identical 
with that obtained in the second experiment, whilst 
the mean variation is only some 3 or 4 per cent. In 
this instance, therefore, as in that of the solid rail, the 
results of investigation and direct experiment are prac- 
tically identical. BB 


= 19 tons. 











LIQUID FUELS. 
To Tur Epitor or ENGINEERING. 

Srr,—In the last issue of your valuable journal we ob- 
serve a letter from Mr, 8. E, Crow, stating that he is the 
patentee of the apparatus described by Captain Selwyn in 
the lecture he delivered on Liquid Fuel before the’! ‘@titution 
of Naval Architects. Now, the apparatus used by Mr. Crow 
is that for which he obtained a patent (No. 1742, 1867), in 
noticing which you very justly observed (in ENGINEERING 
for March 20, 1868) that it appeared to be “ but a somewhat 
“clumsy modification of the system of injecting hydrocarbon 
“oils by steam patented by Messrs. Wise, Field, and 
“ Aydon,” whose patent, be it remembered, was taken out 
about two years before Mr. Crow’s. Early in December last 
we sent formal notice to the latter gentleman that the ar- 
rangements used by him for burning liquid fuels were an in- 
fringement of Messrs. Wise, Field, and Aydon’s patent, 
and, further, that all parties who had theretofore infringed, or 
might thereafter infringe, the rights exclusively granted to 
those gentlemen under their patent of 1865, would be held 
responsible for so doing. ; 

Captain Selwyn does not profess to advocate the claims of 
any special patentee, but we have his authority for stating 
that, had he noticed Mr. Crow’s apparatus at all, it must 
have been to point out its similarity to the system previously 
patented by Messrs. Wise, Field, and Aydon. 
The right of Mr. Crow or any other parties to use what he 
calls his patent apparatus, without permission from the 
original patentees, is a question that will have to be settled 
at a future time in some other _— 

Weare, Sir, your most obedient Servants, 
Francis WIsE AND Co. 
Chandos Chambers, Adelphi, W.C., 
April 21, 1868. 








RUSSIAN SLEEPING CARRIAGE, 

To rue Epitor oF ENGINEERING. 
Mownstevr,—J’ai entre les mains votre No. 94 du volume 
iv. en date du 18 Octobre, 1867, contenant le dessin de 
l'un des wagons 4 lits en circulation entre St. Petersbourg et 
Moscou sur le chemin de fer Nicolas. C’est par erreur que 
vous attribuez la. construction de ces wagons i M. Winans 
car ils ont été construits d’aprés mes propres projets et sous 
ma direction personnelle, dans les ateliers‘ da comptoir des 
constructions privées de Moscou. Je yous serai obligé de 
vouloir bien rectifier cette erreur en insérant la présente 
lettre dans l’un de vos plus prochains numérog. ? : 
Agréez, Monsieur, l’assurance de ma a considération, 

L. MicHxt, ingénieur. 
Moscou le 7 _— 1868. 








Rariways 1n France.—A project has been decided upon 


for constructing a railway from Besangon (Doubs) to Switzer- 
land by way of Morteau, the line to form part of the fourth 
praia The State will furnish a subventiom of ten millions 
of francs. ” 








35 tons per square inch as before, we obtain ¢= 
11.5 tons, andl the mathematical value of the maximum 
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DETAILS OF MESSRS. RANDELLS, HOWELL, AND CO.’S ROASTED MALT WORKS, BARKING. 


MR. F. W. CROHN, ENGINEER. 





(For Description, see opposite Page.) 
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FORTIFICATION.—No. V. 
Fie. 17 is a work on the crest of a slope of con- 
siderable steepness which is scarped, the natural face 
being indicated by the dotted line. No ordinary 


assailant could force his way up such an escarp of, say, 
90 ft. in height, unless it was very inadequately de- 
fended. Many of the faces of the indented chain of 
hills on which the first (or outer) line of works in the 
lines of Torres Vedras were constructed were scarped 
in this way on the face next the enemy, and by this 





means the defences were immensely strengthened: 
Two miles of the lofty unbroken ridge from Alhandra 
to the valley of Calandrix were rendered inaccessible 
by a scarp along its brow from 15 ft. to 20 ft. in height, 
and a flotilla of gun-boats on the Tagus, which directed 
a powerful flanking fire along it face. 

Many parts of the incline bounding the high ground, 
occupied by the Federals at Gettisburg, might have 
been scarped with great advantage to the defence. 
At many points the assailants were at the foot of the 
incline completely covered from the defensive fire. 
The increased difficulty of making their way up such 
an incline in some degree balanced the advantage of 
cover. If these steeper portions had been scarped 
and flanked by batteries firing grape, constructed on 
salient points along the face, or by musketry fire, it 
is clear a great advantage would have been gained by 
the defence. The time, however, at the disposal of 
General Mead did not admit of such details. The con- 
sideration with him was to raise the greatest possible 
amount of cover at the most vital points in the shortest 
possible time. A proper consideration for us when 
regarding his position, the defences he raised, and 
their direct and ultimate effects, as a lesson in 
military strategy—if we are students worthy of the 
name—is how much, had time permitted, might have 
been done to add to the natural strength. of. the 
positions? Had General Mead been two days sooner 
on the ground and strengthened it, as he proved him- 
self capable of doing, in proportion to the time, Lee 
would have withdrawn from it, as Massena did from 
Torres Vedras. In one respect it did prove to be the 
Torres Vedras of America. It was the barrier from 
which the tide of Southern conquest first receded. 
From thence it became an ebbing current doomed to 
rise no more. We shall, in our next, give a plan of 
this famous battle-field, the disposition of the troops 
on either side, with an account of its defences and 
of the three days’ battle. 

The marshy ground beyond the searp, in Fig. 17, 
would in the rainy season add greatly to the difficulty 
of an enemy’s approach. In the drier season, when 
Oe guane might be firm, it might be rendered very 
unsafe for the enemy by teen-doloup or crows’ feet ; 
the coarse grasses would afford excellent cover for 
either. We just now remember an instance at the 
siege of Sebastopol in which the former proved a very 











important part of the defences. The French in their 
attack on the little Redan and the works on Careening 
Bay failed, from being thrown into disorder by trap- 
holes, which were so hidden by dust and smoke that 
their existence was never suspected by the assailants 
till they fell into them. When seen, too, they may do 
good service by preventing an attack on the weaker 
points of defensive works, and directing it against the 
stronger, and where the active defensive power is the 
greatest. 


Europe, iron-pointed stars or 
stout nails, so fixed as to radiate so that when set or 
thrown on the ground they always have a point up- 
wards. The Hindoos mike very formidable crows’ 
feet, that have inflicted very severe wounds, of pointed 
bamboo hardened in the fire. ‘They are said to have 
been used by Bruce at Bannockburn, and history 
somewhere records that they were placed by the 
Romans in the way of the Parthian horse. They are 
placed in the ditches of defensive works, and in many 
other positions, but they are principally and most 
effectively used as an impediment to cavalry. 

Fig. 18 is an illustration of the scarped face of an 
incline where there are no defensive works immediately 
above it, its purpose being a complete obstruction, 
compelling the enemy to direct his attack against a 
point or points where the defensive troops are well 
prepared to receive him. 

Fig. 19 represents two defensive works, both on the 
face of a slope, the banquette of the upper being on 
the crest of the incline ; at the intersection of the in- 
clined and horizontal planes. The object of the 
angular cuts or heel tracks under the base of this 
work is to prevent the newly raised earth from slip- 
ping. One of the purposes of the lower work is to 
search with its fire the ollow ground that the fire of 
the upper could not touch. Both of these works 
might have parapets on the left or right flank, or on 
both their flanks, prepared to bring a powerful artille 
and musketry fire on the enemy forcing his way throug 
a mountain pass on either side. It is clear, however, 
that the ground in front would be thoroughly swept 
by them, and that if mounted with powerful guns, and 
well supplied with musketry defences, their fire in this 
direction would be very destructive. 

Batteries have often been constructed below the 
crest of an incline to fire over it on an enemy, 
above or beyond the crest, and found an extraordinary 
degree of security in their position, as shot falling short 
generally fall harmless; asa rule, they ricochet over 
the work. In such a work the incline of the superior 
slope would be the reverse of what it is in parapets of 
works on the horizontal plane, or designed to fire 
down the incline ; it must be directed according to the 
natural slope of the incline, as the crest of a parapet 
of the usual form, in this position, would soon be 
demolished by the plunging fire from the higher ground. 


On nary | parts of the faces of the slopes on the 
right, and directly in front of the Federal position at 
Gettisburg, lines of parapets and rifle pits were con- 
structed, which the batteries on the crest of the 
slopes fired over, with safety to those in the lower 
works. When a work can thus fire over an advanced 
work itis said to have command of fire over this work. 
If the work in the rear can look into the interior of 
the work in front, but cannot fire over it with safety to 





those in it, the former is said to have command of 


FIG. (7. 






\ 
\\ 


W\ 


observation over the latter. It is clear that two 
arallel lines of works (an outer and inner) that can 
Poth fire at the same time are a more formidable 
defence than two similarly placed works that cannot. 
The latter, however, have great advantages over a 
single line of works. If the outer line be forced the 
expenditure of the enemy’s strength in forcing it is 
much greater than that expended in its defence ; and 
when he gains the interior of the outer work, at least 
partly exhausted, the inner, with steady aim, directs 
upon him the full volume of its unexhausted fire. 
As will be observed in our next, it was the fire of the 
interior works that always told with such murderous 
effect upon the Confederates at the battle of Gettis- 


burg. 


BREWING AND BREWERIES.—No. VI. 


Matertats Empioyep In BrEwING—BaRLzY, AND 
THE Process or MaLtiInc.—( Continued.) 

It is of the greatest importance that malt, after it 
leaves the kiln, should be kept as dry as possible. It 
has been suggested that for this purpose it should be 
stored in airtight cases ; but it is doubtful if any cases 
which could be conveniently used in practice could be 
kept sufficiently airtight to prevent the absorption of 
moisture by the material stored in them, and it is, 
therefore, probably better to store the malt in such a 
manner that access may be had to it for the purpose 
of skimming off the surface, when necessary, beiore 
using it. The surface malt is generally more or less 
damp, and much benefit may often be derived from 
removing the surfac@ grains before using the material. 

Of course malt stores should be constructed so as 
to exclude damp as much as possible. The walls 
should be well built, and if double so much the better. 
A layer of slate should also be introduced into the 
walls a short distance above the ground level, and this 
will be found to prevent the moisture from ascending. 
The walls should be lined with matched boarding, 
and the ground floor cf the malt is stored on it) and 
soot heal be thoroughly watertight. Messrs. Richard 
Moreland and Sons, of Old-street, have constructed 
some excellent malt bins of corrugated iron, the sides 
being supported by ties and girders. Bins of this 
kind, of the combined == 40,000 quarters, 
have been erected by the above firm at Messrs. 
Watney’s brewery, Westminster, and they have lately 
completed other bins, capable of storing 20,000 
quarters, at Messrs. Charrington’s. Of these last 
bins, together with the very complete series of eleva- 
tors, &c., with which they are connected, we shall give 
a description, accompanied by engravings, in a future 
number. 

All malt that is not perfectly dry should be re-dried 
on a kiln before being used by the brewer. Kilns 
having two or three floors, one above the other, have 
been sometimes erected for this purpose ; but unless 
the malt is transferred from the upper to the lower floors 
successively, it can never be thoroughly dried in such 
kilns, as the moisture from the lower layers is ab- 
sorbed by those above, and in order to expel this 
moisture from the upper floors the lower floors would 
have to be overheated. If the malt is transferred 
from one floor to the other, the drying being completed 
on the lowest floor, the extra howe involved must, 
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we think, more than counterbalance any other advan- 
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tages; and, altogether, we consider that kilns with 
more than one floor should be avoided. It-would be 
of considerable advantage to brewers if the’ present 
restrictions on the re-drying of malt were removed, and 
this would be especially the case with, the London 
brewers, or others sup flied with malt from maltings 
at a distance, the malt lee always liable to get more 
or less damp during its transportation. 

In concluding our notes on malt and malting, we must 
say a few words respecting the characteristics of good 
malt. In choosing malt one great thing to be looked 
to is the weight, which, except in the case of blown 
malt, should not be less than 40 1b. per bushel. Good 
pale malt will vary from 40]b. to about 43 lb. per 
bushel. The blown malt, of course, is er 
lighter, its weight only being about 34 1b. per bushel. 
Heavy malt, being made from heavier barley, contains 
a less proportion of husk than lighter malt, and, other 
qualities being equal, it gives a richer extract when 
mashed. In judging of the quality of malt by the 
weight, however, care must be taken that the sample 
contains as few unmalted grains as possible. Barley, 
as we have said, loses about 19 per cent. of its 
weight during the process of malting, and, of course, 
if any unmalted grains are mixed with the malt the 
weight of the latter will be increased, An old and 
good plan for ascertaining the proportion of unmalted 
grains in any sample is to count out from the latter at 
random 100 grains, and put them into a glass of cold 
water and stir them about. The pickles-which are 
thoroughly malted will float on the surface of the 
water, whilst the unmalted grains will sink, and those 
partially malted will hang vertically, the unmalted 
ends being, of course, downwards. 

Besides being of good weight the malt should be 
perfectly tender, breaking freely between the teeth, 
and having no hard ricey ends. The taste should be 
sweet and pungent, and the grains should be round 
and full with a thin husk. ‘lhe acrospire should ex- 
tend for at least two-thirds of the length of the grain, 
and if it extends further than this uniformly in all the 
grains so much the better; the acrospire should not, 
however, project beyond the end of the grain, if it 
does the growth has been carried too far. The husk 
oneach side of the acrospire should be free from the 
cridled appearance of the barley husk; if this appear- 
ance exists either the conversion has been incomplete 
or the heat of the kiln has been too suddenly applied. 
Malt, which has not been thoroughly dried, and more 
especially mouldy malt, should be carefully avoided. 


Roastep Matt. 

Roasted or, as it is sometimes called, “ patent” 
malt is, as we have already stated, now largely used 
in place of the blown and dark amber malts formerly 
employed. It ismanufactured by roasting malt in revolv- 
ing cylinders, and is made of various tints, from a light 
coffee, or amber, colour, to almost black. The malt 
for roasting is generally steeped but little over the 
minimum time allowed by law, viz., 40 hours, and it 
is kept on the floors a much*shorter time than 
ordinarymalt before being placed on the kiln. Ac- 
cording to law the factory at which the roasting is per- 
formed must be at least one mile from the maltings. 

We cannot better describe in detail the manufacture 
of roasted malt than by giving an account of the new 
malt factory recently erected at Barking by Messrs. 
Randells, Howell, and Co., by whose courtesy we 
have been enabled to published engravings of the 
plant employed. Messrs. Randells, Howell, and Co.’s 
factory is a fine substantial building, with fireproof 
floors throughout, situated on the eastern bank of 
Barking Creek, this creek affording water carriage for 
the malt, which can be lifted by the sack hoists direct 
from the barges to any of the floors of the factory. 

The general arrangement of the machinery will be 
best understood by reference to the transverse section 
of the factory (taken parallel to the bank of the Creek) 
which we give on page 389, this section, as well as 
the engravings on the opposite page, having been 
yrepared from tracings kindly supplied to us by Mr. 
Pr. W. Crohn, the engineer of the works, by whom 
the whole of the plant was designed, and under 
whose direction it was constructed. _ The main build- 
ing is 77 ft. long, by 42 ft. broad, atid on one side of 
it is the engine house, 37 ft. long by 16 ft. wide, tne 
upper part of which affords accommodation for the 
large roasting cylinder, of which we shall speak pre- 
sently. As will be seen from the section, the building 
has three floors, independent of the basement, the 
latter — at present unoccupied, except as a tem- 
porary workshop. On the lowest floor are the bins, 
which afford storage for both the roasted and unroasted 
malt, these bins being arranged in rows down each 
side of the building, with a clear central space, about 
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14ft. wide, between the rows. On the floor next 
above the bins are the screens for screening the malt, 
and on the upper floor are the roasting ovens. 

The malt is raised from the barges by a sack hoist 
to the level of the second floor, and. it is then carried 
in and poured through the trap doors in the floor into 
the bins below, From these an it is raised as re- 
quired, by another sack hoist, to the upper floor, where 
it undergoes the process of roasting. The sack hoists 
run up the sacks at the rate of 200 ft. per minute, and 
they are worked from the line of shafting which runs 
longitudinally down the centre of the second story. 
From this line of shafting the roasting machinery is 
also driven by belts arranged as shown in the section 
on page 389. The motive power is supplied by a 
neatly designed engine with inverted cylinder 12 in. 
in diameter, and 20in. stroke, this engine, which is 
driven at 75 revolutions per minute, being capable of 
doing far more work than is at present demanded of 
it. Steam is supplied at a pressure of 501b. per 
square inch by a Cornish boiler placed on the ground 
level. ‘The manner in which the engine is connected 
with the main lines of shafting, by means of a vertical 
shaft and bevel gear, will be seen from the section on 
page 389. 

The upper floor of the main building affords space 
on one side for two sets of twelve roasting cylinders 
each, and on the other side for one set of twelve and 
one set of eight cylinders. The diminution of the 
space available on the one side is caused by the open- 
ing left for giving access to the large roaster of which 
we have already spoken. At present the upper floor 
contains but two sets, of twelve cylinders each, the 
other set having not yet been erected. The construc- 
tion of the cylinders and their arrangement in the 
ovens is shown by the various views on page 392, 
Fig. 1, being a front elevation of one set of twelve 
cylinders; Fig. 2, a corresponding end elevation; 
Fig. 3, a plan of the hood; and Fig. 4, an enlarged 
section through one cylinder and oven. 

Each set of twelve cylinders forms a block 34 ft. 
long by 8 ft. deep; 4 ft. 6 in. of this depth being taken 
up by the ovens, and the remainder by the overhanging 
hood. The roasting cylinders are of sheet iron, and 
are each 1 ft. 10 in. in diameter by 2 ft. 9in. long. The 
cylinders are arranged in pairs, the two cylinders of 
each pair being 2 ft. 3in. apart from centre to centre, 
and the fire by which they are heated being situated 
beneath and between them. The two cylinders of each 
pair are driven in opposite directions, so that the upper 
portions of the cylinders are continually moving to- 
wards each other. The motion of the cylinders thus 
assists in carrying the heated gases from the central 
fire round them, these gases eventually escaping 
through the two openings in the roof of each oven. 
These openings are provided with dampers, as shown in 
Fig. 4, and they lead into a pair of horizontal flues 
which pass over the whole length of the block of ovens, 
and communicate with a centralchimney. ‘These flues 
are cleared out through soot doors provided at the 
ends, as shown in Fig. 2. The firegrates are narrow, 
and of a length about equal to that of the cylinders ; 
the heated gases from each grate pass, as we have 
said, around the outer sides of the pair of cylinders 
and partly up between them. Each ashpit is provided 
with a close-fitting door, and by means of this and the 
dampers in the openings at the top of the oven the 
heat can be saguinted as desired. The fires are fed 
with coke. 

Kach oven is 4ft. lin. deep, 2 ft. 4in. high above 
the firegrate, and about 4{ft. 5in. wide, the sides 
being shaped so as to leave a narrow passage between 
them and the outer sides of the pair of cylinders. The 
crown of each oven is supported by a casting, as 
shown in Fig. 4, and castings extend over the whole 
length of the front and back of each block of ovens, 
making the whole a very neat job. The castings at 
the back of the ovens are protected by a lining of fire- 
bricks 4$ in. thick. Each oven is closed in front by 
two pairs of sheet-iron doors, which can be opened to 
allow the cylinders to be drawn out, as we shall ex- 
plain presently. 

The cylinders are, as we have said, of sheet iron, 
and the manner in which they are constructed is 
shown by Fig. 4. From this it will be seen that a 
cast-iron pipe passes through the centre, and is secured 
to the ends of each cylinder, the enlarged ends of this 
pipe being fitted with cast-iron bushes, which slide on 
a longitudinal feather with which the shaft carrying 
the cylinder is provided. Each cylinder has a narrow 
sliding door on one side, through which the malt can 
be introduced and withdrawn. To provide for the 
escape of the vapour from the malt, moreover, there is 
inserted into each cylinder a perforated tube, which 
extends nearly its whole length, this tube, which is 


not shown in the engraving, being fitted so that it can 
be readily withdrawn for the purpose of cleaning, 
Feathers are placed spirally on the interiors of the 
cylinders, so that the malt is thoroughly turned over 
as the latter revolve. 

The shaft by which each cylinder is carried is 2 in, 
in diameter, and is of sufficient length to allow of the 
cylinder being drawn out on it clear of the oven. It 
revolves in bearings carried on a bracket cast on the 
backplate of the oven, and by a light casting fixed to 
the rem in front of the oven, respectively. The light 
castings just mentioned, which form what is termed 
the front rail, are shown in Figs. 1 and 4. ‘The bear- 
ing at the back of the oven is placed a short distance 
from the backplate ; and betwen it and the latter 
there are placed on the shaft some loose washers, 
which protect the bearing from any hot gases which 
might escape through the opening in the back of the 
oven through which the shaft passes. The hind end 
of the shaft carries a bevel wheel running loose upon 
it, and beyond this is a clutch, which slides on a 
feather on the shaft, and can be thrown into or out of 
gear with a corresponding clutch- cast on the bevel 
wheel, by means of a lever placed as shown in Fig. 4, 
From this lever a rod passes over the top of the oven, 
and terminates in a handle within convenient reach of 
the man in charge of the operation of roasting. The 
bevel wheel just mentioned gears into another bevel 
wheel of equal size, fixed on a shaft which extends the 
whole length of the block of ovens. Each cylinder is 
driven from an independent bevel wheel on the shaft, 
and this latter is itself driven by the arrangement of 
spur gearing and belts shown in outline in the general 
section on page 389. By this arrangement each 
cylinder can be stopped and started independently, as 
may be required during the process of roasting. The 
cylinders are driven at the speed of 30 revolutions per 
minute. 

One great difficulty to be contended with in malt 
roasting machinery is the thick, gummy deposit from 
the vapour of the malt, which clogs everything with 
which it comes in contact. The men, also, are care- 
less, and will take no more trouble than they can help 
in the way of cleaning, so that the only thing that can 
be done is to clear away the vapour as much as possible 
by good ventilation. The shafts carrying the cylin- 
ders, especially, become quickly coated with this 
gummy deposit, which, becoming hardened by the 
heat, frequently causes the drawing of the cylinders 
out of the ovens to be a matter requiring considerable 
force. The men, however, from some reason, un- 
known, probably, to themselves, seem to prefer giving 
themselves hard work in this way to taking a little 
trouble and keeping the shafts clean. The shafts of 
the block of ovens which we have described are, as 
we have said, round, but this is the case in one block 
of ovens only at Messrs. Randells, Howell, and Co.'s 
works, the others being fitted with square shafts, 
and the cylinders being fitted at each “a with rollers 
which run on these shafts. This plan has also been 
adopted in the case of the large roaster, which we 
shall describe presently, and it enables the cylinders 
to be drawn out more easily than when they slide on 
the shafts. 

We must now describe the arrangements for carry- 
ing off the vapour from the malt which, in addition to 
its depositing the gummy matter already mentioned, is 
very irritating to the lungs, and must, we should 
think, be very prejudicial to the health of the men 
employed. The two flues which we have mentioned 
as running the whole length of each block of ovens, 
jare each 8 in. wide by 44 m. high, and they communi- 
jeate at the centre of their length with a chimney or 
!funnel 2 ft. in diameter, and made of sheet iron lin. 
thick. This funnel is not led direct through the roof 
of the building, but is bent forward, as shown in 
Fig. 2, and is carried up to a height of 23 ft. inside a 
shaft 4 ft. square, leading from the top of the hood 
which extends over the fronts of the ovens. By turn- 
ing the funnel from oven-flues into the shaft of the 
hood in this way, an induced current is caused, and 
the draught up the hood is materially increased. The 
hood is the full length of the block of ovens ; namely, 
34 ft., whilst it is 3ft. 9in. wide at the bottom, in- 
creasing to 4ft. at the top, and projects 3 ft. 6in. 
beyond the front of the ovens. The hood is formed of 
plates yin. thick, and the shaft 4 ft. square, which 
rises from the top of it, is made of plates 4 in. thick. 
The front of the hood extends down to 5 ft. 3 in. above 
the floor level and its height to its junction with the 
shaft is 15ft. The shaft itself passes up through the 
roof to a total height of 32 ft. Gin. above the floor 
level, its top being covered with a cap, and provid 
with louvres, as shown in our engravings. 

(Zo be continued.) 
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Anove is a diagram taken from a high pressure non-con- 
densing Corliss engine, now working at Messrs. Titus Salt 
and Sons large mills at Saltaire, near Bradford. The scale is 
40 lb. to the inch. The eylinder is 16 in. in diameter, the 
stroke 3 ft., the speed 80 revolutions, or 480 ft. of piston per 
minute. The boiler pressure was 115 lb. per square inch, 
and nearly the whole of this pressure, or 114} Ib., is shown 
upon the piston up to the point of cut off, or deducting for 
back pressure, 113 Ib. remained effective throughout the 
whole period of admission, which was for hardly more than 
one-ninth, or 4 in. of the stroke. The terminal pressure is 
15 lb. above the atmosphere, of course very much higher 
than would correspond to the application of le’s law. The 
back pressure, including a slight amount of compression, 
hardly amounts to 2 Ib. The point of eut off is very sharply 
marked, although a slight amount of wire drawing, not 
worth considering, is to be seen. The exhaust is perfect, ex- 
pansion being carried to the very end of the stroke before 
exhausting. The waving appearance of the steam line is, as 
every engincer will be aware, due merely to the vibration of 
the indicator pencil, aggravated, it is just: possible, by a 
slight amount of water in the steam. 








Mavritivs.—Mr. Hawkshaw has sent out some heavy 
eight coupled tank engines made by Messrs. Sharp, Stewart, 
and Co. (Limited) for Working a very long incline of 1 in 27 
on the Mauritius railways. We hope to publish drawings of 
these shortly. We observe that the crown agents have termi- 
nated the mail contract with the Union Mail Company, and 
that there will now be a mail from Port Louis but onee a 
month, and that by the’ French steamers. 

Rattway Inon.—The total exports of railway iron from 
the United Kingdom to February 29 this year were 74,853 
tons, against 46,326 tons in 1867, and 53,358 tons in 1866 
(corresponding periods). The value of the railway iron ex- 
ported to February 29'this year was 585,817/., as compared 
with 394,1977. in the corresponding period of 1867, and 
425.4801. in the corresponding period of 1866. 

Toe San Francisco anp Curya Marrs.—The large 
American paddle steamers on the California and China 
station have single engines of 105in. cylinder and 12 ft. 
stroke with the beam working overhead, and above the spar 
deck. These vessels run'4761 miles without an intermediate 
stop. There are several ships on the station, and a monthly 
service will soon begin. 

Forrigy Comprtiton with British MANUFACTURERS. 
—The London Revicro says: “An English manufacturer met 
afriend the other diyiin London. ‘What are you doing 
here?’ he said. The otier told him in confidence that he was 
waiting to know the result of a competition for a large quan- 
lity of work. ‘I fully expect the work,’ he said, ‘for I have 
tendered at a price by which we shall lose, merely to keep the 
works open.’ The other asked if he had any objection to 
exchange figures with him, as the tenders were all in, and he 
had himself tendered for.a Belgian firm. The Englishman 
named his price. ‘You may go home, then,’ said the other ; 

Iam lds. a ton below you, and it will pay our firm very 
well at that price.’ ” ° f 

SEWAGE IkR1GATION.—The Royal Commission on the Pol- 
lution of Rivers inspected, on Wednesday, the farm of the 
Metropolis Sewage Company, near Barking, and, among 
other proceedings, witnessed ‘the cutting of the second crop 
of ryegrass this season, weighing 9 tons to the acre, and 
representing the growth since the 12th of March. 
been aman Rattway.—The Panama Railway, 494 miles 
ai a upon which the passenger fares are 5/., or 2s. per 
pag quarterly dividends of 6 per cent., or 24 per cent. 
yeaa and has just declared an extra cash dividend of 
<\ per cent., making 44 per cent. for the year. 

Tur Royan Dupuy Socrety’s Sprixg SHow.—All the 
Pibitees. iacich agricultural engineers entered their ex- 
os as oe show during last week, Messrs. John Fowler 
whee le Steam Plough W orks, Leeds, send two 
Soemn-tined ram — and four furrow plough and 
Purdon, of Dublin” or. These are already sold to Messrs. 
to-morrow, the 
Messrs. Howari 

MerTRopo.ts 


25th instant, between Messrs. Fowler’s and 
I's engines and ploughs. 
Supways.—The bill for metropolitan subways 


has passed through the Committee of the House of Commons. 





A grand ploughing match is to come off 


NOTES FROM INDIA. 

Bengal.—A very numerously attended meeting of the Port 
Canning shareholders was held in the Town Hall, Calcutta, 
on 24th March last, when Mr. Schiller addressed them in ex- 
planation of the charges made against him by Mr. Swinhoe. 
Mr. Schiller expressed himself confident in the ultimate 
success of the Port Canning Company, and announced his 
intention of calling a special general meeting to consider the 
subject. 

The Lieutenant-Governor of Bengal has responded to the 
memorial of the Trades’ Association, by expressing his willing- 
ness to permit measures to be taken to give warning to the 
town of Calcutta of approaching storms, by suitable signals. 
The warnings are to be limited within certain restrictions, so 
as not to cause unnecessary alarms. Mr. Grey recommends 
signals to be displayed from prominent places, under the 
direction of the Meteorological Department, and is prepared 
to sanction any moderate outlay required. 

A meeting of the justices of the peace for the town of 
Calcutta, held on the morning of 11th March last, unani- 
mously agreed that Government, in consideration of an 
advance of 52 lacs of rupees made to the municipality for the 
w.terworks, should be consulted on all important questions 
relating to their construction, and that no increase in the 
rece expenditure should be made without its consent. 

he Viceroy has come to the conclusion that the best step 
towards a satisfactory conservation of ancient architectural 
remains will be to require that a separate chapter on 
archeology should be included in each of the Administration 
reports. As to obtaining casts or photographs, an experi- 
mental attempt will be made to train a party of men for each 
province, who will be placed under the superintendence of 
the Public Works Department, which is to prepare plans and 
measurement. 

Punjab.—The weather in the Punjab seems lately to have 
been very unseasonable. A correspondent of the Delhi 
Gazette writes that on the 4th March the thermometer, 
which for some time before had not been under 50° at sunrise, 
sunk to 38° under a cool mountain breeze with hoar frost. 
Next day the thermometer, which at 1 p.m. showed 99°, fell 
within six and a-half hours to 29°. The rains have broken 
up the roads. The Beas bridge of boats was carried away, 
and the Baree Doah Canal had been so damaged by the 
freshes that it had to be closed for repairs. 

It is reported that the Putialla Rajah has expressed him- 
self ready to contribute to the execution of thé Sutlej Canal, 
and wishes to send officers to Culcutta to make the necessary 
arrangements with Colonel Strachey. 

Bombay.—The latest news from Bombay is to the 21st 
March. No telegrams had been received from Great Britain 
during the preceding week, the submarine cable between 
Gwadur and Mussendom having broken. The only vessel 
fitted up for cable work was at that time undergoing repairs, 
which it was thought might occupy about two.months. In 
the meantime th= messages are to be conveyed between 
Gwadur and Mussendom, a distance ‘of 870 miles, by 
steamer. It is stated that the tariff for messages by the 
Persian Gulf cable is to be reduced from 5/. to 8/. 10s., and 
Major Champain says that earnest representations have been 
just submitted by the French Administration which, if com- 
plied with, will lower the entire charge to less than 3/. The 
vessels employed in the Indian Seas in connexion with the 
Abyssinian Expedition now number 261, the total monthly 
expenditure for freight, exclusive of coal, being 413,000/. 
A new appointment, that of “Superintending Engineer, 
Central Division,’ Bombay, has recently been created, and 
Colonel H. R. Dickenson has been selected for the post. 

The Frere Land and Reclamation Company has been fe- 
constructed. 

Shortly before two o’clock on the 18th March a serious 
boiler explosion took place at the Carnac Ironworks, Bom- 
bay, by which three persons were killed and several others 
injured. The boiler which exploded was a 7 horse power 
Cornish boiler, with oval flue. It was made by Young, of 
Perth, and is stated to have been only about twelve months 
in use. § 

About eight miles from Poona, on. the Sholapoor line, the 
central archways of a large bridge have given way, or rather 
would have done so had not the engineer in charge detected 
their condition, and pulled the two arches down. It seems 
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to be another case of bad construction. The arches were 
seen to be cracking ominously, and the bridge was con- 
oe condemned, and the faulty arches pulled down. 
‘The whole of the distance between Sholapoor and Raichore, 
The 








on the Madras Extension, is in course of completion. 
rails are now laid for about fifty miles beyond Sholapoor. 

The Bombay Government, according to the instructions of 
the Viceroy, has taken measures for procuring a set of photo- 
graphs of the principal objects of archwological interest in 
that Presidency. Major Houghton, Captain Vatson, of the 
Hyderabad contingent, and Captain Sellon, R.E., have been 
entrusted with the duty. 

The Bombay Gazette states that the moneys in the 
Guickwar’s treasury have been lavished on the jewelled 
Chudder, upon his unworthy Dewan and late slipper-bearer, 
Bhow Scindiah, and upon Manay, a brother of one of his 
wives, in such profusion, that the waterworks from the 
Nerbudda to Baroda have had to be stopped for want of 
funds. 


THE GOVERNMENT AND THE TELEGRAPHS. 
To tur Epiror or ENGINEERING. 

Srr,—In the sixth paragraph of the article in your im- 
pression of the 17th instant, under the above heading, you 
say: ‘“ Now, have we any right to expect that the Govern- 
“ment have some grand stock of these improvements on 
“hand ready to be brought into play directly the lines are 
* made over to them ?” 

Permit me to state that many months ago anew system for 
transmitting telegraphic messages, of which Captain Bolton, 
now on the staff at Chatham, is the patentee, was submitted 
to Mr. Scudamore, of the General Dost Office, and is now 
under that gentleman’s consideration. 

I witnessed the working of this system (in its infancy) in 
1866, through the Atlantic cable, which was laid in that year, 
and the results were simply astounding, in so far as correct- 
ness, simplicity, and pt of transmission were concerned ; 
but whether the Government intend to avail themselves of it, 
I know not. Should they, however, do so (and now that it is 
matured), it would enable them (in the same on of time) 
to transmit more than twice the amount of ordinary: intelli- 
gence through the telegraph than can now be effected by the 
methods at present generally employed, and thus the means 
to a reduction of the time occupied in sending a message is at 
the command of the Government. 

My principal object in writing this letter is the desire to 








give publicity to the last mentioned circumstance. 


I am, Sir, your most obedient Servant, 
83, Jermyn-street, St. James’s, Knapp Barrow, 
April 23, 1868. Captain. 





FPorgien Terecrarus.—The English telegraphic system 
is soon to be connected with that of Denmark, Sweden, and 
Norway, by a cable now in course of construction, and to be 
laid under the North Sea. 

New Sreamsuip Linz.—A line of steamships will com- 
mence working in July between Antwerp and New York. 
A former line, comprising four ships of about 2000 tons and 
300 horse power, was established about twelve years ago, but 
was discontinued from want of suflicient support at that 
time. 

A New Armovrep Surp.—The Repulse, to carry 8 guns, 
and of 800 horse power, will be launched at Woolwich Dock- 
yard to-morrow, the 25th inst., at 2.30 P.M. The principal 
dimensions are as follows: Length between perpendiculars, 
252 ft.; length of keel for tonnage, 214 ft. 10 in.; breadth 
extreme, 59 ft.; and depth in hold, 17 ft.6in. She is of 
3733 tons burden, and the total weight of her armour is 
963 tons. : 

Tur New Docks ar CratHamM.—On Tuesday the founda- 
tion stone of the first of the four large new graving docks at 
Chatham was laid by Lady Walker, wife of Sir Baldwin W. 
Walker, K.C.B., Commander-in-Chief at the Nore, in the 
presence of a large number of spectators. The new dock is 
expected to be completed in about two years from the present 
time, by which period the first of the three large basins will 
likewise be finished. 

Tus Surg Canau.—We received yesterday some imypor- 
tant details as to the progress of the Suez canal works. It 
appears that in the month ending March 16 the total extrac- 
tion of earth amounted to 1,554,630 cubic métres, as com- 
pared with 1,466,428 cubic métres in the month ending 
February 15, and 1,150,386 cubic métres in the month end- 
ing January 15. The quantity of earth remaining to be ex- 
tracted, March 15, 1868, was estimated at 36,005,131 cubic 


metres. It will be seen that the extraction is progressively 
increasing, and it is now calculated that the canal will be 
conaitall by the close of 1869. 


GOVERNMENT AND THE TeLEGRAPHS.—The Government 
Telegraph, Bill has been vigorously opposed, on technical 
points, before. the Standing Orders examiners, to whom it 
was found necessary that it should be referred ; but they de- 
cided. on. Monday that the measure was correctly promoted, 
and the second reading originally fixed for the 20th inst., 
will be taken on Monday, May 4. 

Tue Prencn Post Orrice.—The French railway com- 
panies are under the Governmental ¢oncession bound, 1. To 
run gratuitously every day upon each line and each way a 
train, the hours and pregression of which are regulated by 
the Post Office, which can make up that train as it thinks 
proper, without any limitation of weight. 2. To carry 
gratuitously by every one of the ordinary trains a Post Office 
van. 3. To effect at a reduced rate the daily supplementary 
services which the Post Office may apply for. 

Tur Docxyaxps.—| hereis nowno doubt about the closin 
of the minor shipbuilding yards, an order having been receive 
for Deptford to shut up im the course of the year. Woolwich 
will, in all probabiljty, fellow Deptford. 

Great YarmMoutTu.—A considerable sum is about to be 
expended in the improvement of Great Yarmouth Harbour. 
On the report of Mr. Beardmore, C.E., the Public Works 
Loan Commissioners have agreed to make a first advance of 
10,000/. Probably an additional sum of 20,000/. will be ad- 
vanced and expended. 
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DETAILS OF GASHOLDER: IMPERIAL GASLIGHT COMPANY. 
MR. THOMAS N. KIRKHAM, ENGINEER. 
(For Description, see opposite Page.) 
FICS. 





























‘ATT ee 


mI | i i) ii 
' | : 
wee |) | 

i | ae 
Ta e ; | cet ( x 


a wn cain 1 











LE 


ULM 


a 








Ud: 


Udi 








ICON 


im 
eo 


Ss 


Lida 





Wi 














y j . 5 : = i 
jy 4 
SSS SX AA awnMm»’{xz0”nu”"1(—”—__’s_s_s aa DbDWhYD™E 


ytddddddda 





) F wane \\\ > 
WN \ 
cy, 


NK ow 











April 24, 1868.] ENGINEERING. 


397 

















GUIDE FRAME COLUMNS OF GASHOLDER AT FULHAM. 


MR. THOMAS N, KIRKHAM, ENGINEER. 
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GASHOLDER AT THE FULHAM GASWORKS. 


Tue gasholder at the Fulham station of the Imperial Gaslight 
and Coke Company, of which we this week give engravings, is 
not only by far the largest, but probably, also, the handsomest 
structure of its kind which has as yet been erected. In its 
design, Mr, Thomas N, Kirkham, the engineer of the works, 
has paid no less attention to the artistic than to the mechanical 
details, and the result is a work of not only engineering interest, 
but also very considerable architectural merit. Of the general 
appearance of the fine range of clustered composite columns, 
with their ornamental entablature, which support the guides for 
the gasholder, and to which the imposing general effect of the 
structure is ina great measure due, a good idea is given by 
ig. 1 of our two-page engraving, whilst on the present page 
we give an enlarged view of a pair of columns, which will show 
the details of their ornamentation more fully. The columns 
ire 28 in number, and are 55 ft. high from the ground level to 
the tops of the capitals, whilst above the latter there is an en- 
tablature 9 ft. deep, carrying above each column an ornamental 
cap. The total height to the tops of the caps is over 70 ft. 

The gasholder itself is made in two lifts, and has the enormous 
capacity of about 3,000,000 cubic feet. The lower lift is 230 ft. 
Gin, in diameter by 32 ft. 3 in. deep, and the upper lift is 32 ft. 
Gin. deep, with a diameter of 228 ft., the top of the gasholder 
thus comprising an area of very nearly an acre. The whole 
work was designed by and carried out under the superintendence 
of Mr. Thomas N. Kirkham, the contractors for the construc- 
tion of the tank being Messrs. John Aird and Sons, of Belvidere- 
road, Lambeth, whilst the gasholder, and also the guide frame 
and fittings, were made and erected by Messrs, Westwood and 
Wright, of Dudley, the castings being made for the contractors 
by tue Staveley Goal and Iron Company, Staveley. ‘The total 
cost of the whole work, including everything, was about 57,000/. 
The gasholder was first filled with gas and put into operation on 
the 14th of August last year. 

The following are the referencesto our engravings, which latter 
have all been prepared from working drawings kindly lent to us 
by Mr. Kirkham: 


Fig. 1. General elevation of guide frame. 

» 2. Part plan of roof framing. 

» 3and 4. Details of cross. 

» 5. Details of stiffening girders and kerbs. 

» 6. Plan and section of central column. 

» 8 Half section of gasholder. 

» 9. Section of tank showing pipe well. 

” 10. ” ” wall, 

» Il. Part plan of tank wall. 

» 12. Section of entablature of guide frame. 

» 13. Inside elevation of part of tank wall next pipe well. 
The details of construction of the gasholder are fully de- 

scribed in the following extracts from the specification : 


SPECIFICATION FOR TELESCOPE GASHOLDER. 

Tue inner lift of gasholder to be 228 ft. in diameter and 32 ft. 
Gin. in depth, and the outer lift to be 230 ft. Gin. in diameter, 
and 82 ft. 3 in. deep. 

Centre Column.—There shall be a centre column 18 ft. 6 in. 
in height, 6 ft. 6 in. in diameter at bottom, and 3 ft. in diameter 
at top, forming a frustrum of a cone (see Fig. 6). This column 
shall be made of wrought-iron boiler plate }in. in thickness, the 
plates to abut at the joints, and to have strips of flat iron 5 in. 
by sf; in. covering the joints and riveted to each plate. There skall 
be attached to this column four rings of angle iron, one at the 
base, one at the top, and two intermediate and on a level with the 
top of outer kerb of gasholder. There shall be connected to the 
angle iron at base of centre column a ring consisting of five 
rings of flat iron placed equally distant, and the plates and 
blocks shall be firmly riveted by 1} in. rivets passing through 
the holes, the holes of these rivets to be drilled, and the internal 
and external edges of each ring shall be turned true in a lathe. 
There shall be riveted to the angle iron on top of centre column a 
circular plate 4 ft. in diameter and § in. in thickness. 

Top Kerb.—The top kerb of gasholder shall be formed of 
angle iron 5in. by 5in., and 4in. in thickness, the joints to 
abut and have joint pieces 2 ft. in length, and of the same 
section of angle iron riveted thereto. This angle iron kerb shall 
be double riveted to the the outer plates forming the cover- 
ng of the top and also to the upper tier of plates on side (see 

ig. 5 


Second Kerb.—The second kerb at top shall be formed of two 
rings of boiler plate each 18 in. wide, and ,', in. in thickness, with 
5in. by 5in. by 4 in. angle iron top and bottom, the back of angle 
iron to be flush with outer edge of boiler plate ring. All the joints 
shall abut and be broken or crossed at one-fourth of their op one 
and the whole riveted together by 9 in. rivets. The boiler plate 
rings shall be secured together by a double row of rivets 3 in, in 
diameter placed alternately and independently of their con- 
nexions with the two angle iron rings. The angle irons on 
outer edge of this kerb shall be secured to the upper tier of 
vertical side plates by $in. screw bolts placed 12 in. from centre 
to centre throughout the whole circumference. All the joints of 
boiler plate or angle iron forming this kerb shall abut and have 
joint pieces 2 ft. in length properly riveted thereto. 

Cross.—There shall be two girders from side to side forming 
a cross and pone over the centre plate on top of column to 
which they shall be attached and also to each other ; the outer ends 
of these girders to be attached to top kerb of gasholder, all as 
shown in Fig. 3. These girders shall consist of two side 
plates 14in. deep and fin. in thickness, with angle iron 
3 in. by 3in. by 4in. thick riveted to the outer side, and to a 
plate top and bottom, which shall be 12 in. wide and ,§,in. in 
thickness, all the joints shall abut and be broken or crossed, 
and shall have proper joint pieces riveted thereto. The ends 
next the top kerb shall be extended and secured to the several 
parts forming such kerb by rivets or screw bolts, all as 
shown in Fig, 5. At the centre the connexions shall be 
made with jin screw bolts passing through the girders and 
circular plate on top of column. 

Jaws for Struts and Suspension Rods.—On the under side of 
these girders shall be riveted wrought-iron angle pieces 5 in- 
by 5in. by in. thick forming jaws tor receiving the upper ends 
of the struts and suspension rods making in all twenty jaws for 
these cross girders. . 
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Truss for Cross.—These cross girders shall be trugsed as 


follows:—The four main struts are to be formed of two Tf irons | 5 in. wide by 4 in. thick, to which shall be double riveted two 


4in. by 24 in. by gin. thickness with distance pieces between, 
which distance pieces shall be 3 in, long, and be placed as nearly 
as possible 3 ft. apart in the length of each of these struts. The 
bottom of each of these struts shall rest on a wrought-iron shoe 
secured to the centre column, and the upper ends enter into the 
jaw on cross girder, which jaw also receives the top end of first 
suspension rod. 

The seconds hall be formed of 2 4in. by 


) 
The third 9% wo 45 My F ” 
The fourth ” » Shy» 2 » 3 ” 
The fifth ” ” Sb 2b wy @ ” 


all being supplied with distance pieces, screw bolts, and at- 
tached to shoes and jaws, all as represented in Figs. 3, 4, and 8. 


Circular Girder or Beam.—Tlere shall be formed in four | plate of cup. 


segmsents, and attached between these girders, a circular 
girder, or beam, of boiler plate, 1 ft. deep and 4 of an inch 
in thickness, with four angle-irons 3in. by 3 in. by 4 in. thick 
riveted thereto. ‘The ends of these segments shall be connected 
to the cross girders by six 1 in. screw bolts, and the upper side 
shall be screwed to the crown plate by Zin. screw bolrs placed 
alternately, and about 12 in. from centre to centre. Upon this 
circular girder or beam shall be fixed twenty-four pairs of angle- 
iron pieces 5 in. by Sin. by jin. thick, forming jaws for the re- 
ception of the upper ends of the main rafters. 
Main Tie Rods.—There shall be four main tie rods to cross 
girders of 2in. round iron, having five forged eye-legs in each 
for receiving the struts and suspension rods, and one socket and 
spigot joint intermediate in its length. The outer ends of these 
main tie rods shall have an eye for receiving a screw bolt 2 in. 
in diameter, and the inner ends lathe cut screws 24 in. in dia- 
meter, with nuts and washers for connecting to ring at bottom 
of centre column. 
Suspension Rods.—There shall be twenty suspension rods 
forming part of truss of cross girders made of round iron, 
having eyes at top for receiving 14 in. screw bolts, and at bottom 
lathe-cut screws with nuts, the screw in every instance 
being at least } in. larger in diameter than the rod of which it 
forms part. ‘The diameter of the suspension rods shall be as 

follows, commencing with No. 1 next centre column: 
No. 1 eee ove eee 1} in. in diameter. 


rr) aoe wee ” ” 


wm Sos 


eee ” ” 


Ry ee OS 
] 
5 on on one . ni 

Horizontal Rods.—There shall be four horizontal rods 1} in. 
diameter, with eyes and bolts connecting the centre column 
with main struts of cross girders, ali as represented in Figs. 3 
and 4. 

Main Rafters.—Tiere shall be twenty-four main rafters, 
each to be formed of 5in. by 4in. by gin. angle iron, having 
distance pieces between them as nearly as possible 3 ft. apart, 
with §in. bolts passing through them. ‘These main rafters 
shall be trussed with five struts and five suspension rods similar 
to those specified for cross girders. 

Diagonal Struts.—There shall be twenty-eight pairs of dia- 
gonal struts fixed to side of gasholder and to each gjde of 
cross bars and main bars formed of 3in. by 3 in. by ? in. T iron, 
as represented in Fig. 2. 

Secondary Rafters.—There shall be twenty-eight secondary 
rafters formed of 4 iv. by 3in, by gin. T iron. The joints of 
the T iron shall abut, and be secured by proportionate joint 
pieces, being riveted on each side and top. The one end of 
these bars shall be attached by means of screw bolts to the 
third row of tension bars from centre column und the top of 
outer kerb. Each of these secondary rafters shall be trussed 
with two pillars and a rod of 1 in. round iron, all as represented 
therein. 

Tension Bars.—There shall be eight rows of tension bars 
between cross girders, main rafters, and secondary rafters (fixed 
thereto by gin. screw bolts), of the following dimensions; 

That nearest the centre column shall be of T iron, 3 in. by 4in. 
by gin. thick. 


Second eos 3 in. by 3 in, by gin, T iron. 
Third oe 4 ” 4 » € ” 
Fourth eee 3 ” 3 ” 3 ” 
Fifth eve 8 » 8 wg ” 
Sixth eee 8 » 8 2% ” 
Seventh So Sie 8 « & © 
Eighth -. - 3 3 


” ” ” ” 

The ends of these bars shall have angle pieces for attaching 
them to cross and main bars, and shall have two holes in each 
for receiving the } bolts. 

Radiating Struts.—There shall be twenty-eight struts from 
the centre formed by 3 in. by 4 in. by 2 in. F iron, eight of them 
to have one end to circular beam, and the other end to centre 
column. The other twenty to be fixed one end to the first ring 
of tension bars, and the other end to circular beam—all as re- 
presented in Fig. 2. 

Tension Rods.—There shall be tension rods, 1 in. in diameter, 
fitted with eyes at each end for receiving } in. screw bolts ; 
these tension rods.to be fixed between at lower parts of all the 
tie rods which form the struts from bottom of suspension rods 
to jaws in cross girders and main rafters. 

Bracing Struts.—There shall be bracing struts connecting 
the one end to main tie bars, the other end to be attached to 
said tension bars. These struts shall be formed of 1} in. round 
iron, with eye at bottom and double eye at top, the double eye 
to clip the lower ends of teusion bars, and fastened with 1 in. 
bolts and nuts. 

Vertical Stays.—There shall be fifty-six vertical stays placed 
equidistant round the side or circumference of the gasholder con- 
structed of the best memel timber, free from knots and imper- 
fections. The timber shall be 12 in. by 6 in., and fixed to the 
inside of the gasholder, with plates to be 18 in. long and ,', in. 
thick, having angle irons 3 in. by 3 in. by }in. riveted thereto, 
the rivets to be jin. in diameter. Each stay shall be trassed 
with a rod of iron 14 in. in diameter, with two truss pillars to 
each; the bottom and top of these stays to be attached to the 
bottom and top kerb respectively—all as represented in Fig. 8. 

Hydraulic Cup.—aAt bottom of inner lift shall be formed a 


2}in. by jin. T irons. | abut and have strips 4 in. by 2 in. riveted thereto. There shall 


thickness; the joints to abut, and be secured to joint pieces 


angle irons 5 in. by 4 in. by } in. thick, the ends to abut and 
have joint pieces of the same section riveted thereto. No joints 
in these angle irons or in the plates to come in line; but all 
shall be crossed or broken as also with the 3 in. by 3 in. by 2 in. 
angle iron fixed to inner side of side struts, and the above- 
nained plate formiag bottom of hydraulic cup. The side plate 
of cup shall be 20 in. deep and 3 in. in thickness, the joints to 


be bead iron fixed round outside of top edge of side plate of cup 
3 in. in width and a, in. in half round iron—all as shown in 


"ig. 5. 
Friction Rollers.—There shall be fifty-six friction rollers, 
properly mounted, fitted, and fixed to underneath of bottom 


Side Sheets.—There shall be sixteen tiers of sheets forming 
sides of gasholder, the upper and lower tiers to be 2 in. boiler 
plate 2 ft. Gin. in width, and the remainder to be ¥, in., and 
shall weigh 6b. per superficial foot, the whole to be properly 
riveted with 3 in. rivets. 

Dome Centre Plate.—On centre of crown or dome of inner 
lift shall be a plate 40 ft. in diameter formed of radial plates 3 in. 
in thickness. The joints shall all abut and be covered by strips 
5in. in width by 4 in. thick, the whole to be properly riveted 
with in. rivets and snap headed. 

Outer Rows of Plates.—The two outer rows of plates on top 
next kerb shall be of boiler plate 5 ft. wide and 3 in. in thickness, 
the seams to be radial worked lap-jointed and single riveted. 
The next two rows from top kerb shall be of boiler plate 5 ft. 
wide and ,, in. thick, and worked same as outer rows. The 
next two rows shall be of boiler plate J; in. thick, and worked 
in the same manner as the other rows. 
Parallel Strips—Thirty feet from the top or outer kerb shall 
be riveted to plates, twenty-eight parallel strips, the other ends 
of these strips to be attached to centre plate; these strips shall 
be 2 ft. 6im. wide and fin. thick, all their joints to be jointly 
riveted. ‘The seventh row of plates from kerb shall be 5 ft. wide 
by yin. plate.and double riveted. The remainder of the cover- 
ing shall be of shéet-iron, No. 6 Birmingham Wire Gauge, and 
double riveted throughout. 
Manholes—Manholes and covers shall be provided and intro- 
duced of sueh dimensions, and wherever they may be required 
and as the company’s engineer may approve. : 
Clips.—There shall be clips (see Fig. 2) for connecting the top 
sheets or coverings of dome to framework of top; these clips shall 
be placed at distances of as nearly 12 ft. apart as the construction 
of the framing will admit, and shall be formed with screw rods, 
cross bars, washers, and nuts for adjusting them in their re- 
spective positions, each clip shall be of sufficient strength to 
sustain a weight equal to 12 cwt. with safety. There shall be 
twenty-eight earriages and rollers. These carriages and rollers 
shall be mounted and fixed on top of outer edge of gasholder, the 
face of all the rollers and every working part shall be lathe turned, 
planed, or otherwise as may be required. 





Outer Lirt or GASHOLDER. 


Bottom Kerb.—The bottom kerb shall consist of two angle 
irons 5 in. by 5in. by 4 in. thick, riveted one on each outer side 
of two plates, which two plates shall be each 12 in. wide and in. 
thick, the whole of the joints to abut and be crossed or broken. 
The plates shall be riveted together, independently of the angle 
iron, by } in. rivets not to exceed 12 in. apart, the rivets passing 
through angle irons and plates shall be j in. in diameter, all the 
joints having proper and proportionate plates, each 2 ft. in 
length. 
Outside Sheets.—There shall be sixteen tiers of sheets in sides 
of outer lift, the top and bottom tiers shall be } in. thick, and the 
remaining fourteen tiers ,, in. in thickness, and shall weigh 6 Ib. 
per superficial foot, excepting at twenty-eight points upon the 
circumference, Which points shall be those where the vertical 
stays are attached, and shall have plates extending the whole 
depth of the side of the gasholder 2 ft. wide by } in. in thickness. 
Grip.—The grip shall be formed by a top plate 18 in. wide 
and ,°, in. thick, all. the joints to abut and have strips 6 in. wide 
by 2 in. thick, the outer angle iron shall be din. by 5 in. by } in., 
and the inner angle iron 3in. by 3in. by ?in. thick, the dip 
plate shall be 21in, wide and 3in. in thickness, the joints to 
abut and be covered with plates 6in. wide and } in. thick, the 
dip plates to have a bead iroa on bottom edge which shall be 
3 in. wide by §ig. half round irou. : 2 
Outside Vertical Stays.—There shall be twenty-eight outside 
vertical stays, consisting of two flat bars 8 in. by } in., and 
having a bar of Sip. by 3 in. by 3 in. angle iron riveted to it form- 
ing flanges by which the stay shall be secured to the sides of the 
gasholder, and to the inner vertical stays by } in. screw bolts at 
distances of abeut.2 ft. These outside vertical stays shall have 
eight accurately formed and well fitted adjusting triction rollers, 
all as shown in Fig. 8. : , : 
Inside Vertical Stays.—There shall be fifty-six inside vertical 
stays formed of memel timber, with two flanges of 3in. by 
3 in. by 3%; ins angle iron, and a centre guide bar of T iron, 3 in. 
by 4in. by gin. upon which the friction roller under the 
hydraulic cup of inner lift shall traverse, thus guiding the inner 
gasholder in ageending and descending: twenty-eight of these 
stays shall be d opposite and be connected through the 
sides with the outside vertical stays, the remaining twenty-eight 
shall be figed to the side plates intermediate with the guide 
columns, All these stays, both inside and out, shall be con- 
nected seearely at the upper ends with the top plate of grip, and 
the lower ends. with the bottom kerb, and supported by outside 
brackets. 
Guide Carriages and Rollers on Bottom Kerb.—T here shall 
be mounted on bottem kerb eighty-four guide carriages with 
rollers to traverse the guide rods fixed on wall of tank, as repre- 
sented in Fig. 8. 2 
Guide Carriages and Rollers on Grip.—There shall be 
mounted and firmly fixed on top of grip twenty-eight carriages 
with rollers haviag double flanges, all to be turned true on the 
face, and to traverse the guide rods in front of columns. 

Guide Frame for Ga ”.—The guide frame for gasholder 
shall consist. ot twenty-eight cast-iron clustered composite 


to the top of the capital, and a square entablature 9 ft. in height 
surmounted with an ornamental cover or cap, all as shown in 
Fig. 1. These entablatures are to be connected to each other by 
open work girders, constructed of wrought aud cast iron, ag 
shown. 

Pedestal.—The pedestal shall be circular, 5 ft. in diameter. 
the outside being fluted, and cast in three lengths, and the 
several lengths jointed together by interaal flanges and 13 in 
screw bolts, the bolts to be placed at distances of about § in. 
apart, and there shall be internal brackets wherever they may 
be required, and such faces and fillets as may be necessary, 
There shall be a manhole cast in each pedestal, with proper 
cover, as shown in Drawing. 

Shaft.—The shaft of column shall be formed of four semi- 
circles, each 18 in. in diameter, the outside being fluted and 
cast in four lengths without the base moulds, which shall be 
cast separately, the whole to be cast so as to fit accurately at 
the joints, and to present a neatly finished appearance when 
erected. The upper length will tas a neck moulding cast 
thereon, and the fluted part will finish against this moulding 
the shaft being continued plain through the ornaments of the 
capital, and terminating with a flange for connecting the en- 
tablature. 

Capital—The capital shall be formed in eight pieces, with 
abacus, the whole to be fitted together, and to present an ap- 
pearance corresponding with the elevation shown on Fig, 1, 

Entablatures.—The entablatures shall be square, having a 
sunk panel in the front, a level piece on each side, and manhole 
in the back. The sides shall have bolt holes for connecting the 
girders thereto, with 1} in. screw bolts, all as represented in 
Fig. 1. 

Cap.—The cap surmounting the entablature shall be cast 
agreeable to design given in Fig. 1. 

Girders.—There shall be a wrought-iron tie beam 2 ft. 2 in, 
in depth formed of two boiler plates, each plate being 3 in, 
thick. These plates shall be strengthened on their upper edge 
by two bars of Sin. by 5in. by gin. angle iron, one on each 
side. The lower edge shall be strengthened by two bars of 5 in, 
by 4in. angle iron, all the bars being placed in position as 
shown in Fig. 12. 

Open Work.—Beneath these wronght-iron tie beams shall 
be fixed arches of open work in cast ‘iron, as shown in Fig, 
1, and —— this wrought-iron tie beam shall be secured a 
cornice of cast iron running from entablature to entablature, 
being made to intersect with the mouldings of entablature; all 
the joints to be perfectly fair. 

Guide Rails.—There shall be twenty-eight guide rails ot 
T section, Gin. by 7in. by 1} in., fixed» one in front of each 
column, and running from the base stone to the top side of the 
entablature, the connexion to shaft to be made by means of cast- 
iron chairs at distances not exceeding 5 ft. apart: all chairs and 
joints in these guides shall have godd and well proportioned 
bolts, keys, nuts, &c., to fix and retain them strongly in position. 
Great care must be taken that these guides are all placed fair 
with the face of the twenty-eight cast-iron guides in the tank 
provided and fixed by the company, 0 that the guide shall 
present a straight, unbroken, and perpendieular front from the 
bottom of the tank to the top of the entablature. 

Thickness of Metal.—The thickness of the bottom of pedestals, 
where the holding down holts enter it, ttist correspoad with the 
bolts as represented in Drawings Nos. 4and 5, ‘The cylindrical 
part of pedestal shall average 14 in. im thickuess, the shaft 
average 12in., and the entablature 1}ip, thick. The girders 
to be made according to models provided by the company. 








Merropours Gas Bri1.—This Bill, which has been 
amended in committee, now consists of ninety-four clauses, 
fifteen of which provide for the purchase of undertakings, 
eighteen for arrangements of amalgamation, and thirteen tor 
testing for illuminating power and purity. Power is given 
to the Metropolitan Board of Works to purchase the under- 
taking of any company, the money being’ paid in the form of 
a rent-charge or commuted for an amnual sum, redeemable 
or irredeemable, in perpetuity or for a term of years, all com- 
panies’ debts existing at the date of tratisfer to be paid by the 
Board. A scheme of amalgamation of ye! ew or of some 
of them, is to be made six months after the passing of the 
Act, which scheme shall be inves an Board of 
Trade, who shall, if necessary, appoimt@pmmissioners to make 
further and special inquiries. Compétent ae referees are to 
be appointed, who shall from time to time spect the works 
of the companies, investigate theif mode ot manufacture, 
and apply all necessary tests, and the working of this part of 
the Act shall be performed systematically by gas examiners. 
The illuminating powers (except a ie) are to be not less 
than that of 14 candles from the 30ti 2 tember, 1568, to 
the 1st of January, 1870, and not les$ tam that of 16 candles 
after the latter date. The maximunt }, after this date is 
to be at the rate of 3s. 9d. per 1000 gubie feet, the power 
and price to be fixed for the year, if me application be made 
by any company. All companies are te keep special registers 
of all gas made, and an auditor of the accounts of the com- 
panies is to be appointed from timet6/time by the Board of 
Trade, and all costs and charges imeidental to, the obtaining 
and passing of the Act are to be paid by the Metropolitan 
Board of Works. i 
Hypro Exrractors.—A conta Miro extractor, yer 
for drying wool at the dye works*0f>Mesers: Haigh - 
Heaton, Milnes-bridge, near Hudderaiield, burst on bape 
last, and the flying portions of iroméut down and killec = 
persons attending upon it. The extractor was making ws 
tween 800 and 9U0 revolutions per miimute, and had been re- 
ymaired the week before. ‘ ‘i j 
Warer Power iv Maryz.—The bydrographic ne 
now going on in Maine has al _ Shown that the Sta " 
has 1955 sites of water power, #@ working eg 
300,000 horse power, equal to a force, of 4,000,000 —. - ~ 
water power is scattered through : y send vee 
Owing to the body of water in ‘the lakes, z 1c! othe 
large reservoirs, and cover 2441 the "ho * the 
streams flowing from them is more throughou 











hydraulic cup, the under plate to be 22 in. wide by jin. in 





columns66 ft. i, height measuring from the bottom of the pedestal 
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PUBLISHER’S ANNOUNCEMENT. 








An untruthful paragraph has appeared weekly, for 
a few weeks past, in The Engineer, stating that the 
circulation of that journal exceeds, by many thousands, 
that of all the other engineering journals combined. 
The circulation of The Engineer was but 5000 in May, 
1862, and it is barely more than that niimber now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily declined for a long time 
past. The principal newsagent in Glasgow receives but 
44 guires of The Engineer weekly. The circulation of 
ENGINEERING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
pES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue Instirurion or Crvin Enarnrers.—Tuesday, April 
28, at8 P.M. Discussion upon the Papers “On Irrigation 
in India and in Spain.” 

Royat Unirep SERVICE InsTITUTION.—Monday Evening, 
April 27, at 83 pM. “On Army Organisation: Our 
Infantry Forces and Infantry Reserves.” By Major Leahy, 
R.E. Followed by a Discussion on the above Paper, and on 
Major Bevan Edward's Paper “ On an Organisation for the 
Army of England.” Friday Morning, May 1, at 3 o'clock. 
“On the Military Value of a Continuous Railway Communi- 
cation between England and India.” By Hyde Clarke, 
Esq., D.C.L. 
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LOCOMOTIVE ENGINES. 

So long as the strength of a structure supporting a 
load must be in proportion to that load, so long are 
we compelled, under our present system of construct- 
ing locomotive engines, to make railways of a strength 
from twice to three times greater than is required for 
the loads which the engines draw behind them. ‘The 
weight applied to the rail by each wheel of loaded 
railway carriages and wagons hardly averages 2 tons, 
and but very seldom exceeds 34 tons. Each driving 
wheel of the engine is loaded, however, to 5, 6, or 7 
tons, and in some cases to even 8 tons. True, the car- 
riage and wagon wheels greatly outnumber the driving 
wheels, and may thus, collectively, cause much greater 
wear, but the questions of wear and of strength are 
quite distinct. While the maximum load per wheel 
is, say, 74 tons, the line must be made exactly as 
strong as if every wheel in every train was loaded to 
that weight. This means, of course, increased cost 
of construction and a heavier capital account. ‘There 


must be wider road beds, deeper and better ballasting, 
larger and more numerous 8 eepers, heavier rails and 
stronger and more careful rail fastenings than if 
every wheel was loaded to but 2} tons, and there 
must, even then, be incurred a very 


considerably 


Next to the perfection of permanent way construc- 
tion—so that the resistances to motion, except that 
from the atmosphere, will not be sensibly greater at 
forty than at five miles an hour—the greatest opening 
for improvement in railway engineering is that whereby 
our engine loads, per wheel, may be lessened until they 
do not greatly exceed that now applied by the car- 
riage and wagon wheels. ‘The first cost, and the wear 
and tear of permanent way, would then be greatly 
diminished ; 42]b. rails and 3 ft. 6in. bearings would 
then serve as well as 84 1b. rails and 3 ft. bearings do 
now, and the cost of maintenance would be much 
lessened, although not in the same proportion. 

In order to lessen the weight, per wheel, of locomo- 
tive engines of a given power, there must be a greater 
number of wheels over which to subdivide the weight, 
and, what is of hardly less importance, the weight 
must be the same on all the wheels alike. Where we 
now have four coupled, six-wheel engines, weighing 
32 tons, with 6 tons on each of the coupled wheels, 
and 4 tons on each leading wheel, an eight-wheel 
engine, equally loaded on all the wheels, would have 
no single wheel weight greater than 4 tons, while, if 
the engine had twelve wheels, each wheel would bear 
less than 22 tons. 

But we cannot make and work eight coupled and 
twelve coupled engines on the ordinary plan, at least 
for fast passenger traffic. The wheel base would be 
too long for curves, and the friction of coupling rods 
and that caused by the slightly unequal wearing of the 
wheels would be too great. Nor would it quite serve 
to work a pair of light four coupled or six coupled 
engines of the same collective power. There are very 
grave objections against twin locomotives, even when 
worked by one driver and one stoker. The greatest is 
the divided attention in working them. There are two 
regulators, two reversing levers, two fires, two sets of 
satety valves, two steam gauges, two water gauges, 
two sets of pumps or injectors, two dampers, two sand 
boxes, two steam blowers in the chimney; in short, 
two separate locomotives instead of one to be attended 
to, and in ascending or descending gradients, the two 
boilers, if the engines are foot plate to foot plate, must, 
when containing equal quantities, show, the one, high, 
and the other low water in the glass, and the driver 
must know how far these contrary indications are 
correct. 

The double bogie engine appears to offer the best 
solution of the most important problem of lessening 
the load per wheel in locomotive engines, whereby the 
necessary strength of permanent way and the cost of 
maintenance may be lessened also. In these engines, 
already in successfui working, all the weight, instead 
of from one-half to three-fourths, as in ordinary engines, 
is available for adhesion. ‘Che weight per wheel is 
equal throughout, instead of being one-half more, or 
possibly twice as much more, on one wheel than on 
another, as is now the case with engines having un- 
coupled leading wheels. The engine has a greater 
number of wheels and a longer total wheel base, but 
its wheels are grouped in bogies of four or six wheels, 
each group radiating independently to curves, and 
having but a short wheel base. So far as the question 
cf wheel base is concerned, the whole engine runs 
with the same ease as if its entire wheel base was that 
simply of each single bogie, or from 6ft. to 11 ft., 
according to circumstances. And as for coupling, the 
resistances from friction are no greater than in any 
four coupled or six coupled engine. 

Ordinary tank engines, when of considerable power, 
are very heavy on their coupled driving wheels when 
loaded, and the distribution of their weight is unduly 
affected when their tanks are empty. In the bogie 
engine, in which the tanks and coal boxes are also 
carried upon the engine, nearly the whole weight of 
the ordinary tender is saved, the weight on each wheel 
is still very moderate, and the relative distribution of 
the weight on the several wheels is not affected as the 
water and coal are progressively consumed. 

The double bogie engines already working are re- 
markably steady, Captain Tyler—who has so clearly 
perceived their striking merits as to have recom- 
mended them to the Grand Trunk Railway of Canada, 
of which he is a director—having compared their 
motion to sailing. They have, certainly, a greater 
number of parts than ordinary engines, but the 
working parts are correspondingly smaller, and, 
therefore, under less strain and wear. The engine 
requires but a single driver and a single fireman, and 
there is no division of attention among two sets of 
levers, gauges, &c., as in twin locomotives. 

This system of locomotives deserves the fullest 
trial. It may not have been yet fully perfected, 
nor is it necessary to offer any opinion here upon 


talent of our time is surely more than equal to the 
task. The double bogie engine, ai from .any 
question of the present relative perfection of its details, 
presents broad and manifest advantages in principle 
which entitle it to the most careful attention of loco- 
motive engineers and railway managers. 








DEAD WEIGHT ON RAILWAYS. 

Ir is the starting and stopping more than the 
settled pulling that knocks up the omnibus horse, and 
so, too, it is the starting and stopping that tell so 
heavily in the working of short traffic railways. To 
get up even the moderate speed of 25 miles an hour, 
or 364 ft. per second, as much power must be put into 
the train, over and beyond all resistances of friction, 
gradients, &c., as would lift it 21 ft. high, and if the 
speed must be got up within, say, one-eighth of a mile, 
so as to maintain a reasonable average speed between 
stations only half a mile apart, the work thus done 
will be equal to that in ascending an incline of 21 ft. in 
660 ft., or 1 in 31}, and this apart from all other re- 
sistances to motion, The same amount of power must 
be wasted against the brake blocks in pulling up at 
the next station and it is a matter for careful con- 
sideration whether all short traffic lines should not be 
laid out upon the undulating system, with the stations 
placed on successive summits, so as to take advantage 
of gravity both in getting away and in pulling up. The 
saving in pene: and in dead weight would thus be very 
great, although the engines would still require to be 
sufficiently strong to take the trains, by sheer pulling 
over any one of these summits, and without any assist- 
ance from momentum, in case of a break down be- 
tween stations. 

Under the present system of working short traffic 
railways, the saving of dead weight is of very great 
importance, and Mr. Fairlie and Mr. Samuel have 
recently called attention to the great disproportion of 
dead to paying weight on certain lines, especially those 
with stations at very short intervals of distance, and 
on which, therefore, the engines are of great weights, 
in order to get up speed gy on leaving stations. 

On all lines, except, perhaps, in America, the division 
of the traffic into two or three classes unavoidably 
involves a considerable proportion of dead weight. 
There must be a first-class compartment, if not, in- 
deed, an entire first-class carriage, even if there be no 
first-class passenger from a terminal station, for one 
or a dozen may get in at the next station. There 
must be a margin of accommodation for each class, 
and with three classes there must be three separate 
margins, instead of one, much the same as if three 
separate trains arriving at a junction had to be taken 
on as one, without any change of carriages or re-seat- 
ing of passengers. This division of classes, which 
must always be carried out, on lines in this country at 
least, affords in itself an explanation of a relatively 
high proportion of dead weight, since, except where 
great numbers of passengers are taken in very long 
trains, it is not often that each class of carriages will 
have nearly its full complement of passengers. 

As for the weight of carriages, we prefer to reprint in 
our present number a careful examination of the details 
of Englishrailway carriageconstruction which appeared 
in our pages August 17th, 1866, since when the 
number of readers of this journal has increased at least 
four-fold, so that it will be new to most of those who 
receive our present issue. We are the more disposed 
to do so because of the attention which the whole 
subject of dead weight on railways is now receiving. 
But to what we then said much may be added 
with respect to the type of carriage of least 
weight per seat. It is manifest that the short four- 
wheeled carriages must be heavier, per seat, than 
longer carriages, merely from the greater number of 
ends, buffers, and draw springs. Longer and heavier 
carriages require, however, more wheels and a longer 
wheel base, and these can only be properly applied in 
end bogies, and these would be found not only to lessen 
the resistance to traction, as compared with our 
ordinary rectangular arrangement of wheels, but they 
secure greater steadiness and ease of motion in the 
carriage itself, even when no screw couplings are used, 
a fact known to every one who has travelled in the 
American long double-bogie carriages. The long 
carriage requires a proportionately strong underframe, 
but the increased section of the principal timbers or 
channel iron, does not involve nearly as much extra 
weight as is saved in ends, buffers, and draw irons. 
Single buffers, too, at the centre of the width of the 
carriage, work easier and better than side buffers, and 
they are very much lighter in weight. Less buffing, 
indeed, and closer coupling are required. Certain 








greater annual cost of maintenance. 





that point. If it has not been, the practical mechanical 








engineers‘who have given much attention to the sub- 
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ject consider that railway carriages should be —— 
eenen the centres of their lengths and not at their 


ends. This would require coupling bars or draw irons | p 


of great length and weight unless they could be relieved 
of all compressive strain on descending gradients and 
in slacking, but otherwise the plan would have its ad- 
vantages. 

It is a question worthy of consideration how far 
steam omnibuses may be adopted, the engine and car- 
riage being built on the same frame so as to dispense 
with all couplings. But such omnibuses could not, 
singly, have the capacity of an entire train as at 
present made up, seating 250 to 350 passengers, and 
where the latter are now required to run every five 
minutes, as is the case on the Metropolitan line, 
omnibuses seating but 60 passengers would require to 
run four or five times as often, which would be hardly 
practicable, and they would require a corresponding 
increase in the nen of guards, drivers, and stokers. 

It is not our wish to condemn the present practice 
in sweeping terms, but there can be no dispute as to 
the great relative dead weight now carried, nor of the 
vast importance of lessening it if possible. It is time 
that attempts were made to introduce a new and im- 
proved system of carriages, and we shall be glad to see 
any rational attempt in that direction. At the same 
time we think short traffic railways will never be 
economically worked until their stations are built upon 
summits with gradients falling each way, so as to take 
advantage of gravity in getting into motion, and of its 
resistance in pulling up. 








THE BOUBOULINA MYSTERY. 

A steamer, formerly the blockade runner Colonel 
Lamb, but, after having been sold to the Greek 
Government, rechristened the Bouboulina, exploded 
last December in the Mersey, and a large number of 
her officers, engineers, and crew were killed, either by 
the concussion or by drowning. The disaster was 


variously attributed to the explosion of a considerable 
quantity of gunpowder then on board, to the explosion 
of the boilers, and to the explosion of gas spon- 
taneously generated from a large quantity of South 
Wales coal. As the steamer, however, was in the hands 
ot the Greek Government, the Board of Trade had no 
power to institute an inquiry. That the explosion 


was not caused by gunpowder was almost certain, 
inasmuch as this was stored in the bows, and the bow 
floated, almost entire, for some time after the crash 
which sent the midship portion of the vessel instantly 
to the bottom. The prevailing theory of nautical 
men and engineers in Liverpool was that the gas had 
accumulated and ignited, Dut there were abundant 
reasons, which we pointed out at the time, why such 
a destructive explosion could not have been that of 
Bas, which sometimes explodes on board colliers with 
ittle result beyond that of blowing up thedecks. We 
were forced to attribute the occurence to the bursting 
of one or more of the boilers. In the course of a 
week our opinion was confirmed by the discovery by 
the divers of the boilers, one of them being greatly 
shattered. But, singularly, no other paper published 
this fact, and all inquiry subsided until the occasion of 
an inquest held last week upon one of seven bodies 
lately found by Ridyard, the diver. He found one of 
the starboard boilers whole, but disconnected from the 
steam pipe, while the after port boiler was all to 
pieces. We may state that there are pieces of the 
tubes also in the Underwriters’ Rooms, Liverpool, 
which have the well-known appearance of having heen 
red hot. The boilers were oie the time to have had 
but 41b. of steam on them, but the water might have 
been low and the donkey at work. 

While there can be no remaining doubt as to the 
cause of the disaster, it is extraordinary that more 
general attention has not been given to it, especially as 
the gas theory was so confidently maintained at the 
time. Could such explosions happen from an accu- 
mulation of gas in the bunkers and stoke-holes, almost 
every steamer afloat would be in constant danger of 
being blown to pieces and sent to the bottom. 


SUBWAY FOR THE RIVER HOOGHLY. 

Ly our last issue, under the heading “ Bridging the 
Hooghly,” the question how to carry railway com- 
munication in the best and most direct manner between 
the Howrah Station of the East Indian Railway and 
and the Sealdah Terminus in Calcutta was tolerably 
fully discussed, and we then gave our preference to a 
subway instead of a bridge, or any other plan that has 
been proposed for that object. The advantage of a 
subway under a river is that it can be constructed in 
almost any situation where an ordinary bridge could 





be built; its adaptability for any locality depends 
chiefly upon the strata of which the river bed is com- 
osed; and it can be used in any situation entirely 
irrespective of considerations affecting navigation. 
Where an ordinary bridge is practicable, that plan 
would generally be preferred on account of the greater 
economy with which it could, in most cases, be con- 
structed; but when circumstances tend to render such 
a structure impossible where it is most required, and 
its erection elsewhere must be attended with other 
considerable works and expenditure, as in the case in 
point at Calcutta, the subway may not improbably 
prove the more economical alternative. 

Examining now the capabilities of a subway for 
meeting the special desiderata, enumerated by the 
committee appointed in Calcutta a year or two back, 
to consider the question of bridging the Hooghly, it 
will be found that it would accommodate them all as 
well, if not better, than a bridge. Tius, the commit- 
tee stated in the resolutions passed at their second 
sitting, “That a road bridge across the Hooghly is 
“not necessary for the ordinary traflic between Cal- 
“ cutta and Howrah.” So that the plan for a subway 
could not be objected to on that score, if it afforded 
no means for such communication ; although, of course, 
by increasing its proportions, such accommodation 
might easily be given, but only at a considerable in- 
crease of expense. “That a bridge over the Hooghly 
“is necessary in connexion with the railway traffic, 
and that, irrespective of the difficulties and objections 
“ attending the construction of a road bridge in a con- 
* venient locality, it is better to bring the railway into 
“Calcutta to the traffic, by constructing a railway 
“bridge, than to take the traffic to the railway by 
“ constructing a road bridge.” All the requirements 
referred to in this resolution would be equally well 
provided for by a subway; and as by the latter 
means the railway communication would be shorter 
and more expeditious, it would in many respects be 
preferable to a bridge. ‘That a railway bridge over 
“ the Hooghly should not be constructed below Cossi- 
“poor, but that the actual site at or above Cossipoor 
“‘ must be determined after the consideration of various 
* points of detail, such as the breadth and character 
“ of the river and its bed, the cost of the approaches, 
“ the limits of the dangerous effects of the cyclone, 
“and so forth.” The subway scheme would be en- 
tirely independent of all these considerations, except- 
ing as to the character and breadth of the river and 
its bed, which it may be shown are most suitable for 
the purpose on the line starting from a little below 
Howrah Ghat, on the one side, to some point a little 
above Clive Ghat, on the other, and which appears to 
be the best site for such a work. “That it seems 
“probable that, under any arrangement, the best 
“ point for the junction of the East Indian and Eastern 
” eons Railways would be at or near the termini of 
“the Eastern Bengal and the Calcutta and South- 
“ Fastern lines at Sealdah, but that there will then be 
“ urgent necessity for the construction of a short line 
“ to bring the passenger traffic of the three lines from 
“Sealdah to a point in the heart of the town, near 
“ Tank-square.” All this would be accomplished by 
a subway on the line mentioned above, as the railwa 
itself would pass very near Tank-square, at which 
place a station might be constructed, and it would 
thus fulfil all the requirements of this resolution, by 
the means of one line of two and a half miles in 
length, instead of two lines of an gate length of 
about ten miles. It must also not be forgotton, that 
by adopting the committee’s recommendations, the 
East Indian and the Eastern Bengal Railways would 
act as competing Mines for any traflic passing between 
their termini and the Dum-Dum Station, which would 
be detrimental to the interests of both those lines, and 
of the Government, but this would not be the case if 
the subway and direct line past Tank-square were 
adopted. 

For many reasons, a crossing near Howrah Ghat 
would be superior to any other, for on one side it is in 
the immediate vicinity of the Howrah docks, and on 
the other side the line would pass close to the Custom 
House and bonded warehouses. Again, by referring 
to the charts it appears that this is in reality nearly 
the narrowest part of the river in the vicinity of 
Calcutta, and by comparing the soundings taken in 
1847 with those taken in 1864, it would appear that 
the river is not liable to change at this pot. It is 
not at all likely that a scour of any importance would 
at any time occur in this, part of the river, and a struc- 
ture placed here would, therefore, be safe from injury 
arising from the action of the stream on the river bed. 

Next, as to the strata in this vicinity. ‘Iwo borings 
made on either side of the river, in the year 1857, at 
the spot alluded to above, showed that on the Howrah 





side the river bank consists of a surface bed of 18 ft. 
6 in. of silt, overlying 29 ft. 6 in. of blue clay; and in 
20 ft. water there is a bed, 10 ft. thick, of clay with 
sand, overlying a bed 20 ft. thick, consisting of clay, 
with less sand. And on the other side of the river, in 
21 ft. water, the uppermost layer consists of 14 ft. 6 in. 
of blue sandy clay, with decomposed limestone, under 
which is a thin layer, 2 ft. in thickness, of silt with a 
little clay, overlying a deep bed of sand; whilst, on 
the shore, the bed consists almost entirely of sand. 

Mr. Turnbull, in his report, dated 29th March, 
1862, stated thus of the bed of the river: 

“The banks consist of clay varying in colour and 
“ quality in some degree, but in general still and tena- 
“cious. These clay beds, or layers, extend to the 
“ depth of about 102 ft. under high-water level, at 
“ which depth on each side of the river a bed of coarse 
“ brown sand is reached. The river bed proved to be 
* a loose fine silt, difficultto penetrate. The result of 
“ borings proved the bed of the river to be an uniform 
* mass of fine quicksand or five silt, in one case 25 ft., 
“and in another case 35 ft. thick, underneath which 
“their exists a bed of stiff tenacious clay, 28 ft. in 
“ thickness.” 

The greatest depth of water in the river opposite to 
Howrah Ghat is about 31 ft. 6 in., and the width of the 
stream is about 2000 ft. 

The tidal action of the river at Calcutta seldom pro- 
duces enough change of current to make ships swing ; 
it, however, produces a change in the level of the 
water surface, during the rainy season, of 15 ft. at 
springs, and 16 ft. 6 in. at neap tides, and, during the 
dry season, of 15 ft. 6 in. at springs, and 5 ft. 6in. at 
neap tides. During part of the dry season, from 
November to February, while the north-east wind 
blows, and tidal action is hardly interfered with by the 
fresh water discharge, the spring tide runs from 3 to 
4 miles, and the neap tide from 14 to 2 miles an hour; 
while from March to July, when the south-west winds 
blow, the spring tides run from 4 to 6 miles an hour. 
During the rains, the ebb tide runs very rapidly, from 
4 to 6 miles an hour, but the flood tide hardly runs at 
all. During the dry season the flood lasts from four 
to five hours, while the ebb lasts from seven to eight. 
During the rains the ebb lasts from eight to ten hours, 
and sometimes even more. 

The above facts regarding the depth of water and 
the tidal actions existing in the Hooghly, at Calcutta, 
are important, because, next after the nature of the 
substratum, they would form the subjects of most im- 
portant consideration with reference to the works for 
a projected subway ; and from them it does not appear 
that there is anything, either in the depth of the river 
or in the speed of its currents, to render the construc- 
tion of a subway a work of very extraordinary diffi- 
culty, or possessing any elements of uncertainty as to 
its success. 

As we stated in our former article above referred to, 
two projects have been brought forward for crossing 
the Hooghly by means of subways—the one by Messrs. 
Longridge and Purdon, and the other by Mr. Fred. 
Chas. Danvers. The former consists of a continuous 
iron tubular structure which it is proposed should be 
entirely constructed on the river bank, and then 
floated to its intended site, and merely sunk into a 
trough previously dredged right across the river to re- 
ceive it, where it would soon become covered up by 
the action of the stream alone. Mr. Danvers’s project 
is to sink cylinders at distances of about 200 ft. apart, 
and then to lay his subway tubes in lengths, connecting 
them together over the cylinder piers. At first sight 
Messrs. Longridge and Purdon’s scheme would appear 
to be the more simple of the two, and likely to be 
capable of construction at the less cost, but we very 
much doubt the practicability of keeping open such a 
trough as it pool = require across the entire breadth of 
the Hooghly, of a length of about 1700 to 2000 ft. ; 
for it must not be forgotten that the river brings down 
with it in deposit about 1 cubic inch of silt to every 
cubic foot of water. Besides this it would probably 
be conducive of considerable inconvenience to ship- 
ping should any accident prevent the tube from 
settling properly in its place, as it would then for a 
time, and until it could be righted, obstruct the entire 
width of the river. 

These difficulties would appear to be best overcome 
by Mr. Danvers’s plan of piers at stated intervals. 
It is clear that these piers are not intended to act as 
foundations in the ordinary sense of that term, for 
there exists no soil, as rock or hard clay, within any 
reasonable depth, of sufficient stability for such 
purpose. It is clear, however, that they would answer 
two purposes: first, they would enable the tubes to 
be conveniently laid in lengths, so that only a portion 
of the river should at any one time be occupied by the 
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works, and the smallest length of channel in the river 
bed would have to be dredged out and kept open 
during the laying of the tubes; and, secondly, whilst 
the cylinders would afford a certain amount of bearing 
for the tubes, they would further give a fixity of posi- 
tion and stability to the entire subway, so as to secure 
it whilst being laid, and preserve it from injury in the 
event of any scour occurring in the river bed sufficient 
to endanger its position were it not so protected. 

In our next number we hope to be able to give a 
detailed account of Mr. Danvers’s project, together 
with such illustrations as may make our articles on 
this subject more clearly intelligible to those of our 
readers who may not be acquainted with Calcutta and 
its vicinity. 


A. 


= 


TESTING TELEGRAPH CABLES. 

It has long been a desideratum, in the laying of 
submarine cables, to maintain an uninterrupted series 
of tests for the whole time of paying-out. 

Some time ago Messrs. Siemens devised a very in- 

enious system, whereby the tests for continuity and 
insulation were alternately applied by an automatic 
arrangement. The plan recently introduced by Mr. 
Willoughby Smith effected the simultaneous applica- 
tion of both tests, but no provision is made for keep- 
ing up on board the ship a “ test of continuity.” The 
“test of insulation” is kept up at one end of the 
cable, and the “ continuity test” at the other. 

A system has been lately proposed which has the 
advantage of being of unlimited application, and of | 
affording an incessant communication between the | 
shore and the ship. 
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The observer on shore would very soon observe, by 
the deflection on his galvanometer becoming graduall 
but very regularly lessened, that the conductor had 
parted, and the end on the shore side was enclosed in 
the insulator. If, on the other hand, the deflections 
suddenly ceased, he would further kuow that the 
conductor had parted, and was exposed. 

If it was required to transmit messages from the 
ship to the shore it would still be possible to maintain 
the tests by simply varying the battery power so as to 
alter the deflection on the galvanometer at the shore 
end. Of course this would admit of too limited a 
number of combinations to be of service beyond the 
very few signs required to be transmitted, and which 
should not be exceeded if possible duriug the paying 
out of any cable. 








THE “HARGREAVES” STEEL 
PROCESS. 

Mr. Hanrcreaves, who proposed to make steel 
from Cleveland iron by placing an adhesive mixture of 
nitrate of soda and oxides of iron and manganese at 
the bottom of a converter filled with melted metal, 
appears to be less successful than ever. For so far 
from recording any instance of real success by his 
process, he is writing abusive letters to the news- 
papers directed against his former friend, Mr. Heaton, 
now a rival patentee, against the secretary of the 
North of England Iron Manufacturers’ Association, 
against the editor of the Jron Trade Review, and 
especially against ourselves. Respecting the con- 
ductor of this journal, Mr. Hargreaves publicly makes 
statements which are absolutely untrue. It is no 
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The shore end of the cable being landed, the con- 
ductor, ora prolongation of it, is attached to an insu- 
lated pin, and at a suitable distance from it is fixed 
another insulated pin, which is connected through a 
delicate galvanometer to earth, between these two pins 
an insulated pendulum is made to vibrate. 

The pendulum on touching the pin connected with 
the cable takes from it a certain proportion of its charge, 
and during its oscillation empties it into the pin which 
is connected to the galvanometer. 

The capacity of the pendulum is first fixed upon for 
the length and electro-static relation of the cable. 
Increased capacity may be given to the pendulum by 
attaching to it a condenser of suitable electrical 
dimensions. 

It will be sufficient to insulate from the other por- 
tions of the pendulum that part which is concerned in 
making the contacts. 

On contact with the end of the cable by the pendulum 
a momentary increase in the deflection will be observed 
on the galvanometer in the ship arising from the sudden 
increase of capacity, and this will continue as a constant 
range of variation in the angular deflection due to 
leakage on the cable itself. By means of these slight 
motions a “test of continuity” is kept up without 
interfering with the test of insulation which is always 
kept on in the ship. The observer on shore is enabled 
to know with positive certainty the electrical condition 
of the cable, by allowing the abstracted charges to flow 
to earth through the galvanometer, occasionally noting 
the deflection. 

If the conductor parted, and at the same time each 
end remained insulated, the observer at the shore end 
would continue to get indications on his galvanometer, 
but the intermittent rise and fall in the galvanometer 
deflection in the ship would immediately cease, and the 
engineer would know the exact moment that the con- 





doubt easy, but it is hardly politic, we think, to 
abuse every one who cannot believe in a process which 
is not new to begin with, which has been often tried 
and abandoned, and which is now again brought for- 
ward with no tangible public evidence of its success. 
Some of the first men engaged in the Cleveland iron 
manufacture do not believe in this, the revived process 
of Sir Francis Knowles and others, and they have 
gone so far as to apprise us, privately, of what they 
think of Mr: Hargreaves’s pretensions. We have 
neither the record of success nor any rational theory 
from which success in removing phosphorus from iron 
by nitrate of soda can be attained. The compound to 
be employed is a simple although not a very cheap 
one, and the proposed means of applying it are the 
simplest possible. There are at least two dozen iron- 
masters in Cleveland who are most anxious to improve 
the quality of their make by cheaply turning it into 
good steel, and who would hardly have allowed Mr. 
Hargreaves’s process to remain for nearly a year 
practically untried. Even upon national grounds we 
would wish to see all imperfect irons converted into 
iron in its best form, which is that of steel. We have 
repeatedly, and almost ever since this journal was 
established, referred to the vast importance of any 
discovery which would render the ordinary English, 
Scotch, and Welsh irons available for conversion into 
steel. If Mr. Hargreaves can do this we shall, when 
he has done so, be at least among the first to congra- 
tulate not only him, but the whole iron trade of the 
nation. We shall give him the best reasons for re- 
gretting the petty spite with which he is now publicly 
assailing all who honestly disbelieve in his “ process.” 
The problem which he professes to have solved is ¢he 
great metallurgical problem of our time. There may 

those who prefer that it should not be solved at 
all: we, however, desire that it may be (if it be not 





tinuity ceased. 





already) solved as quickly as possible. We need not 


remind any habitual reader of this journal that every 


y | well attested improvement in the industrial arts has 


found the readiest and warmest support in our pages. 
Let Mr. Hargreaves, who tells us he is “only a 
“chemist,” show, by any reference to chemical 
science, or prove by experiment on the large scale, 
how nitrate of soda will eliminate phosphorus from 
iron, and the praise we desire to accord him will be 
more than half earned. 








Liorp’s.—The Committee of Lloyd’s have advertised this 

week for a gentleman of liberal education, between the ages 

of thirty to fifty, to act as the Secretary of that body, at a 

—- 10007. yearly. Applications will be received until 
ay Ist. 

ULL.—New offices were commenced on Monday for the 
Hull Dock Company, which is making, by the bye, t 
efforts to complete its share capital. Messrs. Earle have 
completed a steamer named the Fairy, for Messrs. Lofthouse, 
Glover and Co., and intended for the Hamburg trade. 

Steam Power on Canats.—Steam towing is hereafter to 
be tried upon the New York canals. A canal company has 
been formed in Syracuse to build a steam-tug, and apply it 
to a new plan for towing on the Erie Canal. The tug is to 
tow canal boats in trains. It is claimed that the new method 
will reduce by one-half the cost of freighting and the length 
of time between Buffalo and New York. 

Snow Drirts on Rartways.—In Southern France the rail- 
ways are seriously embarrassed every winter by snow drifts fill- 
ing the deep cuttings, but the past season asection of the line of 
railway from St. Etienne to Faye a been kept open by 
the judicious planting along the b: on either side of the 
track of pine trees, a system of treatment previously adopted 
in arresting the dunes, or'i of sea sands, which in many 
parts of France used to annually cause great e. 

Tur ToamMes EMBANKMENT.—There seems, at last, to be 
some prospect of the completing link of the Thames Embank- 
ment being proceeded with. ‘he present termination op- 
posite the Temple is to be joined to Chatham-place, Black- 
friars, by a viaduct on gramite arches, which will admit of the 
valuable wharves inside being still retained. Tenders were 
received on Friday last at the Board of Works from the fol- 
lowing, but the final decision was —— for a week : 
Jennings, 236,0007.; Furness, 235,000/.; Hill and Keddle, 
234,000/.; Doewra, 227,000/.; Pearson, 225,000/.; Ritson 
and Ridley, 224,000/.; Webster, 195,000/.; Brassey and 
Harrison, 193,000/.; Kelk, 187,000/.; Eckersley and Baglis, 
169,000/. When the new bridge at Blacktriars is completed, 
the new street from the Mansion House to Chatham-place 
opened, and the Embankment finished, the Metropolitan 
Board may congratulate themselves on having effected a long- 
needed improvement, second only in importance to their vast 
sewage scheme now so near its close by the completion of the 
great pumping station at Abbey Mills. 

A GRavine-pock Catsson.—The Butterley Company 
have in hand an iron caisson to close the entrance, 80 ft. wide, 
of the new graving dock at Malta. The work, which weighs 
300 tons, contains several peculiarities, which we hope to be 
soon able to illustrate and describe. It was designed by 
Colonel Clarke, Director of Works of the Admiralty, the 
details having been worked out by Mr. William T. Carring- 
ton, C.E., of Westminster. 

Coat-cuttine Macuines.—In connexion with the coal- 
cutting machines’ competition, it should be noted that the 
committee of the South Lancashire and Cheshire Coal 
Association proposes to remove the condition as to royalty, 
and to substitute gold, silver, and bronze medals as the first, 
second, and third prizes. It had been originally proposed 
that members of the association should have the use of the 
successful machine free from royalty. 

Tue CLEVELAND Iron Trapg.—As was stated in last 
week’s ENGINEERING, a large Russian order for rails has 
been lost to the Cleveland group, although some Cleveland 
firms tendered for it. This order, which is for about 26,000 
tons, has been secured by a Belgian house. Considerable 
shipments of rails have been made lately from the Tees; the 
prices of plates have also been firmly supported. The pig 
iron trade is not very brisk at present, although orders have 
been booked for the summer. 

Roman Rattway.—The number of locomotives upon the 
northern division of this system last year was 98, and upon 
the southern division 103, or, altogether, 201. Yet the whole 
me realised upon the system last year was only about 

43,000/., a sum totally inadequate to remunerate the capital 
employed. The repairs of the rolling stock appear to be 
effected by the company in a tolerably satisfactory manner. 

CenTRIFUGAL Pumps.—Messrs. John and Henry Gwynne, 
of the Hammersmith Ironworks, have concluded a contract 
for the construction of two of the very largest centrifugal 
pumps ever made. They are for draining 8 in Den- 
mark, and are intended to lift each 50,000 gallons of water per 
minute to a height of 6ft. The revolving fans will be 4 ft. 6 in. 
in diameter, and the suction and delivery pipes 8 ft. 6 in. 
Centrifugal pumps are classed in the trade by the size of the 
pipes, and these are therefore classed as 3 ft. 6 in. pumps. The 
engines for driving them will be made by Messrs. Kitson and 
Co., of the Airedale Foundry, Leeds. They will be a pair of 
combined, horizontal, high-pressure condensing engines, with 
24 in. cylinders, and 24in. stroke, a pump being placed at 
each end of the shaft. The engines will work up to 200 indi- 
cated horse power, and may be driven to lift even 90,000 
gallons per minute. The works for which this powerful ma- 
chinery is to be constructed are known as the Hauveille 
f Reclamation Works. 

WesTERN or France Rattway.—The new network of 
this system comprises 1023 miles. Of this length of line 
778% miles were in working at the close of 1867, and 36} miles 
more are 7 to be brought into operation in the course 





of 1868. ere will thus remain 208 miles to be completed 
in 1869, and subsequent years, 
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THE INSTITUTION OF CIVIL ENGINEERS: 
April 21, 1868. 
Cuartss Hutton Gregory, Esq., President, in the Chair. 

Tue first paper read was, “On Irrigation in India,” by 
Mr. Allan Wilson, M. Inst. C.E. 

Having had fourteen years’ experience in the cmstruction 
and superintendence of irrigation works in the central and 
southern provinces of India, where wet cultivation was ex- 
tensively practised, the author proposed in this communica- 
tion mainly to refer to that part of the empire. A brief ac- 
count was in the first place given of the former and present 
systems of irrigation, followed by a detailed description of 
the accessory works ; and the cost of providing the water was 
then noticed. 

The value of artificial means of irrigation, for increasing 
the fertility of the soil, was recognised in India at an early 
date. In the Punjab canals for this purpose, as well as for 
navigation, were constructed as far we as the middle of the 
fourteenth century. But it was in the southern parts of India, 
where the rainfall was more precarious, and the river supplics 
less easily available, that the most extensive works were to 
be found. It had been estimated that, prior to the establish- 
ment of British rule, there were, in fourteen of the principal 
irrigated districts of the ; 
48,000 tanks and channels in repair, besides about 10,000 out 
of repair, having, probably, 30,000 miles of embankments, 
and 500,000 separate masonry works. Some of these tanks 
and reservoirs were on an immense scale, for irrigating many 
thousand acres, while there were smaller tanks, wells, and 
springs, which watered only a few acres. It was remarkable 
that the Government should have allowed so many fine works 
gradually to fall into decay without replacing them by others, 
as great natural facilities existed for storing water, and for 
forming canals to lead it on totheland. The irrigation works 
of the Godavery and Kistna rivers, in the northern Circars, 
and on the Coleroon, in Tanjore, had only recently been com- 
pleted; but many large rivers were still allowed to flow into 
the ocean, almost unused for agricultural purposes. 

With regard to the most general and least expensive mode 
of irrigation by means of artificial reservoirs, and to the 
methods adopted in forming such reservoirs, it was stated 
that in selecting a site it was essential to ascertain, in the 
first place, that the foundation was suitable; the next point 
to be determined was the extent of land to be irrigated, and 
the quantity of water necessary for suchirrigation. The area 
of the drainage or gathering grounds could be estimated from 
the trigonometrical survey maps of India, and the quantity 
of water that would pass into the tank during floods should 
be calculated according to the known rainfall, due allowance 
being made for absorption and evaporation. With these data 
the dimensions of the different works could be fixed. It 
should, however, be borne in mind that depth of water was 
of greater importance than a large surface area, as the eva- 
portion would be less in the former case. An examination 
should also be made of the valleys in the vicinity of the pro- 
posed reservoir, with a view to ascertain whether the surplus 
water flowing through the tank during floods could not be 
carried across intervening ridges, and be stored in natural 
basins at a small outlay, so as to filla chainof tanks. It was 
explained that a tank was simply a reservoir formed by 
throwing an embankment, or bund, as it was called in India, 
across a valley to dam up the drainage. The most simple 
description of bund was constructed entirely of earth, which 
was generally dug from the bed of the intended reservoir. 
The breadth at the top was usually about 12ft. The inner 
slope was 3 to 1, and this was faced with a pitching of loose 
stone, while the slope of the land side varied from 2 to 1 to 
1lto 1. Puddle was seldom, if ever, used ; indeed, it was not 
required, as, owing to the lodgment of silt, a tank would 
puddle itself as soon as it had been once filled. In illustra- 
tion of this fact, it was mentioned that Major-General Sir 
Arthur Cotton had stated that in a channel cut through loose 
sand, within a yard of the water’s edge to a depth of 6 ft., 
not the least moisture was found in the excavation, the lining 
of silt having rendered it completely watertight. In addition 
to this embankment, some of the large Hindoo works had a 
massive retaining wall of masonry in front. Many of these 
walls were built of dressed stone, close-jointed, backed with 
rubble and a rough description of concrete; and flights of 
steps of cut stone were constructed down to the edge of the 
water. 

To obviate the danger of an excessive influx of water 
during floods, most tanks were provided at one end, and not 
unfrequently at both ends, of the embankment, with a waste 
weir iieon n in India as a calingulah), to allow the surplus 
water to escape after the tank had been filled. In construct- 
ing a tank, the discharge capacity of the calingulah was an 
essential feature. It wasa safe rule to allow one-fourth more 
than the dimensions obtained by calculation, so that the 
water might have a free passage in the event of an excessive 
flood, as otherwise the earthwork might be entirely destroyed. 
The author had found that many of the tanks which were 
now useless had been breached from no other apparent cause 
than the want of sufficient outlet to carry off the surplus 
water during floods. In constructing these calingulahs, up- 
right stones, varying from 2 ft. to 5ft. in height, were fixed 
in the body of the masonry, at intervals of from 3 ft. to 4 ft. 
When the rains were moderate, as the monsgon was declining, 
these spaces were filled with brushwod, ‘straw, earth, or 
rubbish, to prevent the further escape of water, and to store 
up as much as possible. This contrivance: showed how highly 
water was appreciated by the natives of India; but unless 
the process of filling up was very gradual, and its completion 
deferred until the rains had entirely ceased, the results were 
often most disastrous. Many of the ruined tanks appeared 
to have been breached solely from the desire on the part of 
the cultivators to retain the utmost quantity of water. The 
forms and dimensions of the calingulahs must, of course, be 
regulated according to the capacity of the tank, the area of 
the gathering ground, the rainfall, liability of drought, and 
other local circumstances, so that it was not possible to lay 
down any general rule, having regard to the great differences 
of rainfall, &c., in the several districts of India. 
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In order to draw off the water for cultivating the fields, 
each tank was provided with one or more sluices, their size 
and number depending entirely upon the area of land to be 
irrigated. The sluice in general use in Southern India was 
exceedingly simple. It was merely a tunnel through the 
bank, built of brick or rubble, either arched at the top or 
covered with flat stones, the floor being paved with flat- 
jointed flags, and the side walls lined with the same. The 
inner end, or head of the sluice or tunnel, was closed by 
stones, and the water was allowed to enter through one or 
more orifices, generally from 3in. to 5 in. in diameter, cut in 
these covering stones. The flow of water through these 
orifices was regulated by means of conical plugs of wood, 
each of which, being attached to a long handle, could be 
withdrawn or inserted as required. At the end of the sluice 
tunnel below the bank a cistern was generally built, having 
its sides pierced with holes at different levels to enable the 
water to be drawn off at various elevations. From this point 
the water was carried forward in open ducts of the requisite 
dimensions, in the sides of which subsidiary or distributing 
channels were cut, generally at the expense of the farmer, to 
lead the water on to the land to be irrigated. The mode of 
preparing land for wet cultivation was by laying it out in 
squares, rectangles, &c., each plot being separated from the 
rest by mud walls of sufficient height and thickness to prevent 
overflow or percolation. These squares or rectangles were 
kept level, and were as large as the nature of the ground 
would admit. When one was sufficiently flooded, the water 
was let off at the lower corner of the field into the next divi- 
sion, and so on until the whole area had been irrigated. 

With a view of showing how favourable some parts of 
India were for forming reservoirs of large capacity, attention 
was directed to a design for a large artificial lake, which it 
was proposed to construct by damming up the gorge of a 
valley. This reservoir would be capable of storing sufficient 
water to irrigate 200,000 acres of land, an area equal to the 
county of Buckingham, allowing the usual average of 500 
acres to the square mile as being under cultivation. Taking 
170,000 acres as the extent of land to be irrigated for a single 
crop, this would require provision to be made for the dis- 
charge of 170,000 cubic yards of water per hour at each end 
of the tank ; and discussion was invited as to the best descrip- 
tion of sluice for discharging such a vast volume of water. 

Another method of providing a supply of water for artificial 
irrigation was by damming up rivers, by anicuts, or masonry 
dams (also called weirs). The sites for many of these had 
been so judiciously chosen by native engineers, that but little 
expense had been incurred in building them. They were 
generally formed of boulders and stones thrown promis- 
cuously together. The side next the water had the outline of 
a retaining wall with a slight batter, and was laid with some 
care. On the down-stream side, two rows of stones com- 
posing the lower edge of the apron were carefully laid by 
hand, and the upper courses on both sides were similarly 
laced. A detailed description was given of some old anicuts 
across the river Toombuddra, as well as a modern one over 
the same stream; of an anicut across the Kistna river, near 
the town of Bizwarrah; and of temporary weirs, of rough 
stones, which were not now so generally used as they were 
formerly. These masonry dams were, when practicable, 
taken advantage of for forming means of communication from 
one bank of the river to another, by building a bridge on the 
top of the weir. These dams had sluices at each end, and if 
requisite at other parts, to be kept open at times, so as to 
prevent the lodgment of silt above the weir. A head sluice 
should also be constructed, to enable the water in the river 
during a flood to be shut off, and so prevent sand, &c., from 
entering the irrigating channel. These sluice openings were 
closed by wooden shutters, consisting of teak-wood planks, a 
native system which had been found to answer so well that it 
had been adopted more or less by English engineers. 

Great differences of opinion existed as to the cost of storing 
and distributing water tor irrigation. Thus, in a report made 
by Colonel Dickens, in 1855, on the Shahabad district, the 
estimated cost of storing and supplying water from four 
different tanks, including the cost of the distributing channels, 
was 400, 352, 350, and 494 cubic yards per rupee respectively, 
or an average of 400 cubic yards per rupee, giving a cost of 
8 rupees 12 annas per acre irrigated with 3500 cubic yards, 
a quantity which was amply sufficient to raise more than an 
average rice crop. 
in the Madras Presidency at 6 rupees and 8 rupees 3 annas, 
giving an average of 7 rupees 15 annas per acre as the cost of 
storing water; but it did not appear whothet the expense of 
the engineering establishment and of the distributing channels 
was included in these rates. 
of personal experience, that a few years ago, in the south of 
India at least, an extensive area in the immediate vicinity of 
the work could have been provided with irrigation works, in- 
cluding distributing channels, at a cost of 10 rupees (17.) for 
every 3500 cubic yards. Owing to the increase that had of 
late years taken place in the rates of all kinds of labour, the 
cost would now probably amount to 15 rupees per acre irri- 
gated. 

Water was also raised from wells, banks of canals and 
rivers, for irrigation purposes, by means of the Persian wheel, 
and pumps of all kinds, worked either by men or by bullock 
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Colonel Rundall stated the rates per acre | 


gin ; the mét operated by bullocks, and the —— by men | 


being employed. From springs water was lifted by basket 
scoops worked by men. A minute account was given of these 
several methods, accompanied by a statement of the quanti- 


ties and cost of water, as well as a comparative statement of 


the number of cubic feet raised one foot high per day of ten 


hours, raised by these different plans in various parts of 


India. 

As to the relative value to Government of irrigated and 
dry cultivation, it was stated that, in the fourteen districts of 
the Madras Presidency already referred to, there were about 
2 million acres of irrigated and 25 million acres of dry land, 


and that the revenue derived from the former was 14 million 
. 2 


cultivator from irrigated land, independently of the certainty 
of reaping the crop, it might be stated that the average in- 
trinsic or market yalue of crops raised on irrigated land was 
20 rupees per acre, against 6 rupees for the produce from 
unirrigated land, or more than threefold. 

The great superiority of river and tank water for irrigation 
purposes, as compared with well and spring water, was next 
adverted to, as an additional argument in favour of the for- 
mation of river and tank reservoirs. In many localities 
large profits might reasonably be expected to be realised, 
both from the construction of new works and from additions 
and improvements to existing ones. Statistics regarding the 
extent of land at present irrigated were meagre; but it 
might be safely stated, that not more than 4 million acres 
were watered by artificial works; and there appeared to be 
no prospect, in spite of the large remunerative results ob- 
tained therefrom, of an outlay commensurate’ with the re- 
quirements of the country being incurred by Government 
within any definite period. Judging from personal expe- 
rience and observation, the author was of opinion that, con- 
sidering the vast area requiring to be provided with these 
works, the comparatively small extent of the Government 
establishments, and the large capital that would be needed, 
the object could be best attained through the agency of 
private companies. This view would, he thought, be fully 
supported by a comparison of the operations of the railway 
companies with those of Government in regard to irrigation 
works. The utmost sum that had been spent by the various 
governments and communities of India, on these primary 
and highly remunerative works, was about 4 millions sterling, 
during a long course of years; whereas, no less than about 
70 millions sterling had, within a few years, been spent by 
private companies on railways, which were far less remunera- 
tive, and might, moreover, be called subsidiary works, depen- 
dent for their full development and success upon the pros- 
perity of the people. It was true that objections had been 
raised, and possibly not without reason, against the manage- 
ment of private companies ; but the defects that existed were 
not inherent in their constitution, and might, the author 
believed, be obviated under suitable arrangements. Indeed, 
there was every inducement for a company to press on the 
construction of public works, in the most rapid and efficient 
manner, so as to obtain a better return than the moderate 
rate of interest guaranteed by Government ; and the realisa- 
tion of these advantages could not fail to attract capitalists. 
A feeling in favour of such companies was beginning to 
spring up among the natives of India, and this feeling would 
increase as the remunerative results of irrigation works 
became more apparent. 


The second paper read was “On the Benefits of Irrigation 
in India, and on the proper construction of Irrigating Canals,” 
by Mr. T. Login, F.R.S.E. 

The author stated that he had been engaged, during the 
greater part of a quarter of a century, on some of the most 
important irrigation works in Northern India, and an account 
of the prominent features of the system formed the subject of 
this communication. 

With regard to the revenue derived from the older canals 
and their actual cost, diagrams were exhibited, showing that, 
at least in Northern India, immediate direct returns must 
not be looked for, although such canals were certain to be 
financially successful eventually. If, however, in addition 
to the water rent, the increase of cultivation and the enhanced 
value of land were included, the canals even in this part of 
the empire must be considered highly remunerative. But 
the strong argument in favour of canals was, that they were 
calculated to prevent those awful visitations which from time 
to time swept off hundreds of thousands by starvation; and 
if canals could be constructed at an outlay of somewhat less 
than 1/. sterling per head of the population, and return a 
fair percentage for the outlay, these were additional reasons 
for proceeding with them without delay. 

The abrading and transporting power of water in motion 
was briefly adverted to, and the author expressed the opinion 
that the power of water to hold matter in suspension was 
directly as the velocity, and inversely as the depth, and that 
with given velocities and defined depths, only a certain 
quantity of matter could be held in suspension, whatever 
might be the character of the bed and banks of the river or 
canal. If the velocity were increased, and the depth re- 
mained constant, scour would take place; whereas if the 
velocity were decreased, and the depth was the same, there 
would be deposit. 

With reference to the best slopes for canals, and how the 


nh | slopes were » F i ras ESS ial.i fi ylace, 
The atithde tated an the codel | slopes were to be regulated, it was essential, in the first plac: 
| to ascertain what was the slope of the river, when not in 


flood, from which a supply was to be drawn, under circum- 
stances similar to those of the canal to be constructed, that 
was as to depth and soil ; and then to make a small allowance 
for the tortuous course of the natural river. The slope—that 
was the velocity, or, in other words, the abrading and trans- 
porting power to be given—should be such, that the deposits 
would be balanced by the abrasion. Experience on the 


| Ganges canal had shown that this required a mean velocity 


of about 33 ft. a second, with a surface slope a little less than 
14 in. in the mile. One of the greatest problems for the canal 
engineer was, the best method of dealing with the excessive 
slope of the country through which an artificial river had to 
flow. In Nature this was provided for—first by waterfalls— 
secondly, by barriers of rock, stretching like weirs across the 


| channel of ‘the river—thirdly, by rapids, formed of boulders 


sterling, against barely 2 millions from the latter ; so that the | 


irrigated land yielded three times the revenue drawn from 
an equal surface of dry land. As regarded the gain to the 


that had been carried down the river, thus creating temporary 
weirs—and, lastly, where only clay or sand existed, the course 
of the river was found to be tortuous, by which the length 
was increased, and the slope practieally reduced ; and, to a 
minor extent, the flow was also retarded by the sudden bends 
in the river, which tended to check the velocity and to 
increase the depth. The last plan had been almost invariably 
adopted in former times, and it was still to be seen in Egypt. 
One of the largest and best paying canals in Upper India— 
the Western Jumna canal—was also constructed on this 
principle. 

The experience gained on the Eastern Jumna canal, 
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where masonry falls were built after it was opened, led to 
the adoption of the ogee form of fall for the Ganges canal, 
While these works were in progress, the flooring of all the 
falls on the first division was lowered so as to form a cistern to 
receive the descending water ; and the water being held up by 
a framework of timber, 5 ft. in height, above the crown of the 
ogee, no injury had as yet been done to the brickwork where 
the water impinged. This was probably owing to the water 
which passed through the open spaces of the timber frame- 
work forming a cushion for the descending water. Per- 
pendicular falls were also employed on the Barree Doab 
canal, and in Madras; but in the former the water was re- 
ceived into a cistern, while in the latter it impinged on a 
flooring of ashlar work, “The various - adopted and pro- 

for overcoming excessive slopes having been succinctly 
noticed, it was state that, er such circumstances, recourse 
must be had to bagriers, of, 4a they were technically termed, 


weirs. ie 
From a Table. showitig,“apptoximately, the sections and 
slopes best adapted for irrifation canals and watercourses in 
Northern India, if appeared’ that pprobebly the best slope for 
a canal dischargmg 6000 ‘cubic feet per second, was about 
134 in. per mile. ia) | : e 
A description, Wis then given of a new system of “zigzag 
falls, which had Deen recommended by the author for the 
Rechna irrigation works ; and a-comparison was instituted 
between be Gost of the falls and bridges on the Ganges canal 
od, and the. estimated cost ifthe proposed “zig- 
zag” falls had ‘been adgpted, from which it was contended 
that there would Dave Pon a considerable saving of expense 


y plan the, question, whether the falls 
would be likely to, stand the action of the’ water, it was pro- 
posed that the length of the lip should be‘so extended, that 
only 10 eubie, feet a,secqnd should pass over each foot, which 
with a full, sappy would. require a height of about 2 ft. ; 
whereas, on the Ganges canal, with two and a-half times the 
volume descending an equal height on brickwork, no injury 
had yet ogcurred,, ys att 

In conclusion, Pig genta tliat, six' years ago, the 


author stood almost, ih maintaining thé opinion that the 
Ganges canal needed only some pectective.wo ,and did not 
require, the radical alterations: then proposed. He believed 


that the works might be placed out of all’danger by the 
judicious use, of wood and. iron, at. a less cost than if stone 
were employed, without, depriying the country of the benefits 
of irrigation beyond avery short time. 

The third paper réad was, “ On Trrigation in Spain, chiefly 
in reference to'the\constructiomef the Henares and the Esla 
canals in that country,” by Mr. G. Higgin, M. Inst. C.E. 

Ii was stated’ that;of-all'the countries in the world, there 
was [aes none'thab, required so much irrigation as Spain, 
nor one which so gratefully repaid the labour expended upon 
it, by rich and: valuable \results... Fhe: climate of the south 
and east of Spain’ was suitable:forithe production of crops of 
almost all kinds: productionsef the torrid and temperate 
zones here together... In ithe gardens of Murcia and 
Valencia might: be: seen wheat, barley, corn, maize, the 
orange, a 2 a mes palm, the olive, =. citron, the 
peach, ti ar, dpple; rice, er. In Malaga and 
Seville, in edition to these were ho cumibaaieia. the athena 
plant, the prickly pear, and, in sheltered spots, the plantain, 
which was seldom‘found out ofithe tropics. The eodl of most 
of the river plains was a‘ rich alluvial deposit, from 3 ft. to 
10 ft. in depth, ; Nothing was wanting but water ; and this 
might frequently be seen afew yatds off running to the sea, 
useless and unproductive:; A -few charts. of comparative 
rainfall and \temperature had been prepared, which showed 
that, with the exception of Oran, Spain‘was by far the driest 
country. Thus, while Piedmont Had a fall of 37 in., Lom- 
bardy 38 in., Algiers 27 in,, and. Bone 25 ins Spain had only 
an average of 17.in.; and. in. two cases, that'of Madrid and 
Alicante, the: mean annual fall-was only 12in. and 13} in. 
respectively. The mean rainfallof Oran was 144 in. A com- 
parison of the mean rainfall and temperature during the 
seven irrigating months from.March to September, and the 
mean maximum temperature during June, July, and August, 
of Lombardy, Piedmont, and Spain, showed that, while Pied- 
mont had a mean #emperature of .63°, and a mean maximum 
of 85°, with a rainfall of 29 in.; ‘Seville, with a mean tem- 
perature of 78°, and a maximum of 111°, had only a rainfall 
of tin, Madrid, with @ mean temperature of 65°, and a 
rr of 98°, had a rainfall of only 5in. Alicante and 

alladolid, though a little ‘better than Seville and Madrid, 
—_ far inferior in rainfall, and superior in heat, to either 

: mbardy or Piedmont. The vital necessity of irrigation 

was thus very apparent. 
. The earliest, and indeed almost all the irrigation works in 
chen” bury constructed about the year A.D. B00 or A.D. 900, 
Pela t country was under the dominion of the Moors. 
i peas system of irrigation, and’ the whole administra- 
a well waters in Valencia and Murcia, were as perfect 
al Aver be, and the result#'were very surprising. It 
oad Possible, however, within the limits of this paper, to 
te ore than a cursdry notice of these works; but such 
canals ah collected as would assist in the description of the new 
tion Ca ow in course of construction ‘by the Iberian Irriga- 
telete oe The areas of the several large irrigated dis- 
680 ule Tie Were then detailed, went tm together to 
ponds. rt es. According to the published Government 
4439 8, the total amowat of irrigated ground in Spain was 
3739 ona miles, so that it would séem there was an area of 
tenks “ha miles irrigated from Water wheels, small canals, 
Admitting” Py quantity which was:believed to be excessive. 
only 44 § however, that the returns were correct, even then 
While J my sere 4d the whole. ¢ultivated land was irrigated. 
square mile. ¢ i gape in allSpain was only 81 to the 
168] inhabited irrigated d of Murcia there were 
habitant tants to the ae mile, and in Orihuela 767 in- 

- i ber square e. The effect of irrigation was to 
Taise the value of : 8 
tions of this © of land 10,15, ‘or 20 times. Several illustra- 
over Spaj were cited, and it was stated that, as a rule, all 

‘pain, good land in the valleys when unirrigated might 





be bought at an average price of from 6/. to 10/. per acre, 
while irrigated ground fetched from 80/. to 1201. per acre. 
In proportion to the ‘value of the ground was the value of 
the water. Colonel Baird Smith gave the value of a cubic 
foot of water per second in Piedmont at 167. per annum, and 
in Lombardy at about 15/. per annum. In most of the old 
systems of Spanish irrigation, the water was attached to the 
land, and was sold with it, and the value of the water could 
not, therefore, be ascertained. But perhaps the fair average 
value of a cubic foot of water per second in Spain might Be 
taken to be that fixed by the Government for the Henares 
canal, viz., 375/. per afm, which was not considered a high 
price. Apisit 

The projects for irrigating the Henares and the Esla valleys 
were of very old date; but it was only during 1859 that the 
concessions were granted, and in 1863 that a company was 
formed in London to ¢arry out the’works. The river Henares 
rose amongst the mouritains of the Somosierra : its course 
was extremely steep, antl very rapid, the total fall of the 
river, from thé*weir of the new canal to Alcala, a distance of 
36 miles, being’ 407 ft4'giving’a mean fall of 11.3 ft. per mile. 
The total length of thenew canal was 28 miles. It received 
its water fromthe river’at a point 16 miles above Guadala- 
jara, just below the junetion of the Sorbe and Henares, and 
ended at Aleala. The area of ground capable of irrigation 
in this valley, after deducting that due to road, streams, 
towns, &, was 27,170acres. For this purpose the volume 
of water eonceded by the Government was 175 cubic feet per 
second forthe nine months from October to June inclusive, 
and 105 eubic feet per second for the remaining three months. 
From ae¢curate measureinents made near the new weir since 
the commencement of ‘the works, it appeared that during the 
months’of July, August, and September, the averaze quantity 
of water carried bythe weir was 210 cubic feet per second, 
the lowest point which it had touched being 140 cubic feet 
per second. During'the ‘remainder of the year it carried an 
average of 300. or 400 cubic feet per second; but it was 
liable to enormous floods, and some came down during the 
progress of the works, which were estimated to amount to 
8000' cubic feet per second. The weir, it was calculated, would 
discharge 20,000 cubic feet per second. 

The most difficult: portion of the works was comprised in 
the first) divisioninvolying a rock cutting, 16 ft. in depth, 
immediately after leaving the river ; then a tunnel 3171 yards 
in length through a high limestone cliff, followed by a deep 
cutting in gravel.'\ At the 9th kilométre the canal crossed 
the Madrid and’ Sa. Railway; and at the 10th kilo- 
métte, a wide foirentt bed. These were the ruling points in 
this section, and it was with reference to them that the actual 
height of the new weir was fixed. At the site chosen for the 
weir, the bed of the river was composed of compact clay 
rock, very impermeable, mixed ‘with strata of excessively 
hard eonglomerate:"' The front ‘wall was built of rubble in 
hydraulic mortar, the foundation being benched into the rock. 
The main body of the :weirwas of hydraulic coneretre ; but 
in order to against filtration, a continuous line of cut 
stone was let into'the ro¢k in the centre of the concrete, all 
the stones being bedded in pure cement. The apron was en- 
tirely of cut stone, and from the top of the rubble wall to 
the crest the weir was alsb of cut stone. The water for the 
canal was drawn off by five sluices, set in masonry arches, 
built of large blocks of rock-faced ashlar. At the entrance 
of the canal three sluices were fixed, for the purpose of scour- 
ing out any er which might accumulate in front of the 
gates. Immediately inside the head sluices, and forming a 
portion of the head’ works, theré was an overflow weir, to 
provide for the discharge of any water which a sudden flood 
might admit into the canal during the absence of the 
guard. The weir was 130 yards long between the abutments, 
and its total cost, including all the head works and the waste 
weir, had been 17,343/., ‘or 50s. per cubic yard, as the mean 
price of the total cubical contents. Details were given of the 
prices paid for different classes of work, and of the materials 
employed. One flood, which came down when the weir was 
unfinished, tried it seveyely. The water rose 4ft. over the 
crest of the finished portion, completely filling up the gap, 
and pouring with great force.on the exposed concrete heart- 
ing of the unfinished end. This flood was estimated to have 
a volume of more than 9000 cubic feet per second, yet not 
a single stone was displaced. 

The construttion of the tunnel offered no engineering diffi- 
culties, About one-half of it was in a stiff, tenacious clay, 
the remainder being in limestone rock. It was found neces- 
sary to line the whole with brick, as the rock, though hard 
when first cut, crumbled under exposure to air and water. 
The bricks used were Mnade in the valley, and, after a little 
trouble, they were obtained of a good quality, at a cost of 2/. 
a thousand, delivered on the works. The whole of the brick- 
wook was set in hydraulic mortar, As it was found, how- 
ever that the pure lint@@xid sand set too quickly, the custom 
of the country was folléwed, anda percentage of white lime 
was mixed with the hydraulic, the proportions being 1 part 
of hydraulic, 1 part of white lime, and 4 parts of sand. This 
mortar was longer in setting than the pure mortar, and gave 
much better results. It could not be used where the work 
was liable to be immediately covered with water; but this 
was not the case in this tunnel. 

The only other works of importance on this canal were an 
aqueduct, over the Arroyo Tejada, at the entrance of the 
tunnel; the bridge under the railway; and the bridge over 
the Arroyo Majanar. The difficulties presented by the 
bridge under the railway were those due simply to the work 
having to be carried on without disturbing the passage of the 
trains. This was done by shifting the ys and building 
one-half of the abutments at a time. The railway was 
carried on wrought-iron’ girders, sent from England. The 
canal was carried over the Torrent Majanar in a wrought-iron 
tube, 66.6 ft. span. When put together, complete, this tube 
was immediately filled with water, to a depth of 5ft., and 
has since been kept full. It was perfectly tight, both at the 
joints with the masonry, and in other parts. With a load of 
93 tons of water, it sank fin. in the centre. At the side of 
this tube were three sluices for diseharging the canal, il 
necessary. 





The average prices paid for the smaller works, the manner 
in which the excavations were performed, and the class of 
labourers employed and their pay, where then severally 
treated of. 

The sections adopted for the first division of the canal had 
inside and outside slopes of 14 to 1, and the banks were 6 ft. 
wide on the top. The depth of water in the first few divisions 
was 5 ft., and the velocity was 2 ft. 4in. per second. i 
was rather high, but it was a matter of importance in Spain 
to avoid ex#f@sing the water in wide shallow channels, as with 
a less vel weeds grew freely. “Many of the old canals 
and water eourses of Spain had a mean velocity of 3 ft. per 
second. « 4 

The Esla canal, as’ ease Of construction, was per- 
haps one of the’ best in: . The whole estimated cost of 
the works, peices a 191 yards long, was a little under 
100,0002: amount 32140 acres would be per- 
fectly” # dost’ of BP°2s. per acre, while the cost 
—— ‘thes ''¢dnal’ was 77. 7s. The land in the 

valley’ was jonally rich} it was very thickly 
populated ; andthe only objection that could be made to 
i¢ Wwas'its distance from any seaport. 
' One of the most interesting questions in the construction 
of'‘an irrigation canal was the acreage which could be irrigated 
witha’ certain ny cepa: quantity of water. Opinions varied 
very much upon this point. The amount supplied in different 
districts'was given, and it was stated that, in Spain, the usual 
dotation for rice crops was considered to be 2} litres per 
second per hectare. It had been found, by M. Ribera, from 
a series of experiments made near Madrid, that the quantity 
of water consumed in the irrigation of & nursery en was 
0.36 litre per second per hectare, and for a market garden 
0.47 litre per second, in both cases the water being supplied 
withont stint. The author had found, by experiment based 
on the quantity of water actually employed by cultivators, 
also near Madrid, that 4 litre. per second would irrigate one 
hectare every twelve days. is, it was thought, was quite 
sufficient for the cultivation of almost any crop, except rice ; 
and, taking into account the fact that, in a large valley, such 
as the Henares, there must always be a great variety of crops, 
many of which would only require irrigation every twenty or 
thirty days, it was evident that 4 a litre per second wasa 
good dotation for a carial. This, in English measure, 
amounted to 1 cubic foot per second for every 140 acres. 
The quantity allowed in India varied, it was believed, from 
120 to 200 acres per cubic foot per second. The canon fixed 
by Government for the Henares canal was equivalent to 
3s..9d. per irrigation of 450 cubic métres, and tor the Esla 
canal, 2s. 94d. tor the same quantity; the lower price, in the 
latter case, being due to the less expensive character of the 
works. Some particulars of the price of water in Spain were 
then furnished. 

Several modes of measuring the water to be supplied to the 
landowners were then described, including the system 
adopted by the Moors, the Milanese module, the plan fol- 
lowed on the Marseilles canal, and a new method by Lieu- 
tenant Carrol, of the Indian army, which had been tried on 
the Ganges canal. The principle objects to be sought ina 
module were, simplicity of arrangement of the different parts, 
freedom from friction, or any similar deranging cause, con- 
stant discharge under varying head, and, of course, an exact 
measure of quantity. It was of great importance that there 
should be no concealed machinery, and also that the measure 
should be capable of being easily inspected by the landholders. 
The module adopted on the Henares and the Esla canals 
could not lay claim to novelty, but it was believed it would 
fulfil its purpose practically. The water was measured by 
being discharged over a knife-edge iron weir, without any 
perceptible velocity, and when omg still. Onthe wall of 
the outer chamber was fixed a scale, whose zero point was at 
the level of the edge of the weir, and by means of this scale 
any person could satisfy himself that the proper dotation of 
water was flowing into the distribution channel. B —-. 
ing the sluice the guard could regulate to a nicety the height 
of water to be passed over the weir. Experiments were 
being made to ascertain the proper co-efficient for these weirs 
under varying heads. 

As regarded the probable losses by filtration and evapora- 
tion, it was difficult to arrive at any reliable calculation, as 
different authorities gave such contradictory results. During 
the month of July the water evaporated from the Henares 
canal was equivalent to nearly § per cent. of the whole volume. 
Another important point to the irrigation engineer was the 

rinciple followed in the distribution of the water. In the 
Henaies valley the ground was divided into plots of from 
760-to 850 acres, each plot being served by one of the primary 
channels taken off direct from the main canal, one of the 
modules previously described being fixed at the point of 
departure. 








Tue Nice any Genoa Rattway.—The last section of the 
Paris and Mediterranean Railway between Monaco and Italy 
is now about to be terminated with as much rapidity as pos- 
sible. It is only a few kilométres in length, but of great 
difficulty as re; the works required in its construction. 
It runs parallel with the Corniche road, principally at the 
edge of the sea, and crosses the various difficulties of the 

round in cuttings or embankments, tunnels or viaducts ; 

ut at very different levels from the above road, which in 
many places is several hundred mé:res above the railway. 
The most important work is the tunnel at Cape St. Martin, 
which has been commenced at both ends as well as in the 
middle by means of shafts. The French line terminates at 
Port St. Louis, about two kilométres distant from Mentone. 
On the Italian side the section from Voltri to Savona is now 
complete, and the locomotive has already passed over it. It 
will probably be opened to the public towards the end of the 
present month. 

Gaeat Russtan Rattway.—The revenue of this important 
undertaking sensibly increased last year as ee ap with 
1866. The progress made was especially noticeable on the 
St. Petersburg arsaw division. the total revenue for 
1867 was 11,536,977 roubles, showing an advance of 1,169,340 
roubles upon Vara Tae 
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SEA-GOING TURRET-SHIP. 
DESIGNED BY ADMIRAL PARIS, DIRECTOR-GENERAL OF THE OFFICE OF MAPS AND PLANS OF THE FRENCH NAVY. 
(For Description, see Admiral Paris’s Paper, page 334, of April 10.) 


"AANA 
{ NTEATENNY 


BUNKER 


t POE EE EET EAT LE 


TC 


‘1 


(=) 
I 
= 
= 
- 


COAL BUNKER 


ME OS OEP Eee et eet eu 











© 
Z 
pe 
= 
a 
Z 
o 
Z 
<a) 


Aprit 24, 1868.] 








eqeyuesead e10UI ¥ JO JUSUIED OUIOS YA 41 4B00 0; L1Ess000u 
31 SoyBUE yor ‘mojoo besa 8} JO JUNODOe TO UoTDe[qgo 
0 uedo st 31 nq ‘ouoyspuvs ipso JO SWIG ULg, JoIqITeoT 
elojesoq} PUL “yUaqIOsqL ssa] SI IF 9 Barysom oy} 405 
sBuyjemp jepou se wiry fq peyonsysa00 mau 43103 50 
S[[eAA OY} JO PUES pur [eavsd jo syed 44910 07 yUDUIGO puLT}0g 
0 q1ed ovo jo Zunsisu0o eydiom0o ¥. paydope seq youssy 043 
jo Joredwgy egy, ‘[ei10;euI eures 043 JO pesodum00 useq eavy 
8JOO PUB 8.100) 
ut I 
eT -sorjovld Zutseentsue 0} [eyUep 


-1out sesseooid Auvur ut perdoo oq yea Ser se yons ore syueur. 


-aduviie [e100e3 04} Su ‘Fue, oMOS 4¥ SoTTIOSIPY 4¥ UO poles 
Se syO0Iq [BOYTIe O80q3 Jo eIMyoRFNUBUT oq} Poquiosep oaLy | 


mrneped YoRs 0} pettes e1aq} 
40U OJ0M OINJOUJNULUE O43 Jo SjusWIeTUBIIE OY} 4Nq ‘pret oIqnD 
Jad sg] 3800 ‘pasromumt vaya ‘xq00/q [BIOYIE 04} SiaIzTy IV 
“pd :qno sed z z see pavk 04} Ul AI]ep 8u0}8 UeyOIg 
“pA -qno sod [ ¢ 9 see | Paes 0} Ul poreatjop puvg 
*uoy Jed § Zz Aq sof uorqe}s Lempres 043 4¥ podoaljop oul] 
ps 
: SMOT[OJ SB SBA STeLIe}TUI oy} JO cold ON, “puL[suq 
UL UB} eoUBIgA Ur Jedveyo Yonut SI INOGe, 4¥q} poJequieut 
~01 oq 4SNUI 41 4Nq Se1OUI “POT ‘ST 48900 JozeMyveIG OY} UI TOT 
~1sod a ut Zursseurut pue ‘Zurysequie ‘Zarsves oy} puv ‘pv 
o1qnd Jed “pg “sg sta pref oy} Ul 8¥90[q e8eq} JO 4800 oY, 
“uoryeyIequIe Jo yuI0d O47 04 UBsd¥o v Aq parneq ore Aon} 
yorya Zaoje paw ‘syx00;q jo sMol oY} JO pus JOqIINy 043 We paved 
8y} Ss0J0¥ [eae] Jomoy APjySys B 4e suNI Yorq ‘femurEI} Yue 
~eused 8 uo paox|d yon24 & 0} Wey} SJONPUOS oUBD SIG, “punold 
0Y]} 04 8490]q 04} jo doy oy} w0Iy paaoutes esodand siqy 10; ore 
yoga ‘sXhemures; Areiodwia, 04} uo JuryJOM oUeID OArjOUI0D0) 
pedavise AysnoreSut ue 4q punosd 043 yo pert ore Loy_ Apeor 
USM, “WONBULIOS I9q} 104j8 SqIUOUT 9014} 4sBeT 4¥ [T}UN vos OY} 
UL SHO0]q OY} YUIs 0} jes you st 4 Juq ‘prnour oy} Jo [wAOUIeL 
04} JO MOTB 07 408 AjQuoIOMINS st ojJaI0N00 BY43 SABP INO} JO 90143 
Jeyy “i Suraofpe peousuimos st Mor Jaqjoue ueya ‘pavk 
64} 880198 Paulos U9eq Sey SyO0]q JO MOI ¥ [TZUN UO Os puY “41 04 
uo penulzu0o Aemures3 043 pus ‘1 puofeq poxy st pjnoul Jeqjoue 
peqstuy St Yoojq ouo se uoos sy “pjnoul euO |\¥ 0} peamb 
al O18 GIQIUOYP| B Jo sedinyo [Z BY} OS “judd 10d G pooper 
81 0j@100100 04} Jo Hpnq 04} ‘Burwues Lg “pjnous oq} o4ur perydusa 





i 


int 
i 


GZ JRoge a pus v ; 
jo Aqytovy 40} synu pur s3joq 4q s10100 043 
‘Barqueyd yy T puv sequin ut pourwy 4]Fu0238 
SyS18000 31 °F JY UMOYS st Sp[noUT osaq3 Jo oUG 
St, Yoo]q [BOYIe 9q3 YorA Ul plnout oq3 jo doq 
d Lemures, o[qeaour & YIM ]OAe] B UO SI Jed But 
14} JO soRjnsOyy, “pavt oy} Jo ojoyA 94} ssO1de spuo} 
‘30 Zursi9awl} & SaLivO Yoga Joao] Jomoy v ye Lem 
9q oq} Jat s{eaurel} oy], 
JejJ0ur oy} dn y10M 03 sous snyy 
t Ipulid yous Zurinp sawyy 
9014} pedavyo oq Uvd sIgIMUO}gq Yous ‘soynuTM eAy A[UO seyey 
ein} XIU oy} SY “speasezut [eNbe ye 19opurp{o 043 ssoro¥ AT[eoLToUT 
~sip psowd sieq eajom} 4q popre Zayeq einyxtur 04} ‘sTwriezwu 
ey} OFeUIUSeUIe 0} JUSIOWGNS ore sumy AjUeMy, “DOMNoOAeL 
Ut Jes puv ‘eurdua om} yy1m Aopnd puw puvg v fq pazoeut0d st 41 
exoyas ‘7 78 WAoYs VoryIsod 04} OF pojsoqs St 41 PadIUgo st QIU 
rowea om WOU “A ‘kemuresy-04} Jo puo Jaqiiny og} 4e puvg 
4q peyiom yy e Aq pourmnjer age suodem Aydue oyy -y 3 
uaMogs ore Surg jo ssa0oid up ergiuuoj9g B PUY TOF IvjI0UI V 
*ajeiouoo jo spavf o1qno ¢9*p ‘pextur ueya ‘Zuionpoid ‘suodem 
eu0}s OG} JO OUO Ul peuleyioo ‘ouoys ueyo1q Jo spavf o1qno 
$¢°0 pas ‘HoZem Iey0UI ¥ JO syueUNIedUIOD 92143 eq) JO ou0 
UI PeuTeyU0D st Yorqa ‘1e}I0UT Jo spref o1QNd J¢°0 SI 21QIUTOI9q 
ows 10; oF1eyo OY], “S9X¥ JO} Jnoge WorynJoAes Jo a[qudvo pus 
‘sKemures} uo SUAOU SYONIy [[VUIs UO peyunoU ‘spref O1QNd EZ"T 
yo Ayordeo & jo sioputyfo Uon-jqSno0IM ore Yor ‘ses91UU0}9q 
po[eo sautqovur ut sovjd sexe} onyx oyy, -asodind.oy3 J07 
sajoy YIM peoraid Zu1eq suoFea 04} JO w10}}0q oq} ‘de} v aepun 
443n01q Zateq Aq poqsem [fe feu0js uexoIq Jo sainsvour 9014} 0} 
IVJIOUI JO SaINsBeUl OM} 4MOgGe Jo pasodui0s st YyoIGA ‘aje10000 
out SuLULIOJ 10; GaU0j8 TOyx0IQ OY} FYSNoIQ os[e oie Yorqa 04 ‘qT 
‘kemuresy oy} 0} Yl] 9ouByeq of} JO WY Jeq}0 eq} Aq pastes 
Uaq} ele sucseM AVjOUL EY *yno 4 Butsweyo jo osodind 
OY} J0J SULIE ey} JO CUO 0} poyouye Juleq ydnosy oy} jo 
uorT}Oes 4OVXe OY} JO Jedeios wv ‘[fIlUI oN} JO UWI0}}0q 943 
ur ioop dea}, ev ydnomq3 ‘gq ‘femurvs; 04} uo pooed suodum 
I8}J0Ul OJUL UABIP st IvjA0U porsdeid oy, “svj0W jo sprvf 
o1qno gz"g eonpoid pue ‘seynurar 4j;u0M4 10 UseqJy I0y Joq}0I0} 
punoad ore yoy ‘104K JO SUO|IeS FT pue ‘pues jo spavf o1qno 
96°z ‘amy jo spavk o1qno g7"T St STLUT — eq} Joy edsvyo om 
puv ‘pues jo seinsvoul eAy pux oul] punold jo selNsvaUl 9014} JO 
einyxtur w Aq peulioy Si 1BjA0UI OT, “4YSN0I3 OT} JO COwJINS e[OyA 
043 odvzos 03 uJ0y & Jo Jadelos OUO pur ‘sjaeqM UOs-js¥9 9014} 


eas 

g 
2 
s 
& 


33 
2 


rE 
28 
Sx 


gS 
£§ 
33 





40m Yorqas UT “UL “YT JO sojouvp v jo YFnody sejnoNo & 





NY ER 


JO YOUo ISISTOD S[TUI IvjIOUI SY, “Wl couNjYq Gy} SyI0A OTE 
qorqs ‘ouldue pexy ¥ 4}IM Worxeun0S UI SNONUTZUOD B 07 UO 
poe pln pn parte udu fq poysom pur ‘uL303 
0 oq} ye AOI E Ur ‘JequINU Ut ee1q} ere 
TU IE}IOUI PY], “JOUUVUT CUTS 94} UI peuINyeI ZuIeq ‘syons} 
qdune 0g} ‘fp “s][lar ej10UI ey} OUT pedvgo pue ‘g ‘CemurE} 
seddn 04} 0} uo qt eouvjeq & Lq poystoy exe Log} eousym ‘VW 
‘£emures} oy} Zuope syxonI4 Ut 4yF9noIq ore ou] oy} pue pues oy, 
« UONMNSUOD D) Op SADUUY SIPPIONOAT ,, BY} Wry Padivjua st 
<aen 9q} JO WOI}0eS SSI2ASUEI} Y SMOYs ee ‘. apy L 
*9[FueI0e1 OY} JO SApIS 4104S O47} JO UO Jo [Teajtta9 oy 
peourd Supe sedoad Caoqouy oy" wy sfaDourons of pes ‘sane 
Moy yHoqe jo vere uv seidnss0 JQUVU OFT, 19SIBq 
WOIF SOUT INoJ ynog’ PUY[S! Ue UT ‘fnoIy Jo soltenb 04} jo 
stugap oY} WIZ St eu0}S Wsx0Ig oy} ‘ou puw ond Lzaa ‘spuvyst 
Zotmoqqsieu oy} pus Uo|NOY, Jo saroys oy} WIOIy St PuLs OY, 
00°00T 
Ort ToUuINIIq PUL 197; 
*“*___ plow o1moqied 
“** WOdt JO Oprxojzorg 
SulUINye TT! 
ee 
:sisiiwue oy} st Furmorjoy om yotqu yo Susepry 
ur Tey, wos; oun omespAY ATuamIMIa ue sy posn ouNy OW], 
*pemorjoy Sseooid 04} [Lejep ul Surquosep 
ur ou Ayysnf ‘qargy J ‘Ia Yorym ‘uonoayied yo yoqid & 04 
PeLLIvo U9eq SBY GINJoUNUBUL OY} oO pue ‘pusnoy3 ey Aq 
OpBUl W9Eq EAB 4YFiam ,SU0} CZ JO SYOOI osoy ad ‘Sa[TOSIEIY 4B 
SUOISHA}Xe INOGIvY 319002 04} UI SI TeLIe;wUT sig} Jo UOMwoNdde 
qsepued oy} yNq $SU0} OM} JO ONO Jo 44SI0M e JO OpEUT ole 
pus ‘asurys pue ‘sduddryo ouoys puepyi0g Yueuteo pueyz0g 
jo pesoduioo ele JeAOg 3B Syx0[q [eoyIe ey “sy10d J0q}0 
Aavur puv ‘sorpresivpy ‘siaiZpy jo Siejemqworg ey} Ut pue ‘1040q7 
jo Ja1g AyeUIpY oY} Ur pasn esoyy se yous ‘syooTq 1ejnFauyzoos 
edie] JO WLLOJ Of} Ul Osye 4nq ‘y10M UOLepuNo; AJeUIPIO UI se 
‘sassBul O14 }1[OU0ML Jo UOI;wULIOS eq} Ut AyUO you ‘pepuezxe Ajpides 
sivof oy¥] jO SB OSM Toy} ULIOY SIG} UE *aze1NN0D & UTI0; 
0} Sau04s me Jo o[durys yyw pexiu ‘4;;uenbesuoo ‘aie pue 
‘seajesuiey} Aq pasn oq 0} 4[}800 00} ][e ore s}UUIAD Oso! P 
a 
Temmgooyqore pus [ejusuTEaIO queurfojdure sy syueaoid 
4n0[09 Yiep sj ynq ‘peyquopun st Ayytyn 871 sesodimd jenjonsz49 
Jog “UOIWWOYLWA OF asowe Farwimgq pue ‘sFarqem s0ULI0; 
WOdy SESE puv xyeyo qIM pau Lempoy oq} Jurxtur Lq opwur st 
I *8UaNq148U00 eules O43 “eAdtfeq J ‘suIeJUOD YoIqm ‘puE[}I0g 
84} SI S}UEUIE0 eseq} JO ‘IaAoMOo Ysaq oy sey fq “Hav epAH 
‘jo01}8-JUNOP Ut Zurpuyzs [[48 SV JUUIED sIqy Jo SYOO[q Jo FING 
‘plo saved op ‘esnoy v 4ey} pazeys sem 41 ‘sjoezIYOuY YsIg Jo 


a | 


Ti —— 


sd 





eer, a 





+ 
6 





+, —_ etl 


eee eee 


i, sen opme Sat SS HR 
Jo Systsu09 yorya ‘Le[> WOpuO'T oY} UI PUNdy wt 
wmoay poxedoad st yuauiao uvMIoY sy], “ITE O44 JO DOH}OE om 


Poeyxes 04} Sssepo siy} Jo UoutVeds & st IejJOUL oun AremIPIQ 

-arnjyereduiey yStq & 30 TORO 
-dde 03 ynoyytm coud Zurye, Torjow [BoIMIEYD 04 UOISeqOo 11043 
OMO YOIGA SoU0ZS [BIOgWIE es0q} Of jfeshur oUBUOO ‘az0jo10q3 
a T _ *jf287t 04 Ajaatsnjoxe. peyoaop you Jeded v ut qytm 4[¥9) 
9q 07 o8z¥{ 003 st joofqns oy) se ‘ywoq esuazar Jopan syaenINs 
~Woo mq} Jo UoIwoRUyA 043 4q pouepreq ore YoIqm ‘ss¥TO ouTES 
2 Lue 10 ‘89300 v1104 ‘sezt} nm a ba 
40g “SuIq}0U Avs [[VYs | [el10;wUl SII} “3t Gm paxruz 
oq} Jo eNqwu Burpurq oy} 0} Ajpedtoutad sossassod 41 yyZue13s 
4eqa somo pue ‘ans oq} pus are oy} 4q pop Ajdans st yerse}wur 
0} 8889 1OY}10 UT = *S911NjUI OM} UL} O1OUI Pozse] Avy OIA Jo 
eulos ‘arIYSUOAEG] JO STB Goo oY} UI Uses oq [49S AvuT se ‘syuWl 
qnoqjim sseur snonutjnos v ut ,,‘9ed,, youerg ogy fy per[¥o 
uyjd oy} s0qe ‘dn poyi0m 30 seg eq} jo syied Auvur ut osn 
Ut [[198 98043 aq] pur ‘soqyavasy 043 Aq suvnd{Sq uoroue 043 105 
OpUl SHOLIG OF} YItM osv OY} Sa Sw ‘sHOOIG OFU! OpwuT 104310 
pus ‘fy10wvn9} 41 oats 0} VY 10 ABI]S YM pextur ‘Aero Jo pnut 
st osodind stq3 Joy pasa ueeq sey Yorga [waywUL ysajduns oq], 
*[BLIOUIOUIUIT OUIT} UOIy ‘yUsIDNZe Sse_ 10 eOUI ‘seyNyIWSquSs jo 
quourfoydure 043 03 poy eavy ‘s10yj,0 UT 41 Zurys0m jo AyMoWIP ey, 
puv ‘syouystp Aueu ur euoys Surpyngq yo Ajorvos AHL, 

“LLag wavivM Ag 
« ANOLS TVIOMILAV NO» 
“ADYD 942 U2 ‘JuepisetT ‘NOLHDAVA, NINVENGY “1/q 
"8981 ‘Tie 2dp ‘Avpsoupey 
“ALGIOOS 
SUTANIONG 'TVOINVHOGN ANV 'TLAIO 








A. POE 


, Pea | SAY , 
I - 


‘SMUOM UNOMUVH SATIMGSUVN *‘NOLAd JO SMOOTH ONINVW YOA AYANIHOVN 











406 


ENGINEERING. 


[APRIL 24, 1868, 





— ly 





using as little water as possible, and by well beating up the 
materials. His process is thus described in the specification of 
his English patent. 

He first reduces the lime to powder by sprinkling it with 
water. This powder is sifted and then completely slacked by 
further sprinkling it with as little water as possible, from 16 to 
25 pints being used to a bushel of the powdered lime instead of 
from 32 to 38 pints, asin ordinary practice. The damp powder 
resulting from the slaking is then crushed under rollers, when 
it presents the appearance of a stiff paste. The béton is then 
mixed in the proportion of: 


Clean river sand ... 
Baked earth 
Lime paste 
or for hydraulic work, 
Sand eee ose aw § 
Baked earth ove oe I 
e 1 
1 
+ 


to 8 


to7 


Lime paste 
Cement ... 


If the sand is very fine, a portion of it is not added until the 
other materials are thoroughly mixed. After the mixture 
follows the process of agglomeration, from which the material 
takes its name, and which consists of repeated blows or shocks 
from a hard, heavy instrument. This beating consolidates the 
materials, and is on ge to give the lime a greater tendency 
to crystallise. Whether this be a correct explanation or not, 
there is no doubt that M. Coignet’s process produces a very 
strong and compact concrete, approximating to the nature of a 
stone, and it has been used extensively in the construction of 
the sewers for the drainage of Paris, and also in the system of 
ventilating conduits under the floor of the late Paris Exhibition 
building ; but the proportions have been modified from those 
mentioned in the specification. In the Exhibition building it 
was composed of 

Very pure, coarse, sand... 4 

Lime ove eee e 

Portland cement ... * 
mixed with one-tenth of its weight of water. 

The church of S. Visinet, near Paris, is constructed of Béton 
Coignet, and its steeple may be considered asa monolith. By 
using crushed stone instead of sand, stones of different qualities 
and appearances may be produced, suited to the varying re- 
quirements of the architect. 

There have been many proposals to cement together sand or 
crushed stones by calcareous or siliceous cements. Amongst 
others, I may mention Mr. Ellis’s process, in which he takes 
carbonate of lime in the form of finely powdered marble or shells, 
mixes it with one-eighth of its bulk of slacked lime, damps it 
with a very little water, and forces it by great pressure into 
oiled metal moulds, producing a stone similar in appearance to 
marble, and suitable for the construction of architectural orna- 
ments, Then there is Mr. Bousfield’s process, which is very 
similar to Mr. Ellis’s, except that he uses a larger proportion of 
the slaked lime; and Mr. Barff’s, which differs from the pre- 
ceding in introducing silica into the composition of the cement. 
According tothis method, a solution of aluminate of potash of a 
—- gravity 1.130, and as free as possible from either acid or 

li, is prepared by dissolving in water alumina and potash 
previously fused in a reverberatory furnace. One part of this 
aluminate of potash is mixed with three parts of silicate of 
potash of a specific gravity 1.040, and the mixture is to be used 
within four or five hours of making, to cement together pow- 
dered pumice stone or other material. There are other proposals 
of a similar character, but none seem to have arrived at an 
practical result except that of Mr. Ransome’s, to which I will 
now turn. 

As early as 1844, Mr. Ransome’s attention was drawn to the 
subject of artificial stone, with a view to preparing millstones of 
a perfectly uniform texture, so as to economise the time wasted 
in redressing them so frequently, and he conceived the idea of 
powdering the stone and cementing together the fragments. 
After experimenting with plaster of Paris and many other sub- 
stances, he thought of glass, and endeavoured to form stone by 
mixing sand and powdered glass, pressing them into a mould, 
and fusing the glass by heat; but, under the great heat, the 
stone either cracked or ran in lumps, and he therefore turned 
his attention to the production of a liquid glass. Now, glass is 
a silicate of either soda or potash, and is soluble in proportion to 
the amount of the base present as compared to the acid. Soluble 
silicates had been before prepared in two ways; first, by mixing 
fine sand with a large quantity of alkali, and employing a very 
high temperature ; and, secondly, by mixing calcined and pow- 
dered flints with a still larger proportion of alkali, and boiling 
them in water for a considerable time. The former process is 
very expensive, and the latter produces a solution too weak to be 
of much use; but Mr. Ransome discovered that, by stewing 
whole flints in caustic scda under a pressure of 60 or 70 lb. to 
the square inch, they would dissolve, and form a strong soluble 
silicate of soda. This was mixed with sand and pressed into 
moulds; but in drying the outside dried first, and the steam, 
endeavouring to force its way out from the inside, cracked the 
surface. To obviate this difficulty the stones were dried in a 
close vessel, surrounded by a steam jacket, and kept full of 
steam until all the moisture in the stones was vaporised, when 
the steam was es drawn off, and the stones were found 
dry. At first this was the whole process, but finding that the 


stone did not sufliciently resist the action of water, Mr. Ransome 
afterwards began to mix a proportion of powdered flint with his 
sand, and to burn the stones in a kiln, by which means the soda 
was forced to take up an extra amount of silica from the flint, 


and formed an insoluble silicate. There were, however, objec- 
tions to this stone; the burning was expensive, and the stone 
had an appearance somewhat resembling pottery: it was neither 
fish, flesh, nor fowl; but in 1861, when experimenting upon the 
preservation of natural stone, Mr. Ransome thought of the ex- 
pedient of er his sand mixed with silicate of soda in a 
solution of chloride of calcium, thus setting up a double decom- 
ition, by which the silica should unite with the calcium to 
silicate of lime, and the chlorine with the sodium to form 
common salt, which could afterwards be washed out. This 
action is figured in the following scheme: 





Chloride of calcium {Gh et hey 


Na. 

Silicate (Silicic Acid Si. O, Si. O, Silicic) Silicate 
of { acid of 
Soda. ( Soda......... { = = a Lime. 

This plan was perfectly successful, and made a complete re- 
volution in the whole process, the cementing material being no 
longer a silicate of soda, liable to the action of water, but a 
totally insoluble silicate of lime, and, moreover, the kiln was no 
longer necessary. This chemical action may be shown in a few 
minutes. I have here a solution of silicate of soda, into which 
I will pour some of this solution of chloride of calcium. They 
instantly combine, and form a gelatinous mass, which will soon 
crystallise, and before the evening is over I dare say we shall 
have a perfectly hard substance. 

The manufacture of artificial stone by this method has now 
been carried on for some months at the works of the Patent 
Concrete Stone Company at East Greenwich. A short time 
since I paid a visit to this establishment, when Mr. Ransome 
kindly showed me the whole process, which for simplicity and 
beauty can hardly be surpassed. The materials eo are 
sand, flints, chalk, limestone, caustic soda, chloride of calcium, 
and water. These are all obtainable within an easy distance, 
fine sand being brought from Maidstone, and the chemicals 
from the Tyne, while the water is supplied by a well sunk on 
the premises. The sand is first thoroughly dried, being emptied 
from an elevator into a revolving iron cylinder, through which 
passes a hot blast of air, and from which it is delivered into 
one of the storage bins which are arranged along one end of the 
shop. On the top of these bins is a concrete floor carrying the 
flint boilers. These are cylindrical in form, the lower part 
being occupied by a coil of steam pipes, above which is a grating, 
on which the flints are piled. The boiler is nearly filled with a 
solution of caustic soda of a specific gravity, 1.120, which is 
bviled under a pressure of 60 lb. per square inch until the flints 
are dissolved, and a silicate of soda is the result. The silicate 
is then blown up into a reservoir, from which it is drawn, as re- 
quired, into evaporating pans, where it is reduced to a specific 
gravity 1.700 and to the consistency of treacle or thick gum 
water, and it is then drawn off into tanks for use. 

‘The sand is mixed with a small proportion of powdered lime- 
stone, which serves to partially fill its intergranular spaces, and 
a bushel of this mixture is mixed with a gallon of the silicate 
of soda in a pug mill furnished with edge runners armed with 
paddles. In a few minutes a viscid, plastic mass is produced, 
which is rammed into the moulds as in an ordinary moulder’s 
shop. The moulds are principally of wood, but iron is used for 
grindstones and other plain een which are required in large 
numbers, and plaster of Paris for some of the finer and more 
elaborate pieces. The mouldings are then drenched by a flexible 
hose with a cold solution of chloride of calcium, which hardens 
the surface sufficiently to allow of their immersion in a bath of 
the same solution of specific gravity 1.400, which is kept 
heated to a temperature of 212°, or a little under its boiling 

int. The chemical action which I have already described is 
nere completed, and the result is a hard stone of the exact size 
and shape of the mould, but containing about 3 per cent. of 
salt. This is removed by subjecting the stone to a strong 
shower bath of pure water, which for small articles is soon over, 
but for some large stones of 2 ft. or more in thickness is con- 
tinued for three or four days. In some cases the penetration of 
the stone by the chloride of calcium is assisted by the forma- 
tion of a vacuum at the bottom of the mould, which materially 
quickens the process. It will be seen that the stone must 
necessarily have a small amount of porcsity to allow the mois- 
ture to dry off in the heated chambers provided for the purpose ; 
but in cases where this is objectionable the surface can be again 
treated with a weak solution, first of the silicate, and after- 
wards of the chloride, and by this means it can be rendered 
sufficiently impervious to be used for cisterns. I have on the 
table two specimens presented to me by Mr. Ransome—the one 
shows the sharpness of outline that can be obtained for decora- 
tive purposes, and the other was in my presence broken out of 
the centre of a large grindstone,jand shows how thoroughly the 
chloride has penetrated to the heart of the stone. 

The advantages of this stone for engineering purposes need 
not be enlarged upon; its homogeneous nature would lead one 
to expect that it would be very durable, and some highly deco- 
rative capitals, &c., which have been exposed to two years’ 
tropical heat and rain in a palace at Moorshedabad, are described 
by Mr. Vivian, the engineer who employed them, as being, 
‘if possible, better now than when first set.” Major Haig, 
who is superintending the improvements in the Godavery navi- 
gation, anticipates a great advantage from its use, as the supply 
of labour in India for working the natural stone is so irregular. 

I was struck with the applicability of this material to poly- 
chromatic decoration, which is now receiving some of the atten- 
tion due to this so important, but so long neglected, branch of 
decorative architecture. I have, therefore, prepared some small 
specimens tinted with different colours; I tried ultramarine 
among others, but the specimens prepared with this pigment 
would not set so quickly as the others, but remained much 
longer ina gelatinous state. I am not enough of a chemist to 
know whether this is due to any action of the ultramarine upon 
the chemicals, but I suppose such must be the case; other 
specimens tinted with the aniline colours, with ochre, and with 
orchel;seem to set as quickly as the uncoloured stone. The 
aniline colours seem especially suited for the purpose, as a very 
little colour goes a long way. Of course in preparing large 
stones the face only, say to the depth of an inch, need be tinted, 
the interior being rammed in with plain sand, Cameos in relief 
might also be made by filling the projecting parts of the mould 
with sand of one colour, and completing the stone with another 


those processes of manufacturing artificial stone which are most 
likely to be of practical use to the engineer and architect, and if 
this evening’s discussion lead the members of this society to 
more attention to the application of these useful materials our 
time will not have been wasted. ’ 
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Tue depth of cutting to effect this would bave been about 
20 ft. for one quarter of its length, and nowhere less than 12 ft, 
In ordinary soils it is possible the cost of increased depth of 
excavation would not have exceeded the cost of the pipe sewers, 
but in this case, all the houses being built on the surface, and 
that surface being of such a nature as to vibrate with every 

assing wagon, the cost of the timber which would have been 
eft in the trenches for the security of the buildings wouid have 
soon mounted up to many times that value. The 2 ft. cyl- 
vert from a point along the London-road was carried thro; 
quicksand precisely similar to that before described, except that 
the bed of clay was not so well defined as before. The same 
means were adopted in dealing with the springs, and the result 
was most of the surface wells were dried—a result not at all to 
be deplored in a sanitary point of view, as they were largely 
affected by percolations from cesspools, and otherwise contami- 
nated, owing to the porous nature of the soil; and as the 
Caterham Spring Water Company have just completed laying 
their mains through the town, the inhabitants have ano por- 
tunity of compensating themselves for the loss of their wells by 
procuring a constant supply of pure and soft water at a moderate 
cost. The manholes, which were situated at the angles of the 
sewers, were of the form and dimensions given in the draw- 
ing shown. With one exception they were elliptical in 
shape at the base, major and minor axis, 5 ft. and 3 ft. respec- 
tively. They were constructed of brickwork in cement, and in 
all cases carried 1 ft. below the invert of the lowest sewer con- 
nected with them, the bottom being formed of brick-on-edge 
paving grouted in cement. The manholes were drawn in 
at the top to an illipse, 2 ft. 3 in.x1 ft. 10 in., and were 
provided with the manhole covers and frames manufactured 
by Messrs. Sharp and Co., of Lancaster, a drawing of which 
is given. They consist of a cast-iron framing filled in with 
blocks of wood. They offer no impediment to traffic, and will 
no doubt be found to be exceedingly durable. They have, how- 
ever, one fault, which is that road grit falls in and is forced 
down by the traffic between the cover and the frame, so that 
the former gets jammed tight, and the men, finding they cannot 
lift it by the keys, use a pick to clear the space round the cover, 
which is aptto injure it. The author thinks this might be ob- 
viated by constructing the cover with a flange all round the 
upper edge. It need only project 3 in., and should be roughed 
on the upper surface. This, he thinks, would remedy the evil. 
Ventilating shafts were connected with most of the manholes, 
and were also placed at intervals along the sewer. They were 
provided with cast-iron ventilating boxes containing charcoal 
trays. These are shown on the drawing exhibited. They 
have a partition in the centre, one side forming a receptacle 
for road grit, the other communicating with the sewer and pro- 
vided with galvanised iron charcoal trays. The cover is per- 
forated for half its area only. The trays are connected together 
so as to be readily lifted out of the box when it is required to 
renew the charcoal. ‘The pipe sewers were constructed with a 
vertical drop at each ventilator. This was effected by inserting 
a quarter circle bead connected with a T-piece, the shaft being 
carried up with two or three diminishing pieces, according to 
the depth of the sewer, as shown on the drawing. This is in every 
way a preferable method to that of breaking the continuity of 
the pipe sewer and constructing a shaft in brickwork, as is 
usually done. 

The ventilation of sewers by means of charcoal the author 
believes first took its rise from the investigations of Dr. Sten- 
house, F.R.S, who, in 1853, directed attention to the subject of 
charcoal in connexion with the ventilation of impure atmospheres. 
He showed that charcoal was not an antiseptic, as it was at that 
time generally represented to be; but, on the contrary, was @ 
great agent in premoting decomposition, from its capability of 
absorbing large quantities of gas, and retaining it within its 
pores until it was gradually oxidised. Keeping this principle in 
view, the author ventures to throw out a suggestion which he 
cannot help thinking would be worth a trial, and which might be 
found to increase the efficiency of the charcoal immensely, an 
render the smallest escape of the mephitic gases almost an 1m- 
possibility. He proposes to use, instead of ordinary charcoal, 
oxygenated charcoal. If charcoal is exposed to an atmosphere 
of pure oxygen it quickly absorbs it, retaining in its pores & 
quantity equal to 94 times its bulk. The gas, being thus con- 
densed, acts with magnified force in effecting the oxidation of 
gases exposed to its influence; compared with oxygen in an un- 
condensed state, & fortiori, compared with the oxygen of the 
atmosphere, which is five times diluted. That this is no -_ 
theory may be proved by bringing sulphide of hydrogen (HS) 
(a gas once smelt not soon forgotten) in contact with oxygen ga 
at ordinary temperatures. No action takes place; but if a bit 
of chanced which has absorbed the latter gas introduced into 
a jar containing the former, it (the H S) is immediately oxidised, 
sometimes with detonation, water and sulphurous acid vos 
produced. The expense of thus oxygenating even & a 
quantity of charcoal would be comparatively trifling; an 





colour ; and in this way many beautiful effects may be produced 

One objection felt, and rightly felt, by many architects to 
moulded capitals, is that every capital is a fac-simile of its 
neighbour, but it would be easy to mould the general form of 
the capital, and to carve the varying details upon each individual 
before induration, thereby obtaining the variety of design whilst 
avoiding the loss of time consequent upon carving the orDa- 
mental out of the hard material. 

In this paper I have confined myself as much as possible to 





ma de that a much smaller quantity of charcoal than 1s 
at Sesuns used in the ventilators would be sufficient to effect the 
complete deodorisation of the gases. It must be remem = 
also that charcoal will not part with its absorbed oxygen ~ 
cept on the influence of heat, or being placed in vacuo; yond 
may reasonably infer it would retain its properties a 
siderable length of time before requiring reoxidisation. ited: it 
The gullies used are shown in the drawing — fe 
will be seen that the box for retaining road sand is easy 
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— a 
replaced, and that the gully traps itself. They ar® 
— sented for towns having well-paved pans 5 of 
moderate inclinations, where the old cesspit gully would be a 
nuisance. But in situations where much sand is carried down 
the steep inclines by heavy floods of rain they are not so well 
suited, as the boxes soon get full, and their further sup lies of 
sand overflow with the water and get into the sewer; besides 
which, sand is apt to find its way into the groove on which the 
grating frame rests, filling it up and then making a passage for 
sand and water outside the box. Of course these disadvan- 
tages can be prevented by proper attention on the part of the 
man entrusted with their supervision ; but in the unfavourable 
situation mentioned, the mischief may be done in one night, and 
on such nights, too, when it would be unreasonable to expect 
the most energetic inspector to be out of doors. In the Redhill 
sewers two or three gullies were placed in these unfavourable 
situations, and the consequences were as have been described, 
and then Mr. Latham, the engineer, recommended catch pits 
for the sand to be put in at the front of these gullies, which 
would obviate the inconvenience arising from sand. The author 
had hoped to have brought before the notice of the Society a 
series of experiments on the flow of water in these sewers; he 
has only been able, however, to conduct very few, as he was 
called away from Redhill to superintend the new irrigation 
works at Rugby. He, however, submits the few experiments 
he did try in a tabular form, and hopes at some future period to 
be able to bring forward a much more extended series on a 
similar plan. 
Experiments on the Flow of Water in Egg-shaped Sewers, 
compared with Formule. 
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3=height divided by length or sine of the angle of inclination. 

m=hydraulic mean depth. . op 
It would seem by this Table that the experimental velocities 
and capacity of discharge approach nearer the theoretical, where 
the flow of water is slow and the inclination of the bed slight ; 
but the author is very far from wishing to base any definite 
conclusions on such limited experiments, and will now conclude 
this paper by giving a detailed statement of the cost of the 


Redhill Sewerage Works —Pariticulars of Cost. 























1324 bes | 2409 18 
| 
| | 


| Average 
Description of Work. best cost per Cost. 
‘| yard. 
Yards | 
Brick Sewers in Cement. jlinear.| £ s. a | ar Rey 3 
8 ft. 9 in.x2ft. Sin. 9 in. 
thick se, sees ese] 224 | 215-10] 62118 0 
8 ft. 6 in.x2 ft. 9in. 9 in.| 
thick ... | ss | 754| 116 2) 1364 0 0 
2 ft. 0 in., 9 in. thick web] 225 1 5 9§ 290 0 0 
2 ft. Oin., 4} in. thick “| 176 | 015 24! 184 0 0 
Total brick sewers a 0 
| 


Stoneware Pipe Sewers. 


15 in. ove ove e+! 1696 0 9 92) 828 11 

12,, oe ove one) 9794) 0 4 8B] 228 9 23 

10,, oe ove ove] 14868} 0 4 44! 815 2 11h 

95, ws ety, ooo] 104081 0 8 GO} 215 20 0 
Iron Pipes. | 

15 im, = axe wee, ome} «= 168} 210 8] 42 1 O 

10,, cones o| 28 111 93 4410 0 





Total pipe sewers ...| ,,, ose 1674 4 6 
Foundations. | 

Close planking laid on longi- 
tudinal timbers, and | 


covered with concrete ...| 5703} 1 610} 53310 0 
Hurdles interlaced with 

brushwood ose e| 581 018 0 733 14 1 
Timber, piles, &., left in| 

trenches ,,, - mel “cos ‘ioe 1926 7 64 





| 
Total foundations ...| 8183 11 7} 


No. Each. 








Gullies .. 1. | 17 | 310 0] 5910 0 
Ventilators. ove + oe} 40 | 210 0] 100 °0 0 
manholes 4. 84. | 37 | 1111 0| 427 7 0 
Lampholes,,, wes eo} 8 20 0} 6 0 0 
Total appendages oe oon | 69217 0 
Other expenses, includin 
- £ 
lithography, taking out| 
quantities, _ Gngineer’s | 
~~ ~. keeping roads in 
r, pumping, making| 
good old sewers, be. 637 12 7 


aoe ooo ore 








samt .. | 8498 8 8h 
The above ineludes only those pipes, gullies, ventilators, & 

“ \ y those pipes, gullies, ventilators, &c. 
actually inserted in the works, and is exclusive of expenses 


arising from the rescinding of part of the original contract. 


RAILWAY CARRIAGES.* 

Dvrine the past few years there has been a great increase 
made in the weight of railway carrying stock, both that for 
the accommodation of passengers and that for the convey- 
ance of goods. In the case of the former, the increase of 
weight has been caused partly by the greater space allowed 
for each person carried, and partly by the increased strength 
now given to all parts of passenger carriages. Thus it is not 
many years since 6 tons was considered a fair average 
weight for a composite carriage with four compartments, 
capable of accommodating from 28 to 32 passengers, whilst 
the carriages of the same class as now made weigh from 7 to 
8 tons, and in some cases even more. As we have already 
said, this increase is partly due to the increased capacity of 
the modern carriages, the height especially being made much 
greater than formerly, and so far no objection can be made 
to it; but it is a question whether all the necessary strength 
could not be obtained with a less weight of material than is 
now used. 

A railway carriage may be considered as consisting of two 
distinct parts, the body and the underframe ;. the latter 
having to resist the greater part of the strains which occur 
during regular work, and the former having to afford accom- 
modation for the passengers, and protection for them in the 
event of a collision. It is this last duty of the body that 
necessitates a great portion of the strength with which the 
various parts are now constructed. If collisions never took 
place, and the bodies of railway carriages were merely re- 
quired to carry passengers, there would be no reason why 
they should not be constructed with the same light propor- 
tions as omnibuses and other road vehicles, the underframes 
being relied upon to resist the strains arising from the action 
of the buffers, draw-springs, &c. In the event of a “ pitch 
in,” however, the passengers in such carriages would stand 
but a poor chance, and we thus see that, whatever attempts 
are made to reduce the weight of a railway carriage, the 
strength should not be interfered with. It follows, therefore, 
that lightness must be sought by effecting a better distribution 
of material, and by substituting for the materials at present 
used, others giving the same strength with a less weight. 

An ordinary modern composite carriage 24ft. long, with 
two first and two second class compartments, and weighing 
a little over 7 tons, will have that weight distributed amongst 
its several parts very much as follows: Body, 2 tons 18 ewt.; 
underframe, 2 tons 2 ewt.; springs, 64 cwt.; axle-boxes, 23 
ewt.; and wheels, 1 ton 12 cwt. In the last three items 
little, if any, weight could be saved, if we except a small re- 
duction in that of the springs arising from a diminution of 
the load upon them, and it is to a modified construction of 
bodies and underframes that we must therefore look for 
effecting a reduction in the gross weight of a train. 

The parts of an ordinary wooden carriage underframe are, 
generally speaking, well arranged to receive the forces 
acting upon them. The soles, assisted by the diagonals and 
centre longitudinals, resist the compressive strains, and they 
also by their vertical stiffness tend to prevent any distortion 
of the body which might otherwise be caused unequal 
loading, whilst the cross bearers and entice impart 
lateral stiffness to the soles, and in conjunction with the tie- 
bolts bind the whole together. In such frames a reduction 
of weight can only be effected by the employment of the 
best material, by carefully proportioning each part to the 
work it has to do, by avoiding the use of unnecessary bolts 
and ironwork, and by substituting india-rubber buffing and 
drawsprings for the ponderous steel springs frequently 
employed. If, however, for wooden underframes we sub- 
stitute those composed either entirely of iron, or of iron and 
wood in combination, we at once open up a vast field for im- 
provement. In many instances iron carriage frames have 
been constructed in close imitation of those of timber, and 
the consequence has been either a great waste of material or 
| a loss of strength—both undesirable results. Wrought iron, 
| when used for carriage frames, should be employed in such 
forms as to obtain lateral stiffness, as, for instance, in the 
| shape of channel, T, or angle irons, and the corners of the 
| frames should be strengthened by gusset plates to prevent 
distortion. Considering its superior stiffness, it is probable 
that steel might be employed as a material for carriage 
underframes in place of wrought iron with considerable 
advantage, and, indeed, its application has been suggested, 
if not carried out, in connexion with the stock of one of the 
| Indian lines. The various parts of a carriage frame could be 
| constructed of steel of a much lighter section than could be 
| used in wrought iron, and this reduction in weight would go 
far to equalise the cost of the two materials. 

Very good and light frames may also be made by employ- 
ing either steel or wrought iron in combination with timber, 
the metal being used for resisting the principal strains, and 
wood being employed to impart stiffness and to afford a con- 
venient connexion between the different parts. On the 
South-Eastern line, for instance, a number of carriage frames 
have been made with light wooden soles plated with iron on 
the outside, this iron plating resisting the vertical bending 
strain, and thus preventing “ hogging,” whilst the wooden 
sole within it gives lateral stiffness and allows the transverse 
bearers, which are also of timber, to be connected with mor- 
tices and tenons in the usual way. There seems to be no 
reason why this use of wood in combination with metal 
should not be extended. Thus, the headstocks, cross bearers, 
and soles might be made of steel, and the diagonals of wood ; 
the soles being made of a “channel” section, with the ribs 
turned outwards, so as not to interfere with the direct attach- 
ment of the cross bearers to their inner sides, and the space 
between the flanges of the channel being filled in with wood, 
so as to give a smooth outer surface on which the footstep 
hangers, &c., could be conveniently fixed. The timber thus, 
as it were, let into the steel soles would also give them addi- 
tional stiffness, and would enable them to be made of a lighter 
section than they otherwise could be. ‘The steel headstocks 
might be made of the same section as the soles, the flanges of 
the channel being, however, in their case, turned inwards, and 


* See the article on “ Dead Weight on Railways” on an 
other page of the present number. 

















being allowed to remain only on that portion of the length of 
the headstocks which is between the soles. The cross 

might be formed of a lighter channel section than the soles, 
or of a T section, and they might be connected to the soles 
either by angle-irons, or by flanging back the ends. 

We may remark, here, that the employment of iron as a 
material for railway carriages is by no means new. About 
the year 1842, Mr. Brunel built some carriages entirely of 
iron for the Great Western Railway, and although the con- 
struction of those first made was faulty, so that the parts soon 
became loose, there are now running on the Great Western 
line a number of iron carriages, josey third-class, which 
have been in use many years. ‘The royal saloon, also on the 
same line, is constructed of iron, not only the underframe 
and body-framing, but even the transverse partitions being 
of that material. A number of iron-framed carriages were 
also made by Mr. J. V. Gooch for the Eastern Counties 
(now the Great Eastern) line, about fourteen —_ ago. 
These frames were rather heavy, their weight for a 22 ft. 
carriage being about 2 tons 2 ewt.; they have, however, stood 
well, and have required scarcely any repairs. Mr. Gooch 
also applied iron frames to some iron-covered goods wagons 
on the same railway, and there are numerous other examples 
to be found on most of the principal lines. One great objec- 
tion which bas been urged against iron underframes is that, 
in the event of their being damaged in a collision, or by 
accident, they are difficult to repair. We think that generally 
this objection has been considerably overrated. In the first 
place, serious collisions are, happily, not of every-day occur- 
rence; secondly, an iron frame, if properly constructed, will 
stand without damage a much more severe knocking about 
than a wooden frame will; and, thirdly, the repairs required 
will generally merely consist of the straightening of the 
damaged parts and a few new bolts or rivets, whereas those 
of a wooden frame similarly damaged will almost always 
involye the employment of a considerable quantity of new 
material. When the frame of the body as well is composed 
entirely of iron, there is also the additional objection that in 
the event of a “smash” the passengers cannot be so readil 
extricated as they could be from a wooden carriage; this 
objection, however, can scarcely be considered to apply much 
to underframes, and even in the case of the body-framing 
there may be set ea it the freedom from splinters. Car- 
riages having the bodies framed of iron are, however, noisy 
when running, even if constructed with the greatest care, 
and their use, therefore, even for that reason alone, cannot be 
recommended. 

Although, however, iron exclusively is not a good material 
for the bodies of railway carriages, it is a question whether 
it could not be advantageously employed in combination with 
wood much more extensively than it now is. Thus the pre- 
sent heavy bottom-sides and end bars might be replaced by 
much lighter ones strengthened by iron or steel angle irons, 
and iron or steel rolled to a light channel section might be 
substituted for the bottom bars. In the case of the cant and 
arch rails, also, a lighter section strengthened by angle irons 
might be employed, and iron or steel might, to a great ex- 
tent, be substituted for wood in the framing of the ends. As 
regards the panels, papier miché appears to be the lightest 
material which can be satisfactorily used. It is now exten- 
sively employed on the Great Western Railway, and is found 
to answer exceedingly well, whilst its cost does not differ 
greatly from that of mahogany. Iron panels cannot be made 
much, if any, lighter than those of wood, and they have, as 
we have -already mentioned, the disadvantage of rendering 
the carriages noisy when running. If wooden panels are 
used, teak appears to be the best material, as it gives little 
trouble from shrinkage ; it is, however, heavier than papier 
maché. 

In very many cases the side and door pillars of the bod 
framings are made with a straight batter inside, the outsides 
being vertical for the upper part of their length, and then 
curving inwards to give the “fall under” to the lower panels. 
This form renders the pillars very weak at the bottom where 
they join the bottom-sides, and makes them much thicker 
than there is any necessity for at about the middle of their 
height, and it is consequently being abandoned in the best 
practice, the insides of the pillars being made nearly parallel 
to the outsides, so as to obtain approximately the same thick- 
ness throughout. This improvement enables a stronger pillar 
to be made with a less weight of material, and it also renders 
it possible to make a better connexion between the pillars and 
the bottom sides, the increased size of the pillars at the 
bottom allowing knee irons to be attached more effectively. 

In the above notes on the construction of railway carriages 
we have purposely avoided alluding to the reduction of weight 
in proportion to the load carried, which may be attained by 
increasing the length, and, consequently, reducing the 
number of carriages forming a train; and we have done this 
because very long carriages can be conveniently used on but 
peat few railways. On most lines, the existing turntables 
and traversers limit the lengths of the carriages to about 
their present dimensions, and no alterations could be made 
in them without a large outlay, which is not likely to be 
incurred. Where long carriages can be conveniently em- 
ployed, however, there is no doubt but that a reduction of the 

ead weight can be effected by their use, as they afford a 
good opportunity of carrying out a system of light lattice 
steel framing, and they enable the number of buffers, draw- 
springs, couplings, &c., in a train to be diminished. In car- 
riages of the ordinary size, it appears that a reduction of 
weight can be better obtained by a careful attention to the 
proportions of details, thus effecting a number of small 
savings, than by any sweeping alteration in the general 
system of construction. That such a reduction of weight is 
well worthy of attainment, even at the expense of increased 
cost of construction, will be readily seen if the number of 
miles run by a carriage annually is considered. Taking this 
distance as 35,000 miles—a moderate estimate—and assuming 
the cost of haulage at even the low rate of 4d. per ton per 
mile, then the reduction of the weight of a carriage by one 
ton, would effect an annual saving, for haulage alone, of 
291. 3s, 4d.,a sum which would pay a good interest on a very 
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DETAILS OF A SEA-GOING TURRET-SHIP. 
DESIGNED BY ADMIRAL PARIS, DIRECTOR-GENERAL OF THE OFFICE OF MAPS AND PLANS OF THE FRENCH NAVY. 
(For Description, see Admiral Paris’s Paper on Page 334 of April 10.) 
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considerable increase in the original cost. In addition to the Crumlin Works, for the sum of 36,7007. The other com- TuRIn AND Savona Rartway.—The reports in many of 
diminished cost of haulage, there would also be a diminished potions were the Parkgate Ironworks, Messrs. Butler and | the Italian papers that arrangements have been conel ae 
wear of tyres, rails, &c., with the lighter carriages, and an | Pitts, of Stanningley and Mr. John Dixon, of Abchurch-yard, | with the Alta Italia Railway Company for Frome. ange Amr 
engine of given power would be enabled to take a greater | London. The new bridge is to consist of six spans of lattice | Turin and Savona Railway seem to be en ro Ape 
weight of paying load, the gross weight of the train remain- | girders 88 ft. each, with two centre spans of 50 ft. to open by | foundation, as up to the present time nothing has vg onan 
ing the same. swin, up and down stream. The roadway is to be of good | A proposal has been made for connecting Cunes wi tracted 
width, and the whole will be supported on cylinders sunk well | by way of Mondovi, and joining the y eee this 
New Ross Brerpex.—A contract for the erection of an iron | into the bed of the river with stone and brick abutments on Turin and Savona line at Bastia, an of —e the 
bridge across the river Barrow, at New Ross, in Ireland, be- | either side a foundation of timber piles. The works are to | portion to Savona. This project has been 0} ~— ant 
tween the counties of Wexford and Kilkenny, has just been | completed in twelve months, and will be a great improvement | various communes from tia to me 
let by the county magistrates to Messrs. Kennard, of the | over the present miserable ferry. carried out, this portion of the line would be @ 
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THE WAMPANOAG.* 

‘Tux indicator diagram, a eopy of which we give below, was 
taken from the engines of the Wampanoag during one of her 
late trials. The following particulars were appended by the 
e r who took the diagram: number of revolutions per 
minute, 18; pressure of steam boilers in 27.5 Ib., per square 
inch; throttle valve, }; vacuum, in inches of mercury, 20; 
link down (full gear); discharge water from condenser, 
50° Fahr.; injection into condenser, 82° Fahr. 

The first point that will arrest the attention of the expert, 
on looking at this diagram, is the wretched character 0: the 
valve action of the engines which produced it. Like all the 
screw engine valve gear designed by the Steam Bureau, it is 
out of the question to use steam economically with it. 
was fully attested by the quantity of coal consumed by the 
Wampanoag, during her late run along the coast, as well as 
by the poor results which have been obtained with engines of 
the Guerriere and Piscataqua. Withjvalves and valve gear on 
this plan, constructed with such bad proportions, it is im- 
possible to employ a proper measure of expansion, and at the 
same time release the steam into the condenser, without 
having the last part of the stroke of the piston made against 
a heavy back pressure ; in fact, one engine has to be dragged 





over the centre by the other. 


€ 

This is done by hot water in the following manner: A 
coil of fin. bore se (having its ramifications by cir- 
culating throughout the building) is placed in an air furnace 
similar to that used by brassfounders. This is surrounded 
with coke, and the most intense combustion is thus obtained 
To produce the necessary amount of heat, the pi are 
worked up to a pressure of from 800 to 10001b. on the inch. 
The great velocity of the water in its circulation preserves 
the coil from destruction, and the place from being blown te 
smithereens. Under this pressure steam cannot generate, 
and the pipes, and, of course, the water inside also, will rise 
to a temperature of above 300° Fahr. The late Mr. Dakin, 
of St. Paul’s Churchyard, erected some silver cylinders for 
roasting his coffee, and adopted this method of heating thein. 
He fell a victim to its force, as some part of the apparatus 
gave way, and caused his almost instant death. The high pres- 
sure system was also erected at, and nearly destroyed, the de- 
funct Whittington Club and dining rooms in Gresham-street. 
In the attempt to cook by this method it exploded, doing 
great damage, and upset the whole affair; and what might 
have been, under proper arrangements, a profitable under- 
taking, thus came to grief. 

Having had long experience on this subject, and having 
long considered that some method is necessary, 1 have nearly 
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So much for the diagram itself; but when we turn to the 
data accompanying it, further defects of a still more serious 
nature are made manifest. It will be noticed that although 
the condensing water is pumped into the Sewell surface con- 
denser from the sea, at the freezing point, 32° Fahr., the 
vacuum is only 20in. of mercury, instead of at least 26 in. 
or 27 in., which it would be with a condenser and circulating 
pumps proportioned in accordance with the usual practice 
outside the navy. 

The direct effect of the extraordinary mistake committed 
in planning the condenser and circulating pumps of the 
Wampanoag is to diminish the power of the engines between 
four and five hundred horses. And, as a horse power costs 
at least three pounds of coal per hour, we thus have a dead 
loss of from 1200 Ib. to 1500 Ib. of coal per hour. 

The readers of the Journal will remember what a to-do 
the Steam Bureau made because the condenser of the Chatta- 
nooga’s engines, built by Messrs. Merrick, did not produce a 
vacuum of “ 264 in. of mercury; but it will be seen that it did 
produce a vastly superior vacuum to the Sewell condenser in 
the Wampanoag. We believe there is a clause in the con- 
tract for the Wampanoag’s engines stating that a vacuum of 
“26}in.” must be sustained for “144 consecutive hours.” 
As the engines were planned, to the most minute detail, by 
the Steam Bureau, the farcical character of such a tee, 
from contractors, who simply follow Mr. Isherwood’s micro- 
scopic directions, is quite evident. We will add, for the in- 
formation of those interested, that while the Wampanoag 
has 30,000 square feet of heating surface in her boilers, she 
has but 7000 square feet of condensing surface in her surface 
condensers. This proportion is, of course, preposterous. The 
best English and Continental engineers, like Maudslay, Penn, 
Napier, Schneider, and others, give at least double this pro- 
portion of cooling surface, and, consequently, greatly increase 
the power of the engine. 








OPEN FIRES FOR WARMING HOUSES. 
To tHe Eprror or ENGINEERING. 

Srr,—I notice a long article in your last number on the 
“present system of warming houses,” which the writer 
very properly states, “isextravagant and wasteful, and 
. that three-fourths of the useful heat of the coals burnt in 
_, UD Open grate goes up the chimney without, at any time, 
" Siving any warmth to the air in the room.” He also properly 
suggests that “the time is come when something should be 
“done to avoid this enormous waste.” Thus far I entirely 
agree with him, but the methods he proposes for remedying 
the evil are not in my opinion founded on a scientific know- 
ledge of the subject. He suggests that in a block of work- 
men’s houses, some method of warming by pipes with one 
heating appartus should be adopted, and that each room 
should be provided with some kind of cooking apparatus, in 
connexion therewith, which he also suggests should be “hot 
_, Water pipes, the water being of such a temperature as will 

give Sufficient heat to a hot plate and cooking stove or 

en 

Your correspondent is perhaps unacquainted with the fact 
that he has here hit upén the most difficult, dangerous, and 
costly of all known methods of distribution of heat. To ob- 
-_ sufficient heat to bake, boil, &¢., on a hot plate heated 

¥ water, it will be necessary to adopt what is termed the high 


—— such as is used by sugar bakers, biscuit 


“ 





* We extract this article from the American Army and Na 
Journal, but the engraving by which it is illustrated has boas 
a from a diagram forwarded to us direct from New York. 

is diagram was engraved in time for our last number, but we 
Were compelled to omit it from want of space.—Ep. E. 





completed a simple apparatus which will, I believe, cost only 
about 30s., that will not only comfortably warm and ventilate 
the apartment with the smallest amount of fuel, but will 
enable the occupant to perform all his simple operations of 
coolne: baking, boiling, heating water, flat-irons, &., per- 
fectly. 

I Love lately been much occupied on larger, if not more 
important, operations, and had overlooked it ; but a considera- 
tion of its importance now es me to its completion, and 
the particulars of it I will, with our permission, shortly lay 
before you. The objects to be obtained are similar to those 
of the writer of the article referred to, viz., reduction of the 
smoke nuisance, economy of fuel, and the comfort of the 
humbler classes, by warming and ventilating their dwellings, 
and enabling them to prepare their simple meals properly. 

I hold that individual operation will be found more suit- 
able to this end than the more costly and perhaps less 
efficient methods he suggests. 

I remain, yours respectfully, 
Ricnarp Wayaoop. 

PosrscriPt.—I omitted to notice that there are three other 
methods practised-for warming buildings, viz., hot-water 
pipes, hot air, and steam. The first two are well suited to 
warm the place, but are spe’ inapplicable to any cook- 
a Steam is badly adapted for heating a block 
of buildings on account of its expense and difficulty to keep 
in order. The only way it can be used in cooking is by 
ane or boiling. This, I apprehend, would be equally 
useless. 








TRAIN RESISTANCE. 
To THE Eprtor oF ENGINEERING. 

Srr,—In an article on “ Train Resistance” in The Engineer 
of the 17th inst., after explaining certain “sources of waste” 
or expenditure of power in locomotives, it is stated that a 
still larger percentage remains to be accounted for; and the 
question is asked, “On what is this expended?” It is an- 
swered thus, “‘ Mainly, by the deflection of the road under 
the tread of the wheels, loaded as no other wheels but those 
“ of locomotives ever were or ever are loaded.” Now no 
mention is made of the descent down the deflection, but only 
of the ascent up, and on the assumption, I suppose, that the 
only deflection worth mentioning is that sustained by the 
rail, chair, and sleeper, or, in other words, by the whole road 
itself, and that that between the chairs is so slight that 
no notice should be taken of it. This latter deflection has 
been measured, and is certainly slight, as the results show, 
but it is not so in its effect. e difference between travel- 
ling on lines with continuous bearings, and on those with 
cross sleepers, is —- to all, and the former deflection 
belongs to both, and the latter to butone. This latter deflec- 
tion should not be regarded at all as an incline, for then both 
the ascent and the descent counterbalance each other; but it 
consists, in practice, of a series of concussions against those 

arts of the rails situated immediately above each successive 

aring. The wheel base of all rolling stock should be prime 
to the pitch of the chairs for obvious reasons. With regard 
to the former deflection, I have seen heavy and mineral 
trains that could hardly have been started but for the hole— 
if I may use the word—in which the engine was seated, 
owing to the deflection of the road, and this by the extra 
power imparted to it by acting against the incline. 

I am, Sir, your obedient Servant, 
C. W. Drxon, Assoc. Inst. C.E. 
Wickham Market, April 18, 1868. 








A New Tetecrarn Casre.—A ition for connecting 
the United States with Jamaica i 2 .tiliguioh cable has 


been brought before the island logichtare. 





THE MARTIN PROCESS... 
To tHe Eprror or ENGINEERING. 

Srr,—In your article, last week, on the “ Martin Steel Pro- 
cess,” you make several statements which I cannot allow to 
go unchallen Without wishing to detract from any 
merit due to Mr. Martin, it is only right to others to state 
that he was by no means the first person to erect regenerative 
gas furnaces, under licence from me, for melting the con- 
stituents of cast steel upon the open hearth. 

So far from agreeing with your correspondent, that an 
furnace fired by gas would produce similar results, althoug’ 
with an insndanel oupealliatind of fuel, I make bold to assert 
that the success of the operatipn is inseparably connected 
with the regenerative gas furnace (producing a practically un- 
limited degree of heat without cu’ draughts or dust). Gas 
furnaces, such as described by Heath, or in Dr. Percy’s work 
on the Swedish Furnace, would be the least likely to produce 
the requisite result, because carbonic oxide gas 1s an excecd- 
ingly poor fuel by itself. 

our correspondent has been misinformed when he says 
that any ordinary firebrick will do for constructing the roof 
of the melting furnace ; for, having made extensive trials on 
this subject, I found some years since that very pure silica or 
Dinas brick was the only material capable of resisting the 
uisite de of heat. 
we re your correspondent’s assertion that my royalty 
for melting steel in pots is the same as Bessemer’s I will only 
state that my royalty is 6s. per ton of steel so melted, repre- 
senting about 10 per cent. of the saving effected. 
ing the validity and relative importance of my 
patent of 1861, I wish to draw your attention to the fact that 
it comprises “the separate gas producer,” the “elevated 
cooling tube,” ——— the indispensable onward pressure, 
the “compound reversing valve,” and the present arrange- 
ment of the regenerators, which, I submit, are at least as im- 
portant to the success of the regenerative furnace as a separate 
condenser and air pump was to the success of the condensing 
steam engines. 
Requesting a place in your next number, 
I am, Sir, your obedient Servant, 
3; Great George-street, Westminster, C. W. SremEns. 
April 21, 1868. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

State of the Pig Iron Market.—Since last report the ten- 
dency of prices has been rather downwards than otherwise, 
although on most days there has been a steady business tran- 
sacted, and even a large business on one or two r" While 
62s. 6d. and 62s. 5d. a month, and 652s. 4d. and 52s. 3d. cash, 
were the Sg prevailing a week ago; yesterday’s prices 
were 52s. 44d. a month, 62s. 2d. prompt, and 52s. 3d. four- 
teen days. To-day the market is ——_ firm, 52s. 6d. a 
month. Gartsherrie No. 1 has twice fallen 3d. per ton since 
last report, and it is now quoted at 56s., while Coltness No. 1 
is quoted at 57s. 6d. 

Imports of Cleveland Pig Iron into Scotland.—The manu- 
facture of pig iron in the Cleveland district is telling on the 
production in Scotland. The imports from Middlesboro’ into 
Grangemouth from the beginning of the year till the end of 
last week amounted to 29,979 tons, while during the same 
period last year the amount imported into Grangemouth 
was only 8700 tons—thus giving for the present year a total 
increase of 21,279 tons. This trade is now becoming so im- 
portant that Messrs. Gillan, Schmitz, and Co., of Glasgow 
and Middlesboro’, have just had an iron screw steamer, the 
Glencairn, built specially for it. She was built by Messrs. 
Backhouse and Dixon, Middlesboro’, and has the following 
dimensions: Length between perpendiculars, 161 ft. ; breadth, 
22 ft.; depth of Sold, 13 ft. 6in. She is fitted with water 
ballast in double bottom, steam winches, and various other 
improvements. The engines, of 65 horse power nominal, are 
being built by Messrs. Blair and Co., of Stockton. The 
Glencairn is the eighth vessel launched by Messrs. Back- 
house and Dixon since the commencement of the present year. 

The Haddingtonshire Deposit of Hematite Ore.—This im- 
portant mineral discovery has entirely borne out the expecta- 
tions of parties as to its value and extent. The locality was 
recently inspected by gentlemen in the iron trade, and by 
mining engineers. e result has proved most satisfactory. 
The ore appears abundant and very valuable. Mr. Christie, 
of Gladsmuir Ironworks has obtained a lease of the mineral 
from the proprietor, Sir Thomas B. Hepburn, Bart., at a high 
rent. The operation of quarrying it has already commenced. 
A number of samples have been analysed in this city, one of 
which I have seen. The mineral is very rich, yielding, as it 
does, upwards of 62 per cent. of metallic iron. the vicinity 
of G uir both coal and clay ironstone occur; the former 
has been worked for centuries, and the latter was worked for 
many years by the Carron Company. Limestone and fire- 
clay are also plentiful in the same district of East Lothian. 
These may assist to render the deposit of hematite much 
more valuable than it would otherwise have been, and East 
Lothian may yet become as famous in the iron manufacture 
as it is now for agricultural a 

Large Sugar Mill—Messrs. W. and A. M‘Onie, of this 
city, have just completed a large sugar-cane breaking mill to 
be used on a plantation in Peru. In its general features and 
dimensions this machine is similar to the one shipped by 
them in May of last year, as then mentioned in EnGinEERING, 
but which went to the bottom by the foundering of the vessel 

ing it, when near to the Falkland Islands. Messrs. 
M‘Onie have also sugar machines in progress for Demerara, 
Trinidad, Spain, Manilla, and other places. 

The New University Buildings.—The College buildings at 
Gilmore-hill are very satisfactorily, all things con- 
sidered. They have had to contend against a protracted 
strike on the part of the operative and an unusual 
amount of wet weather during the winter; but these 
unfortunate drawbacks have been or overcome. Long 
days and good weather have come at last, and upwards of 
340 masons are now engaged upon the works, with as many 
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more workmen employed as joiners, smiths, quarriers, and 
labourers, making nearly 700 altogether. The south, east, 
and north walls are already from one to upwards of two 
storeys above the level of the ground in some places, to say 
aeibiog of the immense masses of building sunk under 
. Great iron beams or girders are being laid across 
fhe walls, and gigantic fluted iron pillars are bemg set up in 
p Eng yA, Dmg, HT the or 
class-rooms to be erected above. Piles of hewn stone, read 
for the hand of the builder, are gradually accumulating, and, 
as the nine hours’ movement is not in foree at Gilmore-hill, 
there will doubtless be a vast amount of work done during 
the present season. The works of the Union Railway are 
tically, if not absolutely, at a standstill; and the Cit 
) semen dh Scheme has yet to be commenced, in a build- 
ing sense. It may be mentioned that this scheme is to be 
carried out by Act of Parliament at a cost of 1,260,000/, 
Oakum Factory at Coatbridge.—A factory for the produc- 
tion of oakum has just been erected at New Dundyvan, near 
Coatbridge, between the Caledonian Railway and the Coats 
Burn, by Messrs. Smith and MeMeekan. It is said that 
there is only one other factory of this kind in Scotland, so 
that the erection of this new one is a sort of novelty. Fitted 
up, as itis, with the most improved machinery, contrived 
mainly by the ingenuity of the owners, the factory is very 
creditable to them, seeing that it has been built through their 
thrift, industry, and perseverance as working men. No hand 
labour is required in the work, as the machinery is skilfully 
fitted up to do the whole of the work by a continuous process. 
Both for quantity and quality of the work executed, this new 
factory is expected to be without a rival. The oakum is used 
mostly in the caulking of vessels, and is chiefly sent abroad ; 
and there is said to be a steady and increasing demand for 
the commodity. 
Harbour Accommodation in the East of Fife-—The An- 
struther Union Harbour, which was begun about two years 
since, and mainly designed for giving facilities to the fishing 
trade, by forming a deep water harbour, so as to allow i 
vessels to enter at all states of the tide, is now making rapic 
progress. The eastern pier or breakwater, which, when 
finished, will be at least 1200 ft. in length, is more than two- 
thirds built, and the work is now carried on below the low- 
water line by means of divers and travelling eranes erected 
on strong wooden staging. The western breakwater, which 
will be carried from the bight of the present east pier, would 
also have been well advaneed, but the proposition was some 
time ago started to make it a landing pier instead of a break- 
water. This was originally intended, but in consequence of 
the estimates greatly exceeding the amount at the disposal 
of the Fishery Board, at whose instance the whole works 
were designed and earried on, the plans were altered, and a 
breakwater resolved upon. Strong representations were 
again made to the Fishery Board regarding the great utility 
and necessity of having a proper deep-water landing pier, and 
more especially as a number of the coalmasters in the Wemyss 
and Loehgelly districts were desirous of shipping their coal 
at Anstruther, instead of at the distant ports of Burntisland 
and Tayport, if proper harbour accommodation were furnished. 
The railway company were consulted in the matter, and the 
expressed their willingness to connect their line of rail with 
the harbour provided a proper landing pier and floating dock 
were made for the shipment of coal and grain. In the mean- 
time the Fishery Board postponed the erection of the western 
breakwater of the new harbour until they had deliberated ; 
and there the matter rests at nt. The advantage to the 
new harbour in thus making truther a regular shipping 
and trading port at the mouth of the Firth, besides being a 
harbour of refuge for ships entering the Firth for shelter in a 
storm, would be immense ; it is thought very probable 
that the Fishery Board will not much hesitate in spending a 
few thousands more in making the new harbour works in 
every point of view a national boon. For strength, depth of 
water, and extent of ground, it would then exceed any har- 
bour om the north side of the Forth, and some such harbour 
has long been felt as a great necessity in the district. To 
ete the works 40,0002. will be at least required. About 
the ‘of that amount will be given as a grant from the 
Fishery Board, and the other half is an advance from the 
T Loan Commissioners at 3} per cent. interest, the 
harbour rates and dues being given assecurity. The present 
harbour would be admirably adapted for a floating dock, and 
might be converted into such at no great expense. 
way C ication between Edinburgh and Dun- 
fermline—Projected New Line.—There are few towns in 





‘Scotland of equal size and importance so badly situated in 


the matter of railway accommodation as ermline and 
the surrounding district. The want of direet communication 
between Dunfermline anc’ Edinburgh has been long felt, and 
the necessity for a direct tine is every day increasing as the 
trade of the town and district is extending and prospering. 
The people of Dunfermline have been so often disappoinited 
by the failure of efforts made by various parties, es cially 
by the North British Railway Company, to provide more 


direct communication, that the opinion now is very — i 


that the matter will have to be taken up by the inhabitants 
of the locality themselves. If power is granted for the con- 
struction of the Alloa Forth Bridge, it is felt that Dunferm- 
line is likely to be perpetually isolated, and the important 
industries of the district very much hampered. A new line 
is now projected by Inverkeithng and St. David’s, which is 
ten favourably by some influential gentlemen, as it is 
considered the most direet route to Edinburgh yet proposed. 
The idea is to construct a line from Dunfermline by um 
keithing on to St. David’s Harbour, and then to have a boat 
to ply between St. David’s Harbour and Granton. Looking 
from an eminence in Dunfermline over to Edinburgh, the 
direct way as the crow flies is nearly by St. David’s. The dis- 
tance from Dunfermline to St. David's is only about four and 
three-quarter miles. The breadth of water between St. 
David's Harbour and Granton is about a mile and a quarter. 
or at the most a mile and a half, greater than that at tis- 
land ferry. At St. David’s there is at present only a small 
pier, but the water is deep enough there to allow vessels to 


enter. By this projected route the journey could be aeecom- 
plished . about an samy on a quarter ay 80, = > 
a ¢ advan when the present lourney by od 
told ont woe te Thornton Tonctiog considered. The 
project is about to be taken up in a public form, as the great 
advan which it would have if carried out would eit 
a profitable undertaking. The Town Council of Dunfermline 
are at present petitioning for the abandonment of the Alloa 
Forth Bridge Bill. 

The Forth Bridge Scheme.—The example of the Town 
Council of Dunfermline, with reference i es is 
being followed by the people of Stirling. public meeting 
has men weld Ze that a this —- 9 for the purpose of 
petitioning against the Bill. As Stirling is an important 
central station, and largely connected with the traffic to and 
from the north, the people are interested in striving to keep 
hold of what they have, regardless of the wants of Alloa, 
Dundee, and other towns. The burgh commissioners of 
Alloa, however, have adopted a petition in favour of the Bill, 
as they are of opinion that the ag oe undertaking—in- 
eluding the Branch Railway and the Railway Bridge—would 
be of great benefit to the town and neighbourhood. 

Trial Trip of the New Trinity Yacht Irene—As the 
Irene, formerly mentioned in connexion with my notices of 
Clyde shipbuilding, is a Greenock-built yacht, for service 
under the Trinity Board, the following notice of her trial 
trip, even though it was made on the Thames, may not be 
out of place in these “ Notes:”’—On the 16th instant the 
Irene left Blackwall at 11 a.m., on her trial trip, and pro- 
ceeded to the measured mile on the Maplin Sands. A large 
committee of the Elder Brethren of the Trinity House were 
on board, accompanied by Mr. Caird, of Greenock, the 
builder of this excellent vessel. Her dimensions are as 
follows :—Extreme length, 231 ft.; length between perpen- 
diculars, 210 ft.; breadth of beam, 26ft.; depth of hold, 
13 ft. 10in.; gross tonnage, 5074; registered tonnage, 319 ; 
mean draught of water, 9 ft. with 140 tons of weight on 
board; displacement, 722 tons; crew, all told, 38. At 1.30 
had the two upper beacons in line ; made six runs with an 
average of time per mile of 4 minutes 14 seconds, and an 
average distance per hour of 14} knots. On a trial of speed 
with one boiler, and the pressure reduced from 30 lb. to 16 lb., 
the average obtained was 11} knots. 

Garvel Park Docks, Greenock.—It is stated that about 
300 plans for the construction of docks and harbour works at 
Garvel Park, for which premiums of 300/. and 1001. were 
offered by the Harbour Trust, have been received and hung 
up on the walls of the Fine Art Gallery. They have been 
sent from all quarters of the kingdom. an early day the 
selection of a leet will be made by the Harbour Trust, after 
which it is hoped that the exhibition will be opened to the 
— as it must be a very instructive one, some of the plans 

ving emanated from the first civil engineers in Great 
Britain. In a number of instances, the plans are illustrated 
by bodies of letterpress and fine engravings. 2 

Chemical Section of the Philosophical Society of Glasgow. 
—At the ordinary fortnightly meeting of the Chemical Sec- 
tion, held om Monday evening, a very elaborate but purely 
technical paper was read on “The Estimation of Potash,” 
the joint production of Messrs. James Chalmers, chemist, 
Kames Gunpowder Mills, and Robert R. Tatlock, F.C.S., 
analytical chemist and assayer. The paper, although not 
generally interesting, was specially interesting to Glasgow 
chemists, as potash salts from kelp, and nitre for gunpowder, 
are largely manufactured in Glasgow, and it is the Sutine 
tion, also, of a large portion of the interesting potash deposit 
found in the vicinity of Stassfiirth, and of the potash salts 
obtained from French beetroot. Mr. John Mayer, F.C.S., 
afterwards made a short communication to the Section regard- 
ing Ransome’s Patent Concrete Stone, a small ornamental 
slab of which he exhibited to the members. Mr. Mayer 
briefly described the process as witnessed by him at the 
works of the Patent Stone Company, and explained the 
chemical nature of the action concerned in making the stone. 
The applications of the stone were also noticed. In answer 
to questions put to him, Mr. Mayer stated that the concrete 
stone most satisfactorily resisted the action both of frost and 
water, and, indeed, of all ordinary chemical agents in addi- 
tion. The specimen exhibited excited mueh attention. 


LIVERPOOL NOTES. 
Livgrpoot, Thursday. 

Coal-cutting Machines.—A short time ago the South - 
cashire and shire Coal Association offered a number of 
prizes for coal-cutting machines; but, on account of some 
stipulations as to royalty, inventors held aloof, and the num- 
ber of competitors was very small. In consequence of this 
it was resolved at a recent meeting of the Association to 
withdraw the objectionable stipulations, subject to the assent 
of the competitors who have already entered machines for 
trial, and to substitute gold, silver, and bronze medals for the 
money prizes of 500/., 300/., and 200%. previously offered. 

The Great Eastern Steamship.—It seems as if the mistor- 
tunes of the “big ship” were never to be at an end. She is 
being gradually stripped of everything that can be removed. 
On Thursday and Friday last all her furniture and fittings 
were sold by public auction, under a bill of sale held by a 
leading firm in Liverpool, and a very heavy creditor of the 
company. The effeets consisted of an immense quantity of 
furniture and bedding, which had been supplied by several 
Liverpool tradesmen on behalf of the French company by 
whom the ship was chartered, and who are still unpaid for it. 
The articles sold comprised about 2000 hair and wool beds, 
upwards of 1000 cushions, about 40 splendid mahogany 
dining tables, several hundred chairs, more than 1000 sets of 
curtains, and an immense number of miscellaneous articles, 
including all the valuable copper cooking and culinary 
utensils. Most of the articles sold—more particularly the 
copper utensils—brought their full value, and the sale 
realised several thousand . Et is impossible to fore- 
cast the future destiny of the Great Eastern. She still lies— 








— funds to fit her for ae and apm. if not all, Liver. 
pool shipowners a present would be equivalent 

vee white t. The probability is that in hohinee 
she will have to be broken up for her materials and engines. 
Whatever becomes of her, she will always be a memorial of 
the misdirected enterprise and talent of the lamented Brune} 

Limited and Reduced.—The new Joint Stock Companies’ 
Amendment Act has been availed of by several Liverpool 
establishments for the purpose of relieving the shareholders 
of a — of their liability under the shares held by them, 
The National Bank of Liverpool was the first to move in the 
matter ; the Liverpool Financial Association quickly followed 
its example; the British Shipowners’ Company has now 
decided to reduce its shares from 200. to 10/. with 71. 10s. 
paid, leaving an uncalled rr j of 21. 10s. per share; and 
the latest addition to the list of “reducers” is the Mersey 
Steel and Ironworks “og An extraordinary meeting 
of this company will be held on Saturday next, for the pur. 
pose of passing a resolution to reduce the capital from 
800,000/. to 500,0007. to be divided into 40,000 shares of 
a oo ou instead - aetna as heretofore. It says 

ttle for t mce an sense of Live: 1 promote 

and directors that these reductions should ‘be corn 
Carried away by the excitement and monetary furore which 
preceded the late panic, promoters thought no amount of 
capital could be too large for the vast trade which was about 
to bedone. But no sooner had the crash come, which buried 
many promoters, directors, managers, and shareholders in one 
common ruin, than the proprietors in other new companies 
which had the good fortune to stand the shock became 
alarmed at the liability hanging over their heads, and in- 
sisted that some change in the . should be made which 
would enable companies to relieve their shareholders without 
all the labour and inconvenience of winding up. This re- 
sulted in the Companies’ Amendment Act, 1867—~a clumsy 
and expensive piece of legislation, but on the whole most 
serviceable and salutary. 

Conference of Employers and Employed.—Arrangements 
are being made for holding a great conference of employers 
and working men for the purpose of considering how the re- 
lations between labour and capital may be made more har- 
monious, in order to avoid the disputes and strikes now so 
constantly oecurring. The masters will be represented bh 
Mr. Samuel Morley, Mr. Jacob Bright, M.P., Mr. B. 
Samuelson, M.P., Mr. E. W. Watkin, M.P., Mr. Bass, M.P., 
Mr. Charles Seely, M.P., Mr. R. Dalglish, M.P., Mr. Wigram, 
and representatives from the coal, building, and iron trades. 
Labour will be represented by delegates from Birmingham, 
Liverpool, and Glasgow, and from the various trade councils 
throughout the kingdom. The principle of trades’ unions 
will not be discussed ; but it will be attempted to find out the 
causes of the prejudice against them, and to ascertain what 
it is that appears to render them inimical to the progress of 
trade, and causes ill-feeling among employers. It would be 
a hopeful sign to see such names on the conference list as Mr. 
Laird, M.P., Sir John Brown, Colonel Clay, and others whose 
relations with their employés have invariably been of the 
most cordial nature, and who have secured the fullest con- 
fidence of their operatives. 

The Welsh Iron and Coat Trades.—The slight improve- 
ment in these trades, which commenced two or three weeks 
ago, still continues, and the operations in the shipment of iron 
have perceptibly increased. The heavy stocks which were 
held over from last year by wealthy proprietors have not 
suffered any material diminution as yet, but the sales have 
undoubtedly increased, and those best qualified to judge say 
that there are strong indications of a return of prosperity to 
the iron trade. There is an increased demand for rails, prin- 
cipally on account of the United States, which is still likely 
to require large supplies from this country, their own buyers 
being almost cle: out. Railway iron is also likely to be 
exported in considerable quantities to Russia. Buyers for 
the home trade are placing contracts more quickly, anticipating 
a speedy advance in prices. The railway ——e are 
entering into engagements as far as the state of their finances 
will allow. All ths looks hopeful. Steam coal is in fair 
request for the Mediterranean and French markets. House 
qualities are in limited demand, but shipping requirements 
have slightly increased. 

Probable Atlantic Steamship Race—The arrival of the 
mail steamers next week is looked forward to with consider- 
able interest, on account of the Cunard mail steamer Cuba 
and Mr. Inman’s celebrated screw steamer City of Paris 
leaving New York for Queenstown on the same day, and it is 
thought not unlikely that there may be a trial of strength on 
the part of these two fineships. The Cubais one of the best of 
the Cunarders, and has more than once made a splendid 
run eastwards. The City of Paris makes invariably good 

es, and is considered equal in speed to any screw 
steamer on the Atlantic. j 
The Euphrates Valley Railway.—The Liverpool Chamber 
of Commerce has had under its consideration the — - 
urging the Government to guarantee 10 per cent. upon 
pes eral of this railway. S The Chamber thinks highly of 
the scheme, which, I may remind your readers, includes a 
line 500 miles in length, to cost 8,500,000/., which, if con- 
structed, will save 1000 miles in the journey to India, and 
reduce one-half the time occupied in transporting troops 
from Southampton to Kurrachee. The railway committee 
think that the scheme will stand very well on its own footing, 
and are averse to urge the Government to merease = 
responsibilities in connexion with railways and other p take 
works in India. They have, therefore, decided not ae 
any action in the matter, or in the proposed alteration © - 
China and Japan mails, so as to secure more frequent co 
munication between Calcutta and Penang, as the shipping 
trade with the latter port has fallen off. 
as : 

Hunstantoy.—An effort is being made to form # sm 
limited liability company for the construction of » pier # 
Hunstanton, near Lynn. The pier is to be io im 
length of 800 ft. Hunstanton has greatly increased 











high and dry almost—in the Sloyne, a useless hulk, fit onl 
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for the barnacles. The company to whom she belongs are 





portance as a watering place of late years. 
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Ws give, above, an illustration of Mr. Brunlees’ excellent 
process of pile sinking in sand by the use of a water jet, 
which enabled him so successfully to throw his Leven viaduct 
across the treacherous sands of Morecombe Bay. Our 
illustration is from a sketch taken on the shore at Southport, 
in Lancashire, where the process has been adopted with equal 
advantage by Mr. Dixon, the contractor for the new pier 
works there, which have just been brought to so satisfactory 
a completion. 

The modus operandi will be apparent at a glance. The 
columns, 9 in. in diameter and of only 3 in. metal, terminate in 
an extended base 18 in. in diameter, with a contracted opening 
of 24in. This disc is provided with toothed edges, and serrated 
flanges to scratch awey any impediments, and cut through 


the layers of indurated mud and silt which here and there | 


SINKING PILES AT THE SOUTHPORT PIER. 














interpose and interrupt its progress. The column is clasped | 


by moving guides on the face of an ordinary piling engine 
frame, and down the inside is run an iron tube, some 24 in. 
diameter, protruding a few inches beyond the base. The 


upper end of this tube being brought round, it is attached by | 


Screw couplings to a flexible hose in connexion with se erful 


steam or hand pumps. 





The whole being duly placed in | 
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position, a couple of men are told off to keep the column in 
reciprocating motion by means of a lever clasped round it, 
and all being ready the pumps are set to work. The issuing jet 
of water blows up the sand, which is thus kept continual 
agitated, and down goes the pile in the hole thus fmol, 
steadily lowered by the men at the winch, the ascending stream 
keeping the sand above “alive,” and preventing it setting ; 
but so soon as the requisite depth is attained, the pumps are 
stopped, and the tube rapidly withdrawn; and the whole in 
the course of a couple of minutes is as firmly fixed as if it had 
been there for a generation. These columns were all put 
down a depth of 15 ft. to 20 ft., the average time occupied in 
the nue rocess of sinking being but 20 minutes to 30 
minutes. Two or three were fixed in a tide, the bulk of the 
time being necssarily occupied in moving about the apparatus 
and machinery. Some of the piles were sunk from a raft, the 
process answering equally well under water as ashore. An 
experimental column, with a reduced disc, was sunk in less 
than 20 minutes to a depth of 26 ft., an accident in attaching 
fresh lengths alone preventing Mr. Dixon in all probability 
attaining the depth he aimed at, of 50 ft., in half-an-hour. 

By no other process, that we are acquainted with, can such 





depths be secured with so small an amount of material in 
the pile. To drive them in sand, with the resistance it gives, 
would be difficult, and, of course, the dise at the base must 
be foregone. Screwing alone might a it, but here 
again a vastly increased thickness of metal would be necessary 
to resist the torsion, and even then either process would be 
slow and costly compared to this. Of course it will only 
answer in sand, but we can see no reason why even the 
process of screwing down large piles, or even sinking 
cylinders, should not be greatly facilitated by the use of a 
stream of water to loosen and wash away the sand and mud 
that is mixed with the gravel, or act as a lubricant on clay. 

It appears to us, that as piles may be so rapidly sunk by 
this means, and so effective a foundation secured, it might be 
possible, by catching a few moderately calm hours for a start, 
to erect a platform on the Goodwins themselves, on which a 
lighthouse would be fixed, and beneath which a steam life- 
boat mes my be slung. That, manned by a few hands, would 
constantly be at the post of danger ready for its mission of 
mercy and succour at a moment's notice, and we heartily 
commend the suggestion to the able hands of Mr. Brunlees 
and Mr. Dixon for their consideration. 
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SOCIETY OF ENGINEERS, U.S.A. 

Berore the commencement of the American war a 
few professional gentlemen in New York formed a 
club amongst themselves for the purpose of exchang- 
ing ideas, and reading papers, upon such subjects of 
engineering interest as each one happened to be most 
conversant with. It was at that time hoped and in- 
tended that by degrees this club should gradually 
grow into a Poety of the same importande and power 
as our Own Institution, and that it should include 
amongst its, members all qualified engineers in the 
United States, liowever distant they maybe from the 
actiial metrOpolis of America. But befre this end 
could be even pa¥tially attained, and indeed before the 
club possessdd its own offices, the great civil struggle 
commenced, “and every thought’ and energy were 
diverted into’one channel. Thé members who had 
founded the Séciety, and who'were working in its in- 
terests, were ‘called awa¥j?and actively 6ccupied in 
military engifteering, or the ¢ommand of forces in the 
field. And so, until long after the war had‘ended, and 
society had ghee more’ regained its equilibrium, the 
scheme’ was field in abeyance, but not fétgotten by 
those who had first brought it into existenge. At the 
commencement of the present year Mr. A. W. Craven, 
of the Croton Aqueduct, the Hon. W.*McAlpine, 
General Greene, Julius W. Adams, and others revived 
the Society, and have been actively ed in re- 
organising and establishing it under tlie title of The 
Society of Engineers, At present it comprises fifty- 
two members} only, but they include the ablest pro- 
fessional gentlemen in America, and more are being 
rapidly added to their number. It is proposed to 
model the rules and general management upon the 
system followed in our Institution ; but in consequence 
of the immense extent of country over which American 
engineers aré scattered, and the impossibility of 
members occupied in distant cities, such as San 
Francisco, becoming active participators in the New 
York Society, it is intended to establish branches in 
connexion with the parent Institution, where papers 
will be read, and afterwards forwarded for publication 
in one common volume of proceedings. By this means 
the practice of all classes of enginéering work of every 
possible variety, and carried out amidst, natural and 
financial difficulties, will be fully recorded, and in the 
course of a few years will make such a register of what 
can be accomplished as has never yet been laid before 
the world. Already some valuable papers have been 
read, and so soon as American engineers are made 
alive to the importance of recording their experience, 
many more will follow. And, what is of still greater 
importance, the establishment of an influential and 
responsible Institution will elevate the general class of 
American engineers, and separate those men (and they 
are many), who possess the power to conceive, and the 
genius to carry out great works, from those (and they 
abound) whose knowledge of engineering is as super- 
ficial as it is dangerous. We hope our own Institu- 
tion will co-operate with this new Society, for so doin 
would ensure a mutual benefit, and increase that goo 
feeling, which is paraniount on the other side of the 
Atlantic, towards English engineers. 
publish from time to time such papers, or abstracts 
of them, as are read at the fortnightly meetings. 


Pargr Mareriat.—The Paper Trade Review says:— 
“Several paper manufacturers of the east of France have 
jointly offered, as a prize, a medal and the sum of 4000 francs 
to whomsoever will produce and apply in France any 
economical filamineous matter which, in the state of paste, 
may serve for the manufacture of paper, and which, when 
mixed with three-fourths cof rags, shall make a paper of as 
fine a quality as if mixed with rags alone. Medals will also 
be given (1) for the best processes for discolouring and 
bleaching rags; (2) for the best size for pepers (8) for an 
apparatus or any process which may neutralise the electricity 
which develops itself in the paper while it is in the machine, 
and which is hurtful to its manufacture ; (4) for a statistical 
work on the state of the paper manufacturing industry in the 
principal countries of Europe and in America.” 

Havre Manritias Exuisrtion.—Our leading ship- 
builders, engineers, and others, are likely to be well re- 
presented. esars. R. Napier and Sons, of Glasgow, who 
carried off a Grand Prix at Pa:is last year, are again ex- 
hibitors. Messrs. Randolph and Elder, who have a dozen 
new vessels nearly completed in. their extensive building 
yards on the Clyde; Messrs. Gourlay Brothers, of Dundee ; 
Mr. James Laing, of Sunderland; Palmer's Shipbuilding 
and Iron Company, Jarrow ; Mr. G. Farrans, North Shields ; 
Messrs. Earl and Brownlow, and Lumaden and Co., of Hull, 
send models; whilst anchors, chains, cables, ropes, sail- 
making, fishing tackle, preserved provisions, and other 
industries will have numerous exhibitors. 

A New Sreamsurp Live.—Panama advices say the agent 
of the North American Steamship Company has made con- 
tracts with Guatemala, Honduras, and Salvador to run a 
line of steamers on the Pacific coast of Central America, in 
opposition to the Panama Railroad, with the privilege of 
extending to San Francisco. 
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CALCUTTA WATERWORKS. 


Since 1803, when the Marquis of Wellesley 
recorded a minute on the improvement of Calcutta, 
the want of an improved system of drainage formed a 
fertile source of complaint, for the period of man 
years, on the , the community. In the mont 
of December, a report on asystem of sewers for 
Calcutta wags tg the municipal commissioners 
of that to ew engineer; but so slow were 
they to make a.beginning that this scheme was not 
adopted until 158, and even then it was only carried 
out to a limited extent as an experiment ! 

Calcutta has long, been without a good supply of 
drinking water, but this want was not felt so early as 
that above referted to ; therefore, judging the progress 
of the one pby,that.of the other, it might also be ex- 
pected that.as the dyainage works of that town took 
upwards of half a century to carry out, the present 
generation; could searcely expect to live to see the 
new waterworks,,completed. Let us hope, however, 
than an era of activity has since dawned upon the 
benighted justices, andthat no unlooked-for hindrance 
may be permitted to ehéck the rapid progress of these 
most; important works. , 

The general sdesign for the present works was 
sketched out by Mr. W. Clark, the engineer to the 
municipality of Caleutta,,and Mr. W. Smith worked 
out the scheme, and visited England to collect 
information and secure.contractors for executing the 
work on, the most favourable terms, experience, 
gained at a very costly rate from the drainage works, 
having led the justices to determine against attempt- 
ing to carry it out thems¢lyes. A tender was ac- 
cepted from Messrs. Brassey, Wythes, and Aird, for 
the sum of 479,481/., and the works were to be 
completed within three years. The contractors 
selected as their representatiye Mr. R. Paton, who 
had successfully executed very extensive works on 
the Thull Ghaut. 

The supply of water is to be drawn from the Hooghly 
at Pultah, about, 16\miles north of Calcutta, by three 
engines, each capable of delivering 3,000,000 gallons 
in ten hours, witha maximum lift. of 31 ft... The 
water, after being purified at Pultah, is to be conveyed 
throu ipes 42 im.in diameter to Tallah, the northern 
subur of aloutta, a distance of about 12 miles., At 
Tallah the water will first: be received,into a covered 
reservoir, The pumps, each able to deliver 3,000,000 
gallons in twenty-four hours, with a maximum lift of 
70 ft., will force the water from the reservoir through 
a 30 in. main to the northern point of Circular-road, 
a distance of about 4500 ft. There the. trunk divides 
into three branches of unequal size ; the central pipe, 
24in. in diameter, after a course of about 3 miles, is 
to terminate in Wellington-square; the right branch, 
12 in. in diameter, laid along: Upper Cireular-road, will 
supply the. north-eastern parts of, the, city; the left 
branch, 18 in. in diameter, running along Sham.Bazar- 
street, will. supply,the north-western parts. Two 
pumps at Wellington-square, each delivermg.the same 
uantity, of water as those at Tallah, but with a maxi- 
mum lift of 120 ft., will provide for the supply.of South 
Calcutta... The Wellington-square reservoir is to con- 
tain sufficient water for about two days’ consumption, 
and means will be provided to enable it to.be distri- 
nee pre the ee petty. Water Py! s omg be avail- 

e ti jauiy accident, happening to, the. 42 in. main can 


The’ following is a summary .of the estimated ex- 


ines §8,0002,) works'at Pultah 97,277/., 
157,559%; “works at Tallah and 
pedistribution 120,247/., 


penditure : 
42 in. main pipe 
Wellington-square 51,348¢., 
total 479,431¢, 

The engine-house at Pultah is well advanced; the 
second, at Tallah, is at the ground level, and the 
foundations of the third have been successfully laid. 
The water is to be pumped from the river at Pultah, 
the old ferry on the Grand Trunk-road, by means of a 
pire laid under the screw-pile jetty now used for 
anding materials. The river is dry near the bank at 
the spot selected; but the choice is stated to be 
objectionable from the fact at this portion of the fore- 
shore the current, which runs at the rate of 18 miles 
an hour when the river is in flood, strikes the bank, 
and the resistance which the pipe will offer to the cur- 
rent, it is feared may prove detrimental to the jetty. 
The water, when drawn from the river, is to be re- 
ceived into six settling banks, each 500 ft. by 250 ft., 
with a depth of 7 ft. at the upper, and 9 ft. at the 
lower end. The Ganges brings down 1 cubic inch 
of dried solid matter in 1 eubic foot of water, or 
trrsth part, About 4000 or 5000 cubic feet of mud 





will require to be removed daily from the Pultah 
works. The water-will first be allowed to settle for 
36 hours in the tanks, when it will be drawn off from 
the surface into the filters. The mud will be cleared 
from the settling tanks after every fourth or fifth 
fillmg. The water from the settling tanks will flow 
into eight filters, each 200 ft. long and 100 ft. broad. 
The filtering bed is to consist of five layers—the lowest 
of gravel, the — of sand. Each filter is estimated 
to Fo-enpatle of filtering 1,000,000 gallons per day, 
Four settling tanks are well advanced, and excaya- 
tions for the whole are nearly completed. The walls 
of the first filtering bed are in progress. Several old 
tanks, which have had to be filled up, it is feared may 
yet give some trouble by the ground sinking. The 
water from the filters will pass into a well with a 
dome-shaped roof; and this building is in a forward 
state. From this well the water will flow through 
the 42 in. main to Tallah. Each pipe is 192 ft, 
5 in. in length, weighs 24 tons, and cost 20/. on board 
ship at Calcutta. Pipes have been laid for about 
five miles out of twelve. There are four gangs at 
work, laying at present about a mile in five weeks. 
The reservoir at Tallah, which will be able to contain 
about 2,000,000 gallons, is to be covered, so as to pre- 
vent the action of light on standing water; the bot- 
tom is now nearly finished, and the brickwork is being 
pushed forward. 

The Wellington-square reservoir is the great diffi- 
culty, and the nature of the bottom was but imper- 
fectly known when the contract was formed. An 
early map of Calcutta shows that it was once the bed 
of a creek, communicating with the Salt Lakes, and 
the lane named “Creek-row” is a record of this. 
When the water was drawn off, and digging com- 
menced, several springs made their appearance ; as 
the excavation went on, water, mud, and sand came 
welling up, and the banks began to give way, threaten- 
ing to bring down the houses round the square. The 
contractor’s agent refused to proceed further, but 
placed his men at the disposal of the chief engineer of 
the justices. Piles were twice tried, but both times 
they blew up, The justices consulted Mr. Leonard, 
and the eontractor’s; agent called to his aid Messrs. 
Sibley and! Messutier. The only practicable course, 
urged long ago by the contractor’s agent, fo raise the 
foundation considerably, was’ objected to by the jus- 
tices, on the -growrid) that a raised reservoir would in- 
jure the appearasiee of the Square; but, as was sug- 

ested, a terraced work would ‘obviate this objection. 
it ‘is now ‘agreed ‘that the’ flimsy bottom originally 
proposed, on @ fouridation little better than a quick- 
sand, will not answer, and the bottom is 'to be raised 
and strengthened. 

Including th“idin from Pultah, the entire length 
of the pipes willbe about 95 miles, weighing about 
25,000" tons."" "The “minimum diameter is 3 in., of 
which size there will be about 7 miles of piping. Of 
4 in. pipe, there will be about 28 miles; of 5 in, 
9 wiles ;" of ‘sizes ‘varying from 6 in. to 8 in., 21 
miles ; of 9'in., 3 miles; of 12'in., 8 miles; of 18 
aud 24it.; about 3 miles, &e. About half the pipes 
havé! been landed, and some were taken up by the 
Home Government for the Abyssinian Expedition. 
The laying of the main lines of pipe has made some 
progress. 

The Friend of India, to whose columns we are in- 
debted for much of the foregoing information, remarks 
that it is a question of some importance whether the 
works will be completed for 479,431/.; but that the 
justices are doing their utmost to keep the expendi- 
ture as low as possible. If they were spendthrifts in 
youth, it is said, they have now gone to the opposite 
extreme, so far as the waterworks are concerned. 
Walls may be built too thin to sustain the pressure 
they will 4 required to bear. Losses arising from 
defective plans will fall upon the justices. It is 
the contractor’s interest that the works’ should be 
durable ; but if the justices insist. upon works being 
executed of insufficient strength, this loss will be 
their own. 

With reference to the quality of the water at Pultab, 
the experience of Serampore, a few miles lower down, 
goes far to proye that the water will be found ex- 
cellent, after passing through the filters ; but it ma 
be tainted in the pipes, to the mode of joining whic 
medical men object. That there may be no possibility 
of the flood-tide carrying up the refuse of Serampore, 
its municipal commissioners are devising plans for 

reventing all filth from being thrown into the river. 

‘he authorities of Barrackpore should also see to this. 

Thus far, the million of people in Calcutta and its 
suburbs may be congratulated on their prospect of 
enjoying good water. 
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THE STRENGTH OF BEAMS.—No. XI. 


On Tue TRANSVERSE STRENGTH OF StxeL Rais 
AND OTHER ANALOGOUS BEaMs. 


Ir is hardly possible to look at diagram of the effec- 
tive area of metal exhibited on Fig, 12, which we 
published _last week, without beimg struck with 
the fact that the loss of section 1s greater than 
would have resulted from the making of another 
hole, equal in diameter and opposite to the single one 
at present made in the flange. By actual measure- 
ment, it would have been found that without holes 
the effective area of flange was 2.82 square inches, 
and, with one hole, 1.76 square inches; whilst, with 
two holes, the effective area would have been found 
increased to 2.22 square inches; so that, other con- 
ditions being similar, the removal of a considerable 
quantity of metal from the flange would have had the 

aradoxical effect of increasing its power of resistance 
in the ratio of 2.22 to 1.76. 

Further consideration, however, will show that this 
deduction, although generally true, is subject to 
correction. Thus, with ¢zo holes the mean unit ten- 
sile strain will be greater, because the neutral axis 
will approach nearer to the bottom flange ; and as the 
unit strain on each layer of fibres will in this instance be 
uniform, the value of ? will be smaller than before ; 
that is, the mathematical value of the ultimate resist- 
ance per square inch will be lower than in the case of 
the flange with one hole only. It is obviously, then, a 
question of degree whether a rail with holes opposite, 
or breaking centres, would offer the higher resistance ; 
and as it is desirable to know the true bearings of the 
case, we will now investigate the question. 

The moment of resistance of the cross section with 
two holes will be found by the method, already ex- 
hibited in the two previous instances to be-M=8.4; 
and the value of ?=.6 £44; hence, when /=385 tons 
per square inch, we have F=39.2 tons per square inch. 
The breaking weight at the centre of 60 in. bearings 
will, therefore, be : 

w=! 8.4 hes tons_9) 9 = 


No experiments were made on the strength of rails 
with drilled holes placed opposite each other ; but with 
punched holes the resistance was found to be ysth 
higher with the holes so placed. Assuming, as we 
safely may, the ‘same to hold good with drilled holes, 
the resistance would have been 17;X19.7 tons= 
21.4 tons, which again is practically identical with the 
result from theoretical considerations. 

The following Table exhibits a summary of the 
results of our investigation on the transverse strength 
of the 84 1b. steel rail at 60 in. bearing : 




















84 Ib. Rail. Ultimate Strength. 
By Experiment. | By Investigation. 
tons. tons. 
Solid Rail 29.17 29,11 
ova inverted ... ose] 22 22.2 
rilled holes breaking) | ” 
D Ps as adopted z ae 
rilled holes placed op- ‘ 
posite each other . 21.3 21.9 
Mean of all tested Bee 93.04 23.05 ve 





Since the conditions under which these rails were 
tested were so varied, affecting both the moment of 
cross section and the varying value of ?, we may 
consider the striking similarity of the results given by 
investigation and by experiment to afford conclusive 
evidence that the method of investigation advanced 
may be relied upon as giving perfectly trustworthy 
results, 

In taking the same lot of rails tested under such 
varied conditions—the solid ones, both in their normal 
Position and inverted, and the others with differently 
placed toles—we have applied 4 much more severe 
test of the correctness of the various hypotheses made 
than would have resulted from taking different lots of 
rails of varied sections. ‘The remarkable uniformity 
in the results of the several sets of étperiments roves, 
beyond: suspicion, that the steel in't e whole fot was 
of equally good quality, and it follows'from this that 
the identity of the calculated and expetimental results 
could not be fictitious. 

We think no method of calculating the transverse 
strength of rail reliable which does not take into con- 
sideration, in the first place, thé’ @iréct tensile re- 
sistance of the steel proposed to bé employed ; in the 
next place the value of , which will: verned partly 
by the hardness of the steel, and ly by the form 
oF cross section; and, lastly, the corteet mathematical 





value of the moment of resistance of the section of rail. 
To exhibit the error which would have resulted from 
the omission of one of these considerations, the variable 
value of g, we have calculated the following Table, show- 
ing the breaking weights, on the assumption that the 
rails would in all cases fail, when the maximum strain 
on the fibres amounted to the intensity sufficient to 
induce fracture under a direct tensile stress : 

















84 Ib. Rail. Witimate Strength. 
en [By Experiment.) By Investigation. 
| tons. tons. 
Solid Rail 29.17 26.6 
» inverted ... == «+ 22 20.3 
Drilled holes breaking 19.7 14.3 
centres as adopted 
Drilled holes placed op- 21.3 19.6 
posite each other. % 
Mean of all tested a 23.04 20.2 








It appears, then, that in the system actually adopted 
—drilled holes breaking centres—the error in the 
calculated result on the preceding false hypothesis 
amounts, to 30 per cent., and that the average. error is 
not less than 124 per cent., whilst, it may be re- 
membered, on the former correct hypotheses the re- 
sults were identical with those deduced from ex- 
periment. : 

On testing a set of rails with punched holes, break- 
ing centres as in the rails with dri//ed holes already 
investigated, a striking anomaly was presented. In 
all experiments the ultimate resistance of the rail was 
far below the amount due to the sectional area and 
the quality of steel, which was of the same tough 
nature ‘throughout. The rails were placed in the 
niachine with the holes at varying distances from the 
centre Of the bearings; consequently since fracture in 
all instati¢es occurred ‘through the hole nearest that 
point, in order to’ institute a comparison, it becomes 
necessary to reduce the ‘observed breaking stress to 
the equivalent amount had the holes been placed at 
the point of maximum stress. 

The following Table exhibits the observed and 
equivalent reduced ultimate resistance of each speci- 
men experimented ‘upon; ‘the stress being applied as 
before at the centre of 60in. bearings : 























Observed. Reduced. 

Stress. Deflection. , Stress. | Deflection. 
tons. in. tons. in, 
18.25 1.76 13.5 B35 
17 {iY 6 13.4 35 
14.4 88 13.5 .B7 
14.2 85, 13.3 4 
14.2 35 13.3 34 
15.75 49 13.4 35 

Average result 13.4 B85 





Since the uniformity of the reduced ultimate stresses 
clearly proves the reduction of the resistance from 
19.7 tons to 13.4 tons—that is a loss of 32 per cent. 
in the punched rails as compared with the drilled ones— 
could not have resulted from an exceptional defect 
in the quality.of the steel, the conclusion is irresistible 
that _the mechanical action.of. punching must have 
deteriorated the metal to a degree corresponding to 
that percentage. In fact, this deduced result is amply 
confirmed by the experiments on the direct tensile 
resistances per square inch of solid and punched 
steel plates, recorded in a recent number of this 


journal. 


It appears, then, that the resistance the steel could 
offer after the process of punching to direct tension 
would be only 36 tons per square inch less 32 per 
cent. = 243 tons per square inch. Now iron in ordi- 
nary rails will sustain about 22 tons per square inch, 
hence the advantage of the superior strength of steel 
is almost neutralised if the holes in the flanges be 
puiched in the ordinary manner. 

If the résistance of the rail to a steady transverse 
stress be diminished to the extent indicated by the 
foregoing experiments, it may easily be imagined its 
power of resisting a blow will be far more seriously 
detractéd ‘from, and for the following reasons : 

The steel in the immediate neighbourhood of the 
hole alone being injured, at that point it will be givin 


way, when at all other points of the beam it will be 


strained ‘little if any beyond the elastic limit. It 
follows'that ‘the deflection, and the “ fatigue,” under 
repeated applications of stress, will be concentrated at 
the hole; and it also follows, from the fact that the 
deflection within the elastic limit is but a small frac- 
tion of the ultimate deflection, that the amount of the 
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latter will be smaller in a punched rail than in a drilled 
one, and much smaller again in the drilled rail than in 
a solid one. ; . 
The specific amounts determined by experiment are 
as follows : 
Ultimate Deflection at 60 in. bearing. 
Solid Rail. Drilled Rail. Punched Rail. 
10.5 in. 2.4 in. .85 in. 

Now the respective breaking weights being 29.17 
tons, 19.7 tons, and 13.4 tons, the work done in effect- 
ing rupture in each case would be proportioned to the 
product of the weight by one-half the corresponding 
deflection, consequently, in foot-tons it would have the 
following values : 

Solid Rail. Drilled Rail. 
12.76 1.97 
The drilled rails thus offering upwards of 10 times, 
and the solid ones 65 times, the resistance of the 
punched rails. 

The ultimate deflection of the punched steel rail is 
precisely the same as that of a cast-iron one of similar 
section, the weights required to produce these deflections 
being in the ratio of about 24 to 1. The amount of 
deflection—less than {ths of an inch—is so small that 
imperfect packing of the”sleepers might easily permit 
it to take place ;' so that if the weight on the driving 
wheels of a locomotive were some 60 per cent. greater 
than it is at present, fracture might often take place. 
As things are, a punched rail would be strained beyond 
the limit of elasticity by the passage of an ordinary 
engine, if an intermediate sleeper sank but gth of an 
inch. It is palpable, then, if there be the remotest 
chance of a solid steel rail fracturing under excep- 
tional conditions, the liability to accident in the in- 
stance of a punched rail will be of serious moment. 

With reference to the rails for the Metropolitan 
Railway, the weight of these considerations was sufli- 
cient to induce Mr. Fowler to prohibit the use of 
-punched rails; and there can be no question, even if 
the difference of cost. between punching and drilling 
were an important item, which it is not, this decision 
was wisely made. 

It was premised before making the investigation on 
rails with Reles in the flanges, that some desirable modifi- 
cation in the system of fastenings might suggest itself, 
and it has proved to be so in fact. In the first place it 
has been amply proved that punching without final an- 
nealing is inadmissible at any price; and it is also evident 
that if the diminished amount of elasticity possessed by 
the drilled rails be sufficient to ensure safety under severe 
traffic, a very much harder and, consequently, more 
durable, rail might be used with equal safety if holes 
were dispensed with altogether, and another mode of 
fastening adopted. If hard wood sleepers were econo- 
mically applicable to the permanent way of this 
country, the flanges of steel rail might be much re- 
duced in width, and, probably, coach screws and clips 
would form a most efficient and durable fastening. 
This, however, is one of the many questions which 
must be left to the judgment of the engineer, guided 
by the conditions of the specific case. No general 
rule could with propriety be laid down. Simplicity of 
parts is a great desideratum, and this is attained to 
the greatest practicable extent in Mr. Fowler’s system. 
There is, moreover, no reason to doubt that ample 
security combined with a high amount of endurance 
has also been secured. Bsa 
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LIQUID FUEL. 
To tue Epitor or ENGINEERING. 

Srr,—In answer to a letter which appeared in your last 
number, from Messrs. Francis Wise and Co., stating that my 
apparatus for burning liquid fuels is an infringement of a 
patent No. 2661, 1865, obtained by Messrs. Wise, Field, and 
Aydon, I have only to state that the extraordinary results 
obtained under my patent clearly prove the two dissimilar, 
both in mode of operation and principle. 

am, Sir, your obedient Servant, 
Chemical Works, Stratford, E., 8. E. Crow. 
April 28, 1868. 








New Goops Drpér at New Yorx.—The new freight 
depét of the Hudson River Railroad in New York city is to 
be by far the most magnificent building ever erected in that 
part of the world. It extends 405 ft. on Beach and Laight- 
streets, and 439 ft. on Varrick and Hudson—an area of 
178,3274 square feet, or over four aeres, under a single roof. 
It is to have three storeys and a basement, will be about 60 ft. 
high from the ground in the average, and will be com 
wholly of brick, iron, and stone, making it absolutely fire- 


Statistics or Unirep States TonyaGe.—The director of 
the Bureau of Statistics has compiled and published a com- 
plete list of all the merchant vessels of the United States by 
name, register, tonnage, and home port.. The total number 
of vessels is 12,207, of which 642 dre ships, 746 barks, 608 
brigs, 8862 schooners, 2841 sloops, 46’ ts, 58 longboats, 
and 2505 steam vessels of various kinds. ‘The total tonnage 





of the vessels contained in the list is 2,755,004. 
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CANADIAN ENGINEERING. 
To tue Epitor oF ENGINEERING. 


Sir,—In continuation of my remarks on the im- 
— of the St. Lawrence, which, in my last, I 
rought to the city of Montreal, I proceed to state 
that, from this point to the head of the river at Kings- 
ton, the navigation is interrupted by a series of rapids, 
which are overcome by several distinct artificial 
channels, together known as the St. Lawrence canals. 
Thefirst of these interruptions is the Saulté St. Louis, 
immediately south of Montreal, and familiarly known 
as the Lachine Rapids. The necessity of overcoming 
this destruction was felt at an early period, and 
various modes of accomplishing it were suggested and 
discussed between the years 1791 and 1820, but it 
was not till 1821 that the Government took the 
matter in hand and commenced work. By 1825 a 
canal of 5ft. depth, 28 ft. wide at the bottom, 48 ft. 
wide at the water-line, and 8} miles long, was com- 
age og The whole rise, which is 45 ft., was overcome 
y six locks, each of which was 100ft. long and 20 ft. 
wide, well built in ashlar masonry. 

On the union of the Canadas, in 1840, it was evident 
that if the St. Lawrence was to be an important 
channel of communication between the east and the 
west, this canal must be materially enlarged. With 
this view, works were immediately commenced, and 
new locks were constructed during the seasons of 
navigation, the widening and deepening of the canal 
being carried on when the navigation was closed 
during the winter months. The enlarged works were 
sufficiently advanced for business in 1848, but it was 
some years later before the rock excavations were 
completed to the full width of 80 ft. at the bottom and 
120 ft. at the top. The locks, five in number, are 
200 ft. long and 42 ft. wide; the two immediately 
connected with the Montreal basin having 16 ft. of 


water on their sills, and the other three on ly 9ft. A 


great portion of the excavations for this work being 
im rocks of the silurian formation, was difficult of execu- 








tion and expensive. From the best account which can 
now be obtained, it appears that this canal cost, 


Under the Lower Canada Executive, for 





the smaller works, about ‘as «. £80,000 
Under that of the United Canadas about 370,000 
Say a total of about . £450,000 


This canal brings us to Lake St. Louis, an expan- 
sion of the St. Lawrence river, receiving also a portion 
of the waters of the Ottawa, which, with those of the 
St. Lawrence, flow side by side without intermingling, 
the dark brown colour of the former, and the bright 
transparent green of the latter, being separately and 
distinctly visible until they commingle in the turbulent 
rapids below. The improvements to this lake, of 
about 20 miles in length, not being of an important 
character, were comparatively inexpensive, and con- 
sisted of some dredging, the removal of a few boulders, 
+, Oy out of the channel, and placing of a few 
lights. 

Between Lake St. Louis and Lake St. Francis, a 
distance of about 15 miles by the course of the river, 
occur three important rapids—the Cascades, the 
Cedars, and the Cotean du Lac, with reaches of still 
water between them. ‘The Beauharnois canal, over- 
coming these obstructions, was constructed in a con- 
tinuous stretch of eleven miles and ahalf. Ithas nine 
locks in a total rise of 82 ft., the dimensions of the 
locks and the section of the canal being the same as 
those of the Lachine. This work was commenced in 
1842 and finished in 1845, at a cost of about 270,000/. 

From the head of the Beauharnois canal for a dis- 


| tance of 40 miles, one-half of which is known as 


Lake St. Francis, the channel has had similar amelio- 
rations to those of Lake St. Louis. This stretch is suc- 
ceeded by the Longen Saulté rapids, which are over- 
come by the Cornwall canal, 114 miles long, with a 
rise of 48 ft. It has one guard lock and six lift locks 
of 200 ft. in length by 43 ft. in width at the bottom, 


| but fromthe excessive batter of the side walls, nearly 
50 ft. wide at the top and 54ft. between the hollow 





quoins, with 9 ft. of water on the sills. This work 





was by the Government of Upper Canada 
before the union of the provinces in 1840, and was 
completed in 1842 at a cost of about : 
To the Government of Upper Canada ... £250,000 
And to that of United Canada .., eco 75,000 
Say atotal of about... +  s» £325,000 


Five miles above the Cornwall canal succeeds the 
series known as the Williamsburgh canals, originally 
constructed as four separate works, which, with the 
portions of the river embraced, covers a distance of 
27 miles, on which are six locks, with a total rise of 
31 ft. The rapids thus overcome are those at Farren’s 
Point, the Rapides Plats, the Iriquois, and the Galop, 
which, being comparatively light, are navigated by 
steamers both up and down. For this reason the 
canals of this series have a bottom width of only 
50 ft., the locks, however, being of the same dimen- 
sions as those of the Lachine and Beauharnois canals. 
These works were executed after the union of the 
provinces of Upper and Lower Canada, and their cost 
is computed at about 287,000/. 

Seven miles of clear navigation farther up the river is 
the town of Prescott, between which and the city of 
Ogdensburgh, on the opposite side, and the State of 
New York is a steam ferry. The river here assumes 
larger proportions, and after the prettily situated 
town of Brockirth, twelve miles above Prescott, is 
passed, widens into the lake of the thousand islands, 
celebrated for the beauty and pangs ow character of 
its scenery, where more than 1500 islands and islets, 
many: of them very little more than granite rocks, 
have been enumerated. The intricacy of the naviga- 
tion caused by this large collection of islands has 
necessitated a considerable expense in lighting and 
otherwise marking out the channel, which, passin 
through a granite formation, is deep and me Per: | 
with precipitous shores. The city of Kingston, a 
place of considerable importance pon strongly fortified, 
occupies a position at the head of the St. Lawrence 
river, and at the foot of Lake Ontario, its distance from 
Montreal being about 190 miles, 

In order to afford a collective view of the various 
works I have described in detail, I present them in the 
following tabulated form : 


























ae Length Total | Amount 
Site. in yond rise. of 
Miles, Feet. Cost. 
Lachine Canal... « 8 5 45 £450,000 
Beauharnois Canal 11 9 82 270,900 
Cornwall Canal ... ... 1l 6 48 825,000 
Harigetion Serta ool 6 81 287,000 
avigation ially im- 
proved — aes ose ove] 147 . 16 168,000 
1905 | 26 | 222 |21,500,000 





This is a large sum to have been expended by so 
young a country as Canada, in the improvement of 
its internal communications. Locally, these works 
have been of great value to Canadian interests ; but, 
commercially, as an investment, as well as in view o 
the important object of attracting to the Channel of 
the St. Lawrence, the carrying trade of the Western 
United States, they have signally failed. The reasons 
for this failure I purpose discussing in a future letter, 
but must first describe other prominent navigation 
improvements. 

have already enumerated the many improvements 
which have been made in the navigation of the 
St. Lawrence, between the cities of Montreal and 
Kingston. By means of these ameliorations, steam- 
boats and other craft are capable of plying on these 
noble waters to advantage, providing they do not 
require more than 9 ft. depth of water. 

At Kingston, the voyageur enters on the first of the 
great lakes or inland freshwater seas, which constitute 
so remarkable a feature of this portion of the continent 
of North America. Lake Ontario, although the smallest 
of the chain, or cluster of the five great lakes, is 180 
miles in length, and over 40 miles of ave breadth, 
and has a superficial area of 7700 square miles, with a 
coast line of about 420 miles, and an average depth of 
600 ft., its surface being at an elevation of 234 ft. 
above the level of the sea. Itis bounded to the south 
by a portion of the State of New York, and in its im- 
mediate vicinity are the important ports of Oswego 
and Rochester, both of which have a flourishing lake 
commerce. Its north is bounded by a large and 
fertile portion of Upper Canada (now the Province of 
Ontario) and on its shores are the flourishing towns 
of Coburg, Port Hope, &c., the cities of Toronto 
and Hamilton, many other plades of importance being 
within only a few miles of its ‘shore. 
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Without giving much prominence to the numerous 
small rivers which empty themselves into this lake, it 
may be stated that its chief supply is directly from the 
lakes above it, and more immediately from Lake Erie, 
whose discharge it receives by the "ent river, the 
world-renowned “falls” and “rapids” of which are 
the next obstructions in the way of westward naviga- 
tion to be obviated. 

The rise from Lake Ontario to Lake Erie is 330 ft., 
and a navigable channel across the narrow neck of 
land is now, after forty years of labour, available for 
the transit of vessels of 500 tons burden. It is known 
as the Welland canal, and is 28 miles in length, and 
has 27 locks. Its commencement on Lake Ontario 
is at Port Dalhousie, near the flourishing town of St. 
Catherines, between which places are the first three 
locks, which are 200 ft. by 45 ft., and have 10 ft. of 
water on their sills. The next twenty-three locks are 
only 180 ft. long by 264 ft. wide, with 10 ft. of water 
upon their sills ; but the last lock, which is at Port 
Colborne, and communicates with Lake Erie, is 240 ft. 
by 45 ft., with the same depth of water as the others. 

This canal has probably one of the most singular 
political and social histories of any of the public works 
of the province, and has given rise to more scandal, 
parliamentary inquiries, and legal discussions, than it 
would be complimentary to its promoters to enume- 
rate. As far as I am concerned, these may perish in 
oblivion; I only wish to record the material advance 
of the province. 

The cost of the work may be taken at about 
1,500,000/., one-third of which is attributable to bad 
management, inefficient plans, and continual taking 
up and altering the works after their execution. 

At Port Colborne, we enter upon Lake Erie, the 
second of the large lakes, in ales and size. It is 
about 250 miles long, 40 miles wide, and 564 ft. above 
the level of the sea, with an average depth of about 
90ft. Its area is 10,600 square miles, and it has a 
coast line of 600 miles. The States of New York, 
Pennsylvania, and Ohio lie on its south side, and a 
portion of the Great Peninsula of — Canada on 
its north. This lake is considered to be one of the 
most (if not the most) difficult of navigation, which 
peculiarity is attributed, in part, to the shallowness of 
its waters, and, in part, to the intricacy of its channel 
through the shoals at the western end. It receives 


the waters of the upper lakes through the Detroit and 
St. Clair rivers, and Lake St. Clair, which is about 
25 miles in length by 18 miles in breadth, where there 


are numerous shoals, or flats, as they are locally 
termed. 

About eight months ago, the United States Govern- 
ment let out a contract for improving about one mile 
of the southern channel, at the western-end of Lake 
Erie, for a sum of about 100,000/., and this work will, 
on completion (providing it does not again silt up), 
much relieve this portion of the navigation. 

Steamers drawing from 10 ft. to 11 ft. of water can 
readily navigate both Lake Erie and the channel from 
it to Lake Huron, but sailing vessels passing from 
Lake Erie require towing, as Lake Huron is 10ft. 
higher, and, consequently, there is in the narrow 
channel a considerable current. 

The navigation of Lakes Huron and Michigan are 
from this point free from obstructions, and Lake 
Superior is accessible by means of the Saulié St. 
Marie canal, which, being a work of the State of 
Michigan, we can claim no credit for. It is not, how- 
ever, the less interesting to some of your readers, and 
I therefore take the liberty of inserting here some of 
the principal facts connected with it. 

This canal is 1 mile 100 yards in length, 100 ft. 
wide at the water line, and 12ft. deep. It has two 
locks, in combination, each 350 ft. long, 614 ft. wide 
at the bottom, and 70 ft. wide at the top. The total 
lift is 18 ft. It was constructed for the State of 
Michigan, by an incorporated company of contractors, 
in the years 1853-54-55, who received in payment 
750,000 acres of wild land. Its tolls accrue to the 
State, and amounted in 1864 to 35,714 dol. 

I have now enumerated the principal works which 
have been executed for ameliorating the navigation, 
vid the St. Lawrence and the great lakes, from the 
gulf to Chicago, at the head of Lake Michigan, or to 
Superior City, at the head of Lake Superior, affording 
even now, for vessels of 500 tons, airect communica- 
tion with any port in Europe. 

The distance from Liverpool to Chicago by this 
route is estimated at 4166 miles. 

Let us now return to Lake St. Louis, at the head 
of the Lachine canal, and trace some of the river im- 

rovements and canal works from that point to Ottawa 
ity, and thence.to the lakes. 

Proceeding from the Lachine canal, by Lake St. 





Louis, to the Ottawa river, the first obstruction is met 
with in a distance of about 12 miles, and is known 
as the St. Anne’s rapid, rendered classic by Moore’s 
“ Canadian Boat Song.” A lock, with upper and lower 
piers, was constructed here in the years 1839 to 1843 
inclusive. It is 190 ft. long, 45 ft. wide, and has’a 
depth of 5 ft. 6 in. of water at the lowest seasons, and 
a lift, varying according to the state of the water, from 
3ft. Gin. to 9ft. I have no means at hand by which 
to ascertain the cost, but presume it would not be less 
than 20,0007. 

After passing the lock, we shortly enter upon the 
Lake of Two Mountains, which is a beautiful ex- 
pansion of the Ottawa river, traversing which, a few 
more miles brings us to a series of obstructions, ex- 
tending from Carillon to Grenville, a distance of about 
12 miles, in which there is a rise of about 624 ft. 
to be overcome. This is effected by three distinct 
canals, a portion of the river being navigable between 
them. ‘The first of these canals is at Carillon. It is 
three miles in length, with two locks at its entrance, 
by which it attains a summit level of 26 ft. above the 
river, and is supplied with water by a feeder from the 
riviére du Nord, a distance of about a mile and a half, 
the depth of water being often insufficient in the 
summer months for the trade. Atits western end there 
is a descending lock of 13 ft. into the Ottawa. These 
locks are all 128 ft. long by 324 ft. wide, and have a 
depth of about 44 ft. on their sills. About 3} miles of 
the Ottawa is now navigated, when the “ rapid” or 
“chuté” of Blondean occurs, which is obviated by 
about 300 yards of canal, and a lock of the same 
dimensions as the Carillon canal, with a rise of 34 ft. 
Following this the Ottawa is again navigated for about 
one mile, to the foot of the “Long Saulté” rapid, 
which is overcome by the Grenville canal, 6 miles in 
length, with six locks, and a total rise of 46 ft. Three 
of these locks are the same in size as those mentioned 
above, but unfortunately the other three are only 
107 ft. long by 19} ft. wide, with the same depth of 
water as in the others. These locks are, of course, 
the measure of the capacity of all these canals ; and it 
is difficult to conceive on what grounds they should 
have been made shorter and narrower than the others. 

From Grenville, the Ottawa river is navigable, for 
vessels drawing 7 ft. of water, as far as Ottawa City, 
as distance of about 60 miles. 

I hope in a future paper to continue the subject. 

I am, Sir, yours obediently, 

Toronto, March 25, 1868. Ee eee, 


RECENT PATENTS. 

Tne following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
— from the Great Seal Patent Office, Chancery- 
ane. 

(No. 2193, 8d.) Perey Graham Buchanan West- 
macott, of Elswick, patents arrangements of cranes to 
be worked by pond in combination with steam or 
hydraulic power. The main feature of the arrange- 
ment consists in the means adopted for connecting or 
disconnecting the auxiliary power as required. 

(No. 2194, 10d.) David Hodge, of Hatton-garden, 
and Robert Christopher Witty, of Laurel-street, 
Dalston, patent methods of making gas from petroleum, 
&e. According to this plan the petroleum is fed from 
a cistern into a heated retort containing fragments of 
firebrick, and from this retort the vapour is conducted 
to a washing vessel, where any petroleum which ma 
have escaped conversion into permanent gas is re-col- 
lected. From the washing vessel the gas is led to a 
small gasometer, with which the gas service pipe also 
communicates, and this gasometer, by its rise or fall, 
regulates the quantity of oil admitted into the retort. 

(No. 2196, 10d.) Benjamin Franklin Stevens, of 
Henrietta-street, Covent Garden, patents, as a commu- 
nication from Simon Stevens, of New York, a method 
of burning petroleum oils in steam boilers or other 
furnaces. In this apparatus the petroleum is injected 
into the furnace by the aid of a steam jet almost pre- 
cisely as sotentolh the year before last, by Messrs. 
Wise, Field, and Aydon. 

(No. 2204, 1s. 10d.) Andrew Murray, of Her 
Majesty’s Dockyard, Portsmouth, patents appliances 
for hauling stranded vessels into deep water. This 
machinery, which we cannot describe in detail here, 
consists in arrangements which can be applied to a tug 
boat to enable it to haul off a vessel by acting on 
cables extending from the stranded ship to anchors 
fixed in deep water. The hauling power which can 
thus be applied is limited only by the resisting power 
of the anchors and cables, and not by the propelling 
power of the tug boat itself, asin the ordinary method 
of proceeding. 





(No. 2205, 8d.) Charles Mayo, of Oxford, patents 
propelling and steering vessels by means of screwS 
placed in tunnels or tubes extending longitudinally 
through the hull. There is nothing new in this. 

(No. 2212, 10d.) Joseph James Hocking, of 
Marshall Keate, Popiar, patents apparatus for con- 
densing noxious smoke and vapours. For this pur- 
pose the smoke or vapours are drawn by an air pump 
through water contained in one or more cylindrical 
vessels, these vessels being fitted with rotary discs or 
fans, which keep the water in a state of agitation. 

(No. 2213, 1s.) George Gordon, of San Francisco, 
agg improvements in the manufacture of sugar. 

he various processes and apparatus included in the 
patent would require more space to describe than we 
can deyote to them here. 

(No, 2214, 1s. 2d.) William Robert Lake, of 8, 
Southampton-buildings, patents, as the agent of Joseph 
Sprague Winsor and William Walton Fletcher, of 
Providence, U.S., a machine for manufacturing weaver’s 
harness, which it would be impossible to describe 
without the aid of drawings. 

(No. 2217, 2s. 2d.) John Saxby, of the firm of 
Saxby and Farmer, Siatuenyonnll Kilburn, patents 
arrangements of locking gear for railway points and 
signals. One of the main features of the gear patented 
is that the parts are so arranged directly in view of 
the operator that an indication is afforded of the action 
of the various levers on each other, and the levers, 
which it is necessary to move in order to set any par- 
ticular pair of points or signal free, can thus be at once 
seen. 

(No. 2223, 2s. 6d.) Richard Boyman Boyman, of 
Stockwell-park-crescent, patents machinery for pro- 
pos vessels and aérial conveyances by reaction. Mr. 

oyman is an enthusiast as regards reaction pro- 
pellers, and this, like the specification of his previous 
patent, reads like a kind of treatise on the subject as 
seen from his point of view. We are very far from 
agreeing with the results that he professes to obtain, 
however. 

(No. 2234, 1s. 4d.) John Edwards, of Victoria- 
chambers, Westminster, patents arrangements of lock- 
ing gear for railway signals, in which screws are used 
for the main movers instead of levers. There are also 
some other peculiarities of detail about the gear which 
we could not describe without reference to drawings. 

(No. 2235, 8d.) Benjamin Harlow, patents methods 
of constructing boilers specially adapted for heating 
buildings. It would require the aid of drawings to 
explain the construction of these boilers clearly. 

(No. 2236, 10d.) John Henry Johnson, of 47, Lin- 
coln’s Inn-fields, patents, as the agent of Adolphe Le 
Beeuf, of Paris, an arrangement of hydraulic lift, in 
which a pair of pistons working in a hollow column 
are connected with platforms outside by an arm pass- 
ing through a slit, which extends through the column 
for its whole length. A way of packing this slit, so as 
to allow the arm to work in it, is included in the 
patent ; but we believe that it would be found very 
difficult to keep tight. The column would, moreover, 
be so weakened by the slit that, unless made of an 
enormous weight, it would withstand but a moderate 
amount ofinternal pressure. The patentee also claims 
in this patent the use of Giffard’s injector for supply- 
ing the water to hydraulic lifts; but we believe that 
the hot water supplied by this instrument would be 
found to occasion much trouble; and whilst the pres- 
sure practicably attainablé by the use of the injector 
would be very much below that commonly employed 
in hydraulic machinery, the cost of working would be 
far greater than if pumps were used. ‘ 

(No. 2241, 4d.) Thomas Allan, of Adelphi-terrace, 
patents making telegraph cables with cores formed of 
copper and iron, or copper and steel wires in com- 
bination, the object being to render the core itself 
sufficiently strong to bear the strain which may be 
brought to bear upon the cable, and, at the same time, 
to employ the strengthening wires as conductors. A 
method of splicing cables is also included in the patent. 

(No. 2245, 1s.) Charles Denton Abel, of 20, 
Southampton-buildings, patents, as the agent of Eugen 
Langen and Auguste Nicol Otto, of Cologne, improve- 
ments on the combined air and gas engine, which we 
illustrated and described on page 519 of our third 
volume. 

(No. 2248, 10d.) John Russell, of Manchester, 

atents methods of flattening and straightening saw 
Piades and similar articles during the process of harden- 
ing. According to these plans the blades or other 
articles, after being dipped to harden them, but before 
they become cold, are placed between rigid surface 
plates, which are then pressed closely together. 

(No. 2249, ls. 4d.) Arnold Budenberg, of the firm 
of Schiiffer and Budeuberg, of Manchester, patents 
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refers to numerous details of construction and arrange- 
ment whichavould require far more space to describe 
than we.can devote to them here. 

6d.) Richard Edmondson, of the firm 
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fof Liverpool, patent,.a form, of 
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of Brooke and Edmondson, 
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frame ofeach picker formed of one 
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buffalo hidey or other other suitable material, where it 
works upon'the spindle, and also with a pi 
to act ‘agaimst the top of the shuttle. Methods of 
securing the bushes and pieces of hide in their places 
are also included in the patent. 

(No.@807, 10d.) Frederick Hale Holmes, of Paris, 
patents apparatus for producing the electric light. 
We may perhaps give an account of this apparatus at 


ime. 

4d.) James Shanks, of Arbroath, and 
of Leadenhall-street, patent the applica- 
\ owing machines of reversible sole plates 
tem blades, so constructed that when one edge 
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ulp. 
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water contained in a cylindrical casing. 
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bucket chain loose ex- 
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Cockspur-street, pa 
tumbler of a dredging machine whilst the outlet 
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(No. 2334, 8d) William Bradshaw Leachman and 
John Holroyd, of Leeds, patent a form of rotary pump, 
consisting of a cylinder revolving eccentrically ina 
larger cylinder, so that it touches the latter on one 
side. ‘Ihe inner cylinder is provided with three vanes, 
or pistons, which are made to project at a greater or 
less distance from it, and thus maintain their outer 
ends in contact with the interior of the larger cylinder 
by means of friction rollers working in an annular 
groove. We doubt the or of the arrangement. 

(No. 2337, 10d.) John leock Jones, Richard 

Howson, and John Gjers, of Middlesborough-on-Tees, 
patent the construction of puddlin and other fur- 
naces, which we illustrated and described on pages 170 
and 171 of the present volume. 
(No. 2341, 8d.) George Buxton, of Fenton, and 
Samuel Baun, of Crewe, patent constructing railway 
axle boxes, so that, besides being capable of moving 
vertically as usual, they may be free to tilt or revolve 
on horizontal axes, and thus accommodate themselves 
to any transverse inclination of the axle relative to the 
body of the vehicle. 

(No. 9343, 1s. 10d.) Henry Bessemer, of Queen- 
street-place, Cannon-street, patents ordnance for 
throwing projectiles of great size, air very highly 
compressed being employed as the motive power. 
The system proposed is of considerable importance, 
and we shall describe it in detail in an early number. 
(No. 2345, 1s.) Jonathan Peacock, of Rockford, 
Illinois, U.S., patents arrangements of cask cleaning 
machinery, which it would require the aid of drawings 
to describe. 

(No. 2346, 8d.) Francis Herbert Wenham, of 1, 
Union-road, Clapham, patents the arrangement of 
hot-air engine, which we illustrated and described on 
page 219 of the present volume. 

(No. 2350, 10d.) Edward Ormerod, of Atherton, 
patents a peculiar form of link or shackle intended to 
revent accidents from over-winding at collieries, &c. 
his shackle serves to connect the winding rope with 
the-cage or receptacle to be lifted, and it is so con- 
structed that, in the event of over-winding taking 
place, it—by being caused to enter a short tube 
properly placed—euts off the connexion with the 
rope, and at the same time supports the cage by 
taking hold of the short tube just mentioned. 











THE CHAPEL MILTON VIADUCT. 

Tnx Chapel Milton Viaduet, of which we give an engraving 
on page 418, is one of the many works of magnitude recently 
constructed by the Midland Railway Company, in order to 
complete their railway system between London and Man- 
chester. ‘The new route irom London to Manchester, by the 
Midland Railway, takes nearly the line of the old coach road 
Seouais Derby and Matlock, and is the shortest line from 
Manchester to the metropolis. 

The railway passes through some of the boldest and most 
picturesque scenery of Derbyshire. At Rowsley it leaves the 
valley of the Derwent, and continues along the valley of the 
Wye. A covered way takes it behind Haddon Hall, whence 
it emerges into the beautiful valley in which Bakewell is 
situate. A few miles further on a short tunnel brings the 
line into Monsal Dale, which is crossed by a stone viaduct ; 
thence the line passes Cress Brook, Miller’s Dale, and tunnels 
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it reathed Chapel Milton ; the line there crosses the valley of 
thée\Black Brook, at which place is situated the viaduct which 
forms the subject of our illustration. 
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temperator, brine, the temperature of which has been | works upon this railway which have presented unusual diffi- 
reduced by any kind of iee-making or refrigerating culties in construction. It is about 102 ft. above the level of 
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Messrs. Eckersley and Bayliss, of Westminster, were the 
contractors who executed this fine viaduct, as well as all the 
other works, from the great tunnel at Peak Forest to the 
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Fie. 2. 


BREWING AND BREWERIES.—No.: VIL 
Materiats Empioyep In BrewInc—RoastTED 
Matr.—( Continued.) 

Besines the small roasting cylinders which we have 
described there is, as we have already stated, one very 
large cylinder at Messrs. Randells, Howell, and Co.’s 
works. This cylinder has been christened by the 
workmen “ Big Ben,” after a similar cylinder at Messrs. 
Randells, Howell, and Co.’s old factory ; and it, with 
its oven, is shown by Fig.l above. It is 3 ft. 6 in. in 
diameter by 6 ft. long, and it is carried by a shaft 4 in. 
ane, the cylinder being fitted at each end witha 
roller which runs on this shaft. As the cylinder with 
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Fie. 3. 


its contents is too heavy for a man to push: into, or 
withdraw from, the oven without mechanical aid, a 
rack bar is provided which can be hooked on to the 
end of the roaster, and by working a winch handle 
fixed on a shaft earrying a pinion gearing into the rack 
on the bar, the ‘cylinder can be moved as required. 
The rack bar, pinion, &c., are not shown in the figure. 
Of course when the cylinder ‘has to be shifted longi- 
tudinally, its rotation is’ stomped, and it is brought into 
such a position that the rollers rest on the upper side 
of the square shaft- by which it is supported. When 
in that position the sliding door through which the 
cylinder is filled and emptied is also uppermost. 


This large roaster is driven at a speed of 18 revolu- 
tions per minute, its central shaft having fixed on it a 
large spur-wheel, which is geared into by a pinion on 
the shaft carrying the fast and loose belt pulleys. 
These pulleys are driven from the transverse line of 
shafting beneath the floor by a twisted belt, as shown 
in the engraving. The oven for “Big Ben” differs 
somewhat from those used with the smaller cylinders. 
It has two independent fires, access to which is obtained 
through firedoors at the side of the oven, as shown in 
the figure. The products of combustion pass off 
through a funnel 21 in. in diameter, leading from the 
centre of the top of the oven, this funnel, which is pro- 
vided with a damper, being bent forward and led into 
the shaft from the hood, as in the case of the smaller 
roasters. The hood is arranged as shown in our illus- 
tration, and from the latter it will be seen also that a 
platform is provided for giving convenient access to the 
top of the roaster. 

The small roasting cylinders, which we first de- 
scribed, are worked with charges of 24 bushels each, 
and from six to seven “roasts” are made in each of 
them per day, two pairs, or four cylinders, bein 
attended to by one man. “ Big Ben” is worked wit 
charges of 28 bushels each, and, as in the larger 
cylinder, the surface exposed is much less, in propor: 
tion to the contents, than in the case of the smaller 
cylinders, the time occupied in roasting a charge is 
longer, and only three roasts are made per day, al- 
though it is probable that four roasts might be made 
if necessary. The twenty-four small cylinders, to- 
gether with the large roaster, are capable of turning 
out 60 quarters of roasted malt per day; and the 
plant, when completed by the addition of twenty other 
small cylinders, will be capable of roasting 100 
quarters per day without working extra hours. 

The time occupied in roasting a charge in the 
smaller cylinders averages about 1} hours, varying 
somewhat with the quality of the malt wsed, not pro- 
duced, the differences in the colour of the malt turned 
out being obtained by “taking” a higher or lower 
“heat,” not by varying the period of roasting. The 
first part of the roasting process consists merely in 
the expulsion of the moisture from the malt; and the 
change from what may be termed the drying to the 
roasting process proper, is marked by an alteration in 
the nature of the vapour escaping from the cylinder. 
During the first part of the process this is steam 
merely ; but it subsequently becomes an empyreumatic 
vapour, having, as we have already stated, an irritating 
effect on the lungs. The maximum heat applied de- 
pends upon the colour desired, the darker the colour 
to be obtained the higher being the heat. With some 
qualities of malt the “heat,” as it is called, has to be 
“taken” near the commencement of the roasting pro- 
cess, whilst in other cases it is applied near the com- 

letion of the operation, this being a matter which 
es to be left to the experience and judgment of the 
workmen. Whilst the roasting is proceeding, the 
cylinder is occasionally withdrawn from the oven, and 
sampled to ascertain how the process is poin on. If 
the malt is becoming heated unequally the cylinder is 
allowed to revolve outside the oven, so that its con- 
tents may become pony mixed, the roasting 
being at the same time carried on to some extent by 
the heat absorbed in the cylinder and its contents. 
The chances of unequal heating are greater in the 
case of “ Big Ben” than in that of the smaller cylin- 
ders ; and when it is withdrawn from the oven, there- 
fore, samples are taken from each end as well as from 
the middle of its length, and these samples are care- 
fully compared together. “Big Ben” is used for 
making one kind of roasted malt only, and that is a 
brown malt of excellent character which is much 
esteemed by some of the principal London brewers. 
The small cylinders turn out amber, brown, or black 
malt, according to the heat applied. The brown and 
black malts, but not the amber malt, are moistened 
during the latter part of the process of roasting. 


The roasted malt from the small cylinders is dis- 
charged down iron shoots, arran, as shown in the 
annexed Figs. 2 and 3, on to sieves or screens, each 
screen receiving the malt from two pairs of cylinders. 
The upper end of each screen is supported by a fixed 
hanger, whilst the lower end is slung by a chain from 
a wooden beam, which rests upon a cam fixed on a line 
of shafting passing over the screens, This shafting 
is driven at the rate of 75 revolutions per minute, and 
the cams thus give to the screens a rapid jigging 
motion, which assists the passage of the malt down 
them. Each screen is 2 ft. wide outside by 8 ft. long 
and falls about 2ft. 10in. in its length. By the 
screens the clean malt is separated from any pieces of 





coke which may have become mixed with it, and also 
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from grains which have become caked together by the 
process of roasting. These latter, which, with the 
pieces of coke, are collected in the bin at the bottom 
of each screen, are separated by hand and again sifted. 
The produce of “ Big Ben” requires no sifting as, 
from the slower rate at which the roasting process is 
carried on in that cylinder, no caking is found to take 
lace. 

: We have now given a general account of the pro- 
cess of roasting malt, but we must remark here that 
the process is one which, in spite of its apparent sim- 
plicity, it requires considerable practical skill to carry 
out successfully. As we have said, malt of different 
qualities requires different treatment during the pro- 
cess of roasting, and it is only the practical experience 
of the men in charge which enables them to determine 
what this treatment must be. Some skill is also re- 
quired in regulating the fires, &c., and with bad or 
careless workmen much time is liable to be lost from 
unequal heating of the contents of the cylinders 
taking place from its being frequently necessary to 
withdraw the cylinders from the ovens in the manner 
we have already mentioned. Roasted malt of good 
quality is characterised by its general cleanliness and 
uniformity of colour, and in the case of the amber 
and brown malts by the absence of burst grains. 


Hops. 


The hop (Awmulus lupulus) is a diccious plant 
belonging to the natural family of Urticew. Its 
generic name humulus is derived from humus, “ fresh 
earth,” it being only cultivated successfully on rich 
soils ; whilst the specific name of the variety commonly 
known—/upulus—is a contraction of /upus salictarius, 
this latter being the name, according to Pliny, which 
was formerly given to it from its growing amongst 
willows and, by twining round ol choking them, 
doing them as much damage as the wolf to a flock, 
It may be remarked also as a curious coincidence that 
the ancient British name for the plant was /lewig y 
blaidd, or “bane of the wolf.’ The popular name 
“hop” is derived from the Anglo-Saxon 5 conti to 
climb, 

The hop is probably an indigenous plant, it 
being found in hedgerows in all parts of the kingdom. 
It is of a hardy nature in its wild state, readily 
propagating itself both by layers and seeds. It 


appears to have been well known to the Romans, and 
Mesue, an Arabian physician, who lived about the 
year 845, makes mention of its medical properties. 
I 


‘he cultivation was carried on upon the Continent 
during the middle ages, and in the fourteenth 
century hops were rather extensively cultivated in 
Flanders and some parts of Germany. 
of the hop appears to have been commenced in this 
country during the sixteenth century, although, as 
we stated in the first article of this series, the plant 
itself and its properties were known in England long 
before that time. The counties in which hops are 
now principally cultivated are Kent, Sussex, Surrey, 
Hampshire, Worcestershire, and Herefordshire, whilst 
there are also a number of hop-grounds in Essex, 
Suffolk, and Nottinghamshire. Abroad the plant is 
extensively cultivated in Bavaria and Belgium, from 
which countries large quantities are imported, and 
also in the United States, and in some of our 
colonies. 

The hops used by brewers are the female flowers, 
or catkins, which are placed upon different plants from 
the male. They grow in ovoid cones formed of oval 
leafy scales, concave imbricated, containing each at 
the base an ovary furnished with two tubular open 
styles and sharp pointed stigmata. The scales are at 
the early period of their growth of a light green 
colour ; but they afterwards change to a pale yellow. 
The fruit of the hop consists of small seeds almost 
globular in form, but slightly compressed. These 
seeds are of a brownish colour, and are enveloped, 
when ripe, in a hard shell or scaly calyx, which con- 
tains at its base a granular yellow powder or farina, 
which is the most valuable part of the plant. This 
farina appears to the naked eye like a fine dust, but 
it is resolved by the microscope into round yellow 
transparent grains, the colour of which becomes 
deeper as the age of the fruit increases. 

he farina just mentioned, or as it is sometimes 
termed the /upulin, is technically called the “ condi- 
tion” of the hops, and in good samples it amounts to 
about one-sixth of their weight when dry. The pollen 
was first named lupulin by Dr. Ives, but since the 
name has been applied, by Payen and Chevallier, to 
the bitter extract from the scale. The lupulinic 
grains have been analysed by Dr. Ives, who states 
their composition to be as follows : 
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Payen, Chevallier, and Pelletan also examined the 
lupulinic grains with the following results : 


Resin ... eee eee eee eee 
Lignin eee eee eee 32.0 
Bitter principle, lupuline 10.3 
Volatile oil - eve eee 2.0 
Fatty, astringent, and gummy matter, osmazom, 
ioe 


Wer” icc ove 
Bitter principle ... 
Extractive 
Tannin ... 


one 


55.0 


malic, and carbonic acids, salts, as malate of 
lime, acetate of ammonia, chloride of potas- 
sium, sulphate of potass, &. ... eee 


100.0 


The experimenters last mentioned also examined 
the scales of the plant, and found them to consist of 
astringent matter, inert colouring matter, chlorophyl, 
gum, and lignin, together with salts of potass, i 
and ammonia containing acetic, hydrochloric, nitric, 
and other acids. It may be remarked that it is almost 
impossible to free the scales from the lupulinic matter 
which is usually adhering to them. 

Of the farina, about 65 per cent. is soluble in 
alcohol, the solution, when distilled with water, leaving 
a resin, amounting to 52.5 per cent., which has a 
bitter taste, and is soluble in alcohol or ether. 
The bitter principle—or lupuline, as it was named by 
Payen and Chevallier—is contained in the distillate 
thus separated from the resin. To free it from the 
small proportion of tannin and malic acid with which 
it is mixed, and obtain it in a pure state, the free acid 
must be saturated with lime, the solution evaporated 
to dryness, and the residuum treated with ether, which 
removes a little resin. ‘The lupuline can then be 
dissolved out by alcohol, leaving the malate of lime, 
and on evaporating the solution, the lupuline is ob- 
tained in a dry state weighing from 8.3 to 12.5 per 
cent. Lupuline is neither acid nor alkaline, and 
solutions of the metallic salts do not act upon it. It 
contains an empyrematic oil, but apparently no nitro- 
gen; and at ordinary temperatures it is inodorous, 
but when heated, emits the peculiar smell of the hop 
and possesses its characteristic taste and bitterness. 
It cau be dissolved in water in the proportion of about 
5 per cent., and acquires a yellow colour; whilst it is 
completely soluble in alcohol, and slightly so in ether. 
When in the dry state it is sometimes opaque, and of 
a white or slightly yellowish tint, and sometimes 
transparent and of an orange yellow colour. 

In the analysis by Payen, Chevallier, and Pelletan, 
which we have given above, it is mentioned that 2 per 
cent. of volatile oil exists in the lupulinic grains. 
This oil, which has a clear brown-yellow colour, an 
acrid taste, and strong odour similar to that of the hop, 
may be procured by distilling either the hops or the 
grains only, with water. Dr. Rudolph Wagner, who 
has closely investigated the character of this oil, ob- 
tained it by distilling fresh hops with water, and found 
that it constituted about 8 per cent. of the air-dried 
flowers. Ata temperature of 61° Fahr. its specific 
gravity is about 0.908; it is sparingly soluble in 
water, requiring more than 600 times its weight to 
dissolve it; but in alcohol and ether it is more soluble. 
It very slightly reddens litmus paper, and becomes 
resinified by keeping. From the researches of Dr. 
Wagner it appears certain that the oil of hops is a 
mixture of several oils. When rendered anhydrous by 
distillation overfused chloride of calcium it partly evapo- 
rates at a temperature below 212° Fahr. It commences 
to boil at 257° Fahr., and its temperature gradually 
rises to 347°, where it remains for some time stationary, 
nearly one-sixth of the clear oil distilling over at that 
temperature. Between 347° and 437°, a further 
portion amounting to one-half the oil passes over, this 
portion being also clear and having the odour of the 
crude oil. Between 437° and 455° the distillate is of a 
yellow colour, and the residue in the retort amounts to 
about one-sixth of the quantity submitted to distilla- 
tion, and is brownish and resembles turpentine. __ 

In brewing, hops exercise a slightly anti-fermentive 
action, and tend to prevent the acetous fermentation 
from taking place, or, in other words, prevent the 
beer from becoming sour. The tannin contained in 
them also assists in the clarification of the liquor 
by causing the precipitation of the nitrogenous or 
albuminous matter of the barley. Besides serving 
these ends, hops correct the sweetness of the worts, 
rendering the beer more palatable and imparting to it 
cordial and stimulating qualities. 


SS. 





Of the culture of the hop it is unnecessary t 
should speak here, except s state that the mat = 
quires a rich soil well manured, a sunny aspect, and 
protection from easterly winds ; but we may enumerate 
the principle varieties of the plant at present grown in 
England and mention some of their characteristics 
The most highly prized are the Farnham and Canter. 
bury “'whitebines” and the “ goldings,” these three 
having bines or stalks speckled with reddish-brown 
spots. The goldings are a stronger hop than the 
whitebines, and have scarcely such a fine flavour 
Next come the grapes—so called from their growing 
in clusters—of which there are several varieties of 
different. value. The grapes have small bines of a 
green colour. Besides these there are the Jones’s, the 
Colegates, the Flemish red bines, sometimes called the 
“never-blacks,” from their frequently escaping the 
attacks of the aphis, or “black blight,” and “other 
varieties, which it is not necessary that we should 
mention. The Farnham and Canterbury hops, and 
indeed, those from Surrey and Kent generally, bear a 
high character. A very good mild in much liked 
in the northern counties, is also produced in Worces- 
tershire. The rankest hops are those from the North 
Clay districts in Nottinghamshire; they are chiefly 
fit for porter brewing. 

The hop plants spring up annually from the old 
roots in April, and the flowers appear towards the 
latter end of June. In August or September they 
ripen, and they are then picked and conveyed to kilns 
to be dried. This drying is a somewhat delicate 
operation, and requires some care to perform properly. 
The kilns employed are in Sussex termed oas¢ houses, 
and many of them are of very rude construction. The 
hops are placed on horse-hair cloth (the kilns having 
sometimes two floors—one above the other—which 
are used successively), and are dried by causing a 
current of hot air to pass up through them ; they 
should be dried entirely by being brought into 
contact with warm air in this way, and not by radiated 
heat. The great object is to get rid of the “reek” 
or moisture rising from the hops, and this can only be 
effectively done by such a construction of the upper 
part of the kiln as will ensure a steady draught with- 
out back currents or eddies. In some kilns the plan 
has been tried, and, we believe, with good results, 
of discharging hot air above the hops, in order to 
assist in clearing away the “reek.” 1t seems probable 
that a number of kilns might, with advantage, be 
supplied with hot air by an air-heating apparatus, such 
as that designed by Mr. R. Morton, of the firm of 
Messrs. Morton and Wilson, of Stockton-on-Tees, the 
necessary draught being obtained either by giving the 
kilns themselves the required height, or by connecting 
them with a chimney. Mr. Morton’s air-heating stove 
is of very simple construction, and we shall describe 
it fully in an early number. By its aid a number of 
kilns might be supplied with hot air with a far less 
expenditure of fuel than that involved in the ordinary 
system; and, moreover, the temperature would be 
more perfectly under control. 

The hop-drying kilns are usually heated either by 
open fires or by “ cockles,” the latter being a kind of 
closed furnaces connected with heating flues. When 
open fires are employed, the fuel must be either anthra- 
cite or charcoal. The temperature should be moderate 
and uniform, and should not be allowed to exceed 
120°. If the hops are not thoroughly dried, they are 
liable to become mouldy, whilst, if they are over dried, 
the flavour is injured. The general test is to try the 
stalk or strig of the flower by bending it ; if it breaks 
through brittleness the drying is completed, but if it 
bends without breaking further drying is required. 
When the hops are properly dried they contain no 
moisture perceptible to the touch, but have a soft silky 
feeling. Hops lose about 80 per cent. of their weight 
in the kiln; but Muspratt, however, found that hops 
in the usual marketable condition lost between 11 and 
12 per cent. of moisture, or nearly 24 per cent. of 
their original weight, when submitted to further dry- 
ing at a temperature of 212°. He also found that 
they yielded on burning from 5 to 8 per cent. of ash. 


Sulphur, or rather the sulphurous acid arising from 
the combustion of sulphur, is frequently used to 
bleach the hops, and give them a better appearance. 
When the quantity of sulphur used is very small no 
harm may perhaps arise from this practice ; but the 
presence of anything more than a very minute proper, 
tion of sulphur is decidedly injurious, and sulphured 
hops are accordingly avoided by experienced brewers. 
By a good judge sulphured hops are readily detected, 
and the presence of sulphur may be clearly shown by 
steeping a sample of the hops in water and adding 
nitrate of barytes to the decoction, when, if sul- 
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phur i present, a white percipitate will at once be 
a being dried the hops are packed in “ bags” or 
“pockets,” the former weighing about 3 cwt. and the 
latter about 1} cwt. each, when filled. The ordinary 
method of packing the hops is a very crude one. The 
sack to be filed is let down through an opening in the 
floor, its mouth being secured to this opening. The 
hops are then filled in small quantities at a time, 
whilst a man standing in the sack treads them down 
with his feet. Several hop-packing machines have 
been contrived as substitutes for this treading process, 
and some of them have, we believe, answered well. 
The first of these machines is said to have been in- 
vented by Mr. Ellis, of Barming, and others have 
been designed and constructed by the late Mr. 
Hacker, and by Mr. 8. J. Knight and Mr. Garrett, of 
Maidstone. No machine yet brought forward, how- 
ever, can be said to have been largely adopted. When 
the hops are intended for export the bags are some- 
times subjected to the action of a hydraulic press, and 
in other cases the pressure of a-screw press 1s applied 
if the hops are not intended for immediate use. The 
aroma of the hops is preserved by their being well 
packed. : am 

Good hops emit a pungent and gratifying odour 
when rubbed, and they leave in the hand an oily, 
resinous, or clammy feeling. Their colour should be 
uniform, and they should be free from green specks on 
the flower. They should also be full of hard seeds, 
and should abound in farina or “ condition.” Sulphured 
hops should be avoided, and so should those which 
show any signs of mould or of crust proceeding from 
damp or bad keeping. Mould may be discovered by 
the string or stalk of the flower being partially bare 
of leaves. Hops lose their aroma more or less 
quickly with age ; when one year old they are termed 
“vearlings,” at two years old they become “ old” hops, 
and at three years they are called “old olds.” The 
Bavarian and other foreign hops are now extensively 
used by the London, Burton, and other large brewers ; 
they are generally employed mixed with a small pro- 
portion of English hops, but some brewers use them 
alone. 

During the process of drying some portion of the 
farina falls through the hair-cloth, and this farina, 
which is called Aop-dust, is a valuable product, as one 
ound of it is equal to four pounds of the strobiles. 
if kept free from extraneous matter and carefully 
collected it may be used by the brewer in porter or 
dark coloured beers. The fact that hops deteriorate 
with age, together with a desire to render them, or 
rather their valuable portions, more readily transport- 
able, has led to several plans being proposed for ex- 
tracting the useful principles and obtaining them in a 
— form. Oue of the most recent plans of this 
kind is that lately patented in this country by M. 
Theophile A. Breithaupt, of Paris, whose process we 
may describe here, as, although we cannot speak as to 
its success in practice, it may be interesting to many 
of our readers. 

M. Breithaupt proposes to obtain two products 
from the hop, the one an essence—a volatile liquid of 
a clear green or yellowish colour, and soluble in 
aleohol—and the other an extract, which may be ob- 
tained in a dry and pulverulent, or in a soft and thick 
form. The essence is contained in the farina only; 
but the extract may be obtained from various parts of 
the plant, and especially from the folioles of the bind 
and in the pollen. The process of manufacturing the 
essence is as follows :—The hop cones are introduced 
into a lofty and spacious cylinder with double bottom, 
the upper of which is a diaphragm giving passage to 
steam from a generator and surmounted by a still 
head in communication with a refrigerator. The 
steam introduced into this apparatus beneath the dia- 
phragm passes through the hops, the volatile prin- 
ciples of which it carries into the still head to be con- 
densed in the refrigerator, from which the products of 
the distillation are collected in a Florentine receiver ; 
these products, consisting of distilled water, cerated 
matters, and essential oil, which latter floating on the 
top is decanted, filtered, and carefully preserved. 

he time required for an operation such as above 
described does not exceed from two to three hours, 
and M. Breithaupt states that the hop is thus deprived 
of its volatile principles, and may be dried and pre- 
served until a convenient time for preparing the ex- 
tract should its immediate reparation be inconvenient. 
Fresh hops should be nin in the preparation of the 
essence, as during the desiccation the op loses two- 
thirds of its essential oil, a loss which is avoided by 
gathering the essence while the hop is fresh. The 
fresh hop yields about 1 per cent, of essence, twelve 


to fifteen drops of which are said to be sufficient to 








aromatise 22 gallons of beer. The essential oil ob- 
tained from sulphured hops has a disagreeable smell, 
and transforms itself into valerianic acid of a repulsive 
odour, as may be readily ascertained by distilling 
hops sulphured five or six months previously. 

To prepare soft extract of hop, hops from which the 
essence has previously been extracted are introduced 
into a boiler, and a sufficient quantity of water being 
added, they are submitted to decoction during from 
three to four hours, and then passed into a filter; 
the residuum is replaced in the boiler, a fresh supply 
of water is added, the operation is renewed as at first, 
and the residuum, now only consisting of cellulose, 
will no longer contain either aqueous or resinous prin- 
ciples, and may still serve for the manufacture of paper 
or millboard. ‘The liquids collected in a vat are 

assed through a flannel or strainer into an evaporat- 
ing boiler (all the coagulated fecula and other im- 
purities will thus be separated from them), or into a 
concentrating apparatus, and evaporated to the con- 
sistency of a soft or pasty extract. + 

For the preparation of the dry extract, which is 
more concentrated and is said to preserve better than 
the soft extract, this latter is spread in thin coats on 
enamelled cast-iron plates, which are then placed in a 
stove heated to 25° or thereabout. In this manner, all 
the water evaporating, a dry and pulverisable extract 
is obtained, which must be preserved in hermetically 
closed bottles. The yield in dry extract is from 40 to 
50 per cent., and from 3$ to 44 ounces are stated to 
- required for the preparation of 22 gallons of 

eer. 

The preparation of the extract being more compli- 
cated than that of the essence, it is well to operate 
upon the fresh hop for the extraction of the essence, 
and afterwards to dry it to preserve it until required ; 
in this manner supplies of essence would be secured 
in the autumn, and extracts be made during the entire 
year. Operating with alcohol is superfluous, inasmuch 
as the little resinous principle which might still be ex- 
tracted from the hop residuum would precipitate in 
the vat in which the fermentation of the beer takes 
place. As we have already stated, we cannot answer 
for the practical success of the processes proposed by 
M. Breithaupt, but they are, nevertheless, interesting. 








LIVERPOOL NOTES. 
Liverpoot, Thursday. 

The Mersey Steel and Iron Company.—An extraordinary 
general meeting of the shareholders of this company was 
held on Saturday last; when a resolution was passed to 
reduce the capital to 500,000/., in 40,000 shares of 127. 10s. 
each, instead of 20/. each as heretofore. The chairman 
stated, in reply to various questions put to him, that all the 
company’s debts were met 4 and that there was no financial 
difficulty pressing. There are considerably more orders in 
hand than at this time last year. I incline to the opinion 
that the Mersey Steel and Iron Company will, ere long, have 
to be wound up. It has certainly not been as successful as 
the promoters expected. No doubt the failure has been due 
to causes quite beyond the directors’ control, but I think it is 
questionable whether the improvement in the iron trade, 
which is gradually, but surely, taking place, will enable the 
company to maintain its position. I express this opinion 
with much diffidence and hesitation, lest I should appear to 
injure a concern which has hitherto ranked so high. The 
manager, Colonel Clay, has been much blamed by some—I 
think unjustly perhaps—for the present state of affairs; but 
he is under notice to leave, and will retire from the manage- 
ment in June next. Possibly a change in the administration 
may have a good effect. In one special department of the 
works, and that the most profitable, considerably more 
business is now being done. Should the Board find it 
necessary to make further calls, I am satisfied the share- 
holders would insist upon a voluntary winding-up. 

A New Patent for Railway Axles—A company is now in 
course of formation for the purpose of working several patents 
taken out for improvements in locomotive engines, tenders, 
carriages, and wagons, and also the sleeper, railway chair, 
and rails. The patentees are Messrs. Buxton and Liddard, 
engineers, Birkenhead. The capital of the proposed company 
has been fixed at 100,000/., but it is only proposed to call up 
25,000/.; and in order to give working men an opportunity 
of interesting themselves in the invention the shares will be 
of the nominal value of 10/. each. The main feature of the 
invention, as described by Mr. Buxton, one of the patentees, 
is to so mount the axles that the blocks which carry them 
shall be capable of swivelling upon centres. This it is pro- 
posed to accomplish by fitting the blocks, which carry the 
brasses, with studs, constituting centres of motion, which 
slide in the ordinary guides attached to the wagons; so that 
the axle, while running in bearings, as usual, will, at the same 
time, be capable of moving upward or downward on either 
side by turning on the centres of motion. The block is pro- 
vided with projecting studs mounted in brasses, which are 
confined by flanges to the horn nee and are capable of 
sliding therein vertically. The brasses oceupy the place 
of the usual sliding block, and are caused to move 
upward. or downward by means of the studs. When 
the engine or carriage is running with an equal load upon 
a straight and level line, the action will be the same as 
in ordinary axles, but should one side become higher than 





the other, then instead of a strain being put upon the axle, 
it will swivel upon the centres of motion; and as both ends 
of the axle are mounted in a similar manner, a compensation 
will be effected for the necessary turning of the axle at right 
angles to the engine or carriage. The adoption of this in- 
vention would, it is computed, effect a saving to the principal 
railway companies in this country in springs alone of 
30,0007. or 40,0007. per annum; and by the self-lubricating 
——— a pint of oil would do for what, under the present 
plan, requires a gallon for greasing! Would it? 

Launches.—Two large iron ships were launched last week. 
The first was from the yard of Messrs. T. Royden and Sons, 
Baflin-street, of one of the largest and finest sailing ships 
ever built in the port of Liverpool. This ship, which was 
named the British Sceptre, was built for the British Ship- 
owners’ Company, and is the fourth of the company’s fleet 
which the Messrs. Royden have built, and all. of them have 
been constructed to combine the carrying of large dead 
weight cargoes, with the making of quick 8. The 
dimensions of the British Sceptre are as follows : Length, 
217 ft.; breadth, 37 ft. 8in.; and register tonnage, 1465 tons. 
The second ship launched was from the y: of Messrs. 
Clover and Royle, Birkenhead, and was built by them for 
Messrs. T. and J. Brocklebank. She was christened the 
Chinsura by Miss Brocklebank, and is of the following 
dimensions: Length, 228 ft.; breadth of beam, 27 ft. ; depth, 
22 ft. 8in.; and register tonnage, 1300 ft. 


The Allan Steamer Germany.—An important addition has 
just been made to the fleet of the Montreal Ocean Steamship 
Company—the Allan line—by the fine new screw steamer Ger- 
many, built at Hartlepool. e Canadian mail boats are not 
as large or as powerful as the Cunard or Inman mail ships ; 
but they are nevertheless very superior vessels, and some of 
them have made remarkably quick passages between Port- 
land and Lough Foyle. The Germany is of the following 
dimensions :—Length over all, 353 ft.; length between per- 

ndiculars, 328 ft.; extreme breadth, 42 ft.; breadth inside 

ulwarks, 41 ft,; depth of hold, 28 ft.; height between decks, 
8 ft.; height in lower hold, 11 ft. Her engines have been 
constructed by Blair and Co., Limited, of Stockton, from the 
design of . G. Y. Blair. They are of 463 horse power 
nominal, and are direct acting and surface condensing, and 
are placed amid ships. ‘The diameter of cylinder is 63 in. 
with 42 in. stroke. Ihe boilers are tubular, with twelve 
furnaces, and fired at both ends. The diameter of the screw 
is 17 ft. with a pitch of 24 ft. Her draught when light is about 
13} ft., and when laden will be about 24 ft. 

Belgian Castings for Sheffield..—The Sheffield Independent 
states that a gentleman who is erecting a manufactory in 
Sheffield had his building operations delayed by the want of 
some iron joists, and his contractor arranged to get them from 
Belgium. This is certainly an instructive fact for masters 
and men in these days of strikes and lock-outs. Foreign 
competition of this kind would do much to heal the divisions 
between employers and employed. 

The Dawn of Naval Architecture in Ireland—On Satur- 
day last the first boat ever built in Ireland was launched 
from the yard of Messrs. Harland and Wolff, Belfast. This 
vessel, called the Lynx, is one of six gunboats which are 
being built for the Government; and it is said that from the 
way in which Messrs. Harland and Wolff have performed the 
duty committed to them, other orders will be given to them. 
The Lynx is a twin-screw composite of 464 tons burden ; 
her length between perpendiculars is 155 ft., and her breadth 
of beam 25 ft. The engines are of 120 horse power. It was 
originally intended that she should carry four guns; but it 
was afterwards decided that she should be fitted with only 
two guns of heavy calibre. Mr. Luke, the Admiralty In- 
spector of Contracts, has expressed himself warmly in favour 
of Belfast as a place for ees war vessels; and from 
his long experience of building yards in other places, he con- 
siders that the establishment of Messrs Harland and Wolff is 
able to turn out the largest of our ironclads. This firm has 
added many superior ships to the various fleets of merchant- 
men belonging to the ports of Liverpool and Belfast. The 
most prominent of these are the Iberian and the Istrian, built 
for Messrs. John Bibby, Sons, and Co. It is only about 
fifteen years since iron shipbuilding was commenced at Bel- 
fast, but during that time — of sixty vessels, many of 
them being of very large dimensions, have been built and 
launched. ’ 

North of England Iron and Coal Trades.—The meeting of 
delegates at Stockton has excited a good deal of attention in 
iron circles; but the general opinion seems to be that any 
decision the conference may come to will have little effect 
even on the issue in Staffordshire. Although trade cannot be 
considered very brisk, there is a fair demand for manufac- 
tured iron. Shipbuilding is going on wit considerable 
activity on the northern rivers, and the mills or plate and 
angle manufacture are kept busy. Foundries are also toler- 
ably active. There are rather more orders for rails, but nae: f 
do not seem to be taken up by new ones being placed. 
Foreign competition has affected this department of the home 
trade very seriously. The demand for pig iron has been 
steady. The coal and coke trades are very quiet, and there 
is but little demand for Cumberland and Lancashire iron- 
making. ? f 

The Carnarvon Waterworks.—It may be interesting to 
some to know that these works, which were opened by His 
Royal Highness the Prince of Wales, on Saturday last, are 
supplied with water from Liyn Quellyn, a lake situated about 
six miles from Carnarvon, and 600 ft. above the level of the 
town. The water is collected in a reservoir about midwa 
between the town and the lake, and conducted in pipes 
miles to the works. The supply obtained is sufficient for 
20,000 inhabitants, allowing 35 gallons per day for each. 
The population at present is only about half of that, so that 
the supply is ample for many years to come. The total cost 
of the works has been about 10,000/., besides upwards of 
3000/7. which has been spent in a complete system of drainage, 
the whole having been carried out by the present engineer of 
the waterworks. 


















OS PP i MNS C1 


WS , ie 


ge 


pols canes | Ir 








Bald AVID BNA 2 














[May I, 1868, 








NOUT ISV2 .€ 








GauMInvAa NEHM 
Balla 1VNOILIGGY Boa ais 












































o 
Z 
pe 
3 
f) 
az 
Oo 
Z 
f2) 


MR. JAMES M. GALE, ENGINEER 
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THE PORT-GLASGOW WATERWORKS.* 
By Mr. James M. Gates, C.E. 


Iv the autumn of 1864, when these works were designed, 
Port-Glasgow contained a population of about 9000; but, 
from the increasing commerce of the river Clyde, and the de- 
velopment of shipbuilding and engineering works of all kinds 
in the towns on its banks, it was thought proper to provide 
an immediate supply of water for 12,000 people, and to esta- 
blish the works in a district capable of furnishing a supply for 
20,000 inhabitants. The daily supply per head it was con- 
sidered expedient to provide for was 30 gallons, making a 
total daily supply for present purposes of 360,000 gallons a 
day ; while the whole works were arranged so that the supply 
could be ultimately increased to 600,000 gallons a day. 

Geologically the country to the south of Port-Glasgow is 
trap, which rises into a ridge, at one point 996 ft. high, ex- 
tending from Greenock to near Bishopton, a distance of about 
nine miles. This ridge separates the valley of the Gryfe from 
that of the Clyde, and is distant from one to two miles from 
the south bank of the Clyde. The streams flowing from the 
northern slopes of the ri ge are short and rapid, and no site 
for a good storage reservoir existed on them, except one which 
had been appropriated by one of the large manufactories of 
Port-Glasgow, and which drained a considerable area of deep 
peat, and discharged water stained to an objectionable extent. 
A depression in the ridge about one and a half mile south 
from the banks of the Clyde and three miles south-east of 
Port-Glasgow presented the only other position where a re- 
servoir of sufficient size could be constructed, unless the Gryfe 
itself had been selected, while it possessed the additional re- 
commendation that the ground draining into it was entirely 
without peat; and, as the whole area consists of trap, the 
water flowing from it is extremely brilliant, and ad- 
mirably suited for all domestic The quantity of 
water which can be collected in this locality is more t 
sufficient to supply even a greater population than the 20,000 
it was thought proper to look forward to, and it was accord- 
ms selected as the source of supply. 

The reservoir which has been constructed, being in a de- 
Pression in the ridge above referred to, intercepts the drain- 
ege from an area of 162} acres, which formerly flowed to the 
oe and a very short diversion cut brings the water into 
x reservoir from 62} acres, which formerly flowed into the 
Finlayston Burn, a stream which discharges into the Clyde 
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at Finlayston House—making the total drainage area to the 
reservoir 225 acres. (The drainage area and the position of 
the works are shown on the map, on the present page.) No 
rain gauges have been kept in the district nearer than those in 
connexion with the Shaws Waterworks, but as these works 
are only about seven miles to the west, the results obtained 
there have been taken as affording sufficiently reliable data ; 
and the amount of rainfall which can be collected has been 
assumed at 36in. fora dry year. An available fall of only 
30in. over the area draining into the reservoir would give 
considerably more water than is wanted for 12,000 people, 
while another reservoir constructed on the Finlayston Burn 
at a point somewhat lower down the stream would intercept 
the drainage from about 250 acres of additional land, and, 
together with the works which have been constructed, would 
be capable of supplying more than 20,000 people. 

The delays and discussions which so frequently accompany 
or precede the construction of waterworks were not ex- 
perienced in the case of Port-Glasgow. The writer of this 
paper received orders from the Town Council to examine the 
country and report on the best source available for the town 
in September, 1864. The recommendations in the report 
were immediately adopted, and parliamentary plans for the 
works were lodged in the same P haat and the Act received 
the royal assent in July, 1865. The works were commen 
in April, 1866, and were completed and formally opened on 
15th October, 1867. Throughout the whole time the greatest 
unanimity prevailed among the community of Port-Glasgow ; 
and the landowners whose lands and streams were affected 
by the works not only did not oppose, but gave all the assist- 
ance in their power in carrying out the work. 

The reservoir is partly formed upon the site of what must 
at one time have been a small natural lake, which had got 
nearly filled up by the washings from the adjoining slopes, 
and had formed a flat marsh in, the low ground — of 
little value, but the whole site forming an admirable place 
for a reservoir. Two embankments were required—one at 
the south or Gryfe end of the reservoir, and another at the 
north or Finlayston Burn end, and’the depth of water im- 
pounded above the level of the marsh is 15 ft. The embank- 
ment at the south end is the most extensive. It is 275 yards 
long, and 35 ft. high from the bottom of the puddle trench to 
the top of the embankment. The north embankment is only 
77 yards long and 16ft. high. Both embankments have in- 
side slopes of 3 to 1, and outside slopes of 2 to 1, are 12 ft. 
broad at top, are carried about 4 ft. above top water level, 
and have puddle walls 8 ft. thick at top, with a batter of 1 in. 
to the foot on each side. The bywash is 10 ft. wide, is 





placed at the east end of the south embankment, and dis- 
charges into the stream flowing to the Gryfe. A cast-iron 
pipe, 10 in. diameter, is placed through this embankment for 

ischarging the compensation water to be given out to the 
Gryfe, and a weir is constructed behind the embankment for 
gauging the flow. 

e reservoir contains 9,000,000 cubic feet, or 56,500,000 
gallons, has a water surface of about 213 acres, and, when 
full, is 349.67 ft. above the mean level of the sea. The com- 
pensation water to the Finlayston Burn has been fixed at 4 
sg a minute, but that for the stream flowing to the 

tyfe has not been yet determined. After making ample 
allowances, the reservoir contains 130 days’ supply for 12,000 
people at 30 gallons a head a day. 

e water for the supply of the town is drawn from the 
reservoir by a 10in. cast-iron pipe through the north em- 
bankment, which communicates with a cast-iron stand pipe 
inside the reservoir 3 ft. 6in. inside diameter, furnished with 
valves, by means of which the water can be drawn from the 
reservoir at three different levels. The valves are worked 
from the top of the stand pipe, which communicates with 
the embankment by a wrought-iron foot bridge, and the 
openings into the stand pipe are so arranged that the valves 
can be taken out and repaired or renewed without interrupt- 
ing the supply to the town. (These works are shown by 
Fig. 2, on the opposite page.) 

he water is gauged as it flows from the reservoir over a 
weir at the outside tail of the embankment, and is conveyed 
by a fireclay pipe conduit, 9 in. diameter, for a distance of 
495 yards, and for a further distance of 2005 yards, by a 16 in. 
fireclay pipe conduit to the filters at Parkhill. The 9in. part 
of the conduit has a considerable fall, and is capable of con: 
veying the 360,000 gallons a day, for which the works have 
been constructed. ‘The 15 in. part has a fall of 1 in 350, 
and is large enough to convey 600,000 gallonsaday. It 
commences near the point where the next reservoir will be 
constructed when Port-Glasgow comes to require more water 
than the present works will give. The pipes forming the 
conduit were jointed with cement and concrete, with great 
care, so as to exclude all surface water. 

The works at Parkhill are shown on the general plan, 
Fig. 3, on the opposite page, and by the section Fig. 4, They 
consist of a gauge well for gauging the flow of water 
as it is received from the conduit ; a filter ; a clear-water tank ; 
a valve well, with valves for regulating the flow from the tank ; 
and a box for washing the filtering sand. The filter has an 
area of 270 square yards, and has a depth of 4 ft. of filtering 


materials as shown on the enlarged section, Fig. 5, these 
materials being disposed in the following order :— 


Ft. In. 
Broken whinstone metal, 8in. ring _.... ms © 
Do. 2in.ring oe. OS 
Gravel ove oe ove ooo ove oo. O 3f 
Perforated glazed fireclay tiles, 10 inches square, 
64 holes in each tile ... ove ose wo O 1h 
Sand from Brodick...  .« 0  o  o 2.0 
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The tank is circular, 55 ft. diameter ; 134 ft. deep, 18 ft. of 
which can be drawn off by the town main, contains 193,000 
gallons, and when full is 271 ft. above Ordnance datum. The 
walls are of ashlar, 18 in. thick at the bottom, and 16 in. at the 
top, and the whole is puddled so as to be perfectly water- 
tight. A frame, carrying copper wirecloth strainers, is fixed 
to the inside end of the supply Pipe, to exclude all minute 
particles which may accidentally find their way into the clear 
water basin. The valve well is circular, 7 ft. inside diameter, 
with cast-iron pipes communicating with both the gauge 
well and the filter, arran in such a manner that water can 
be uninterruptedly supplied to the town, while either the 
filter or clear water tank is under repair or being cleaned out. 
The apparatus for washing the hilte ing sand is shown 
on Figs. 6 and 7, and is similar to t first erected 
by the writer at the Gorbals Waterworks in 1854, and 
successfully worked ever since with little or no repair. It 
consists, in this case, of a wooden box, of capacity sufficient 
to contain 14 cubic yards of sand, with a false bottom of per- 
forated cast-iron plates, upon which the sand rests. Water, 
under a head of a few feet, is introduced between the true 
bottom of the box and the perforated plates, which causes 
an action in the sand resembling boiling. The attrition 
of the particles of the sand rubs the whole perfectly clean 
in about fifteen minutes, with the assistance of very little 
manual labour, and with not a great expenditure of water. 
The cost of this operation, with similar apparatus, at the 
Gorbals works, amounts to 6d. per cubic yard of sand. 

All these works at Parkhill, with the exception of the filter, 


are designed for a supply of 360,000 gallons a day only, and 
quund tes been purchased on which to erect an additional 
filter. 


The main pipe, from the clear water basin to the town, is 
9in. diameter and 2} miles long, to the Court-houses, near 
the harbour. It is carried principally along the old road 
from Port-Glasgow to Glasgow, which is at a considerably 
higher level than the new road, the line of which should be 
taken for a second main when it is required. All the cast- 
iron pipes have turned and bored joints, and were driven 
home with a little fine cement tgmake the joint. Air cocks 
are placed on all the summits on the line of main, and scour 
cocks in all the hollows. The distributing pipes ramify the 
streets of the town in the usual way. ey are not inter- 
laced in any way, but are each furnished with a valve where 
they leave the main, and a cleansing cock at the further end. 
The fire cocks, of which there have boon 160 placed through- 
out the town, are of the kind known as Bateman and Moore's 
ball valves, and have cost about 27s. each complete. They 
are found to work well, and to require little repair, and they 
have the additional recommendation that they act as air 
cocks. The full pressure, due to the elevation of the tank, 
is constantly on the distributing pipes, and, in the event of 
fire, there smongut ary oe 

There was ing new introduced in the service pipes and 


water fittings, except it be the attachment of the service 
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pipes to the cast-iron distributing pipes. Instead of the 
usual detached cock and ferrule, a cock was used with a fer- 
rule attached at anangle of 45°, the attachment to the pipe 
being made at an angle of 46° off the perpendicular. These 
cocks had been previously introduced by the writer in the 
towns of Dumbarton and Hamilton, where they have been 
quite successful, and cost less than the ordinary arrange- 
ment. 

The cost of the whole works has been as follows: 
rvoir ove ove eve £4,339 
Conduit, filter, and clear-water tank 2,230 
Pipe laying ° on 1,018 
Cast-iron pipes and special castings ... 3,620 
Valves, fire cocks, &c. ... . ae 251 
Landand expenses connected therewith 2,347 





£13,805 

The contractor for the reservoir, conduit, filter, tank, and 
pipe laying was Mr. John Murray, Glasgow; for the cast- 
iron pipes, Messrs. Robert Maclaren and Co., Glasgow; for 
the valves and fire cocks, Messrs. Guest and Chrimes, 
Rotherham ; and for the special castings, Messrs. Alston and 
Gourlay, Glasgow. The resident engineer was Mr. James 
Wilson, and the inspector of works Mr. John Wilson. The 
whole of these gentlemen executed their work and discharged 
heir duties to the entire satisfaction of the writer. 


NOTES FROM THE NORTH. 
Grascow, Wednesday. 

State of the Pig Iron Market.—There has been practically 
but little variation in the price of pig iron since I wrote last 
week, and yet on three out of the five market days the 
market has been firm. Business was done in “warrants” 
yesterday, at 52s. 4d. cash, and 52s. 6d. a month was offered. 
To-day 52s. 3d. cash, and 52. 5d. a month are the prices 
quoted in a firm market. No.1 Coltness and No.1 Gart- 
sherrie are quoted at the same prices as I mentioned last 
week, 57s. 6d. and 56s. respectively. 

It is gratifying to note that at last the weekly exports of 
pig iron from the Scotch ports have shown a decided increase. 
For the week ending 25th April the exports amounted to 
17,097 tons, while in the corresponding week last year they 
were 12,488 tons; and thus the increase this year is 4609 tons. 
Whether this increase is to continue remains yet to be seen. 
Since Christmas the total exports now amount to 168,258 tons ; 
this is less, by 35,280 tons, than during the corresponding 
period in 1866.67. 

Liquid Fuel for Steamers.—Experiments on the Clyde.— 
It may be remembered that several months ago it was men- 
tioned in EN@IneeRiIne that some successful experiments 
had been made in generating steam by the aid of liquid fue 
at the chemical works of Messrs. George Miller and Co., of 
this city, under the patent of Mr. Donald, one of the partners 
of the firm. A considerable amount of interest has just been 
excited by the announcement that the same method of gene- 
rating steam has been successfully employed on board a 
Clyde serew yacht of 15 tons. The material employed is the 
“dead oil” or “ pitch oil,” one of the very few residual pro- 
ducts of the distillation of gas tar. The Henrietta, the 
experimental yacht—length, 44 ft., breadth of beam, 8 ft.— 
was tried last week in a voyage from Glasgow to Greenock. 
She attained a speed of eight miles an hour under a pressure 
of 35 Ib. of steam, with 175 revolutions of the screw per 
minute. The consumption of oil was at the rate of six 
gallons per hour. Had coal been used the rate of consump- 
tion would have been 2 ewt. per hour. The London price of 
the “dead oil” is Jd. per gallon, and it cannot differ much 
frora that amount here, but the difference in the price of oil 
and good steam coal must be a sensible amount when the 
steam-producing powers of the two forms of fuels are con- 
sidered. Taken in conjunction with Captain Selwyn’s paper 
read to the Institution of Naval Architects, and Dr. Paul’s 
to the Society of Arts, these experiments must have both a 
scientific and practical interest. 

Institution of Engineers in Scotland.—The eleventh session 
of this Institution was brought to a close last week, when the 
annual general meeting was held, Mr. J. M. Gale, C.E., the 
president, in the chair. The election of office-bearers for the 
ensuing session having taken place, and the treasurer's re- 
port read and discussed, the members proceeded to vote the 
“ Institution medal” for the best paper read during the 
session 1866-67, as published in the tenth volume of the 
Transactions. The authors of three papers were proposed 
and seconded as worthy to receive the medal. These were 
Sir William Thomson, F.R.S., professor of natural philosophy 
in Glasgow University; Mr. James Maccullum, C.E.; and 
Mr. William Smith, engineer, Glasgow. The medal was 
awarded to the last-named gentleman for his paper on “ An 
Improved Overhead Traversing Crane, worked by Power.” 
The paper read at the groting meeting by Mr. James 
Howden, on “ Surface Condensers,” was then discussed by 
the members ; and the discussion was followed by a paper by 
Professor W. J. M. Rankine, C.E., LL.D., entitled “ Descrip- 
tion of a Chimney at the West Cumberland Hematite Iron- 
works.” This paper created very much interest on account 
of the chimney referred to havirg been erected in accordance 
with Professor Rankine’s plans, and combining in itself both 
security and economy of workmanship. It was erected by a 
Glasgow firm, Messrs. William Wilson and Son. 

Association of Assistant Hngineers.—The usual interme- 
diate monthly discussion meeting in connexion with this 
association was held last week, when Mr. George Miller, 
jun., exhibited drawings of, and explained Mr. Peter Gled- 

ill’s, of Newcastle, patent coal-cutting machine, which cuts 
on the endless chain principle with cutters fixed in the chain. 
One of these machines has just been constructed by Messrs. 
M‘Giilchrist and Co., of Coatbridge, and is in use at the works 
of Messrs. W. Baird and Co., Gartsherrie. This machine is 
found to answer its purpose well, doing its work very rapidly, 
and causing very little to result from the cutting. The 
subject gave rise to a lively discussion. 

rge Iron Forging. Friday night last a large forged 








iron column for a crane was shipped from Greenock by the 
Dublin steamer for Messrs. J. Rochford and Sons, of Dublin. 
It was forged by Mr. Boag, Shaw-street, Greenock, and was 
upwards of 40 ft. in length, and from 12in. in diameter at 
bottom to 44 in. at top, and weighed about five tons. 

The Traffic on the Sutherland Railway.—This most 
northerly branch of the railway system of Britain has already 
commenced to prove that its existence was a necessity. It 
has only been opened two or three weeks, but since the open- 
ing the traffic has been most encouraging, and far beyond 
the expectation of those concerned in its welfare. On Thurs- 
day last, thirteen wagons, containing 150 head of lean cattle, 
were conveyed from Golspie Station—the present terminus— 
to Kintove, in Aberdeenshire. They had been sent by road 
from Lybster, in Caithness, and within thirteen miles of 
Wick. The Sutherland Railway is likely henceforth to carry 
a considerable amount of the traffic from Caithness that 
formerly was conveyed by steamer from Wick to Aberdeen ; 
but it will, doubtless, also create an independent traffic of 
its own. 

Quarterly Report on the Lock Katrine Waterworks.— 
At the monthly meeting of the Glasgow Water Commissoners 
held this week, Mr. Gale’s quarterly report was read. On 
the 18th inst. the quantity of water in store in the lochs was 
sufficient to keep up the statutory supply to the river Teith, 
and the ordinary supply to the city for 124 days. On the 
same date the Mugdock reservoir contained 20 days’ supply 
to the city and the Gorbals reservoirs 152 days’ supply 
of the quantity at present being drawn from them. The 
ey of water supplied to the city and suburbs during 
January, February, and March last averaged 25,120,000 
gallons per day. Of this quantity, 21,480,000 gallons a day 
were drawn from the Loch Katrine Works, and 3,640,000 
gallons a day from the Corbals Works. The months of 
January and February were both very wet, and the streams 
were almost continually in flood. The only damage which 
the works sustained by these severe floods is in the new 
river channel at Loch Vennachar, where a bit of the pitching 
in front of the discharged sluices has got displaced. The 
Works Committee has authorised this to be repaired in a 
substantial manner. The works at the Endrick are progress- 
ing more satisfactorily since fair weather set in, and it is ex- 
pected that during the third week in May the last junction 
will be made in the pipes. If three of the new sluices for 
the valve-houses can be fixed at the same time, the new 
pipes across all the valley may be brought into operation by 
the end of May, and the means of supplying the Mugdock 
reservoir with water will be increased about one half. 

Glasgow Contracts for Foreign Mineral Oilworks.—Re- 
cently there have been concluded two very important con- 
tracts by Glasgow firms for the construction of the necessary 
plant and the erection of works for the distillation of mineral 
oil on the Continent. One of them is for works near the 
Italian city of Ancona, in the province of Chieti, where there 
occurs an enormous quantity of bituminous mineral from 
which a very rich mineral oil is obtained, known as Taccolina, 
together with other valuable products. Besides this bitumen 
there are sulphur and other rich minerals in the ground 
acquired by the company. This contract is being executed 
by Messrs. George Bennie and Company, of Kinning Park 
Foundry. The firm recently despatched about 500 tons of 
plant, including retorts, stills, condensers, agitators, &c. 
The other contract is for works in Circassia, where natural 
petroleum is to be distilled and refined. Messrs. P. and W. 
Mclellan, of Clutha Ironworks, and Messrs. Blair and Gray, 
of the Clydesdale Bridge and Boilerworks, are the joint con- 
tractors. A few days ago some very large malleable iron 
stills, agitators, and other structures were shipped at the 
Broomielaw for the Black Sea to be used in the works now in 
course of erection in Circassia. 

Reduction of Miners’ Wages.—It is rumoured in the 
Lanarkshire mining districts that there is to be another 
general reduction of wages. Complaints are pretty rife about 
unremunerative prices, and it is stated that Messrs. Merry 
and Cunninghame’s men have already received notice of the 
contemplated reduction, while other employers will shortly 
give notice that a reduction of 6d. per day in wages will be 
made. The miners in the employment of Messrs. Hamilton 
and M‘Culloch, of the Home Farm Pit, near Hamilton, after 
a short struggle, have accepted a reduction of 3d. per day. 

Bankruptcy of Messrs. Macnal and Company, Engineers 
and Shipbuilders, Greenock.—The fact that this firm had 
succumbed, I mentioned several months since; it is now 
stated that Sheriff Tennent has declared the sequestration at 
an end, under a deed of arrangement with the creditors, and 
that he has re-invested the partners in their whole estates. 

Sim’s Street Watering and Cleansing Apparatus.—The 
first public experiment with this apparatus was made a few 
days ago in presence of the Lord Provost, magistrates, and 
members of the Police Board. It was in every way success- 
ful. Taking into consideration the extent of street surface 
which is watered, the quantity of water consumed is certainly 
not great. the Water Commissioners have had it tested by 
meter, and have found that a comparatively small quantity 
suffices. The experiment concluded by Mr. Sim showing the 
manner of watering junctions and crossings of streets (where 
it would not be practicable to lay down permanent pipes) by 
means of a leather hose with a copper T branch with small 
holes, arranged in such a manner as to proye itself an effec- 
tive auxiliary to the other piping. The authorities present 
expressed themselves well satisfied with the result of the 
demonstration. 

Dundee Harbour.—Proposed Extension of Works.—Mr. 
Ower, the engineer to the Dundee Harbour Board, has just 
prepared and submitted to the Board a report on the pro- 
posed extension of the harbour works. The trade of the port 
has increased so rapidly of late, that it is expected that next 
session Parliamentary powers will have to be sought to enable 
the board to borrow money to construct a new graving dock 
and to finish Victoria Dock. The report is to be considered 
at an early meeting of the Board. 

Girvan and Port-Patrick Junction Railway.— Meetings 


have recently been held in promotion of this undertaking at 


=—=—= 
New Luce, Glenluce, Strauraer, and other places. At the 
New Luce meeting all the persons present doubled their sub. 
scriptions. One ot the farmers present, who had increased 
his from 2901. to 500/., expressed his readiness to increase his 
subscription still further rather than see the line fail. The 
Port-Patrick line has been very successful, and it is fully ex. 
pected that this proposed junction line would, if carried out 
be equally successful, as it would bring the farmers of the 
district into ready communication with Glasgow, Paisley 
Greenock, and the Ayrshire towns, for the sale of their pro- 
duce. The sum of 18,000/. or 20,000/. is still wanted, and 
the people locally interested are looked to for it, as the rail. 
way —— and the general public are scarcely to be 
calculated upon as subscribers. Mr. John Miller, C.E., stated 
at the Strauraer meeting that he had no doubt of the proposed 
line paying a fair dividend. 

Shipbuilding News.—Several ships have been launched 
lately. I shall mention them in my next monthly statement, 
Two new steamers, formerly mentioned as intended for Clyde 
passenger traffic, have during the week had trial trips. The 
Sultana “ ran the lights,” that is, from the Cloch lighthouse 
to the Cumbrae lighthouse, in 52 minutes, with an unfavour. 
able tide. Her engines, made by Messrs. William King and 
Company, Dock Engine Works, Glasgow, worked “moat 
satisfactorily, the revolutions averaging forty-four per 
minute. This result was deemed highly satisfactory consider. 
ing the state of the tide. The Lancelot, built by Messrs, 
Robert Duncan and Company, Port-Glasgow, and engined 
by Messrs. Rankin and Blackmore, Eagle Foundry, Greenock, 
had her trial trip yesterday. She “ran the lights” in 50 
minutes, 40 seconds. 


THE 3 Fr. 6 Ix. GAUGE. 

WE publish this morning, from ENGINEERING, two articles 
on the question of narrow gauge railways, and the discus- 
sions which have taken place in Canada upon the subject. 
ENGINEERING is the most widely circulated and the most in- 
fluential journal published in England, in the interest of that 
profession, the editor being a man of great ability, whose 
opinions carry great weight. His views, it will be seen, 
confirm all that was said in Canada, in the press, before the 
Railway Committee, and during the debate in the House, 
against the adoption of “ the Lilliputian track.” No one can 
read them without being convinced, unless, indeed, it be “the 
grain merchants, millers, and shippers” of Toronto, who 
“chose an exceptional gauge in order that the products of 
Grey and Bruce Counties might be stopped, resold, and re- 
shipped by themselves instead of being allowed in transitu 
to pass on to Montreal.” 

It will be seen that Mr. Charles Douglas Fox is treated in 
these articles in a manner the reverse of complimentary. We 
are told that the statements of that gentleman, if made in 
good faith, were “made in ignorance beyond anything we 
could have expected, or for which we know how to account ;” 
and in another article, in the same number of the paper, 
which is devoted to a purely scientific discussion of the 
question, which would be uninteresting to the unprofessional 
reader, we are told that “a few enterprising consulting en- 
gineers are now whipping up business in extremely narrow 
gauge railways abroad.” This charge of “whipping up 
business” is one which appears peculiarly applicable to the 
firm of Sir Charles Fox and Son. Mr. Fox has not been in 
this country for nothing. As our old friend Solomon, of 
Streetsville, used to say, he has been engaged in the comfort- 
able exercise of “ killing two specimens of ornithology with 
one mineral.” The correspondence on the Intercolonial Rail- 
way recently brought down to Parliament, an abstract of 
which we published a few days ago, shows that Mr. Fox has 
had two irons in the fire. He there appears in the extra- 
ordinary position of a tenderer for the consulting engineership 
of the Intercolonial, and he offers to perform the work for the 
modest sum of 6(C0/. sterling a year with etceteras ; these being 
office and travelling expenses, a fee of 5/. a day for every day 
spent out of London in connexion with the work, one and a 
half per cent. on iron rails, and two and a half per cent. on 
all other material ; figures which in the aggregate would sum 
up to a pretty respectable amount. We have not learned 
whether Sir Charles Fox and Son have recommended the 
narrow gauge for the Intercolonial, and yet, if the statements 
made by the junior member of that firm before the Railway 
| Committee are entitled to the slightest confidence, they have 
| been guilty of very great neglect if they have failed to do so. 
| Gentlemen who adopt the extraordinary course of making a 
| tender of their professional services in the way this firm 
— to have done, ought certainly to have no compunction 
about going one step further, and urging the importance of 

their “ Liliiputian track” upon the Canadian Government. 
These articles, from the first authority on engineering 
among the press of Great Britain, following so closely upon, 
| and justifying so fully, the statements made by Messrs. Reid, 
| Shanly, and other Canadian engineers, as to the folly of 
| adopting these narrow-gauge railways in Canada, especially 
for so important a district as is comprised within the counties 
of Wellington, Grey and Bruce, cannot but have their in- 
| fluence with the people of those counties. They will recognise 
| the truth of the statement that “any district which, but a 
| few years ago was a wilderness, is now able to support a rail- 
| way at all, may be expected, in a very few years more to 
| have traflic beyond the convenient and satisfactory working 
}of a 3ft. Gin. gauge railway.” They will feel that a very 
| disgraceful attempt is being made to deceive them, by gentle- 
men who desire, by means of a forced transhipment, to levy 
| toll upon every bushel of grain grown in the north-west 
counties, backed by a “few enterprising consulting engineers 
who are now whipping up business in extremely narrow- 
gauge railways.” They will not fail to remember, what has 
been frequently — out in these columns, that not a 
single professional railway engineer in this country can 
found who will risk his reputation by advocating these 
“ Lilliputian tracks;” and leaving this in mind, we are 
satisfied they will show their sense by giving the narrow 
gaugers the cold shoulder—Hamilton Spectator, April 13. 
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PUBLISHER’S ANNOUNCEMENT. 








an untruthful paragraph has appeared weekly, for 
a a weeks gt in The Engineer, stating that the 
circulation of that journal exceeds, by many thousands, 
that of all the other engineering journals combined. 
The circulation of The Engineer «as bué 5000 in May, 
1862, and it is barely more than that number now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily declined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires of The Engineer weekly. The circulation of 
ENGINEERING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office; is 11. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau d@ ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the Nouveau PoRTEFEUILLE DE L INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue Institurion or Civit EnGinrErs.—Twesday, May 
5,at8 p.m. Continued Discussion “ On Irrigation in India 
and in Spain.’—The Annnal Dinner of the Institution of 
Civil Engineers is to be held at Willis’s Rooms on Wednes- 
day next, the 6th of May, when the Chair will be occupied 

Mr. Charles Hutton Gregory, the President. ; 

Society or Eneingers.—Monday Evening, May 4, at 
7t p.m. Paper to be read: “ On The Marseilles Docks.” 
By M. de Méritens. 

Roya Untrep Servics Institut1on.—Monday Hvening, 
May 4, at 8 p.m. “On the Mackay Gun and Projectiles.” 
By James Mackie Esq. Friday Morning, May 8, at 3 0’clock. 
“On the Military Value of a Continuous Ratlway Communi- 
cation to India.” By Hyde Clarke, Esq., D.C.L. 
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THE FATAL DEFECTS OF RAILWAYS. 


First of all, there are the mechanical imperfections 
of the way. In consequence of these the resistances 
to traction are much greater at high than at low 
speeds, whereas, except from the resistance of the 
atmosphere, there should be no difference at all. The 
friction upon a railway, as true as one of Mr. Whit- 
worth’s lathe beds, would be the same at sixty as at 
six miles an hour, and it should be the steady aim of 
the railway science of the future to approaeh this 
degree of relative perfection. With this, too, the line 
of traction, instead of being 3 ft. or more above the 
~ of resistance, should be coincident with it. 

ways should be so made that the body of the 
carriages should run between instead of above the 
rails. The latter would then be carried on bed plates 
rising high on each side, and the draw irons would be 
in a plane but little, if at all, above the line of resist- 
ance, and the continual oscillation, due to the present 
system of pulling at a height far above that line, 
would be avoided, getting off the line would be im- 
a rail, wheel, or 
would be less than at present. 
worst evils of our present system of 


possible, and in the case of breaking 


axle, the dange 
One of the 


the whole line must be made of a strength at least 
twice greater than is required for the load drawn. 
We have from 2 to 3} tons on a carriage wheel or a 
wagon wheel, and from 5 to 7 tons on a locomotive 
driving wheel. Just as a bridge must be made to 
carry the maximum load, the whole line must be 
planned for the heaviest engine weight, although this 
weight is carried on but two, four, or six wheels in a 
train numbering from fifty to one hundred and fifty 
wheels. When engine weights, on each wheel, are 
kept down, as they should be, to the standard weight 
of carriages per wheel, we may have much lighter rails, 
chairs, sleepers, and ballasting, and much less cost of 
maintenance. This can only be done upon the double 
bogie system, whereby eight, ten, and twelve wheel 
engines may be easily worked with no more than 3 or 
4 tons on a wheel, and that without undue friction 
from coupling. 

There is room for a thorough reform of railwa 
construction and working. There should be foun 
engineers and managers with sufficient perception, 
courage, and practical talent to carry out such reforms, 
the principles of which are sufficiently clear to all. 
Our present timid, halting policy is losing millions 
yearly to the railway interest of the kingdom, and is 
perhaps the chief cause of the present unfortunate 
condition of railway investments. 


TRAIN RESISTANCES. 

A sTaTEMENT has been lately published to the effect 
that fast passenger engines utilise but from 20 to 35 
per cent. of their indicated power in train haulage, the 
remaining 65 to 80 per cent. being consumed in over- 
coming their own resistances and those of their 
tenders. This statement is not made upon authority 
entitled to respect upon professional or other grounds, 
yet it deserves consideration. There is, for every loco- 
motive engine, a certain speed at which it can only 
move itself and tender, leaving no available power for 
any further load. It may be 75 or 80 miles an hour, 
or, possibly, even more, but whatever the maximum 
speed may be the addition of a single carriage would 
diminish it. In much the same way there is for every 
locomotive a certain gradient which it can barely 
climb when drawing only its own tender. In either 
case no power is or can be utilised in the traction of 
carriages. But if it be asserted that, in the ordinary 
working of express trains, with carriages of a total 
weight equal to, say, twice that of the engine and 
tender, the engine resistances are even then greater 
than those of the carriages, the assertion can be easily 
disproved. Coupled, too, with the statement under 
notice is another that the driving wheels of the engine 
are continually running up an incline of 1 in 80, caused 
by the bendiity of the rails, and it is also asserted that 
the writer had seen, upon a certain line, a deflection of 
the rails amounting to an inch andahalf! Thelength 
within which this extraordinary deflection was observed 
is not given, and in any case it could only have resulted 
from badly packed ballast. The deflection of a 65 1b. 
double headed rail, of fair quality, and under the great 
load of 12 tons, is but 4 in. between bearings 3 ft. 6in. 
apart, and for loads of 6 tons on 3 ft. supports the de- 
flection does not exceed psthin. If the ballast yields, 
a greater deflection, of course, occurs, over a greater 
length of rail, possibly over 12 ft., or even 21 ft., the 
length of the rail itself. 

That the engine wheels are not running up a con- 
stant incline of 1 in 80, on a line nominally level, is 
easily proved, and we may even go so far as to limit 
this remark to the coupled driving wheels. The 
engines of the Metropolitan Railway weigh 42 tons, 
of which 30 are on four-coupled' wheels. If even 
the last-named weight were constantly rolling up a 
gradient of 1 in 80, its resistance, from gravity alone, 
would be 840 lb.; and if the whole weight of 42 tons 
were on the same gradient, the resistance from gravity, 
beyond all other resistances, would be 11761b. But 
these very engines can be run light, or without a 
train, with 61b. steam in the boiler, corresponding, 
when referred by the usual formula to the peripheries 
of the driving wheels, to but 600 lb. of tractive force, 
which includes all the rolling friction, axle friction, 
piston, stuffing box, guide block, slide-valve friction, 
and all other resistances whatsoever to the engine. 
So long as the ballast is properly packed, the rails 
cannot deflect more than ys in., under loads of 74 tons, 
upon 3 ft. bearings; and this gives an incline from 
the mid span of the rail to the next chair of but 
1 in 288, and it is not clear that even this may be 
treated as a ‘ageey of that pitch, inasmuch as the 
elasticity of the rail is at work progressively along ts 
length to lift the wheel to its original level a 
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locomotive construction and working is that whereby} If a locomotive engine were lifted from the rails, 


and its wheels revolved in the air, it would be in the 
same condition, excepting only from the friction of its 
coupling rods, as a portable engine or any fixed high 
— short-stroked engine fitted with slide valves. 

he friction of such engines has been tested hundreds 
if not thousands of times, and it is known to amount 
to about one-eighth of the indicated power when in full 
work. Thus seven-eighths of the power are left for 
overcoming the resistance to onward motion of the 
engine, tender, and train. If, as is said, the engine is 
always rolling forward upon a gradient of 1 in 80, the 
resistance due to gravity would be the same at all 
speeds, the same at six as at sixty miles an hour. It 
is easy to show, and it may show in many ways, that 
no such resistance is incurred upon a line in average 
condition. We have ourselves taken an experimental 
train of one hundred eight-wheel loaded wagons, 
weighing 1530 tons exclusive of engine and tender, 
with an engine having but 18 tons upon its four- 
coupled driving wheels, and not only was this drawn 
easily along a level, but it was stopped and started 
upon a long, although slight, incline of 1 in 880, 

ere the weight of the train was nearly forty times 
the weight of the engine and tender, and had the 
engine resistances been much greater per ton than 
those of the train, there was ever ———— for 
ascertaining the fact. There could have been no 
question that the efficiency of the engine, in actual 
haulage power, was at least 80 per cent. of that 
exerted upon the pistons. ‘The speed was, of course, 
moderate, but even at high speeds, say forty-five to 
fifty miles an hour, a good coupled passenger engine 
will draw at least three times its own weight and that 
of its tender, upon a level, and, at a somewhat slower 
speed, upon moderate inclines, say of 1 in 330. So 
long as such engines may be moved with from 4 Ib. to 
6lb. pressure of steam, when “light,” it is certain 
that their resistance is but little greater, ton for ton, 
than that of the passenger trains behind them. At 
the same time it is possible to run every locomotive 
engine at a speed at which no power remains for 
useful work, and at all high speeds this proporiion is 
casero less than at low speeds. ‘Ihe railway 
manager, however, who works his trains at a speed at 
which but from 20 to 35 per cent. of power is utilised, 
may not only make up his mind to a heavy loss in 
money as well as in power, but may also look forward 
to an early “smash.” 








SUBWAY FOR THE RIVER HOOGHLY. 


Tue sketeh map of Calcutta, which we give on the 
next page, shows the line of proposed subway, as well as 
the alternative toutes proposed by the various advocates 
for a bridge above Cossipore. The advantages to the 
former plan for crossing the river, in respect to length 
of new line to be constructed, will be at once appa- 
rent, and it only remains now to point out how Mr. 
Danvers proposes to carry out his project. As has 
already been stated in a previous notice on this sub- 
ject, it is proposed to sink tubes into the bed of the 
river Hooghly in certain lengths, resting at their 
junction on iron cylinders sunk still deeper below the 

ottom of the. stream, and the approaches on either 
side would be by inclines connecting the subway with 
the Kast Indian Railway on the one side and with the 
cen Bengal and the South-Eastern lines on the 
other. 

The Howrah bank of the river is on a level for some 
distance inland, and consists principally of a sandy 
clay, through which a cutting would be made for 
something less than a mile in length, gradually rising 
to the level of the Kast Indian Railway line. The 
earth dug out would be thrown up on either side, so 
as to raise an embankment, say 6ft. high, to protect 
the cutting from being filled with wateri n the event 
of any unusually high bore coming up the river. At 
the end of the cutting a short tunnel and some masonry 
works would be required in order to effect a junction 
between it and the subway. 

The subway, it is proposed, should consist of two 
circular tubes, laid side by side, but quite independent 
of each other, one being bor the up, and the other for 
the down, traffic. These tubes are to be made of 
plate iron, strengthened at intervals by circular bands 
of T iron, as well as by occasional longitudinal 
bracings. In order to protect the iron from corrosion 
the tubes are to be lined and covered externally with 
brickwork in cement, and otherwise constructed in a 
somewhat similar manner to that adopted with the 
tubes for the proposed Waterloo and Whitehall Rail- 
way under the river Thames. The ends of these tubes 
when sunk into position between their cylinder piers 





would rest on a suitable cast-iron framing,:and when 
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resting there would be covered in by cast-iron segments 
bolted together over them, but of such size as to allow 
sufficient space for workmen afterwards to enter, and 
join the several lengths by riveting them together, by 
which means a continuous girder would be formed 
~~ across the river, supported at intervals by 
cylinder piers. 

Three plans are proposed by Mr. Danvers for sink- 
any tubes to the required depth into the river bed, 
either or all of which might be adopted, according to 
circumstances. The first and simplest method would 
be to dredge out a channel of sufficient depth and 
width, between two cylinders previously sunk to the 
required depth, to receive.one of the piers. This, in 
most rivers, would be the obvious method to pursue ; 
but in the Hooghly, owing to the quantity of silt 
brought down in deposit with its waters, it might be 
difficult, and certainly an expensive operation, to keep 
such a channel open to the required depth. A second 
plan proposed is to dredge out the channel to such 
depth as may, on experiment, prove most economical, 
and then to sink the tubes into it, and to lower them 
to the required depth by undersinking; the tubes 


Wi \ 


being previously rendered watertight by bulkheads at 
either end, and fitted with manholes along their 
bottoms, removable from inside; men would then 
enter the tubes by means of caissons communicating 
from their interior to above high-water mark, and the 
operation wauld then be completed by the plenum 
process. This is probably the Rows operation upon 
which it has been proposed to adopt that process, but 
there appears no reason to doubt that it might be 
carried out successfully, if attempted. The third 
method proposed is to fix, as it were, a number of 
long rakes along the sides, and of the entire length of 
the tube, and by supporting the tube by trunnions 
projecting from its end bulkheads, which would rest 
on bearings working in a slide fixed above the cylinder 
at each end of the tube; then by making the tubes to 
revolve by means of a chain and pitch wheel, driven 
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from machinery on board a barge to be moored over | 


either end, the tube would gradually dredge its own 
way down, and it would be lowered accordingly by 
allowing the trunnion bearings to slide down to a cer- 
tain extent with each revolution of the tube. 
rent of water would be carried through the channel, 
underneath the tube, by means of the teeth of the 
rakes, which would further assist the sinking by help- 
ing to scour out the loose sand from beneath it. The 
longitudinal rakes it is 
pieces of T iron with a head of about 3 in. wide, and 
placed at such distances apart that, with one revolu- 
tion of the tube, the whole surface of the soil beneath 
would be acted upon. Supposing, then, that the tube 
be driven at the rate of one revolution every two 
minutes, and be lowered at the ends only 1 in. for each 
revolution, the entire operation of sinking—supposing 
the tubes to be 25 ft. in diameter—might be accom- 
plished in about ten hours. 
that the operation should be continuous, for were the 
tube allowed to remain at rest the channel beneath 


[t would be necessary | 


ef dredging or undersinking, as the river itself would 
convey the sand away as it was removed in forming 
the channels for the tubes. It is not impossible that 
some modification of Mr. Brunlees’ water-jet process, 
which we illustrate on page 411 of the present num- 
ber, might be advantageously brought into use in con- 
nexion with one or other of the above-mentioned plans. 

The site of Calcutta may be described generally as 
a level plain or flat, but it has, however, its small in- 
equalities. The bank along the margin of the river 
Hooghly is the most elevated portion of Calcutta; 
from this ridge the surface of the ground forms an in- 
clined plane with a mean declivity of 3 ft. per mile to- 
wards the interior. Taking the gradient of the sub- 
way, as it leaves the river bed on the Calcutta side, at 
1 in 200 for two miles, this would bring the railway 
out at Sealdah about 10 ft. above the level of the 
ground. Of course this is given only as an approxi- 
mation to what would be required, for it might be 
found more desirable to make the subway emerge at a 
much steeper gradient, in order to bring it more 
rapidly to the surface, and, by so doing, the line might 
be brought to the level of the ground at the place 
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marked in the map for a station in the vicinity of 
Tank-square, and the remainder of the line to Sealdah 
would then be nearly on a level. One advantage of 
the steeper gradient would be that it would cost less 
for excavation and masonry works, but, on the other 
hand, so long as the railway is kept subterranean, it 
can be built over, and will, therefore, cost compara- 
tively little for land, whereas, so soon as it emerges 
from a tunnel, the price of Jand becomes an item of 
no small importance. 

The cost for the subway itself, with a single line of 
tubes, is estimated at about 320,000/., and for a double 
line, 550,000/. The approaches on either side, in- 
cluding all the necessary works on the Howrah bank, 
and the construction of the line as far as Tank-square 





on the Calcutta bank, is set down, including the cost 


| of land, at about 150,000/.; and the extension of the 


line from Tank-square to Sealdah would, it is believed, 
cost, in round figures, about 500,000/. 
Adding together these estimates, we have, if the 
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tube be constructed for a single line only, a total cost 
of 970,000/., or, if for a double line, a total cost of 
1,200,000/., whereas it is scarcely possible that any 
one of the alternative plans in connexion with a 
bridge above Cossipore could be constructed for much 
less than twice that amount. It might, however, be 
considered that, taking into account the amount of 
traffic to and from Calcutta, or, rather, with reference 
to the number of trains arriving at and departing from 
Calcutta daily, one tube would be sufficient to meet 
all present requirements, and in that case the saving in 
cost of a subway would be so much more in favour of 
that plan. The following statistics, however, will 
show that considerable saving would also be effected in 
working the line if the subway plan were adopted. 
The accompanying particulars regarding the traffic 
of the East Indian Railway, between Ist July, 1865, 
and 30th June, 1866, have been taken from Mr. 
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| Tons. Ls | £ £ 
1129} |4,166,036 759,525 4,625,705 601,852 |1,822,617|839,493 


Receipts per train mile 
Cost per train mile ... eve 

Each mile has, on an average, been run over 4095 
times during the year, which, for two miles, at 3s, 
7.75d. per train mile, would cost 14877. 19s. 4d. But 
it is only reasonable to suppose that the lines in close 
proximity to Calcutta would be run over at least 
double as many times as is shown by the average of 
the whole railway, and the cost of these two extra miles 
(that being the difference in length between the subway 
scheme and any of the other projects) may probably 
be, without any exaggeration, put down at about 
3000/. per annum, which, capitalised at 5 per cent., re- 
presents a further saving of 60,000/., to be effected by 
adopting the shorter and more direct route which 
would be taken by the subway. 

The total receipts from passenger traffic during the 
year ending 30th June, 1866, was 601,852/. on the 
whole 11294 miles of railway open, or about 533/. per 
mile, and the number of passengers was 4,166,036 
during the same period. In order to keep up this 
average rate of receipts per mile, it would be neces- 
sary that the company should take 1066/. per annum 
more if they adopt the high-level bridge than if the 
shorter line and subway were adopted, as there is a 
difference between the two schemes of two miles in 
length. In order to raise this additional sum it would 
be necessary that 7379 more passengers should travel 
by the longer route, or that a proportionately larger 
amount of goods should be carried by it than by the 
shorter one, paying the same average fares and rates 
as is obtained from a calculation of the entire traffic 
of the whole line, as given above, and this extra traffic, 
it must be remembered, would have to be obtained in 
the face of a competing line running side by side with 
it for the first four miles out of Calcutta. Taking 
these facts into consideration, it would be more profit- 
able to spend a larger sum on the construction of the 
shorter line than on the longer one. 

In the above calculations it has been assumed that, 
on the construction of a line on the committee’s plan 
into Calcutta, branching from the main line at the 
fifth milestone from Howrah, the five miles into 
Howrah would be abandoned; but as this would pro- 
bably not be deemed advisable, the calculations as to 
traffic might be made to show considerably more in 
favour of the short line and Hooghly subway than as 
is stated above ; for, taking these five miles into con- 
sideration, the comparison must be made between 
fourteen miles of railway and seven miles, instead of 
between nine and seven, and in that case the results 
given above must be multiplied by three and a half, 
and they will show to that extent more in favour of 
the subway than has been previously stated. 

Taking another view of the case, as regards cost of 
working, maintenance, &c., the total length of line of 
the East Indian Railway, if carried into Calcutta as 
proposed by the committee, would be .62 per cent. 

eater than if completed by a subway across the 
Hooghly, and all the expenses would, of course, be in 
proportion. ; 

Again, with reference to these two alternative 
lines, whilst the one would not only not be able to 
carry any of the traffic between Calcutta and Howrah 
—which is stated to be large—and would besides have 
to compete for traffic with a parallel line as far as 
Dum-Dum, the other would certainly possess almost a 
monopoly of the traffic from Calcutta to Howrah, the 
only competition being a ferry boat, the interests of 
which could not seriously affect the railway. 

From whatever point, therefore, the two schemes 
are viewed, whether as regards length of new line re- 
quired, cost of construction, expense of working, con- 
venience of traflic, or accommodation to the public, 
the project for a subway must be admitted to possess 
the greater advantages. 
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Dersy.—Notwithstanding the dulness of the times, a 
strike in the building trade appears imminent at Derby. 
The labourers demand an advance of their wages from 18s. 
to 20s. per week. The masters, on the other hand, threaten 
“to resist to the utmost.” 4 

Great GrimsBy.—The directors of the Great Grimsby 
Gas Company met yesterday week to open tenders for the 
construction of a gasholder tank. The tender of Mr. J. Good 
was accepted; the amount of the tender is 1670/.; the 





highest tender footed up to 21487. 
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LITERATURE. 


Handbook of Practical Telegraphy. By R. S. Cutey, 
Third Edition. (Longmans, Green, Reader, and Dyer.) 

Tue first edition of this work appeared in 1863, and 
up to that date there existed no beck in English on 
telegraphy, although the French and Germans had at 
that period numerous excellent works on the subject. 

Such a work was much wanted, for both in England, 
America, India, and Australia, where the telegraphs 
are worked by the Anglo-Saxon race, the want of 
knowledge on the subject of the laws of electricity is 
often very conspicuous in India and America, certainly 
more so than in England, where much advance has been 
made of late in the study of the subject amongst work- 
ing electricians and engineers. It is certainly a fact 
that, although we can boast in England of the greatest 
advance in the practical treatment of telegraphy, as 
well as the greatest advance in the application of the 
laws of electricity to the subject of testing, &., the 
subordinates of our telegraph companies, and indeed 
in some cases the higher officers, are not as well versed 
in the theory of the subject as the same class in 
Germany and France. 

Ohm’s laws have been a very long time penetrating 
to the brains of some of our higher officials, and are 
only now slowly reaching the subordinates. Mr. 
Culley’s book will do something to hasten this, for the 
chapters on “ resistance and the laws of the current,” 
are well exemplified by examples worked out in figures. 
So also “faults” treated as derived circuits are well 
illustrated by numerical examples. 

We cannot admit, however, that the laws of the 
galvanic circuit have been as well explained as 
they might have been, and we note particularly the ab- 
sence of any geometrical illustration of the subject, 
with the exception of that (on page 213)—the 
eternal righé-angled triangle—showing how the tension 
decreases regularly from the battery pole, an illustra- 
tion'which has too often appeared before in our Eng- 
lish books, but of which we have no reason to be 
proud, since it entirely omits the state of the tension 
in the battery, and is consequently incomplete, and 
teaches nothing but what might be conveyed quite as 
well to the mind by letterpress. Had the author 
given the complete illustration of the distribution of 
the tensions throughout the circuit in a battery of 
many elements of different resistance, and different 
electromotive force, and with different line resistances 
in cireuit, he would have materially improved the work, 
and would have aided the student to understand 
thoroughly the laws of the circuit. But, moreover, in 
preparing such a chapter with illustrations, we believe 
that Mr. Culley would have himself learnt that which 
would have prevented him from printing the article, 
486, on “The Working Tension of a Battery.” 

We grieve to see this article in Mr. Culley’s 

book. What Mr. Culley is pleased to call the “ work- 
ing,” or “effective,” tension of the battery is simply 
the tension at the battery pole connected to the line 
or external resistance, and has no more to do with the 
“effect” or “ work” of the battery than the tension of 
any other point in the circuit has, the “effect” or 
“work” being dependent on the electromotive force 
of the battery, and this is not in the least modified by 
the alterations in the resistances of the circuit, as 
Mr. Culley, we believe, in spite of this article to which 
we take exception, knows very well. 
_ Yet to say that “ the effective tension of a battery 
is lessened by leakages on the line,” is liable to lead 
the student to believe that the electromotive force is 
lessened thereby, particularly when this is followed by 
the following : “The full tension of a battery can only 
“be rigorously obtained when its poles are insulated, 
“and is very sensibly diminished by being connected 
“to a line wire even 1000 miles in length,” since 
Mr. Culley has in many parts of the work (indeed, we 
believe, all through) made use of the term “ tension” 
as synonymous with “electromotive force.” The fact 
is simply this, the tension at the battery pole only 
becomes equal to the electromotive force when the 
resistance is infinite, i.c., when the pole is insulated. 

The whole idea of measuring the tension at the 
battery pole in terms of the electromotive force of 
another battery, and then calling this the “ effective 
working power” of the battery, or “effective tension” of 
the battery was first promulgated by Mr. Alfred 
Varley in a paper read before the Society of Arts 
about thirteen years ago. Mr. L. Clark again per- 
formed the experiment, and adduced them in the 
Government report in support of a kind of refutation 
of the truth of Ohm’s law. Thus Mr. Clark says: 
* According to Ohm’s law the quantity of electricity 

conveyed by a wire varies directly as the battery 


|< nower or as the difference of the tension of ,the 


“current at the two ends of the wire or at any other 
“two points in its length. It is essential, however, 
“that the area of the plates of the battery should be 
** so large as to suffer no sensible diminution of their 
“tension from the abstraction of the current by the 
“conducting wire. This is a condition seldom or 
“never obtained in practice. With the ordinary sized 
“battery plates (about 4in. by 3in.), and a tension of 
200 cells, the addition of a circuit equal to 2000 
“ miles of ordinary No. 8 line wire will produce a re- 
‘duction in the tension of the battery current equal 
“to about 10 cells, and a circuit of 100 miles will re- 
‘duce the tension or the effective working power of 
“the battery from 200 to 100 cells. This is a very 
“important consideration, and is almost universally 
“Jost sight of by practical telegraphists, who too 
“frequently assume that because they are using a 
“battery of 100 cells, they are working with a ten- 
“sion of 100 elements.” Then follow the experi- 
ments which consist in measuring the tension at the 
junction of a line with the pole of a battery (the other 
pole of which is connected to earth). 

Now the tension at this point is easily calculated by 
the formula given by Ohm, provided the electromotive 
force, the resistance of the battery, and the resistance 
of the line is given, and will be found to agree with 
the result of the experiments; and thus the experi- 
ment simply proves the truth of Ohm’s law, which is 
founded on the axiom that E (the electromotive force), 
or the real “effective working” power of the battery, 1s 
not effected by any alteration in the resistances of the 
circuit. 

In the fourth volume of the Hlectrician will be found 
a paper on the geometrical illustration of the circuit, 
by F. C. Webb, in which the distribution of the ten- 
sions in the whole circuit (battery and line) is geo- 
metrically treated, and the manner in which the ten- 
sion at the battery pole connecied to line falls without 
altering the electromotive force is clearly shown. 
Moreover, the tension of the battery pole in each of 
Mr. Clark’s experiments is calculated as nearly as 
could be with the information given by Mr. Clark. 
The resistance of the battery having been omitted by 
Mr. Clark, had to be calculated back from one of the 
measured tensions, the line resistance, and the electro- 
motive force. The whole results were compared with 
the results of Mr. Clark’s experiments, and found to 
agree with them amply sufficiently to prove the truth 
of Ohm’s formula, and the fallacy of the view taken 
by Mr. Clark. 

Now we can excuse Mr. A. Varley for promul- 
gating erroneous views some thirteen years ago, for 
although Ohm’s paper dates back as far as 1828, yet 
at the time Mr. A. Varley read his paper there were 
(we are sorry to say) perhaps not many who under- 
stood the subject much better than Mr. Varley did 
himself, which is not saying much. There was less 
excuse for Mr. Clark falling upon such mare’s nests in 
1861, and embodying them, with all the force of his 
name ina Government report, to be copied by any 
compiler for the misinstruction of the rising genera- 
tion. But it is still less excusable in Mr. Culley, 
seven years afterwards, and after the whole subject 
had been so thoroughly exposed and explained in the 
Electrician in 1863, to find these erroneous views re- 
produced in a text book on telegraphy in 1868. 

The attempt to combat fallacious ideas so long as 
they are promulgated by any body with a name, it 
would seem, is simply hopeless. We have in this case 
errors on the subject of the well known laws of elec- 
tricity first brought forward by the brother of the chief 
engineer of our principal telegraph company endorsed 
and enlarged on by another chief engineer of the same 
company, and reproduced in a text book by a third 
engineer-in-chief of the same company. How can the 
unfortunate student escape from such a perpetuation 
of error ? 

We have scolded Mr. Culley enough, however, and 
only trust that if he issues a fourth edition, he will 
reconsider and re-write these portions to which we 
have taken exception. ‘The portions on practical 
testing, construction of lines, and instruments are ex- 
cellent. Wheatstone’s bridge is well described, but 
would also bear with advantage some geometrical 
illustration. The modern mode of testing the insula- 
tion of a submarine cable, and expressing the resist- 
ance of the insulating envelope in the same units as 
the resistance of the conductor is given, but not as 
well explained as it might be; in fact, it is given in 
the shape of rules, but should also have been supple- 
mented by the formula. 

The testing for the distance of a total break in a 
submarine cable is very ably treated, and the descrip- 
tions of the mode of firiding the resistance due to the 








small quantity of copper exposed to the sea, and which 
quantity is unknown, are very interesting and very 
useful, and will be found, we believe, in no other work, 
either English, French, or German. There is some 
want of sequence towards the end of the book, we 
think, and there is some information of such a very 
elementary nature, that we think it would have been 
better left out—such as the explanation of “ Algebraic 
Formule.” ‘There are several minor points which are 
separately open to detailed criticism, but for which we 
have not space. But, taken altogether, although in 
many points the book can scarcely compare to some 
of the French works when dealing with the general 
laws of electricity, yet, as regards practical advice 
founded on long experience, it is excellent, whilst Mr. 
Culley has collected a great deal—regarding cables 
especially—of that which has for the last ten years 
been scattered through periodicals, Government reports, 
papers read at institutions, &c. 

Altogether, we fully believe the work will reach 
deservedly a fourth edition, when we hope to see some 
change in the portions which we are reluctantly com- 
pelled to condemn. 


MR. J. W. BAZALGETTE. 

Mr. Josepx WititAM Bazaueetre, whose portrait we 
publish this week, is of French descent ; he was born in the 
year 1819, and after being educated in private schools, he 
was articled as a pupil to Sir John MacNeil. In 1842 he 
commenced his independent professional career, and six years 
later, in 1848, his name was brought prominently before the 
public, from the success attending some drainage works 
executed by him in the north of Ireland. After practising 
some time as a civil engineer in London, he succeeded Mr. 
Frank Forster as engineer to the Metropolitan Commission 
of Sewers, and he took a prominent part in the controversy 
at that time carried on between the engineering profession and 
the General Board of Health, a3 to the best system of drain- 
ing towns, and furnishing them with an efficient water supply. 
At the time that the Metropolitan Management Act was 
passed Mr. Bazalgette had designed and constructed 300 
miles of sewers in London, and he was, by public competiticn, 
appointed engineer-in-chief to the Metropolitan Board of 
Works, an office which he has since held. Of the vast im- 
portance of the works executed by him in the metropolis it is 
scarcely necessary that we should speak here, for the works 
themselves are familiar to all engineers. Mr. Bazalgette’s 
metropolitan main drainage scheme is by far the greatest 
work of its kind which has ever been carried out in this or 
any other country, and the same remark may, we think, be 
also applied to the Thames Embankment. Neither of these 
works are, we regret to say, yet finished, but there is now a 
good prospect of their being completed without further un- 
necessary delay—a delay, we should state, for which Mr. 
Bazalgette is in no way answerable. 

It is to Mr. Bazalgette that is due the introduction of sub- 
ways for the gas and water pipes under the new thorough- 
fares of the metropolis, and he has also drawn up a code of 
regulations for the alterations of streets, construction of 
bridges, &c., within the metropolitan district. These regula- 
tions are incorporated in all metropolitan railway bills. 
Besides the works carried out by him in the metropolis, Mr. 
Bazalgette has, in his private practice as consulting engineer, 
reported on plans for improvements of the drainage of Dublin, 
Belfast, Brussels, Norwich, Oxford, Cambridge, Folkestone, 
Cheltenham, St. Leonards, Weston-super-Mare, and other 
important towns. e 














Gas 1n Panrts.—The revenue of the Parisian Company for 
Lighting and Heating by Gas amounted in March to 
119,799/., as compared with 117,279/. in March, 1867, show- 
ing an increase of 2520/., or 2.16 per cent. In the three 
months ending March 31, this year,|the receipts were 
409,630/., as compared with 391,508/. in the corresponding 
period of 1867, showing an increase of 18,122/. or 4.63 per 
cent. 

Lonpon Association or ForrmMen Enainerrs.—We 
learn that Mr. G. J. Reed, Chief Constructor of the Navy, 
has consented to read a paper before the members and friends 
of this institution at their sitting of Saturday next, May 2. 
The place of meeting is the George Hotel, Aldermanbury, 
City, and the chair will be taken, at 8.30 p.m., by Mr. New- 
ton, of Her Majesty’s Mint. Mr. Reed’s subject will be “ The 
Means of Testing fron.” 

A Wet Merirep Trestrmontat.—On Tuesday last a 
portrait and 600 guineas were presented to Mr. W. Christo- 
pher Leng, editor of the Sheffield Daily Telegraph, in re- 
cognition of his services in bringing about the Trades’ Union 
Outrage Commission of Inquiry in that town. Among the 
subscribers to the testimonial were 42 peers, 38 members 
of Parliament, and 160 justices of the peace. The in- 
scription attached to the portrait stated that the testi- 
monial was given to Mr. Leng “as a public acknowledge- 
ment of the ability, courage, and stedfast patriotism dis- 
played by him in exposing a system of trade union out- 
rages which had existed in Sheffield for many years, 
injuring both the trade and character of the town, and 
of his successful advocacy of the appointment of a Royal 
Commission of Inquiry ;” and Mr. Leng, in acknowledging 
the presentation, gave an interesting account of the efforts he 
had made to secure the appointment of a commission. He 
stated that within twenty-six hours he received three threaten- 
ing letters, directly menacing him with assassination unless 
he desisted from his “ calumnies,” his “ villanous calumnies,” 
respecting the Sawgrinders’ Union. 

SHEFFIELD.—A fair demand continues to be noted at Shef- 
field for railway matériel, and especially for rails. In con- 
sequence of Russian orders, there is a little more doing in 
files. ‘There is but little inquiry for engineer and edge tools. 
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THE WILSON FURNACE. 

Ar the meeting of the Cleveland Institution of Engineers, 
held on the evening of yesterday week, Mr. Thomas Whit- 
well read a paper, of which the following is an abstract, on 
the Wilson furnace : f 

In opening, the writer stated that he proposed to bring 
under the notice of the Institution one of the most important 
sources of practical economy in iron making that had come 
under his notice. In a previous paper read before the Insti- 
tution, the subject of 2s. 6d. per ton being saved to iron 
manufacturers was brought bebore them, but unfortunately 
that was dependent on Kets of Parliament, railway opposi- 
tion, &c. He now proposed to save 2s. 6d. per ton certain, 
and was doing it without waiting for the — of the 
Lords, Commons, the North-Eastern Railway Company, or 
any one else in the world. In the present day, in the fight 
for the foremost place, they found a most important means 
of economy in the true utilisation of heat, with the least 
possible waste, known as regeneration. The mechanical en- 
gincer designed his boiler so that the greatest amount of heat 
might be taken up by the heating surfaces ere it passed the 
damper, the most perfect example being perhaps the locomo- 
tive, where the heat in the smokebox, after passing through 
the tubes, was lower than in almost any other form of boiler, 
so low, indeed, that the waste steam in the blast pipe was 
necessary to maintain a draught. The Cornish tubular boiler 
was also a well-known economiser of fuel. If, then, from the 
economy of the steam engine they turned to the ordinary 
methods of making iron by puddling and heating, they found 
in one great point at least the most shameful waste of power 
to be met with in almost any scientific operation. They here 
saw coal burnt or destroyed with the most shameless prodi- 
gality, dense volumes of carbon being forced up the chimney, 
while the residue of the coal was shot into the ashpit in a 
half-consumed and almost raw condition. Should the 
engineer try to make any alteration, he was at once in- 
formed that the best iren had ever been thus made ; that 
if they spoiled their iron it far counterbalanced any ae 
in coal; that the puddling furnace was so perfect anc 
withal so mysterious a thing that the least alteration might 
throw it wrong, &¢.; and hence puddling had been what it 
was for years, the prejudices of —— and managers being 
ever against meddling with the present perfect state of 
things, and hence no patent puddling furnaces had hitherto 
rot Roeend. Mr. Whitwell proceeded to give an interesting 
description of the furnace patented by Mr. Edward Brown 
Wilson, January 16th, 1864, illustrated by diagrams. This 
invention related to the construction and working of furnaces 
or fireplaces, in such a manner that when fresh fuel was 
supplied as usual, on the top of the fuel already ignited, the 

8 generated therefrom were made to pass downwards 


through the hot fuel, in lieu, as heretofore, of — 


through the fresh fuel, and air was also supplied at suc 
points and in such quantity as might be suitable for com- 
plete combustion. He next explained the modus operandi 
of one of the earlier furnaces at work in Glasgow, where the 
coal entered at the top, and the air passed through the coal 
to support combustion. Diagrams oe the principle of 
the Wilson furnace were next explained by Mr. Whitwell, 
who proceeded to remark, in reference thereto, that during 
the introduction of this invention a series of battles had to 
be fought with the puddlers. The time was unfortunate, 
uddling was 10s. 6d. to 11s. 6d. per ton, and new things, 
Poth from the apathy of masters and the sqpetien of the 
men, had very little chance of succeeding. This was the case 
here. Themen struck first against the furnace itself; a fresh 
strike rose against the underhand having to fill the hopper, 
which was some 8 ft. from the ground; a third strike was 
made against the men going into the ashpit to rake out the 
clinker once a day; and a fourth strike arose from the men 
asserting that the masters saved 10s. a ton by the furnaces, 
and that they woufd not work the furnaces unless the masters 
gave them 5s. per ton on puddled bars extra, as it was not 
fair that the masters should have all the profit. Was it to be 
wondered that a furnace made so little way against such 
determined opposition, or that the masters should give up 
the improvement in disgust? Statistical results of the 
operation of a similar furnace — by the Bolton Steel 
and Iron Company for the Lancashire coal were next given 
by the speaker, who thereafter went on to describe the 
Wilson furnaces, as they were in operation at the Thornaby 
Ironworks. Relative to the latter, he remarked that on 
account of the Durham coal having the quality of coking, 
and being more bituminous than those of other districts, it 
was found that the conditions were wholly dissimilar. The 
experiments carried out in order to arrive at a proper result 
were next commented on, and after giving a detailed account 
of the mechanism of the furnace, which he was enabled to 
render more intelligible by a series of diagrams suspended on 
the walls, Mr. Whitwell stated that all points were provided 
for in this furnace. The gases only took up cosa air to 
burn them properly; the action of the damper secured the 
good yield, whilst the large generator provided a constant 
supply of gas; at the same time no other furnace would work 
with the damper in the same position, owing to the difference 
in the size of the firegrate and damper. The advantages of 
this furnace he declared to be, Ist, it would make more 
puddled bars out of a Cao quantity of metal than any other 
furnace ; 2nd, it would under proper treatment consume all 
its own smoke ; 8rd, it would, owing to its conditions, make 
a better and more regular uality than other furnaces, as it 
never burned the iron, and never worked “rash;” 4th, it 
would not use more fettling than an ordinary furnace; and 
5th, it would not cost more per ton of iron than other furnaces 
in repairs, as, a less quantity of fuel being burnt, there was 
less cutting action on the brickwork. Having given returns 
to show that at Thornaby Ironworks the furnaces worked 
successfully—15 tons of puddled bars being manufactured 
per week of 59 heats, at 17) cwt. of rough small coals per 
ton, Mr.Whitwell went on to describe another form of iron 
furnace now working at Thornaby Ironworks, which pro- 
mised to exceed the results arrived at by the one he Nad 
already commented upon. This last system of furnace was 





applied in Lancashire, not only to puddling bar and heating 
furriaces, but to boilers and furnaces at chemical works for 
making soda ash. It was applicable to all purposes where 

reat heat was desired, whilst in first cost and economy of 
fuel it had no equal. 


Discussion. 

The chairman, in commenting on the on just read, said 
that when they had got over the difficulty of making a new 
thing, they had the men to talk to. He asked how that 

uestion was to be got over. They would require to make 
their new machinery as like the old as possible, and so meet 
their | prejudices; their next duty would be to induce the 
men to keep out the delegates, by showing them that it was 
to their own advantage to meet the masters personally and 
discuss their differences, as much as it was the interest of the 
masters themselves. Another thing they would require to 
attain, would be to get their machinery to suit all cireum- 
stances. When this furnace was brought into this district 
difficulties were met which did not exist in Lancashire. 
They therefore required to experiment until they modified 
all outward circumstances, and got the matter perfectly 
right. Referring to the applications of Wilson’s furnace, he 
said they were ad infinitum, and the patentee suggested long 
ago that he should apply them to steamboats. 

Mr. Jones (Fox, Head, and Co.), referring to a statement 
made by Mr. Whitwell as to the consumption of coal in a 
puddling furnace, stated that there were five puddling fur- 
naces at the Newport Ironworks that worked regularly to 
16 ewt. of small coals, at a price of 4s. 8d. per ton of puddled 
bar. He drew a comparison between the working of the 
Wilson furnace and the ordinary furnace in use at the works 
above named, to show that the former was not so much 
superior as Mr. Whitwell had led them to suppose. 

Mr. Whitwell said if there was to be a neck to neck race 
between the two, they would have to go on and see who came 
in first. 

Mr. Williams (manager for Bolckow, Vaughan, and Co.) 
said the consumption at their works was about 16 cwt. 3 qr. 
per ton of puddled bar. In Wales, the consumption was 
only about 14 ewt. He did not think the present puddling 
furnace would ever be much improved, but would rather get 
worse until they had brought into successful use a mechani- 
cal puddler—something that would accomplish what the re- 
volving puddling furnace did. That furnace, so far as the 
mechanical part of it was concerned, had already been found 
to work most successfully. He did not believe in the pos- 
sibility of attaining results such as those mentioned. He did 
not believe there was any process carried on in a puddling 
furnace that would refine iron fhat was there in a state of 
oxide. They could not take much iron from fettling unless 
it contained iron per se. Ordinary pig iron contained 93 per 
cent. of metallic iron, and some of the other elements could 
not be eliminated, except by being combined, and thereby 
producing waste. He did not think there was any pig iron 
in the country that would work for as low a yield as 10 per 
cent. The revolving furnace had not been brought into 
general use, simply Gesemso up to the present time it had 
been found impossible to find for it a suitable lining. The 
only lining that would stand was almost pure silica, with 
which the Bessemer vessels were lined. If there was nothing 
to be done but convert pig iron into puddled bars, the machine 
would be found to work admirably. The sand, however, 
ruined it and made it unworkable. Great clots of sand drop 
off and get mixed with the iron, which did harm. In fact, 
the furnace of the present day was in the same position as 
Cort’s puddling furnace of fourteen years ago. The iron- 
stone, being mixed with hematite, made capital pig; but the 
sand upon which the iron was puddled hterally ruined it. 
These pigs were refined in a refinery, and the waste did not 
exceed 3 ewt. to the ton. The metal was as good as could be 
made at an ordinary cost; but the puddling of the iron on 
the sand produced such destructive results that it was quite 
a novelty to have a piece of puddled bar one yard long. It 
was afterwards worked over in the mills at great expense, and 
a moderate quantity of bar iron was produced at a most im- 
moderate cost. They wanted to find something except sand 
upon which to puddle; until this was done they could 
searcely hope for further improvement. 

After some further discussion, it was agreed, on the motion 
of Mr. Gjers, to postpone further discussion of the subject 
until next meeting. 


THE DISPOSAL OF TOWN SEWAGE.* 
By Aueustus Hamitton Jaco, B.A. 

Tue undoubted importance, on sanitary conditions alone, of 
the subject of this paper, is in itself a sufficient excuse for 
bringing before the Society what might not appear at first sight 

uite within the range of pure engineering. At first sight, for 
the assumption might be that the various modes of dealing with 
town sewage, viz., precipitating, filtering, deodorising, or utilising 
as a manurial agent, would fall within the functions of the 
chemist proper, or his agricultural brother; but the absolute 
necessity for constructive works in the execution of these 
different processes, demands the advice and skill of the engineer ; 
and as the urgency of sanitary reform is forcing itself on all 
towns throughout the kingdom and over Europe, a wide field is 
gradually opening up for the display of very considerable talent 
in a comparatively recent branch of the profession. Considering, 
then, the importance of sanitary engineering, it should be the 
bounden duty of every engineer to make himself acquainted 
with its principles at least, and of a considerable section of the 
profession to make it a speciality. 

The prime cause of the agitation for the last twenty years as 
to the disposal of sewage, was the pollution of our rivers and 
watercourses, whereby what formerly had been elements of 
utility and pleasure were rendered receptacles for all the garbage 
and filth from the nearest town. Unfortunately, the streams 
being the lowest points, there never was any physical difficulty 


* Paper read before the Civil and Mechanical Engineers’ 
Society, on April 22, 1868. 











in draining into them, their water, in a greater or less de 
ey! rendered unfit for drinking purposes for man and beast. 
fish being destroyed, and the nose and eye offended by noxious 
exbalations and contaminated water. These evils accumulating, 
aggrieved persons took actions at law, and obtained injunctions 
in Chancery, with satisfactery results to themselves, the conse- 
quence being that local authorities were constrained to seek 
some remedy to save legal difficulties and their concomitant ex- 
penses. The cholera epidemic fastening itself on nucleuses of 
overflowing cesspools, untrapped drains, and poisoned water, 
created a revolution which culminated in the passing of the 
Public Health Act. This Act, which has now been adopted by 
nearly 700 towns, was an inestimable boon to the country, as it 
gave local bodies the power of legislating in sanitary matters ; 
but, unfortunately, in the eagerness to remove the existing 
abominations and establish water-closets, drains were constructed 
which conveyed town refuse to the nearest brook or river, the 
source of all the present river pollution difficulties. 

The very first consideration with regard to the disposal of 
town sewage, is to have it effectually removed without nuisance, 
without injury to health, and without offensive associations in 
the shape of night carts, or anything which might assault even 
th'e imagination ; these must be essentials among well ordered 
and refined minds, and it surely appears a very gross barbarism 
anything approaching to a manipulation of sewage matter in our 
E lic streets and private houses. Yj such process must 
inally give way, even at the expense of a ly more 
valuable manure than what now proceeds from the outfalls. 
Town sewage consists of the washings of streets and roofs, 
human excreta, all domestic slops, and the refuse from manu- 
factories, where such exist. The composition will vary with 
the amount of rainfall, the character of the soil, the water 
supply, the presence of manufactories, the ratio of rich to poor 
inhabitants, and the character of the drain, their material and 
inclination ; the two last will require some explanation. The 

roportion of rich to poor from the different amounts of animal 
oodconsumed will cause considerable variation in the composition 
of sewage in drains passing through poor and fashionable localities. 
The material and inclination of the drains will influence the 
character of the sewage, for old flat large brick drains with flat 
inverts will become coated internally with a deposit of solid 
matter, which will materially assist in setting up premature de- 
composition, while, on the other hand, smooth earthenware pipes 
with quick fall will convey the sewage undecomposed to the 
outfall. The composition will vary also from day to day ac- 
cording to the habits of the people, e.g., Saturday ablutions and 
Sunday cessations, and will alter during different hours of the 
day. The traffic and material composing the road surfaces will 
influence the composition, for instance. Analysis gave a range 
for London for different localities of from 39 to 813 grains of 
solid matter per gallon in water collected from the streets. 

The valuable elements of town sewage are ammonia, and 
organic matter furnishing ammonia on decomposition, phos- 
— and alkaline salts. These elements are chiefly derived 
rom the human excreta, and nearly all held in solution. The 
ratio of suspended matter to that in solution for normal sewage 
is 26 to77, proving that no process of simple filtration can 
ensure purification. The generally received doctrine held in 
this country as to the value of a manure is that this value 
depends on the ratio of nitrogenous to non-nitrogenous con- 
stituents, or, in other words, on the presence of ammonia. The 
amount of this substance in a manure is generally compared 
with that in guano, as the standard manure, and thus a price 
can be fixed regulating its value. As human excreta furnishes 
sewage with the greatest part of its ammonia, it is necessary to 
deal with the composition of the former to obtain a theoretical 
value. The percentage of ammonia is practically the same, weight 
for weight, in the solid and liquid excreta, the solid being about 
yoth of the liquid. The total weight voided per day being about 
2 Ib., the percentage of ammonia being 1.70, the amount voided 
per year for an average individual wil! be about 730 lb., fur- 
nishing 124 )b. of ammonia, which, at 8d. per pound, gives a 
value per head of 8s. 4d. It may be asked what becomes of the 
other valuable constituents in the excreta, and why they are not 
estimated for? Excreta contains a quantity of shengieste acid 
and alkaline salts, which are valuable; but, as the ammonia 
overtops these constituents in a great degree, it is found simpler, 
and a plan which is now universally adopted in this country, to 
place the ammonia at a higher value than it would probably 
return if used alone. Knowing, then, the value of the manurial 
constituent in sewage per head, it is easy to determine the 
theoretical value per ton passing from the outfall, if it be ascer- 
tained what is the sewage flow per head per annum. Com- 
mencing at 40 tons per kead per annum, which is about 
25 gallons per head per day, the value per ton will be 2.44d., 
for 50 tons 2d., for 60 tons 1.67, and so on to 100 tons, represent- 
ing 60 gallons per head per day, when the value is 1d. The 
last being about the value of London sewage, the quantity of 
ammonia per gallon of sewage for these different dilutions will 
vary from 3.9 to 9.7 grains. Taking 60 tons as the average 
flow per head (being the dry weather sewage of London), 
7 grains of ammonia per gallon will represent the strength. An 
easy rule to be remembered is that pre | grain of ammonia per 
gallon will represent 1s. 4d. per ton at the outfall. 


(To be continued.) 





METROPOLITAN Susways.—The Metropolitan (Subways) 
Bill was read for the third time, and passed, on the night of 


yesterday week. 


Tue Pacrric Ratroap.—On the 18th of last month the 
rails of the United Pacific Railroad were laid on the Rock 
Mountain summit of the line. According to Bilnkerderfer’s 
survey the railroad crosses the mountains at this point at an 
elevation of 8242 ft., being the highest point reached by any 
railroad in the world. 

Eneuisn Iron ry Bererum.—It appears that the total 
imports of rails, sheets, and other kinds of iron into Belgium 
in January amounted to 95,418 tons, as compared with 
49,858 tons in January, 1867, and 68,375 tons in January, 
1866. English iron was imported into Belgium in January 
to the extent of 63,885 tons, as com with 25,614 tons in 
January, 1867, and 50,732 tons in January, 1866. 
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GOLAY’S MILLSTONE CUTTING AND DRESSING MACHINE. 





A macutng, the right to vend and make which, in the 
“home” counties of Middlesex, Essex, Kent, and Surrey, has 
been sold for 15,0002., is akind of rara avis, which will be 
regarded with interest by many of our readers. Such a ma- 


chine is that for cutting and dressing millstones which we 
illustrate above. This machine has been designed and 
patented by Mr. Samuel Golay, of Paris, and it was exhibited 
at the Exhibition last year, where, however, it attracted but 
little attention. The English patent right, in fact, was, we 


believe purchased for a moderate sum, yet the right to con- | 
struct and supply the machine in the home counties has | 


already been disposed of for the sum we have mentioned, 
whilst 21,0007. have, we are informed, been paid for similar 
rights for the Lancashire and Yorkshire districts. 

1e machine itself is one of very neat and simple design ; 
and itappears to perform its work in the most efficient 
manner, giving a sharpness to the “ cracks” quite unattain- 
able by the ordinary hand process. The “cracks” are cut by 
the machine by a diamond fixed in the edge of a small disc 
which revolves at a very high speed, the spindle of this disc 
being mounted on a carriage which can be moved to and fro 
on the line of the cracks. The machine can, however, be 
best described by reference to the engravings, in which Fig. 1 








is an elevation and Fig. 2 a plan of the whole arrangement, 
whilst Figs. 3 and 4 show details which will be explained 
presently. 
In Figs. 1 and 2, A represents the millstone to be dressed, 
| and upon which the machine is mounted, the dotted lines 
| indicating the grooves in the stone. The machine comprises 
a frame, B, consisting of a central socket, from which radiate 
the three arms, }, furnished with screws, c, which serve for 
| levelling the apparatus. This socket is placed on the end of 
the millstone axle, C, so as to centre the machine by means 
of set screws, d, when the fixed or bed stone is to be dressed ; 
| but if the running stone is to be operated upon then the 
centring is effected by means of a plug of wood which is 
fixed in the socket, and the end of which passes into the eye 
of the stone. The levelling screws, c, do not bear directly 
upon the surface of the millstone, but upon small plates, e, 
of cast iron which rest upon the latter. On the framing is 
mounted a support, D, capable of turning on a fixed bolt, f, 
and of being secured in any desired position by means of 
another bolt, g, which is capable of being moved in the 
curved slot, E, in the framing; to the support, D, a dove- 
tailed slide, F, is connected by two screws or bolts, h, and it 
is upon this slide that the tool carriage, G, moves. The 








slide, F, which generally maintains the horizontal position 
shown in Fig. 1, may, however, be slightly inclined when it is 
Tequired to the central hollow part of the stone where 
the corn enters ; this is effected by slightly elongating one of 
the holes through which the bolts, h, > 

The carriage, G, can move on the slide, F, from the centre to 
the circumference, and vice versd, and, moreover, it carries a 
slide, H, capable of moving in a direction transverse to that 
of the principal carriage; this slide, H, carries below it the 
tool carrier, I, which is mounted upon points or pivots, k, 
and may be fixed in any required position by means of the 

ressure screws, j ; in this tool carrier the axle, J, of the tool, 

, turns upon the —_ or ends of the screws, i; the tool 

carrier is also provided with two other pointed screws, i', upon 
which the tool is mounted when it is required to work near 
the centre. The tool, K, consists of a disc furnished 
on its circumference with a tooth of diamond or other 
hard stone either in the rough or cut, and caused to ro- 
tate rapidly by means of an endless cord or band, 7. In 
the top of the socket, B, of the framing a small column, L, is 
screwed, the upper part of which forms a kind of footstep, in 
which the pointed end of a shaft, M, turns; the latter re- 
ceives its movement from any convenient shafting or motive 
power by means of a cord or band passing round the pulley, 
m; and its other pulley, », gives motion to the cord or band, 
1, which causes the tool to rotate. The column, L, carries a 
bracket or gallows, N, which may be fixed at the desired 
height and position by means of a set screw; this bracket is 
furnished with a fixed stud, 0, on which a lever, O, freely 
oscillates; the latter carries at one of its extremities the 
tension pulleys, P, which guide the cord, 7, and at the other 
end a counterpoise, p, which tends constantly to raise the 
pulleys, P, consequently, the latter preserve the tension of 
the cord, /, during all the movements of the carriage, G. A 
to-and-fro motion is given by hand to the carriage, G, by 
means of the bell-crank lever, Q, which turns on a fixed 
centre at g, the lower arm of this lever being connected to 
the carriage by a link, R. The lateral setting of the slide, 
H, and, consequently, of the tool, K, is effected by means of 
a screw, 7, and a ratchet motion, 8. To counteract the ill 
effects of deflection which the weight of the carriage might 
produce upon the slide, F, a supplementary foot, T’, is fixed 
to that side of the latter opposite the carriage, this foot being 
curved so as to allow of the free passage of the carriage from 
end to end of the slide; the foot, T, is provided with a screw, 
ce, and a plate, e. 
The operation of the machine is as follows: The apparatus 
being placed upon the stone is levelled by means of the screws, 
cand c}, the height being regulated in such a manner that 
the diamond tooth of the tool will be at about the height de- 
sired. Tho‘adjustment of the height of the latter is com- 
pleted by the screws, j. The machine is centred by means 
of the set screws which press against the millstone axle or 
the wooden plug which is placed in the socket, B. The 
machine is so placed that the slide, F, is parallel with the 
groove to be dressed ; the shaft, M, is then put in motion, 
 atigy Saye to the cord, /, and consequently to the tool ; 
then, by the aid of the lever, Q, movement is given to the 
carriage, G, which thus moves along the slide, F; during 
this movement the diamond tooth of the tool, K, which turns 
with great rapidity attacks the surface of the millstone, and 
forms a radiating furrow therein; the carriage is then drawn 
back by the ratchet movement, 8, the slide, H, is moved 
laterally, carrying the tool with it, and a second furrow com- 
men This operation is repeated across the groove of the 
stone to the end of the traverse of the slide, H, after which 
for the following grooves of the same division or group, the 
machine is slightly turned, and the parallelism of the slide 
with the groove is effected by turning the support, D, round 
its bolt, f, which is then fixed in position by means of the 
bolt, g, and the carriage is then set in motion again. 

The position of the machine must be changed for each 
division or group of the furrows. As there are some mill- 
stones furrowed to the right and some to the left, the machine 
is so arranged that the slide, F, may be fixed on either side 
of the lug of the support, D, to which the bolts, h, attach it. 
The position of the carriage and its movement may thus be 
reversed for left-hand grooves. It will be observed that the 
pivoting of the support, D, round its bolt, f, is not theo- 
retically indispensable, but if this facility were not afforded a 
much longer movement of the slide, H, would be required to 
reach the three furrows of the division, and, consequently, 
there would be a greater danger of its getting out of truth. 

The diamond or other hard stone may be mounted in a 
great variet; of ways. The arrangement represented at Figs. 
3 and 4 is that which is considered best to unite the condi- 
tions of simplicity and solidity; it consists of two discs or 
washers capable of being screwed together on an axle between 
the shoulder, ¢, on the latter and the screwed nut, «. In the 
interior faces of these discs and near to their circumference 
are formed small recesses, v, of different sizes (see Fig. 4) ; 
these recesses are opposite to each other in the two discs, and 
when the latter are brought together form hollow cells hav- 
ing a small opening at the circumference of the disc; a piece 
of diamond or hard stone is fitted into one of these cells so 
that a point or angle ep through the hole in the cireum- 
ference, and the two discs are then screwed together by means 
of the nut, #, so as to hold the diamond pertectly firm, and 
the tool is completed. 








Tue CLEVELAND Iron Trapg.—There appears to be rather 
less activity just at present in the Cleveland pig iron trade. 
The principal clearances of pig iron outwards have been to 
Holland and Belgium. The deliveries of rails have been 
large. The number of furnaces in blast in the Cleveland 
district is 86, while there are 47 out of blast. Six furnaces 
are building. 

CUMBERLAND.—There is rather more doing in the coal 
trade in the west of Cumberland, although about Maryport, 
Workington, and Whitehaven affairs are dull. ‘The Cumber. 
land iron trade has scarcely realised the expectations current 





a month or two since, 
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STEEL FROM CLEVELAND IRON. 


Ar the meeting of the Cleveland Institution of Engineers, the 
discussion on the Hargreaves process of steel manufacture, Mr. 
Wrightson, who, on account of Mr. Joy having to leave, was 
called to the chair, stated that he understood Mr, Gjers had 
prepared a short paper, which he now called upon him to read. 

Mr. Gjers then read the following: My object in coming for- 
ward to-night is to say a few words on the paper read at our 
last meeting by Mr. Hargreaves, entitled, “ The Manufacture of 
Iron and Stee) from Cleveland Ore.” I felt that sufficient time 
was not left at our last meeting for discussion, and [| felt very 
strongly that, in many respects, the result of both the paper and 
the discussion was unsatisfactory, and that it left the members 
of this institution in a false position. emg of the kind, got 
up expressly for the purpose of making public doubtful patents, 
are not, I think, proper subjects to bring before our meetings ; 
and I would (in passing) suggest the advisability of adopting 
some such rule as older institutions of the kind enforce, that 
papers to be read are to treat about nothing but what has 
actually been carried out in practice, and on which full data 
and particulars can be given. But ss long as gentlemen are 
allowed to read such papers, substituting assertions for facts, 
they must not expect that everything they say or assert will be 
accepted for good, but must expect to hear their views contro- 
verted. Mr. Hargreaves’ paper being entitled, “ How to make 
Iron and Steel from Cleveland Ore,” I came, and I have no doubt 
many of our members came, with the expectation of hearing and 
learning something new on the subject; but I am bound to say 
I was thoroughly disappointed, as the paper did not contain one 
single item of original information. What had any pretence to 
be new, I maintain, was not proved to be true, and what was 
true was certainly not new. But for Mr. Hargreaves’ professed 
want of knowledge of the world and human nature, oe night 
have perceived that, on this occasion, he was addressing an 
assembly, most of whose members have spent the better part of 
their active life in practical iron making, and in studying those 
subjects of which, according to Mr. Hargreaves’ own showing, 
he can only be a novice, an assembly whose members have, by 
dint of practical knowledge and common sense, combined with 
a wholesome amount of appreciation of scientific principles, been 
some of the instruments in bringing this district to the promi- 
nent position in iron-making—which, I am sure, we all must 
feel proud of—it at present occupies. Mr. Hargreaves’ paper 
begins with giving usa long, unnecessary, and certainly to us 
uninteresting account of his grievances with Mr. Heaton; and 
he labours hard to prove that he — Hargreaves) was the first 
and true inventor of the process for which Mr. Heaton secured 
a patent. Of course, we are all aware that Mr. Heaton puts 
forth the opposite statement; be that as it may, it is very clear 
that neither of the gentlemen have the slightest claim of being 
the first and true inventors of the nitrate process. If, as Mr. 
Hargreaves asserts, he was the one that first suggested to Mr. 
Heaton the use of nitrates, he also, in the next sentence, 
admits that afterwards he found that older patents did 
exist for the use of these very nitrates; how, then, can either 
gentleman be the first and true inventor of it? The fact 


is, several patents exist before either Mr. Heaton’s or Mr. 
Hargreaves’ time, for the use of oxidising salts, amongst which 
nitrates are named, and in the patent granted to Knowles, dated 


July 10th, 1857, No. 1921, nitrate of soda is specially claimed 
for retining iron, by pouring melted pig iron upon the salt in a 
ladle. This patent, as well as other patents for the use of 
nitrates, and almost every other oxidising salt, applied both in 
separate vessels and in the puddling furnace, being now expired, 
and consequently public property, it is difficult to see how any 
gentlemen, by merely holding the salt in some particular man. 
ner, can appropriate the use of it as their own, and claim to be 
the first and true inventors of the process, It is true that in 
the older patents no pretence waa made of being able thus to 
make steel direct, as the sults were only proposed to refined pig 
iron, and to facilitate puddling. But, then, both Mr. Heaton 
and Mr. Hargreaves have yet to prove that they can produce 
steel direct by the nitrate process. Neither Mr. Heaton has, 
nor Mr. Hargreaves did wt our last meeting prove that he can 
thus make fluid steel direct fit to run into an ingot. Nota 
sirgle sample of such direct produced steel did Mr. Hargreaves 
show, and { think from what I know that Iam _ pretty safe in 
asserting, that never a sample of good cast steel was ever yet 
made from Cleveland iron, direct by the nitrate process. Mr. 
Heaton, some time ago, invited a number of gentlemen from 
this district to witness his steel making process with Cleveland 
iron. It is well known that the result was a failure, and that 
he did not produce steel direct. I had hoped to be able to lay 
before you to-night the result of the analyses of the metal and 
slag on that occasion, but have been unable to procure a copy. 
I would then have been able to have shown you authoritatively 
what I, however, have good reason to state was the case, that 
very little phosphorus was removed from the iron, and very 
little found its way into the slag. 


of the metal Mr. Hargreaves produced in his experiment at our 


last meeting, and it will be seen that this result comes very far | 


short, indeed, of the pretensions of that gentleman. Before 
showing you this analytical result, I, however, regret to say, 
that, as a practical man, I feel myself in the somewhat anoma- 
lous position of having to defend the value of chemical analysis 
against a gentleman who, like Mr. Hargreaves, professes himself 
to be an analytical chemist. During the discussion, which fol- 
lowed his paper, it suited his purpose with a strange incon- 
sistency to depreciate the value of analysis, and to speak slightly 
of its utility. Now, allow me to say, and | belicve it represents 
the views of a great many practical men of this district, that 
we do know how to put the proper value on urustworthy analysis, 
and we do know how to make some use of the light which 
analysis does throw on many operations in iron making, which 
otherwise would be comparatively in the dark. The analysis of 
Mr. Heaton's metal, which he professed to make steel, I have 
reason for believing, showed nearly all the phosphorus in the 
metal and very little in the slag. This is the analysis of the 
metul Mr. Hargreaves produced, at the occasion of our last 
meeting, to which we were invited to witness how to make 
= but when he cautiously only attempted to make refined 
ron: 








I am, however, able to show | 
you a copy of an analysis made by Mr. Pattinson, of Newcastle, | 





Serviceable 
Steel. 
99.211 

0.436 
0.060 
0.054 
0.139 


Common Refined 
Plate. 
95.950 

8.150 
0.067 
0,027 
0.806 


Hargreaves metal. 
Iron ... oe 95.11 
Carbon - oa 
Silicon 0.70 
Sulphur ... 0.08 
Phosphorus... 1.26 


100.000 100.000 100.000 
The slag contained phosphoric acid—0.38 per cent. 
As a comparison, I beg now to submit an analysis of the com- 
mon refined plate metal, as made regularly in the district, and 
sold at something like 15s. per ton above the price of pig iron. 
As a further comparison, I will also submit to your notice an 
analysis of a really serviceable steel. It will be seen from the 
above that Mr. Hargreaves’ metal comes very far short of what 
was pretended, as nearly the whole of the phosphorus, the 
greater part of the carbon, and a considerable quantity of silicon 
is left in the metal, and very little in the slag, and that it is in 
every respect considerably inferior even to our common refined 
plate—by comparison with the steel analysis, it will also be 
perceived how much more has to be done before it can pretend to 
be approximately a true steel. And I think we shall have a diffi- 
culty to come to any other conclusion than that the nitrate 
process, as at present carried out, is a fallacy and a deception. 
‘The great argument of Mr. Hargreaves (and also of Mr. Hea- 
ton’s) is, if it has been done once, it can be done again, contains 
a great fallacy, as no process will ever be practical uniess it can 
be made with tolerable certainty every time; and, hesides, as 
regards Cleveland iron, I have expressed my doubt that it ever 
was made once, and I think I have given sufficient reason for 
this doubt. But suppose it had been done once, an argument 
which is vastly against the process, as, if there had been any- 


| thing in it, it would long ago have been removed from this state 


of doubt, still a process to be practical must be under perfect 
control. In the Bessemer process, they can control and cease 
the boiling and decarbonisation at any moment, and yet note 
how difficult it is to bring out a regular result. As practical 
men, acquainted with the manufacture of pig iron, we 
know full well how impossible it is always to produce a pig iron 
of precisely the same composition by analysis. Carbon, silicon, 
and phosphorus will vary within certain limits even in the same 
cast. Nitrates, oxides of iron, and manganese will vary even in 
the same lot. The effects in the convertor will certainly also 
vary ; more or less of oxygen will go off as nitrous oxide gas, 
which oxygen will then be lost to the process. Every oue of 
these variations will more or less spoil the process, as the very 
essence in the process is that the amount of oxygen in salt 
should be exactly such as to oxidise all the impurities, and that 
every particle of oxygen should doits work—be it more or be it 
less, the product will be wrong. ‘These are the practical diffi- 
culties which will always attend the process, even supposing it 
to be theoretically right. This glorious uncertainty fully ac- 
counts for that mythical once both of Mr. Heaton and Mr. 
Hargreaves, and I must say that the impression on my mind, 
from witnessing the late experiment of Mr. Hargreaves, is very 
vividly that of a man who had, at his peril, invoked natural 
agencies and forces into action which he was totally unable to 
control. Mr. Crossley, at our last meeting, raised the question 
of the quantity of nitrate that would be required, supposing it 
did act in the manner Mr. Hargreaves supposes; and, I think, 
it is quite clear Mr. Hargreaves understates the requirements. 
Take, say, our Cleveland pig iron, containing 4 per cent. of 
carbon, 2 per cent. of siiicon, and 14 per cent. of phosphorus, 
then 2240 lb. of such pig iron contains 

3} per cent. carbon=78.4 lb.+208.01b. Oxygen=C 02 
quires 465.25 lb, nitrate. 

2 per cent. silicon=44.8 1b.+50.3 lb. 
quires 112.25 lb, nitrate. 

1} per cent. phosphorus=28.0 }b.+36.1 lb. 
requires 80.50 lb. nitrate. 
The above calculation is using a nitrate of 95 refraction, und 
removing all the silicon and phosphorus, but leaving 4 per cent. 
of carbon. It is done on the supposition that every atom of 
oxygen in nitric acid has done its full work in oxidising the im- 
purities, which is not the ease, as plenty escapes as nitrous 
oxide NQ4. It is, however, showing the most favourable case 
for the nitrate process, going on the supposition that the phos- 
phorus, as oa as the other impurities, will combine with 
oxygen as readily as Mr. Hargreaves believed. Now, such 
nitrate of soda costs 12/. a ton, and it would consequently take 
at the very smallest calculation 3/. 10s. 6d. worth to every ton 
of iron—a cost which, except fluid ingots could be run direct, 
is inadmissible. Mr. Hargreaves, indeed, proposes to econo- 
mise by mixing oxides of iron and manganese with the nitrate; 
but Mr. Hargreaves having, with the use of such material in 
his own experiment, failed to produce even an approximate to 
the result claimed, I think I may fairly leave the matter on its 
own merits, and, with the facts before you, I think you will be 
able to conclude if the nitrate process is likely to stand, or if it 
will fall. The other portion of Mr. Hargreaves’ paper refers 
to matters which in themselves are of great importance. He 
tells us that sulphur, phosphorus, and the sand on the pig are 
objectionable, and professes to have discovered means for their 
removal. Mr. Hargreaves scarcely gives us credit for knowing 
all about the sulphur, the phosphorus, and the sand, aud he 
leads us on to the tiptoe of expectation to hear how he is going 
practically to remove these objectionable matters. Here, how- 
ever, he leaves us, and tells us that prudence prevents him from 


re- 
Oxygen=Si 02 re- 


Oxygen POS 


| saying more than that he has taken out patents for accomplish- 


ing it. This isthe sort of advertising inventions which I ob- 
jected to at the onset. I shall not pretend to go into Mr. Har- 
greaves’ calculations as to the profit likely to arise from the 
removal of phosphorus from the Cleveland ore. Neither are such 
notions new; but, as a practical man, I must confess that the 
chemist’s notions of removing phosphorus from small quantities 
of ore when they come tobe applied to the enormous quantities 
of perhaps 100,000 tons of ironstone a week, are, to my mind, 
simply preposterous, As to the sulphur in the coal, we have 
practically no great difficulties with it, and, as a proof, our pig 
iron contains no objectionable quantity. Still, 1 am ready to 
admit the less sulphur the better. Coal-washing is at the 
present day, particularly on the Continent, so well understood 
and carried out toa great state of perfection, that Mr. Har- 





greaves has failed to prove that he has added any valuable in- 
formation to the subject. As to the sand, surely Mr. Har- 
greaves is aware that it is a practice of very old standing to 
run the iron into iron mould (Lizer iron so called), and also in 
coke ashes from the very recognised reasons he mentions. As 
to the imaginary iron ore for moulding on with numercus im- 

sible conditions, Mr. Hargreaves has failed to point out where 
it is to be procured from. I can inform Mr. Hargreaves that 
the true reason the cheaper pig irons continue to be run in the 
generally cheap material sand, is the great competition and low 
prices of iron, which will not allow manufacturers to put an 
extra cost on their iron, for which consumers are not willing to 
indemnify them. This paper has come to greater length than 
I intended, and than is perhaps desirable; but, as a member of 
this institute and as a Cleveland man, I felt it a duty that 
something should be said on the subject. To Mr. Hargreaves 
himself, I have no personal feeling. 1 never saw that gentleman 
until our last meeting; but it is the schemes, and pretensions, 
and the manner he has brought them forward, to which I have 
taken exceptions, but which, I think, he has fairly challenged 
and on which I hope he will excuse mt for inviting further dis~ 
cussion. 

Mr. Hargreaves now asked to be allowed a word for the 
defence. He was requested by the secretary of the institution 
not to give a paper exclusively treating of his steel invention; 
but to give a paper on the metallurgy of iron. The result of 
this request was, that matters relating to his own invention 
were, in the paper he read before the last meeting, compara- 
tively little dwelt upon. Had a desire been expressed that he 
should give a paper on his process alone, he would then have 
stepped forward and done so, without entering on any matter 
foreign to that purpose. With respect, however, to some of the 
things he laid before them at their last meeting, his opinion was 
not altered yet; and as to the severe competition in the price of 
iron and so on, he did not see that it was any excuse at all so 
far as the producer of iron was concerned. He had a right to 
demand that his pig iron should be run into something else, 
which would prevent the iron from being lost. He had not 
heard all Mr. Gjers had said; but he would make the best he 
could of what he bad caught. With respect to the use of 
nitrates not being new, he would state that for more than 
eighteen months after he first mentioned the thing to Mr. 
Heaton, he was unaware that they had ever been previously 
used in the same manufacture. This, accordingly, did not 
detract in any respect from the claim he made, because, so far 
as he went, until he brought the process to its present condition, 
he was unaware of the facts stated by Mr. Gjers. If he was 
not the first he was at any rate a real inventor, and he candidly 
es this fact of having been preceded before the meeting, 

elieving that it was not right he should be called over the coals 
for stating what he knew to be a fuct, and admitting his own 
position in the matter. There had been one or two mutters 
discussed that evening with respect to practical iron make, and 
some of the members seemed extremely puzzled that Mr. Whit- 
well should take out nearly as great. weight of iron as he put 
in. They were astonished at what was a very simple fact. 
Suppose they had iron containing 3 per cent. of carton. ‘This 
came in contact with some free oxide of iron, which reduces it 
to a metallic state. There is no metallic iron contained in that 
state; but let them take from 40 parts of oxide of iron 12 parts 
of oxygen, and what did they get but 28 parts of iron? This acted 
as a reducing element, so that the comparative increase of puddled 
iron over the cast iron put into the furnace was perfectly easy 
to account for. It was a plain and simple fact whieh 
any chemist would easily understand. Several parties asked 
him at the last meeting if phosphorus was extracted when he 
was simply making refined metal. Phosphorus in such a case 
was not extracted. He distinctly stated that it was not to a 
great extent extracted from the refined iron; but there was such 
a thing in a as allotropism, which altered its con- 
dition, and thereby secured the extraction of the phosphorus 
with the greatest facility. Referring to the allegation that he 
depreciated the value of analysis, Mr. Hargreaves stated that, 
as a chemist, he knew the physical properties of iron were 
varied by its chemical composition ; but if be obtained a certain 
physical state, and was certain that by a particular process he 
could obtain that stat+, what was analysis to him except so far 
as the chemical composition of the metal influenced the physical 
properties of the iron? He had made very few analyses in this 
process—only such as were necessary to guide him in what he 
was doing. He had not at present the requisite facilities of 
carrying out proper analysis himself. He showed a piece of 
puddled iron produced from what was refined at the works of 
Head, Wrightson, and Company, South Stockton, at the last 
meeting of the engineers, which showed the state of phosphorus 
to be such as to leave the puddled iron without any trouble at 
all. In illustration of this theory he produced and handed 
round the room, in order that its suitable physical condition 
might be seen, a piece of iron, an analysis of which had been 
made for him by Mr. Stock, of Darlington. It was much more 
tenacious than the ordinary puddled iron, and, in fact, showed 
physically very few indications of phosphorus ; although chemical 
analysis proved that phosphorus did exist in it, it was a mere 
trace. The condition into which phosphorus was thrown was 
such, however, that on being presented to the tap cinder, it was 
removed with the greatest facility. He explained the action 
which took place in the converter, witnessed by the institution 
at its last meeting, as the action during which the change of 
state in the phosphorus occurred, and it was owing to this that 
the facility to which it was extracted from the metal in the 
puddling furnace was caused. Having described the states in 
which allotropism occurred, and the relative properties of phos- 
yhorus, Mr. Hargreaves went on to state that he had had 
rought before him several theoretical reasons why steel could 
not be produced from Cleveland iron. 

Mr. Gjers: By the nitrate process ? 

Mr. Hargreaves so understood it. This idea reminded him of 
the story of the French theorist; and when reminded that the 
facts were against him remarked, “So much the worse for the 
tacts.” He showed a piece of steel which, although rather 
mild, turned the edge of a piece of Sheffield steel used for 
punching iron, 

Mr. Jones: Is that cast steel? 

Mr. Hargreaves stated that it was cast steel produced at one 
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——jon; and with this practical fact before them, he thought 
Toni be no doubt as to what could be done by the Cleve- 
Jjand ores. In continuation of his remarks on his own process, 
Mr. Hargreaves stated that after the silicon re-action had 
taken place in the converter there was a white incandescent 
fame came up, produced by carbonic oxide. Mr. Gjers had 
sumed that it was converted into carbonic acid; but he ad- 
duced results to show that such was not the case. He went on 
to remark that he did not depend, however, on theoretical as- 
sertions; they saw the material before them produced by the 
use of 7 per cent. nitrate, and produced, too, under great dis- 
advantages. In the first place, he was working with small 
nantities. ‘The operation was performed in a ladle, where he 
could use only 1 cwt. at once, and where he could only get a 
depth of 3 or 4in., leaving no distance for the materials to rise 
to effect the conversion of cast iron into steel. He was dealing 
also with oxide of iron, containing about 6 per cent. of silica, 
which would reduce the available oxide to 76 percent. After 
a few further remarks on the same point, Mr. Hargreaves de- 
clared again that he was quite willing to stand by the results 
of his process ; and he had no objection to remarks made con- 
cerning it, whether favourable or the reverse. : : 

Mr. Crossley said Mr. Hargreaves had certainly shifted the 

ition he took at the last meeting with reference to the means 
by which he obtained his result. He then stated as a fact, 
that certain reactions took place. When he (Mr. C.) asked 
him if he had proved the fact he answered that he had not; and 
that he did not care for analysis. He further distinctly stated 
that the use of nitrate of soda was for the purpose of removing 
the phosphorus from the pig iron which coul be done in one 
operation. He now, however, introduced another condition 
chogether. He said now that he made use of allotropism, and 
then the phosphorus was more readily removed than after 
having gone through his previous operation. This was the 
introduction of another assertion totally unsupported by facts. 
How could he prove, or had he ever proved, that the phosphorus 
in iron was made to assume another shape, and yet he stated 
it as a positive fact that such was the case. He wished to 
know on what ground Mr. Hargreaves made that statement. 
Phosphorus could assume three different forms. Jt was ordinary 
hosphorus at a certain temperature ; when raised 300 degrees it 

came a red phosphorus, and when raised 500 degrees it 
suddenly returned to its original form. How, he could not con- 
ceive, supposing phosphorus was free in the iron, of its retain- 
ing the amorphous condition in a puddling furnace, at a 
temperature like that stated. And he could not conceive how 
it assumed allotropism when it was already combined with cast 
iron, The idea was not only far-fetched, but made on the same 
unsupported ground as many of the statements made by Mr. 
Hargreaves at the last meeting. Six years ago, he (Mr. C.) 
tried to experiment with nitrate of soda; but, failed to remove 
phosphorus from pig iron direct. He took exception to some 
more of Mr. Hargreaves’ statements, and called in question his 
ability to remove phosphorus by oxygen, when Mr. Bessemer 
failed to do so with the same means at his command. — k 

Mr. Whitwell was sorry to interrupt the discussion; but it 
was only fair to state that Mr. Hargreaves did not come for- 
ward to make known his inventions, or to puff them, but by the 
special request of the Cleveland Institution of Engineers; and 
he considered it rather uncourteous that, both at the last meet- 
ing and the present, there should be such a dead set made 
against him. ; F 

Mr. Hargreaves was much obliged to Mr. Whitwell for back- 
ing him out in the present case. What he wanted was simply 
to get at the fact they saw demonstrated in the piece of steel he 
had handed round. As to how the iron was forged, he simply 
sent it to a blacksmith’s shop, where it was made into a horse- 
shoe, and the blacksmith declared that he never worked a better 
piece of metal in his life. . . 

Mr. Whitwell showed a piece of iron which had been repiled 
and rolled out of puddled bar, made at the Thornaby Ironworks. 
The same piece had been sent to Mr. Stock, of Darlington, to 
analyse, and showed plainly that whatever phosphorus there 
might bein Cleveland pig, it had been in this peocess so far 
removed that there was only 0.0032 per cent. in the bar. The 
question then arose, where did the phosphorus go to? And the 
cast steel contained 0.129 per cent. a 

Mr. Jones contended that the phosphorus was taken out in 
the puddling. If iron was well puddled they would practically 
remove every trace of phosphorus in one process. 

Mr. Gjers, referring to the remarks that had fallen from Mr. 
Whitwell, declared that if any gentleman brought out asser- 
tions for facts, they were quite justified in challenging their 
assertions without being considered ungentlemanly ; and unless 
they did so, their discussions would be nowhere. Mr. Har- 
greaves said he brought them facts when he only brought them 
a piece of puddled bar. Did he mean to say that they coulda 
= from grey pig produce as good a sample as he had shown 
them ? 

Mr. Hargreaves : . never seen as good a sample from 
Cleveland pig alone. 

Mr. Gjers contended that. piece quite as good in appearance 
could be made from grey pig. Mr. Hargreaves declared that 
he could make steel by one process. He had never done it yet, 
and never would do it. He would never be able to run a fluid 
ingot from his ladle, and had not been able to prove that he did 
80, The steel he showed was made first by puddling and then 
by remelting in a crucible. But this was not the process he 
took his stand upon. 

Mr. Crossley, referring to the part taken by him at the last 
meeting, said he had simply asked his questions for the sake of 
eliciting information. Mr. Hargreaves declared that certain re- 
actions tcok place, that phosphorus was removed in combination 
with soda and silicon, and other statements of the kind. He 
(Mr. C.) said that for the removal of phosphorus alone, a certain 
quantity of nitrate of soda would be required. Mr. Hargreaves 
told them that he had made a mistake of a decimal point, but 
he did not make this clear. Mr. Gjers demonstrated that it they 
used nitrate of soda to remove it, it would require 658 lb. of 
nitrate of soda to accomplish it. But Mr. Hargreaves reduced 
this to 444 1b., and then said he didn’t care for theory. 

Mr. Hargreaves: That steel was not produced by puddling, 
but at one operation. 





Mr. Jones: Did it run in a fluid state? 

Mr. Hargreaves answered in the affirmative. 

Mr. Jones: Then it would be subsequently tilted down ? 

Mr. Hargreaves replied that it was too cold forthat. It was 
formed iu a cinder truck, and was rather in a curdy condition 
than solid. It was, however, simply a question of raising the 
temperature 100° to 200°, so that it might be got into a pro- 
perly fluid state. The iron was melted and run into the vessel 
where conversion took place, and from thence it was put into a 


ie. 

Mr. Williams: Did you remelt it? 

Mr. Hargreaves: I did; but could remelting in a crucible 
be called a second operation, so far as chemical reactions were 
concerned? He went on to state that he found in the course of 
experimentation, that the phosphorus in the first refining was 
slightly removed, but it was not touched until the great bulk 
of the silicon was taken out. In this process the silicon only, 
and scarcely any carbon, was removed, and, in consequence, 
nothing came to the top of the metal except nitrogen. There 
was another action which showed the powerful affinity of silicon 
and oxygen. At the beginning a black smoke came off, which 
was the production of the reduction of carbonic oxide from the 
bottom of the vessel, where it first came in contact with the 
silicon in the iron at a higher stratum. It seemed to remove 
the silicon, and then leave hold of the carbon. ‘This carbon is 
sent up in the form of black smoke. The extraction of the 
carbon was thus made greater than was shown ‘by the theory, 
because a great portion of the carbon was removed as carbon 
and not as carbonic oxide. 

Mr. Jones asked Mr. Hargreaves if he could raise sufficient 
heat to keep the steel in sufficiently fluid state when it was only 
3 per cent. Bessemer failed with 3} per cent., and he did not 
see how Mr. Hargreaves could succeed. He was dealing with a 
lesser percentage of carbon, his process was imperfect, and 
7 he was going to accomplish that wherein Bessemer had 
ailed. 

Mr. Gjers wanted to have aclear understanding about the 
cast steel. Mr. Hargreaves had told them it was done on New- 
port plate, melted in a cupola, and poured into a converter. 

Mr. Hargreaves said the melting was done in a puddling fur- 
nace, the steel was poured into a bopie from the converter. 
Owing, however, to the small quantity operated with, and to the 
proportionally great radiation of heat, it did not run perfectly 
solid. 1t was re-fused in the crucible, and then poured out into 
an ingot mould, and treated in the usual way. It never went 
into a puddling furnace after going through.the converter. 

Mr. Jones: Then it has been hammered or drawn down after 
it went into the crucible? 

Mr. Hargreaves said this was the case. After making a few 
remarks in corroboration of his previous explanations, he went 
on to remark that Mr. Bessemer had no free base to combine 
with phosphorus. In a private conversation between himself 
and Mr. Crossley, the latter stated that it was impossible to re- 
move the phosphorus by the use of bases. He then asserted 
that phosphorus was removed from the iron by bases, and by 
bases only. 

Mr. Gjers called attention toa passage in Mr. Hargreaves’ 
former remarks, as reported in the Darlington and Stockton 
Times, in which reference was made by him to the use of a 
puddling furnace. 

Mr. Hargreaves thought he had sufficiently explained that 
matter. The puddling furnace was merely used to melt the 
iron before the operation. 

Mr. Gjers contended that Mr. Hargreaves could not in a ladle 
keep his stuff fluid, and this was where his stumblingblock 
would be. He had not yet given them a straightforward 
answer to the question, whether he had actually run ingot from 
his process. 

Mr. Hargreaves adduced figures to prove the relative propor- 
tions of nitrogen and oxygen contained in the process he had 
described. 

Mr. J. Stevenson said he had found that Mr. Heaton was not 
able to make an ingot of steel direct, and had now abandoned 
this scheme altogether. He described part of Mr. Heaton’s 
process, and went on to remark that after all the many reflec- 
tions that had been cast upon him, Mr. Hargreaves was entitled 
to some credit for introducing the system of casting pig iron 
from the furnace in something other than common sand. The 
process was perfectly practicable; and they had found no diffi- 
culty in casting the pigs in a mixture of calcined ironstone and 
ashes. Their only discouragement in carrying out the practice 
was, that it was not appreciated by manufacturers of iron. 
They had sent samples of what they might call patent pig to 
several bar iron manufacturers, and they found very few of 
them willing to give anything towards the extra cost incurred 
in making it in the way he referred to. ‘The firm they had 
found to —— this kind of iron most was Fox, Head and 
Co., and if Mr. Jones made some statement relative to the 
working of the material it might interest gentlemen present. 

Mr. Jones: We simply make a better yield, and get through 
with our work 4 little quicker. 

Mr. Williams would feel glad if Mr. Hargreaves would kindly 
answer the question whether there was ever an ingot of steel 
run out direct from the converter of any size whatever? 

Mr. Hargreaves: I have not done that yet; but simply on 
account of defective apparatus and low temperature of melted 
iron. 

Mr. Crossley said he had heard the other day that Mr. Besse- 
mer bad carried one of his operations so far that he had oxi- 
dised the greater part of the iron away, and could not remove 
the phosphorus after all. 

The Chairman, in closing the discussion, remarked that 
several gentlemen present were now making experiments 
in the manufacture of steel, and their mouths being thus 
closed, they did not give their real — on the subject. 
They were all driving at poor Mr. Hargreaves, which was 
hardly fair, as be could not get much out of them. He hoped 


that by the end of six months, when they opened the next 
session, that seal would be taken off their lips, and that they 
would thus be enabled to discuss the matter with more free- 
dom. 

After a vote of thanks had been proposed to Mr. Gjers, whieh 
was seconded by Mr. Hargreaves, the meeting closed. 








EXPANSION GEAR FOR MARINE ENGINES, 
To THE Epiror or ENGINEERING. 


Srr,—In your notice of the “ Expansion Gear for Marine 
Engines,” page 269, Ene1ngERtNnG, March 20, you remark 
that it has the disadvantage of diminishing the stroke of the 
expansion valve when cutting off early, and also diminishes 
the area for admission of steam. These remarks do not tally 
with the other part of the description, viz., the gear is repre- 
sented at its maximum stroke or earliest cut-off of valve. 
From this, I think, you have misunderstood the method I 
adopt of setting the gear. The above remarks apply only to 
gear in which the eccentric travels with the crank, or the ec- 
centric is at the extremity of its stroke, when the crank is on 
its centres. This is very frequently adopted for setting ex- 

ansion gear, but it is wrong for a variable expansion, as it 

as the disadvantages you mention, and it renders the varia- 
tion of the grades very limited. I, myself,in several instances 
have abieet gear set on this plan, and in each case with 
beneficial results. The method I have adopted is to place the 
eccentric at right angles to the crank; the ports have always 
the same area through when the engines are on the centres ; 
and as the stroke of the valve is diminished, the gear cuts off 
later. Gear set on this principle, if well proportioned, will 
cut off from ;'; to 4 stroke with good results, and I, myself, 
have taken excellent diagrams from such setting. 

Yours truly, 
Southampton, March 30, 1868. J. WHITEHOUSE. 


| We must apologise to our correspondent for the delay 
which has occurred in the publication of his letter, the latter 
having been accidentally mislaid.—Ep. E.] 








THE FLOW OF SOLIDS. 


More than two years ago (vide page 167 of our first 
volume) we gave an account of the interesting experiments 
made by M. Tresca, the well-known secretary of the Con- 
servatoire des Arts et Métiers, on what has been termed the 
“flow of solids.” ‘This account was, we believe, the first 
notice of these important experiments which appeared in this 
country, but since the time that it appeared the attention of 
engineers has been again directed to them by the paper read 
by M. Tresca before the Institution of Mechanical Engineers 
on the occasion of their Paris meeting last year. We pub- 
lished M. Tresca’s paper in extenso in our number for June 
7th last, page 597, and we now reproduce from the transac- 
tions of the Institution the various diagrams illustrating M. 
Tresca’s experiments. Whilst we must refer to the paper 


just mentioned for a detailed account of M. Tresca’s interest- 


ing investigations, we may give here a short description of 
the illustrations now published. 

The experiments were carried out by subjecting blocks, or 
layers of blocks, of lead to pressure, and Fig. 1 shows the 
apparatus employed. In this A is a cast-iron cylinder 3.94 in. 
diameter, closed at the lower end by a cover, B, securely 
bolted to the corresponding flange. A the cover is drilled a 
round hole 1.97in. diameter, and the shoulder left in the 
interior of the cylinder supports the movable die, C, contain- 
ing the central orifice, which is to serve for the jet. The 
block of lead to be acted upon being placed in the cylinder 
at D, is covered with the steel piston, KE ; and the whole being 
placed in a hydraulic press, and a sufficiently powerful pres- 
sure exerted on the head of the piston, E, a cylindrical jet of 
metal, J, is forced to flow through the hole in the die, C. In 
Figs. 2, 3, and 4 are shown the arrangements for producing 
a lateral flow. 

In most of the experiments the block of lead operated upon 
consisted of a series of superposed plates or discs of uniform 
thickness ; and this duel ta means of determining the 
change of form and exact displacement of each of the in- 
dividual layers in the entire mass, by making a longitudinal 
section of the resulting jet at the completion of the experi- 
ment. In Figs. 5 and 6 are shown longitudinal and trans- 
verse sections, two-thirds full size, of the cylindrical jet pro- 
duced from ten dises of lead, each 0.12in. thick and 3.94 in. 
diameter, forced to flow through a concentric circular orifice 
of 1.18 in. diameter in the die,C. The uppermost dotted line, 
DD, indicates the original height of the block of lead, and 
the pressure has been continued in this instance until the jet 
of 1.18in. diameter has attained a length of 7.87 in. 

Fig. 7 shows the hollow jet produced from four dises of 
lead flowing through a concentric circular orifice, and form- 
ing a contracted vein, and Fig. 8 is a similar jet produced 
from two dises of lead. Fig. 9 is the plan of a die contain- 
ing two circular orifices of different sizes, through which six 
dises of lead were caused to flow, Figs. 10 to 15 being cor- 
responding transverse sections of the jets produced, taken 
near the orifices, at an intermediate distance, and near the 
extremities of the jets respectively. Fig. 16 is a vertical 
section and Fig. 17 a plan of the jet produced by the lateral 
flow of nineteen dises of lead through a square orifice, an 
elevation of the orifice being given in Fig. 18. Figs. 19, 20, 
21, and 22 are transverse sections of a compound lateral jet 
produced from a portion of the cylindrical jet shown in Fig. 5. 
Of these sections that shown in lig. 19 is the furthest from, 
and that shown in Fig. 22 the nearest to, the orifice, whilst 
Fig. 23 is a vertical section of the block after the production 
of the jet. Fig. 24 shows the effect of compressing twenty 
dises of lead not confined in a die; whilst the ‘effect produced 
by the compression of a cylinder formed of twelve concentric 
rings of lead, also not confined, is represented by Figs. 25 and 
26, the former being a section of the cylinder before and the 
latter after, compression. Figs. 27, 28, and 29 show the 
action produced by punching blocks formed of superimposed 
plates of lead. 

The remaining figures refer to forgings in iron, and were 
prepared as follows :—Each piece of iron having been care- 
fully planed and faced was dry-polished with the finest emery 
powder on the surface of the section to be prepared ; in some 
cases it was washed with ether, to clean it from grease. It 
was then dipped in the solution of bichloride of mercury until 
the first traces of chemical action appeared, and being after- 
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wards dipped in a bath of pure water, the surface became | 


gradually covered with coloured and regular marks, which 
when the first immersion had not lasted too long showed a 
succession of separate and well defined lines. Drying and 
varnishing completed the operation, and the marks thus pre- 
served could then be photographed in the most characteristic 
eases. Fig. 30 is the longitudinal section of a jet produced 
from two dises of iron forced t+: flow at a red heat through a 
concentric circular orifice, and Fig, 31 is a section of a rivet. 
In Fig. 32 is represented the section of an armour plate bolt 
having a screw thread forged on it between dies; whilst 
Fig. 383 shows the effect produced on the fibres of a 
forged shaft by jumping it up in the centre and forging 
it to different dimensions. Th 

Figs. 34 and 35, is a small wrought-iron wheel nave, 
forged complete in dies at one operation, at the works 
of Messrs. Arbel, in the same manner as in makin 

the wrought-iron naves for railway wheels. It was stampe 
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e next specimen shown by | 
| it is seen that the several lines of particles do not on that ac- 
| count become disconnected from one another at any point. 
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by a steam hammer carrying the upper die, and was made 
out of a piece sawn off from a bar of rolled iron of common 

uality, the diameter of the original piece being indicated by 
the dotted circle in Fig. 34. The nave was then sawn in two, 
parallel to the face; and one of the sections was again cut 
across the diameter, B C, as shown in perspective in Fig. 35, 
the letters, A B C, representing the corresponding parts in 
the two sections, Figs. 34 and 35. The nave is made five- 
sided, with five slots into which the spokes of the wheel are 
afterwards welded; and the original block has therefore to be 
reduced in height and spread out laterally into the new form. 
The sections show that these changes take place simultane- 
ously and in regular order throughout the entire mass, in- 
creasing gradually in extent towards the circumference ; but 


This specimen shows the superiority of forging with dies, and 
of ensuring the pressure reaching the heart of the work. 
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Nort StaFrrorpsutRe.—In each department of the North 
Staffordshire iron trade an improvement has taken place, 
fuller time being worked at most of the mills and — At 
Ravensdale the ironworkers, and at Norton the colliers, are 
still out, their wages dispute being still unsettled. ’ 

Frencu Rartways.—The great French railway companies 
raise capital by obligations to the tune of about 12,000,000. 

r annum, at least, they have done so for some time t. 

ut, by virtue of new conventions just concluded, they have 
to undertake some other sections, and they will probably 
have to raise 16,000,000/. this year. In the present state of 
industry and commerce in France, it appears to be consid: 
desirable that railway works should be pushed forward at all 
points with activity. By the side of the six great companies 
we may mention others which are already formed, or are in 
course of formation, such as the Charentes, the Sedan, and 
Vesoul, &c. These minor companies will probably issue 
shares and obligations to the extent of about 6,000,000/. 
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Ws give, above, illustrations of the apparatus for daily 
removal of fecal matter, &c., out of privy closets, built after 
the designs of Captain Liernur, at the machine factory of De 
Bruyn, Kops, and Backer, of Breda, Holland, in execution of 
an order received from Italy. In our impression of Nov. 2, 
1866, the principal features of this new system were already 
so clearly described, that a very’short account will doubtless 
now be suflicient. 

The engraving of the air-pump engine and tender is 
copied from a photograph taken on the spot where they 
were being operated. e steam engine, driving the air- 
pump, is of 6 horse power, and has a cylinder of 6} in. 
diameter by 10 in. stroke, while the air-pump has 10 in. bore 
and 10in. stroke. The steam and air-pump cylinders are 
laid in a line on top of the boiler, which is of the ordinary 
locomotive class, and their respective pistons are fastened on 
thesame rod. The packing of the air-pump piston is made 
of hard wood, the bearing surfaces being endways, and well 
rubbed with graphite and tallow. The steam cylinder is 
enclosed in the steam dome. 

The piston rod carries, between the cylinder and air pump, 

a crosshead, from which two light connecting rods work a 
crank axle lying behind the steam dome. This axle is fur- 
nished with two fly-wheels and an eccentric for working the 
slide valves of the steam cylinder. 
_ To deaden the noise of the exhaust, so as not to awaken the 
inhabitants by the work carried on in the streets during the 
night, the steam escapes into two annular cases fitting round 
the boiler, and is consequently discharged through the 
chimney in a continuous stream as from a blowpipe. The 
boiler is fed by an injector from a small tank hung below it, 
and — water sufficient for one hour’s steady work. 

The tender has a capacity of 60 ft., 55 of which are for re- 
celving a twenty-four hours’ supply of fecal matter from 
about 1600 inhabitants, while the remaining 6 ft. are par- 
titioned off for fresh water to feed the boiler, which the tender is 
to bring along when returning empty from the place where 
the manure is decanted or deposited, to the spot on the streets 
where the pneumatic locomotive happens to be at work. A 
3in. hose connects the air-pump with the dome of the tender, 
and another one connects the latter with the subterranean 
Teservoir, into which the street main pipes discharge. These 
are connected with the privies of all surrounding dwellings 
by means of branch pipes which, like the mains, are good 
substantial 5 in. iron socket tubes. 

Before shipping this apparatus to Italy, Captain Liernur 
made a public trial of his whole system, to which he invited 
the municipal authorities, with their engineers and pro- 
fessional advisers of the various Dutch cities and towns, who 
Just now are treating with him regarding the introduction of 
pneumatic sewerage, and who were anxious for some such 


ocular demonstration before coming to a final decision. This pea 


Public trial took place at Breda, on the 4th of March, for 
which occasion an iron reservoir was placed underground in 
the yard of Messrs. De Bruyn, Kops, and Backer’s factory, 
and connected with the privies of that establishment, and of a 
‘ew houses standing near it. 
From a friendly source and eye-witness we obtain the fol- 
‘wing account of this trial : The whole apparatus was ar- 


ranged as intended for practical workin i d 

“ee g, engine and tender 

rr ing placed over the reservoir, as shown m4 the drawing. 

the Can those invited there came, from the Hague, the mayor, 
mmussion for Public Works, with their secretary and en- 
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ineer, several members of the City Council, and the presi 
dent of the Board of Trade. There were similar delegates 
from Amsterdam, Dortrecht, Delft, and other large Dutch 
towns, besides two members of the special engineering com- 
mission charged with reporting upon the Hague sewerage 
plan, the medical inspectors of the Board of Health of 
various provinces, and a number of engineers, agriculturists, 
and other interested parties. 

After the various fixtures had been duly examined, and not 
a little admired for their really highly finished workmanship, 
the trial begun by allowing an inspection of the tender and 
reservoir to show that they really were quite empty. The 
hoses were then put on, the air-pump set in motion, and the 
whole performance gone through with proper intervals to 
give an opportunity for watching the progress. Man 
questions, of course, were asked, which, however, were a 
answered in the most satisfactory manner by Captain 
Liernur and Mr. P. Maas Geesteranus, civil engineer, repre- 
senting the captain in the Netherlands. 

The whole experiment gave universal satisfaction, the 
——~ and thorough manner in which the desired result was 
obtained causing considerable astonishment amongst the non- 
professional spectators. The leading facts established, and by 
which the success of the trial may be measured, are summed 
up in two main items, namely : 

1. The pneumatic engine proved itself capable of re- 
ducing the pressure within the tender and street reservoir 
to a vacuum of 27 in. mercury in about 20 seconds. 

2. With this vacuum about fifty privies may be thoroughly 
cleaned in the course of a few minutes, and their contents 
be forced into a hermetically closed wagon without annoying 
the inhabitants in the least, either by smoke, smell, or noise. 

Two other scarcely inferior points were established, namely, 
that the pneumatic governor, invented by Captain Liernur, 
perfectly regulates the motion of the air pump, opening the 
steam valve in proportion as the vacuum Cogmnees more 

rfect, and closing it instantaneously when, by the air rush- 
ing through the street pipes into the tenéer, the load on the 
air-pump piston is suddenly relieved, so that the engine does 
not start off on a gallop, but keeps working at an uniform 
rate. The other point is that, as predicted, feces, urine, and 
paper are, through the violent treatment experienced, 
thoroughly worked and beaten up, so as to lose altogether 
their original distinct character, having become a very thin 
mixture of uniform consistency without any lumps, &c., 
which may be poured through a quill with an even steady 
stream, a peculiarity very essential for the particular mode of 
directly mixing the manure with the soil, as required by the 
agricultural part of Captain Liernur’s system. 

All these peculiarities were carefully noted by the profes- 
sional and scientific gentlemen present, and elicited their re- 

tedly and warmly expressed approbation. The trial 
finished, the company collected in the manufacturer’s office 
for taking some s ight refreshments, when the Mayor of the 
Hague, lifting up his voice and glass, in a very handsome 
speech, conguateiated Captain Liernur on his signal and most 
decisive success, expressing in the name of present his 
satisfaction with, and thanking Captain Liernur for what 
had thus been exhibited, encouraging him to persevere in his 
useful professional career, and predicting that, without fail, 
he would earn the name of a benefactor of his native country 
by promoting public health, agriculture, and general welfare 
in the Netherlands to a degree hitherto unknown. 








ANEMOMETERS. 
To Tax Eprror or ENGINEERING, 

Srr,—I have lately invented a small anemometer upon 
quite a new principle. One of these has been in daily use by 
a gentlemen in Dorset-square, and he informs me that the 
greatest pressure of the wind during the gale of Ist of 
Feburary last was, according to my instrument, 21 Ib. per 
square foot ; whilst 35 lb. was the pressure reported at the 
Royal Observatory, and that, at other times, the differences 
were equally startling. 

I am quite satisfied that these differences are not entirely 
owing to the difference of locality, but that they are caused 
by some great faults in one or both of the instruments. 

The question being of importance, I beg to submit a few 
remarks, hoping that they will cause a discussion. If instead 
of the stern of a ship being sloped off, it were formed square, 
like the end of a box, a vacuum would be caused by eddies, 
the effect of which would be, that the ship would be drawn 
back ; and let the force of this suction be called x. If this 
ship were at anchor, the anchor would have to hold against 
the force of the tide + 2. 

The pressure plate of the Greenwich anemometer is a flat 
plate, Hehind which eddies form and draw hack the plate ; 
and let the force of this suction be calledy. Now the 
pull upon the pencil of the anemometer is the force of the 
wind against the face of the pressure plate+y. There- 
fore, as I have no means, in the present case, of getting at 
the exact value of y, I assume that 35 lb.—y=21 if. was the 
true pressure of the wind as shown by my instrument. 

I have tried some experiments which lead me to think 
that the effect of the suction behind the pressure plate is 
much greater than would at first be suppose 

Probably some of your correspondents would be so 
obliging as to throw some light upon this subject. 


I am, Sir, 
Your obedient Servant, 
Pulham House, New Bromley, Kent. 8. B. 1 


[It is quite possible that the difference in the indications of 
the two instruments referred to may have been partially due to 
the frictional resistances of that showing the lower pressure. 
Cannot 8. B. H. favour us with some further particulars of 
his anemometer ?—Ep. E.] 








Noruine New.—The American Society of Engineers have 
in their possession a curious treatise on engineering, published 
in Italy, in 1685, with numerous illustrations ; amongst these 
may be noted specially, many forms of coffer-dams and crib 
work, diving bells, diving dresses, torpedoes, and the Parrott 
gun. There is no mistake about this latter; it is there, 
strengthened, reinforced, and all. 

Screntivic InsTRUCTION FOR THE ARTISAN CLAssEs.—On 
Tuesday morning, last week, was published the copy. of a 
minute, agreed upon in December last, by the Lords of the 
Committee of Council on Education, relating to scientific 
instruction, and an explanatory memorandum is attuched. 
The determination of the committee, as expressed in this 
minute, is to assist those of the artisan classes who may show 
any aptitude for scientific instruction, by aiding local efforts 
to found scholarships and exhibitions, the former being 
intended to maintain the students while remaining at the 
elementary schools, and the latter to support them while 
pursuing their studies at some central institution where the 
instruction is of a higher grade. 
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ON THE ADHESION OF LEATHER BELTS 
TO CAST-IRON PULLEYS. 
From the Journal of the Franklin Institute. 
By Hevrx. R. Towne. 


Tx following experiments, undertaken at the instance of 
Mr. Robert Briggs, had for their object to determine, in a satis- 
faetory and conclusive manner, the trne value of the co-efficient 
of friction of leather belts on cast-iron pulleys. This result has, 
it is been attained, and in the January number of this 
o/ Mr. Briggs has discussed at length the theory of the 
action of belts, and has also given practical formula, in which 
the co-efficient of the friction employed is that deduced from 
these experiments, which latter have been. made with great care, 
and may, it is believed, be as reliable. In order, how- 
ever, that all interested may judge for themselves of the correct- 
ness of the deductions made from them, we present herewith a 
complete tabular record of the experiments, which will also 
repay examination as exhibiting several interesting and instruc- 
tive facts connected with the efliciency of leather belts. 

The experiments were made with leather belts of 3 and 6 in. 
width, and of the usual thickness—about /;ths ofan inch. The 
pulleys used were respectively of 12, 23, and 41 in. diameter, 
and were in each case fast upon their shafts. They were the 
ordinary cast-iron pulleys, turned on the face, and, having 
already been in use for some years, were fair representatives of 
the pulleys usually found in practice. 

Experiments were made first with a perfectly new belt, then 
with one partially used and in the best working condition, and, 
finally, with an old one, one which had been so long in use as 
to have deteriorated considerably, although not yet entirely worn 
out. The adhesion of the belts to the, pulleys was not in any 
way influenced by the use of unguentsor by wetting them; the 
new ones when used were just in thecondition ia which they were 
purchased—the others in the usual working condition of belts 
as found in machine shops and factories—that is, they had been 
well greased, and were soft and pliable. 

The manner in which the experiments were made was as 
follows: The belt being suspended over the pulley, in the middle 
of its length, weights were attached to one side of the belt, and 
increased until the latter slipped freely over the pulley ; the final, 
or slipping weight, was then recorded. Next, 5)b. were sus- 
pended on each side of the belt, and the additional weight re- 
quired upon one side to- produce slipping ascertained as before, 
and recorded. This operation was repeated with 10, 20, 30, 40, 
and 50 Ib. suecessively, suspended upon both sides of the belt. 
In the Tables these weights, plus balf the total weight of the 
belt, are given as the “ equalising weights” (1', in the tormuls), 
and the additional weight required upon one side to produce 
slipping, is given under the head of “ unbalanced weights ;” 
this latter, plus the equalising weight, gives the total tension on 
the loaded side of the belt (T, in the formula). 

The belt, in slipping over the pulley, moved at the rate of about 
200 ft. per minute, and with a constant, rather than increasing, 
velocity ; or, in other words, the final weight was such as to 
cause the belt to slip smoothly over the puliey, but not sufficient 
to entirely overcome the friction tending to keep the belt ir a state 
of rest. In this case (i.e, with an excessive weight) the velocity 
of the belt would have approximated to that of a falling body, 
while in the experiments its velocity was much slower, and was 
nearly constant, the friction acting precisely as a brake, By 
being careful that the final weight was such as to produce about 
the same velocity of the slipping belt in all of the experiments, 
reliable results were obtained. 

It became necessary to make use of a weight such as would 
produce the positive motion of the belt described above, as it 
was found impossible to obtain any uniformity in the results 
when the attempt was made to ascertain the minimum weight 
which would cause the belt to slip. With much smaller weights 
some slipping took place, but it was almost inappreciable, and 
could = be notieed after the weight had hung for some minutes, 
and was due very probably to the imperceptible jarring of the 
building. After essaying for some time to conduct the experi- 
ments in this way, and obtaining only conflicting and unsatis- 
factory results, the attempt was abandoned, and the experi- 
ments made as first described. 

In this way, as may be seen, results were obtained which 
compare together very favourably, and which contain only such 
discrepancies as will always be manifest in experiments of the 
kind. It is only by making a great number of trials and 
averaging their results, that reliab!e data can be obtained. 

The value of the co-efficient of friction which we deduce from 
our experiments, is the mean of no less than one hundred and 
sixty-eight distinct trials. 

It will be noticed, however, that the co-efficient employed in 
the formule is but six-tenths of the full value of that deduced 
from the experiments, the latter being 0.5853 and the former 
0.4229. This reduction was made, after careful consideration, 
to compensate for the excess of weight employed in the experi- 
ments over that which would just produce slipping of the belt, 
and may be regarded as safe and reliable in practice. 

A note is made, over the record of each trial, as to the con- 
dition of the weather at the time of making it—whether dry, 
damp, or wet—and it will be noticed that the adhesion of the 
belts to the pulleys was much affected by the amount of mois- 
ture in the atmosphere. It is to be regretted that this contin- 
gency was not provided for, and a careful record of the condi- 
tion of the atmosphere kept by means of an hygrometer. The 
experiments indicate clearly, however, that the adbesion of the 
old and the partially-used belts was much increased in damp 
weather, and that they were then in their maximum state of 
efficiency. With the new belts the indications are not so posi- 
tive; but their efficiency seems to have been greatest when the 
atmosphere was in a dry condition. 

Experiments were also made upon the tensile strength of belts, 
with the following results: The weakest parts of an ordinary belt 
are the ends through which the lacing noles are punched, and 
the belt is usually weaker here than the lacing itself. The next 
weakest points are the splices of the several pieces of leather 
which compose the belt, and which are here perforated by the 
holes for the ee rivets. The strength of the new and the 
partially-used belts were found to be almost identical. The 
average of the trials is as follows: 





3 in. belts broke through the lace holes with 629 Ib. 
rivet - 1146 ,, 
‘ ms * solid part’ ... 2025 ,, 
These give as the strength per inch of width : 
When the ruptare is through the lace holes 210 Ib. 
rivet 382 ,, 
” ” ” ” solid 675 ” 
The thickness being ys in. (=.219), we have, as the tensile 
strength of the leather, 3086 lb. per square inch. 


” ” ” 


” ” ” ” 


From the above we see that 200 1b. 
ultimate resistance to tearing that we 
belts, 

The experiments herein described are strikingly i 
of those already on record, and this. gives ~=- ber sammmcag 
of their reliability, and, although is nothing novel either in 
them or in their results, it is: — that they will prove of 
interest, and that an examination of them will lead to confidence 
in the formuls which are based upon them. 


per inch of width is the 
can expect from ordinary 
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PUBLIC COMPETITION. 
To THE Eprror oF ENGINEERING. 

S1r,—The subject of competitions in our profession is one 
of so great importance, and has latterly evinced such an in- 
creasing tendency, that I am of opinion that a little ventila- 
tion of the question in your columns may be of some service. 
There can be no doubt that the system of throwing open 
designs for public works for competition to the whole protes- 
sion offers considerable encouragement to civil engineers, 
especially the younger members, and will probably have the 
ultimate effect of destroying the monopoly which has too 
long existed among certain engineering cliques; but, at the 
same time, it is A observed that these competitions, unless 
conducted on the most perfectly considered principles, may 
be productive of more harm than good. Permit me to quote 
a few recent instances in which the abuses as well as the 
advantages of the system are palpably illustrated. 

The good folks of Jersey want a harbour, and they have 
offered iberal premiums to competitors, which might have 
procured for them very satisfactory results, but for the com- 
mission of two very flagrant blunders in their programme. 
Finding that the premiums they offered had apparently no 
effect in attracting the attention of the “big guns” of the 
profession, the Harbours Committee adopted the very unwise 
course of retaining the services of four eminent engineers to 
report upon their harbour for a certain fixed honorarium. 
This probably frightened outsiders out of the competition, 
and the result was that but a comparatively small number 
of designs was submitted. The second mistake the com- 
mittee made was to allow competitors to affix their names to 
their plans; and the authorship of each design being thus 
divulged, an award perfectly free from all suspicion of par- 
tiality became impossible, and the committee, indeed, put it 
out of their own power to consider the various plans, un- 
biassed by any consideration as to from whom they origi- 

nated. The Jersey people were, no doubt, animated with an 
honest desire to deal fairly and justly with all competitors, were 
liberal in their premiums, and provided an admirable plan for all 
who chose to apply for it, and it is much to be deplored that 
they should have committed two such mistakes as I have de- 
scribed, and’which have had so unsatisfactory an effect. The 
committee are now, in fact, fairly bothered to know what to do 
with their thirty-seven plans, and, without seeking profes- 
sional advice, I do not see how they are to decide upon which 
to choose—not that the plans they have before them are by 
any means an embarras de richesses; on the contrary, the 
majority of the designs are absolute rubbish—but because, 
knowing from whom all the plans come, and having com- 
mitted themselves to pay heavy fees for at least one plan, 
which is palpably worthless, they are afraid to take any 
further steps which may involve them in throwing away more 
money on useless projects. So much for Jersey. The late 
competition at Manchester appears to me to have been con- 
ducted on admirable principles. Here very liberal pre- 
miums were offered to some dozen of the competitors, the 
successful ones to compete afresh after the award for the 
honour of carrying out the scheme. Nothing could be better 
than this, and the employment of unprejudiced and compe- 
tent architects to arbitrate on the various designs left 
nothing to be desired, and the result is altogether gratifying. 








A third case in point is the late competition for the Seacombe 
and Egremont Ferries. In this instance fair premiums were 
offered for landing stages, but the Wallasey local board were 
unwise enough to insist on — specifications being 
sent with the plans, and they supplied miserably insufficient 
lithographs of the site of the proposed works at the moderate 
charge of ten shillings each. But worst of all, they insisted 
on every plan being drawn to such an immoderate scale that 
no drawing could have been loss than about 40 ft. in area! 
It is needless to speculate upon how many engineers may not 
have been deterred from competing by these preposterous 
regulations. At Greenock we have a more favourable 
example. Here the Harbour Trustees wish to lay out a 
valuable estate for docks and harbours, and they have offered 
premiums amounting to 400. for the two best designs. All 
they require is a general plan of the proposed improvements, 
and an approximate estimate of their cost. For this purpose 
they furnish an admirable lithograph of the site drawn to a 
moderate scale, on which the designs may be laid down with 
very little manual labour, and they supply copious informa- 
tion as to their requirements. The result has been that up- 
wards of 200 competitors have sent in plans. The chances 
now are that the trustees will have numerous valuable ideas 
presented to them, and though they may have some difficulty 
in making their award, they will in any case get their money’s 
worth, and very little disappointment will accrue to the un- 
successful competitors. 

So far I have described competitions which, though in every 
instance not wisely considered, have at all events been con- 
ducted on liberal principles. I wish to add a few words on 
two other competitions projected on the very reverse. A pier 
is wanted at Scarborough, and two premiums of 50/. and 307. 
are offered for plans. No plan of the site is furnished, and 
competitors are expected to go to Scarborough and to satisfy 
themselves by personal observation as to the requirements of 
the port. Are the good people of Scarborough so ignorant 
of the value of engineers’ time as to think that the profes- 
sion are able to scamper off to that romantic locality, and to 
devote their energies and money to surveying the harbour on 
the mere chance of obtaining premiums which would barely 
cover their expenses? The vestrymen of St. Giles, Camber- 
well, appear to be labouring under a somewhat similar de- 
lusion. These worthies offer premiums of 20 and 10 guineas 
for the best plans for a bridge over the Surrey Canal, and they 
charge 2s. 6d. for a wretched sketch of the proposed site, 
leaving competitors the agreeable task of levelling the 
roads adjacent. This is such an obviously parsimonious dodge 
for getting a good deal of work done for a very little money, 
that I hope it will meet with no more success than it deserves. 
The profession cannot too determinedly mark their sense of 
the indignity offered them by these narrow-minded and 
illiberal invitations than by declining to entertain them for a 
single instant. Needy architects, draughtsmen out of em- 
ployment, and pupils with a mere smattering of engineering, 
may be induced to compete for these wretched premiums, 
but no qualified engineers can be expected to risk their pro- 
fessional reputation, to say nothing of their time and money, 
on such projects as these, in which it too often happens that 


“The prize is sometimes with the fool, 
The race not always with the swift.” 














Pardon me, Sir, for troubling you with this letter, but I 
hold it to be due to the cloth to uphold its status on every 
occasion, and to save competitions, which in the abstract I 
regard with considerable favour, from degenerating into 
aaies scrambles after every trumpery project which may be 
contemplated. 

I am, Sir, your obedient Servant, 
April 21, 1868. A Crvin ENGINEER. 








THE SCREW-PROPELLER. 
To tHe Eprror or ENGINEERING. 


Srr,—I am glad to find that the results of Mr. Arthur 
Rigg’s experiments, as reported in EnGrngerine of April 
10, confirm, as far as they go, what I said upon the subject 
of the negative slip of the screw in a letter which youdid me 
the favour to publish in your periodical a few months ago. 

If Mr. Rigg were now, temporarily, to fix pieces of wood 
to the sides of his boat below the water line, so as to increase 
its resisting area, he would probably find the negative slip 
of his 2 ft. pitch screw to disappear, and a positive slip to 
take its place; and if he should feel disposed still further to 
extend the range of his experiments by causing each of his 
screws to propel itself, altogether independently of the boat, 
he would see the positive slip of the 3 ft. pitch screw con- 
siderably diminished, and the negative slip of the 2 ft. pitch 
screw correspondingly increased. 

Too much credit cannot, in my opinion, be accorded to 
Mr. Rigg for trying such experiments. 

As one of the gentlemen who took part in the discussion 
on Mr. Rigg’s paper did not understand how you could have 
all kinds of positive and negative slip in the same ship by 
simply varying the screw, perhaps you will allow me to make 
a few remarks upon this subject. 

Premising that, whatever the true theory of the screw- 
propeller may be, the screw must, under all circumstances, 
without exception, act precisely as the well-known laws 
which govern the action of the steam engine allow and com- 
ae it to do, I will suppose, for argument’s sake, that you 

ada ship with a midship section of 800 square feet, fitted 
with a screw of 19 ft. diameter, 38 ft. pitch, and 4 ft. length, 
and by means of which it was found that the ship could be 
propelled at the rate of 27 ft. for each turn of the screw. If 
you were now to cut off a portion of each screw blade, so as 
to reduce the diameter of the screw to 9ft. (leaving every- 
thing else exactly as before), you would still have a screw of 
38 ft. pitch ; but the engines, if left to themselves, would at 
once begin to move at a much greater (something like one- 
third more than their former) velocity, owing to the decrease 
of the load on the pistons, due to the diminution of the dia- 
meter and of the resisting area of the screw. Consequently, 
in this case, the ship could not possibly continue to pro- 
pelled the distance of 27 ft. for every revolution of the screw. 
To say that the original advance, and therefore slip, must 
still be maintained under these altered circumstances, would 
be to assert that the ship could be propelled at a much greater 
(about one-third more than the former) speed, with much 
less than the original engine power. 

A change of piteh (the diameter and length being left un- 
altered) produces analogous effects—an increase of pitch in- 
creasing the advance of the ship and reducing the speed of 
the engine, and a diminution of it leading to opposite re- 
sults. That this must be the case is evident, and that it 
actually is so, numerous experiments made on purpose to 
determine this point have satisfactorily proved. 

Other reliable experiments have, moreover, clearly demon- 
strated the fact that the resistance of a plane moving 
obliquely through water (and the screw is nothing else) goes 
on increasing in a far greater ratio than the square of the 
sine of the angle of incidence as this angle decreases. There- 
fore the above-named screw of 19 ft, diameter, if it had a 

itch exceeding 38 ft., would represent a relatively smaller 
load on the pistons and advance of the ship than would be 
the case with a screw of less than 38 ft. pitch; and this rela- 
tive increase of load and advance with finer pitches would 
continue, until, when the pitch became at last smaller than 
the diameter, there would be a negative slip, i.e., the advance 
would be greater than the pitch, provided the diameter of 
the screw were about equal to the mean draught of the ship. 

The dimensions of the screw (diameter, pitch, and length 
determine the load, and therefore the mean pressure upon, an 
the speed of, the piston; and they have, at the same time, a 
great deal to do with the direct resistance which has reall 
to be overcome when the ship is being propelled; and it is 
evident that a variation of the load and speed of the engine 
is incompatible with an unvarying advance of the ship during 
each revolution of the screw. 

I am, Sir, your obedient Servant, 

April 21, 1868. C. 








New York Centrat Unpererounp RatLroap.—Both 
branches of the Legislature have passed and the Governor 
has signed the Bill incorporating the New York Central 
Underground Railroad. Asa whole it is less objectionable 
than the abominable arcade railroad scheme, although it 
will probably be fought to the death with injunctions and law 
suits. Commencing at the City Hall it runs under Cham- 
bers, Centre, Mulberry, Bleecker, and Eighth streets, and 
Fourth avenue, Madison avenue, thence continues in a north- 
easterly direction to the Harlem river, and connects with 
Harlem bridge at the-terminus of Third avenue. The Act of 
Incorporation contains many stringent features, which, if 
carried out faithfully, would benefit the public. The only 

uestion that arises is whether the road will ever be built. 
The litigation which the public will be plunged into by 
parties owning property on the proposed route, with other 
obstacles incident to so vast a work, renders it probable that 
the present generation will pass away before its completion. 
At any rate, if the passage of the Bill will have the effect of 
killing the areade project the people of New York will be 

atly — even if the Central Underground Railroad 
never built. 






























ENGINEERING. 








[May 1, 1868. 














BRIDGE OVER THE CUMBERLAND RIVER AT NASHVILLE. 
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CUMBERLAND RIVER BRIDGE. 

We give, above, an outline sketch of a bridge recently con- 
structed by the Louisville and Nashville Railroad Company | 
over the Cumberland river at Nashville. The bridge | 
comprises two spans of 205 ft. each, in the clear, and a swing | 
bridge, giving two openings, and measuring over all 276 ft. 
The superstructure consists of Warren girders, all made of | 
wrought iron, with the exception of the top chords of the 
fixed girders, which are of cast iron. In the case of the draw 
span, the top and bottom chords are formed of 12 in. I-beams, 
and braces of 9 in. I-beams and channel irons. The bridge 
possesses considerable interest from the great length of its | 
draw spans, and we shall probably, at some future time, | 
publish a full description of its constructive details. 


HOLLEY’S BOTTOM-CAST STEEL INGOTS. 


Tie accompanying engraving, from a photograph, shows 
a group of eight rail ingots, weighing 640 Ib. each, and a 
central octagonal 12 in. ingot for shafting, the whole group 
weighing 63201b. This nest of ingots was made in one piece, 
at one pouring, by Mr. A. L. Holley’s process at the Pennsyl- 
vania Steel Works, U.S. 
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Since this process was introduced at these works, some | 
6000 ingots have been cast by it, mostly in groups of seven. | 
Arrangements are now in progress to cast the whole 6-ton 
charge in a group of thirteen. ‘The advantages of the process, 
over the ordinary method of pouring into the tops of the 
moulds, are, after this ample practice, tound to be as follows: 

1. The Saving of Scrap.—it is impossible, on account of 
the boiling of the steel in the moulds, to make top-cast ingots 
of uniform length. They often vary 20 Ib. or 30 1b., and the 
tops of the ingots are never sound or regular in shape. The | 
bottom-cast ingots are as square and sound at the top as at 
the bottom, and are of definite length. The steel rises in the 
mould till it reaches a stopper previously = at the desired 
height. By the old method, more or less steel is spilled 
while the ladle is: passing from mould to mould; and the 
frequent closing of the stopper to prevent the steel in the 
moulds from boilding over otten chills the nozzle, and leads 
to the formation of a scull. In the bottom casting process 
the ladle is entirely emptied by opening a large nozzle two 
or three times. 

2. The Improved Quality of Ingots——Many experiments 
with ingots trom the same ladleful of steel—some cast from 
the top and some from the bottom—prove that the bottom- 
cast ingots work more kindly and with less cracking under 
the hammer and in the rolls. The reasons are obvious. In 
the one case the stream of steel falls the whole length of the 
mould, spattering upon its sides, and often rising into or 
through the sand stopper placed upon it. The ingot is more 
or less porous, and the honeycombs, opening through the 
skin of the ingot, and becoming oxidised, are not w elded in 
the rolls, but remain as small cracks, or are the starting points 
for large cracks. In the other case, the steel rises gradually 
in the mould up to a firm . topper, against which it is pressed 
by the riser or ferrostatic column a foot or more high in the 
central or sprue mould, it is less porous, and the honey- 
combs do not open through the skin of the ingot, and are not 
oxidised, but weld perfectly. The exterior of the ingot is as 
smooth as the interior of the mould. 

3. The Saving of Ingot Moulds.—There are moulds at the 
Pennsylvania Steel Works that have been used 400 times. 
We do not know the average life of moulds used in the old 
way, but suppose 100 heats to be excellent service. The 
bottom-casting moulds are in time cracked, and disintegrated 
by the heat; but they are never cut out by the stream of steel 
flowing from the ladle. 
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| each charge, with red-hot moulds and ingots all about them. 


| your contemporaries, of a project to open a route, by land 


| Hudson’s Bay and the Rocky Mountains, unity of design 


| of the interests at stake. 


























4. The Convenience of Working.—Although the moulding’ 
drying, and handling of flasks tor bottom-casting are added 
to the work of the pitmen, they prefer the new to the old 
»rocess ; and this is a pretty rigid test of its convenience. 
The moulding for four 5-ton heats is done by one man. 
Flasks and moulds for four heats (or more when the pit is 
large) may be set in the pit at once, before the day’s blowing 
commences ; so that the men do not have to set moulds after 


The bottom-cast ingots rarely stick in the moulds, and are 
thus withdrawn without delay and trouble. 

The improved flasks now used by Mr. Holley are large cast- 
iron bottoms, with a central cavity, in which the prolongation 
of the central or sprue mould is formed, and radial channels, 
in which the runners from this sprue mould to the surround- 
ing moulds are formed. The cavity and runners are lined 
with } in. to lin. thickness of moulding material (old ground 
firebrick and loam) by the ordinary founders’ process of 
moulding. The patterns are all formed on the follow-board, 
and are drawn at one operation. The runners are covered 
with loam-lined iron cores. The ingot moulds are set upon 
the flask in the ordinary manner. ‘The steel is teemed into 
the central or sprue ingot, and thence passes through the 
runners into the bottoms of the surrounding moulds. 








To tue Epitor or ENGINEERING. 
Srr,—I have recently read with much interest notices 
which have appeared in your columns, and those of some of 


and water, through British America, from the head of Lake 
Superior to the Pacific Ocean. I have also been deeply in- 
terested in several articles which you have published on the 
subject of a ship canal between lakes Huron and Ontario, 
which project, I am informed, includes such improvements 
in the navigation of the St. Lawrence river as shall, in con- 
nexion with the ship canal, afford a channel by which sea- 
going vessels may reach the north-western extremity of Lake 
Superior. 

Now it appears to me—and the object of my present letter 
is to throw out tho suggestion—that the consolidation of these 
two schemes into one would greatl strengthen them, and 
that a project having for its object the completion of a system 
of communiction from the Atlantic to the Pacific Ocean vid 
the gulf and river St. Lawrence, the chain of great lakes, and 
Huron and Ontario Ship Canal, and through the Saskutchewan 
Valley across the Continent to Vancouver's Island would, as 
a whole, present a more legitimate claim, and take a much 
stronger old upon the public mind in Britain than either of 
the projects I have referred to could separately command. 

I have no means of knowing whether the promoters of 
these several undertakings have any acquaintance with each 
others plans and designs, but it is not apparent, from any- 
thing that has been put before the public in the newspapers, 
that there is any concert or co-operation between them. It 
strikes me, however, forcibly, that in a matter of such vast 
importance as the perfecting of a communication through 
Bnitish territory, between both oceans, and the consequent 
opening up to colonisation and settlement of the countless 
millions of acres which occupy the central valley between 


and action is imperatively called for to ensure success. 

The vast area of rich agricultural land, with its great 
fertility, salubrity of clima.e, and many attractions, con- 
stituting the extensive valleys of the Las-Kalchewan and 
Assirieboine rivers, seems to be little known or appreciated 
here, and the indifference displayed by those whose positions 
seem to point them out as the proper odes of public senti- 
ment, is incomprehensible to those whose information and 
associations enable them to form some idea of the itude 
To those whose minds afe influenced 
by patriotic feelings, it should be a worthy object of ambition 
to assist in the consolidation of an empire on the continent 
of America, in which British sentiments, principles, and in- 
stitutions may be implanted and perpetuated, and which 
may, for ages to come, afford a congenial heme for our surplus 
population. 

1 could give you extensive extracts from published works 
of unhupesehable character regarding the vast extent and 
surprising fertility of Central British America, but they 
would swell my letter to an unsuitable length for your 
columns. The territory now occupied by the Hudson’s Bay 
Company, as a mere game preserve, is estimated to contain 
nearly one million of square miles fit for colonisation and 
settlement, while British Columbia contains a quarter of a 
million of square miles more. The entire country abounds in 
every description of useful minerals, and its richness in all 
the varied natural products useful to man makes it a field 
for enterprise and industry unequalled in the world. . 

This is, however, but a very partial view of the subject. 
A careful examination of a terrestrial globe will show that a 
good line of communication through this region offers the 





shortest known route between England Japan, China 











and Australia, and the establishment of such a line, by a 
combination of railway and navigation, would effect a com. 
lete revolution in the trade between Europe and the 
Zastern Archipelago and China, and could not fail to be 
attended with immense commercial and national advantages 
to Britain and the new dominion of Canada. 

Our home Government and the various provincial Govern. 
ments now forming and expected to form a part of that 
dominion, could not ignore so promising and attractive 
scheme as that indicated by the consolidation of the two pro- 
jects which have suggested my present letter. However 
great the cost, the magnitude of the interests involved would 
fully warrant and a repay the necessary expenditure, 
The best mode of affording Government aid to such an under- 
taking may be a subject for serious consideration ; but if it 
took the form of a guarantee for a low rate of interest on the 
outlay during construction, and before dividends could be 
earned and paid, with a munificent grant of land from the 

ublic domain along the line of route, now a wilderness, to 
induce capitalists to invest their means in the work, I believe 
that there is a sufficiency of means, now seeking investment, 
which, under such auspices, would be readily commanded. 
I am, Sir, yours obediently, 
OBSERVER. 




















London, April, 1868. 


SOCIETY OF ARTS. 
Wednesday, April 15th, 1868. 
“LIQUID FUEL.” By Bensamrn H. Paut, Esq. 
(Continued fron Page 367.) 

IN order to ascertain what portion of the heat resulting from 
the combustion of carbon and hydrogen is available for pro- 
ducing steam, it is necessary to consider what are the conditions 
under which fuel is usually burnt, and what becomes of the 
heat generated in the two cases. In making this inquiry it is 
also y tor ber that the several substances con- 
cerned in the combustion of fuel require different quantities of 
heat to produce equal increments of temperature in equal 
weights, as stated in the following Table: 

Quantities of Heat. 











































— ' Heat units. 
@ (Nitrogen A 345] To maa ite 
Bx J Atmospheric air —,, —. ae ——— 
e | Steam ne ATS] ep 
S | Water w- _ 1.000 +1" F. 






eve 966.100 







for conversion 
into steam. 

It will be seen that water has by far the greatest capacity 
for heat, both in the state of liquid and vapour, and that a 
very large quantity of heat is rendered latent in the conversion 
of water into steam. 

In the combustion of carbon, each pound requires for its con- 
version into carbonic acid gas, 2.67 lb. of oxygen, which is 
derived from atmospheric air, and as this contains only 23 per 
cent. by weight of oxygen, it is necessary to supply about 12 |b. 
_— acurately 11.61 lb.) of air for every pound of carbon 

urnt. 

In the combustion of hydrogen, 8 lb. of oxygen are requisite 
for each pound of hydrogen, and to furnish this about 35 lb. 
(more accurately 34.78 ib) of air must be supplied. 

But fuel is never burnt for raising steam in sucha way 
that the supply of air is only just sufficient to furnish oxygen 
for the conversion of its carbon into carbonic acid gas, and of 
its hydrogen into water vapour. In order to maintain combus- 
tion it is nec to remove the gaseous products from the 
furnace, as well as to supply fresh air continually; and when 
this is effected, as usual, by the draught of a chimney, the 
gaseous combustion products become mixed with the fresh air 
to some extent. The effect of this intermixture would be to 
retard the combustion of the fuel, if the amount of burnt air 
or combustion products in the atmosphere of the furnace ex- 
ceeded a certain proportion. Consequently, it is necessary to 
prevent this by supplying more air than would suffice to furnish 
oxygen for combustion, so as to dilute the combustion products 
and maintain an excess of oxygen in the atmosphere immediately 
surrounding the fuel in the furnace. Careful observation has 
shown that in ordinary boiler furnaces the quantity of air re- 
quisite for this purpose amounts to as much as that requiste for 
effecting the chemical change which takes place in combustion, 
so that the total supply of air to such a furnace requires to be 
atthe rate of about 4 Ib. per pound of carbon burnt, and 
about 70 Ib. per pound of hydrogen burnt. 

Under ordinary circumstances the relation between the quan- 
tities of these salcieneee burnt as fuel, the total heat generated, 
the air supply requisite for —_ combustion, and the 
furnace gas resulting from it will be as follows: 


Water at 212° Fahr. ” 
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Ib. Ib. Heat units. Ib. 
Carbon ......! 1 | 23.22 14.500 24.22 
Hydrogen ...| 1 69.56 | 62.032 | 70.56 
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The heat generated in either case is, at the moment of com- 


00 its temperature. In the combustion of carbon, the whole 
wae best ip effective in this way; but in the combustion of 
hydrogen, a portion of the heat generated is consumed in deter- 
ming the vaporous condition of the water produced, in the 

roportion of 9 Ib. for each pound of hydrogen burat. As 1 Ib. 
F water at 212° Fahr. requires 966.1 heat units to convert it into 
steam of the same temperature, the quantity of heat which 
becomes latent in this way amounts to 8694.9 heat units 
(9x 966.1) r pound of bydrogen burnt, or 14 per cent. of the 
total heat oF combestion. That portion of the heat is ineffec- 
tive, either for increasing the temperature of the combustion 

roduct, or for producing steam in the boiler, and it must there- 

. be deducted from the total heat generated, in order to 
ascertain the amount of heat available, which is as follows, 
compared with that generated by the combustion of carbon: 
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In the combustion of carbon under the conditions above men- 


tioned, the products constituting the furnace gas amount to | Pe 


nearly 251b. per pound of carbon burnt, and they require the 
following quantities of heat to raise their temperature 1° of 
Fahrenheit’s scale: 
Speciric Heat. 
Ib. Heat units. Heat units. 


Carbonic acid gas ... 3.67 xX .217 =  .79639 
Nitrogen 1. «. o- 894 X .245 = 2.19030 
Surplusair 4. «- 1L6L Xx .288 = 2.76318 


24.22 5.74987 

The increase of temperature resulting from the combustion of 
carbon is therefore found by dividing the number of heat units, 
representing the total quantity of heat generated, by the number 
of heat units requisite to raise the temperature of these com- 
bustion products, &., 1°, and it a to 

2522° Fabr.=S>5-+ 

In the combustion of hydrogen, under the same conditions, 
the products constituting the furnace gas amount to about 
70 1b. per pound of hydrogen burnt, and they require the follow- 
ing quantities of heat to raise their temperature 1° of Fahren- 
heit’s scale: 





Speciric Heat. 
Ib. Heat units. Heat units. 
9 ae 


Water vapour ... x 475 = 4.27500 
Nitrogen gas ... ... 26.78 Xx .245 = 6.56110 
Surplus air we «. 3478 X 238 = 8.27764 


se of steam, except in so far as they might be applied in 
eating the feed water supplied to the boiler. ; 

But when, as in ordinary practice, the supply of air for sup- 

porting combustion is maintained by the draught of a chimney, 

the temperature of the furnace gas cannot in any way be re- 

duced below about 660° Fahr. without interfering with the 

draught of the chimney, and thus a considerably larger waste of 
heat is occasioned. In the case of furnace gas, discharged at 
600° Fahr. above the temperature of the air — to the fur- 
nace, this waste amounts to 24 per cent. of the available heat 
resulting from the combustion of carbon, and to 22 per cent. of 
that resulting from the combustion of hydrogen, these amounts 
being equivalent to the evaporation of 3.6 lb. of water at 212° 
Fahr. per pound of carbon burnt, and to 11.91b. of water at 
212° Fabr. per pound of hydrogen burnt. In many instances 
the furnace gas is discharged into the temperature very much 
more than 600° Fahr. above the temperature of the external air, 
and then the waste of heat is, of course, still greater in propor- 
tion as the temperature is higher. 

From these considerations it will be evident that in the com- 
bustion of fuels, under ordinary conditions, there is always a 
great waste of heat. But though the total waste is consider- 
ably greater in the combustion of hydrogen than it is in the 
combustion of carbon, amounting in the one case to 32.6 per 
cent., and in the other to 24 per cent. of the total heat of com- 
bustion, the evaporative efficacy of hydrogen is nearly four 
times as great as that of carbon. This comparison does not 
take into account those sources of waste which are due to im- 
rfect combustion, but applies only to such’ portions of the 
carbon and hydrogen of fuel as are actually burnt in the furnace. 
In this case the comparative efficiency of these constituents of 
fuel in producing steam is as follows: 


Combustion of Carbon. 
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Jater. 
at 2127| at 60° 

Heat units.| Ib. Ib. 
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Combustion of Hydrogen. 
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Equivalent 
Evaporation of 
___ Water. 
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Heat units.| Ib. Ib. 
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Latent heat of water vapour...) 8,695 ove ose 
Available heat coe ove | 53,837 ove 
Waste heat of furnace gas es} 11,520 11.4 


Quantity Burnt, 1 Ib. 














70.76 19.11374 
Consequently, the increase of temperature resulting from the 
combustion of hydrogen is: . B 
27919 Fabr, = 02082 — 8695 
19,114 


So far, therefore, as relates to increase of temperature the 
effect produced by the combustion of hydrogen under these con- 
ditions is not much greater than that produced by the combus- 
tion of an equal weight of carbon, notwithstanding the great 
difference in the actual quantities of heat generated, as shown 

low: 








Total Heat | Available Increase of 
Generated. | Heat. Temperature. 














lb. | Heat units. | Heat units. 
Carbon...) 1 14,500 14,500 2522° Fahr. 
Hydrogen ...| 1 62,032 52,337 2791° Fahr. 








We have now to consider what portions of the available heat 
are, under ordinary conditions, effective in producing steam. 
The heated furnace gas, resulting from the combustion of the 
carbon or the hydrogen of fuel, is the medium by which the 
heat generated is transferred to the water in the boiler; and 
if it could be managed that between the moment of combustion 
and the time when the furnace gas resulting from it is dis- 
charged into the chimney, the whole of the available heat could 

communicated to the water in the boiler, the evaporative 
effect realised might then be equal, or nearly equal, to the theo- 
retical evaporative power of the fuel burnt. But this is never 
the case in ordinary practice. 

The extent to which the available heat could, in any case, 
become effective in producing steam by direct transmission to 
the boiler, must, of course, be limited by the temperature cor- 
responding to the pressure at which steam is to be raised. If 
that were 50 lb. per square inch, the furnace could not be 
cooled down below 360° Fahr. before being discharged from the 
heating surface of the boiler into the chimney. The quantities 
of heat which would in such a case away in the furnace 

without being directly effective in producing steam in the 
ler, would amount to 12 per cent. in the combustion of 
— and to 15 per cent. in the combustion of hydrogen, as 
OLOWSs: ‘ 
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Effective heat 0 .. «| 41,817 | 438 | 3.8 


Thus the maximum evaporative efficacy of carbon and of 
hydrogen is, for each pound burnt, respectively equal to the 
conversion of about eleven and a half pounds and forty-three 
and a half pounds of water at 212° Fahr., into steam of 
the same temperature and under the ordinary atmospheric 
pressure. The extent to which this efficacy is realised in the 
ordinary application of fuel for producing steam will depend 
upon the relative facilities afforded by the rate of combustion 
and by the construction of the boiler, for the full absorption of 
the effective heat trom the combustion products during their 
passage along the flues or tubes of the boiler before being dis- 
charged into the chimney. But whatever may be the influence 
of these conditions in regard to evaporative effect produced, 
they do not in any degree affect the foregoing considerations as 
to the maximum evéporative capabilities of the carbon and 
hydrogen of fuel when burnt in the manner stated, with a 
supply of air just twice as great as the quantity requisite for 
their conversion into carbonic acid gas and water vapour. 

In the combustion of hydrocarbons under these conditions, 
whether they be solid, liquid, or gaseous, the total amount of 
heat generated will be determined by the relative proportions of 
the carbon and hydrogen they contain. The amount of hydrogen 
in such substances gape ranges from one-seventh to one- 
fourth by weight, and for such limits the corresponding amounts 
of heat generated by their combustion and their theoretical 
evaporative power would be as follows: 

















a * 
a | S Equivalent 
3 #|2 = Total Heat of Com- | Evaporation of 
es F} a bustion, Waiter at 212° 
a o faa} Fahr. 
Ib. Ib. Heat units. Ib. 
1 6 x 14,500=12,470 
14 | x62,032= 8,684 
21,154 21.9 
it 7% x 14,500=10,775 
25 |  <62,032=15,508 
26,283 27.1 














The following tabular statement will show the manner in 
which the heat that is consumed in producing a chimney draught 
is distributed among the combustion pr oducts constituting the 











furnace gas: 
Combustion of Carbon. 
* , a 
as tas . Vvapora- 
from. Quantities of Heat in tion of 
1 lb. Furnace Gas. Water at 
Carbon. 212° Fabr 
Ib. Heat units. lb. 
Carbonic acid gas| 3.67 | 600°x .8= 480 5 
Nitrogen gas ..-| 894 | 600°x2,.2—1820 1.4 
Surplus air ev} 1161 600° x 2.8=1680 1.7 
24.22 8480 3.6 











It will be seen from this Table that while the total waste of 
heat in the furnace gas from the combustion of 1 1b. of carbon 
is equivalent to 3.6 1b. of steam, more than one-half of that heat 
is consumed in raising the temperature of the surplus air sup- 
plied for diluting the combustion product in the furnace. Con- 
sequently, any arrangement by which the surplus supply of air 
could be dispensed with, and combustion maintained at the 
same rate, would effect a reduction of the waste heat to the ex- 
tent of 50 per cent., and an economy of the heat generated by 
the carbon of the fuel, amounting to nearly 12 per cent. 
Herein consists the advantage gained by driving the air into a 
furnace, instead of drawing it in by means of a chimney; for 
in that case the supply of air may be reduced to just enough to 
support combustion, and at the same time the temperature of 
the furnace gas may be so far reduced, either within the flues 
or tubes of the boiler, or in a feed-water heater, as to render the 
greater part of the heat contained in it effective for production 
of steam. 

This possibility of economising in this way the heat generated 
by combustion of carbon is by no means unimportant; but it is 
of far greater importance as regards the heat generated by com- 
bustion of hydrogen; for in this case the total waste of heat 
arising from the discharge of the furnace gas at 600° Fahr. above 
the temperature of the air supply is equivalent to about 12 lb. 
of steam per pound of ee burnt, and nearly one-half of 
this is consumed in heating the surplus air supply. 














Combustion of Hydrogen. 
Furnace Equivalent 
Gas (ro! Quantities of Heat in | !vapora- 
Hydro- Furnace Gas. Water at 
gen. 212° Fahr. 
Ib. Heat units. Ib, 
Carbonic acid gas ove ese ove 
Water vapour ...| 9.00 600° x 4.3 = 2,580 2.7 
Nitrogen gas ...| 26.78 | 600° 6.6=3,960 4.1 
Surplus air | 34.78 600 x8,3=4,980 5.1 
70,56 11,520 11.9 
Latent heat 
of water >8,695 9.0 
vapour... 
| 20,215 | 20.9 











Therefore, by dispensing with this surplus air, and cooling 
the furnace gas in a feed-water heater, a saving of something 
like one-fourth of the total available heat might be effected. A 
further advantage would also result from the increased tempera- 
ture of combustion, viz., 4692° Fahr. for carbon, and 4922° Fahr. 
for hydrogen, and the consequent more ready transmission of 
heat from the combustion product to the water in the boiler. 

The combustion of the carbon and hydrogen of fuel presents 
another point of difference, which is important as regards the 
extent to which the available heat is, under ordinary conditions, 
capable of being rendered effective in producing steam. ‘This 
difference is due to the presence of water vapour in the furnace 
gas, resulting from the combustion of hydrogen. As a conse- 
quence of this circumstance a large amount of heat is absorbed 
and rendered ineffective for producing steam. From the fore- 
going Table, representing the disposition of heat amongst the 

urnace gas, it will be seen that every pound of water vapour in 

the furnace gas corresponds to a waste of heat sufficient to pro- 
duce rather more than 1} 1b. of steam; and hence it will be 
evident how great is the disadvantage resulting from the pre- 
sence of water in the furnace gas, whether originating from 
hydrogen burnt or from damp fuel or otherwise. 

The volumes of the air supply and combustion products for 
the extreme cases of carbon and hydrogen are as follows: 





| Air Supply at 60° F. Combustion Pro- 








ducts at 660° F, 

lb. | lb. ; cubic feet.| Ib. | cubig feet. 
Carbon eee on i | 24 820 25 630 
Hydrogen... mt Te 960 70 2044 











_ In the combustion of carbon there is no expansion of volume 
in the combustion product, except that due to the heat gene- 
rated, which would render the volume at the temperature of 
combustion (2522° Far.) rather more than six times that of 
the air supplied. By the transfer of heat to the boiler, to such 
an extent as to reduce the temperature to 660° Fahr., the 





The difference between the theoretical evaporative power of 
hydrocarbons comprised within these limits of composition, and 
their evaporative efficacy, will also be determined by the relative 
proportions of carbon and hydrogen they contain, just in the 
same manner as shown already, so far as relates merely to the 
mode in which the heat generated is disposed of amongst the 
combustion products constituting the furnace gas resulting 
from their combustion. And it is here necessary to notice an- 
other circumstance of considerable importance as regards the 





These quantities of heat would therefore be wasted as regards 


advantageou application of hydrocarbon fuel. 





volume would be reduced again to about 630 cubic feet 
ree - carbon burnt. 7 = 
n the combustion of hydrogen the supply of air required is 
about three times as large as that sequent rf the combustion of 
an equal weight of carbon. There is also an expansion of the 
combustion products, independent of the heat generated, and 
amounting to one-half the normal volume of the hydrogen burnt. 
The expansion due to heat is also greater than in the combus- 
tion of carbon, on account of the greater amount of heat gene- 
rated, so that the volume of the furnace gas at the temperature 
of combustion (2791° Fahr.) would be about six and a hal 
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times that of the air supplied, and the volume of gas discharged | 


into the chimney would be about three and a ‘half times as great 
as in the combustion of an equal weight of carbon. ‘This larger 
quantity of gas will, however, contain nearly four times as much 
effective heat as that resulting from the combustion of an equal 
weight of carbon, and its temperature will be about 270° higher, 
0 that in this respect the use of fuel containing a large amount 
of hydrogen, provided it can be perfectly and readily burnt, pre- 
sents an advantage as compared with fuel consisting almost 
entirely of carbon. Rather more than one-fourth of a pound 
of bydrogen would give as much effective heat as 1b. of carbon 
with a somewhat smaller volume of combustion products. The 
extent to which this advantage affects the value or efficiency of 
fuel will, of course, depend on the amount of hydrogen it con- 
tains. Since no hydrocarbon available as fuel contains more 
than 15 per cent. of hydrogen, the actual evaporative efficacy 
of such a material, when used under the ordinary conditions, 
cannot, at the utmost, be more than about 40 per cent. greater 
than that of an equal weight of carbon. This, assuming it to 
be perfectly burnt, and the arrangement of boiler flues or tubes, 
&c., to be favourable for the transfer of heat, is the maximum 
effect to be looked for according to the data already given. 

The amount of hydrogen in petroleum is probably larger than 
in any of the other bydrocarbons sepeeed to be used as fuel, 
and that contains, on the average, about 13 per cent. In coal 
and shale oil the amount of hydrogen is less. Consequently the 
evaporative efficacy of these materials, as compared with carbon, 
would not reach the above limit of 40 per cent. in excess. The 
ratio between these materials and ordinarily good coal is much 
about the same in regard to evaporative efficacy, since the 
hydrogen contained in coal compensates for the oxygen and ssh 
it contains, unless the amount of these is very considerable. 

The following Tables show the relation between the total heat 
of combustion and the available heat of hydrocarbons, contain- 
ing respectively 14 and 25 per cent. of hydrogen, as the amounts 
of heat consumed in the furnace gas, and the mode in which it 
is disposed of :— 

1 lb. of hydrocarbon, containing 14 per cent. of hydrogen, 
yields about 31 Ib. of furnace gas, consisting of— 





Quantities Equivalent 
} of Heat in Evaporation 
Furnace of Water. 


Gas. 
at 212 | at 60° 


lb. | 


Furnace 
Gas. 


| 
| 
| 


Heat units. 
411 
3459 


lb. 
8.16 
1.26 
11.45 
14.37 


Carbonic acid gas 
Water vapour... 
Nitrogen gas ... 
Sulphur air . 





Total heat of combustion ,,, 
Latent heat of water vapour 


19,937 


4,577 


Available heat eve 
Waste heat of furnace gas 
15,360 15.8 


Effective heat os 





Theoretical evaporative power  ...| ote 21.9 
Relative evaporative efficacy as compared) , . 
with carbon or coal=1 .., os eon } 1.08 


1 Ib. of hydrocarbon containing 25 per cent. of hydrogen 
yields about 36 Ib. of furnace gas, containing— 
Equivalent 
Evaporation of 
Water. 


Quantities 
of Heat in 
Furnace 
Gas. 


Quantities. 


jat 212°) at 60° 





Heat units 
358 | 
641 
1968 
2483 


Carbonic acid gas 
Water vapour... 
Nitrogen gas ... 


Surplus air 15.39 








85.78 
26,283 
2,174 


5450 





Total heat of combustion ... 
Latent heat of vapour 


24,109 
5,450 


Available heat oe ete 
Waste heat of furnace gas 


5.6 


Effective heat ove eee 18,659 | 19.3 


Theoretical evaporative power... 
—* : <a 


Relative evaporative efficacy as compared } , go 

with carbon or coal=1 ane —_ 
I am not aware of any liquid hydrocarbon applicable as fuel 
which contains so much as 25 per cent. of hydrogen, so that an 
evaporative effect of about 16 1b. of steam per pound of hydro- 
carbon burnt must be regarded as the maximum result to be 
attained with such material used as fuel. By burning these 
hydrocarbons with ay just enough air for combustion, or half 
the quantities assumed to be supplied in these estimations, the 
effect capable of being realised would be from 13 to 14 per cent. 
greater than in the case stated above, or about 18 1b. of steam 
p, pound of hydrocarbon containing 14 to 15 per cent. of 

n 


The plan of using liquid fuel, which, so far as I am aware, has 
proved the most advantageous, is one which does, to some extent, 
at any rate, secure the advantage to be gained by forcing air 
into the furnace. Sees to this plan, the oil is supplied to 
the furnace through a small pipe, together with a jet of high- 








pressure steam, by which it is converted into spray, much in 
the same manner as in the toy known as the perfume vaporiser 
a liquid is blown out of a bottle by a current of air. The steam 
jet at the same time induces a current of air which mixes with 
the oil spray and supports its combustion. This is the arrange- 
ment used by Messrs. Field and Aydon, and it appears to work 
exceedingly well, and to effect a perfect combustion of the oil. 
The oil I have seen used in this way was the dead oil, or creosote 
oil, which is a refuse product in the refining of gas tar. It pos- 
sesges characters which render it much preferable to pretroleum 
or the oil obtained by distilling coal at a low heat for use as 
liquid fuel. In the first place, its density being greater than 
that of water—the gallon weighing about 121b.—it takes less 
space for stowage than petroleum or coal oil, the gallon of which 
weighs only from 8 to 8} 1b. For the same reason it would not 
be so dangerous as the lighter oils in case of accident; for in- 
stead of floating on the surface of water and burning it would 
sink harmlessly. Again, its very high boiling point, approach- 
ing to a red heat, and the great density of its vapour as com- 
pared with that of petroleum or coal oil, are great advantages 
as regards risk of explosion, in consequence of the oil vapour 
becoming mixed with air and then catching fire. This could 
hardly take place with the dead oil, except at a very bigh tem- 
perature, while petroleum readily gives off vapour to the air at 
a moderate degree of heat. 

Unfortunately, the quantity of this oil which is available is 
very small as compared with the requirements of steam naviga- 
tion, probably not amounting to 100,000 tons a year in the 
whole country, and therefore its application must be very 
limited, 

In order now to arrive at some estimate of the advantage to 
be gain in a steam vessel, either in point of weight to be carried, 
or space occupied by liquid fuel as compared with coal, it is 
evident that 100 tons of petroleum, or coal oil, would do the 
work of about 140 tons of good coal. But as coal is rarely 
burnt in such a way as to be rendered useful to its full capa- 
bility, and as there is always a considerable waste in the shape 
of dust and cinders, which would not be the case with liquid 
fuel, a farther allowance must be made for this. Assuming that 
one-fifth of the coal is wasted in this way, then the equivalent 
of 100 tons of oil would be 175 tons of coal, for taking the 
density of the oil as .850, it would occupy about the same space 
as an equal weight of coals, or at the rate of about 53 Ib. per 
cubic fout. This difference would enable a vessel capable of 
carrying coals for 12 days’ steaming to carry oil for 21 days. 
In burning this oil there would be a saving of labour in stoking, 
and as it would not give any ashes, a great deal of trouble would 
be saved in that way. 

These results differ widely from the statements which have 
been made in reference to the relative efficiency of oil and coal, 
according to which it has been represented that one ton of oil 
was equal to from four to five tons of coal, and that in regard 
to stowage room the saving was “more than five-tenths in 
bulk!” It is true that those who have propounded these views 
have not arrived at them by a consideration of the data I have 
above referred to; and, if I may judge from remarks lately 
made at the meeting of the Institution of Naval Architects, they 
would appear to deny the applicability of those data for deter- 
mining the question between coal and oil as fuel. Such a denial, 
however, would be of little account if it were not supported by 
adequate evidence of results, such as those which have been so 
miso dwelt upon being really obtainable: and although this 
subject has now been some years before the public, I am not 
aware of any such evidence having been brought forward as 
would call for or justify the abandonment of those well-esta- 
blished principles by which the heating power and efficacy of 
fuel is determined. 

The results of the experiments made at Woolwich, under the 
superintendence of Mr. Trickett, the Engineer-in-Chief of the 
Dockyard, gives, as the highest evaporative effect obtained with 
petroleum, 11.63 1b. of water converted into steam per 

and of oil burnt. In this case, however, the combustion was 
imperfect. But in the most successful trials with coal oil and 
shale oil, when very little smoke was given off, the evaporative 
effect was about 18 1b. of steam produced per pound of oil 
burnt. In this case some deduction required to be made for 
the steam applied as a blast to the fire, but the amount was not 
ascertained. This result was also obtained under peculiarly 
favourable circumstances as regards the proportion of heating 
surface of the boiler to the rate of evaporation. 

In regard to the supply of material capable of being used as 
liquid fuel, it is necessary to make a few remarks. First, as 
regards petroleum, I imagine it is now generally acknowledged 
that this material in its natural state is not well adapted for the 
purpose. In that state it contains a large amount of very vola- 
tile hydrocarbon, which, even at the ordinary temperature, 
vaporises by contact with air, and the mixture of this vapour 
with air is explosive. At the temperature of a steam vessel’s 
stoke-hole this vaporisation would take place more readily, and 
if there were any leakage in the supply pipes or tanks, disastrous 
consequences might ensue. In order to remove this objection to 
the use of petroleum as liquid fuel, the more volatile portion of 
it must be separated from it by distillation, and that operation, 
when carried far enough to render the oil fit for use with safety, 
would reduce the quantity to about one-third. Pa 

Another objection to petroleum in its natural state is its 
bulkiness, the gallon weighing only about 81b. This is tosome 
extent removed by the distillation, and by the reduction of the 
quantity to one-third an oil is obtained which weighs about 
84 lb. per gallon. J 

According to the latest returns, the total production of petro- 
leum in America—which is out of all proportion the most abun- 
dant source of this material—amounts to about 360,000 tons a 
year. It would be mere speculation to offer any opinion as to 
whether this rate of production is the maximum which is attain- 
able, or as to the time it may continue; but the prevailing im- 
pression is that the sources from which this supply originates 
are subterranean accumulations, and, therefore, not to be de- 

nded on beyond a certain limit. The experience of oi] winning 
in America has confirmed this view, for it has been found that 
the wells which were at first what are termed “ flowing wells, 
i.e., yielding their oil spontaneously, have gradually ceased to 
flow ; and that, after pumping has been resorted to for bringing 








the oil to the surface, even that means radually declined inj 
effect. It would, therefore be unwise A rely = Apap 7 er 
petroleum as affording material for fuel. And then, if oe A 
sider the vast consumption of coal for the purpose of steam 
navigation—amounting, I believe, to not less than 10 000,000 
tons a-year in steam vessels belonging to this country alone—it 
will be seen that the production of petroleum—gigantic as it is 
in relation to the use to which it bas been applied—is insignifi- 
cant when compared with the requireménts of steam navigation 
for fuel; that, in fact, the total production does not amount to 
1 per cent, of the fuel consumed in the steam vessels of this 
*orThe possibility of ob 

_ The possibility of obtaining an oil analogons to petrol 
distilling certain kinds of coal and some pe Bp omaecndk 4 
shale, constitutes another source of liquid fuel, and one which [ 
consider to be far more important, for this country at any rate, 
than petroleum is. The material obtained from’ this source’ 
and commonly known as crude paraftin oil, requires to be sub- 
mitted to the samé operation as petroleum, in order to remove 
the more volatile portion, and obtain an oil suitable for use as 
liquid fuel, but it would have the advantage of yielding rather a 
larger amount of such oil than petroleum does. To what ex- 
tent the production of this oil might be developed as a source of 
supply for steam navigation it would be almost impossible to 
form any approximative idea at present. But I may state in 
regard to this point that, owing to the low price at which petro- 
leum is now imported from America, the coal and shale oil 
works of this country have mostly been stopped because of their 
inability to manufacture oil for burning at such a price as to 
——. with the American product. Circumstances which it 
would be out of vo to enter into here induce me to believe 
that if the use of liquid fuel were introduced to any extent into 
practice, that it would be a very great advantage to the oil 
manufacturers of this country, and that it would be a means of 
enabling them to meet successfully the competition of the 
American oil used for burning in lam I have already spoken 
of ,the supply of ‘ dead oil,” farniahed by the rectification of 
coal tar, and need here only remark again that the quantity is 
very small. This is certainly the most suitable material for 
use as liquid fuel which I am acquainted with, and its excel- 
lence in this respect induces me to mention another possible 
source of a similar material, viz., the distillation of ‘' slack,” or 
the waste coal dust, which accumulates at the mouth of a coal 
pit. It is quite possible that by such means a quantity of oil, 
similar to that resulting from the rectification of gas tar, might 
be obtained, and at the same time the slack itself converted 
into a useful fuel. 

There is also in the Island of Trinidad a vast deposit of bitu- 
men, which has repeatedly been an object of passing interest on 
account of attempts to render it in some way useful. Unfor- 
tunately, most of those attempts have hitherto failed; but if 
liquid fuel should become an article in demand, I think there 
may be good days still in the future for Trinidad bitumen, for 
it has the peculiarity of yielding by distillation about 30 per cent. 
ofa thick, heavy oil, approximating very closely to the “ dead 
oil” of the gas tar refiner, This circumstance, which has 
hitherto been the disadvantage of the Trinidad bitumen, might 
then become its chief recommendation, and, according to all 
accounts, there is abundance of it, and the getting of it is not 
attended with difficulty. 

The relative cost of coal and oil is to some extent still an 
open question. Ifit should be found advantageous to use oil 
as fuel for steam vessels it is probable that neither crude petro- 
leum nor paraffin oil as obtained by distilling coal or shale would 
be the most suitable for the purpose, and that it would be 
advisable to separate from either of those materials the 
more volatile portions, which are applicable for burning in 
lamps. The less volatile portion, both of petroleum and shale 
oil, amounting in the former to about 30 per cent., and in the 
latter to about 40 per cent., would be for several reasons best 
adapted for use as fuel. 1t is not so much in demand as the 
oil used for lamps, and being less volatile could be stowed with 
greater safety. But I doubt much whether this oil could be 
shipped for less than 5/. per ton. If that opinion is correct, and 
according to the comparative estimate already made between 
coal and oil, the cost of the latter would be abont three times 
as much as that of ‘coal. That there may be circumstances 
under which the advantages to be gained by the use of oil as fuel 
would altogether outweigh any considerations as to this or even 
a greater rate of cost, it does not require any great penetration 
to perceive; but it appears to me equally evident that if those 
advantages are to be attained only at such a cost, the use of oil 
as fuel for steam vessels must in any case be restricted to ex- 
ceptional cases, in which cost is comparatively a matter of 
secondary importance, and that it cannot be regarded as likely 
either to revolutionise steam navigation in general or to call fora 
total reconstruction of our navy. . 

At this point, however, the consideration of the subject 
reaches a stage where it is more the province of the merchant 
and of the naval engineer to deal with it, and to determine the 
balance between the greater efficacy of this material as fuel, 
and the ter cost which its application would involve. I 
therefore leave it here for those more competent than myself to 
discuss these points, with the hope that the attempt I bave 
made to elucidate the subject, so far as I am able, may be 
found of some utility in its further development. ! 

I cannot, however, conclude this paper without taking the 
opportunity of expressing my opinion that the mode in which 
this subject has hitherto been dealt with, illustrates in a most 
striking manner the want which is now somewhat vaguely felt 
of what is termed ‘ technical education,” by which I understand 
a means not merely of making those whose business is of a 
practical character better acquainted with the principles of 
science and the laws of nature than is generally the case in this 
couutry, but also of educating the cultivators of science in & 
knowledge of the requirements of art, and of the conditions 
under which science can be made serviceable to practice. If 
such a closer alliance between science and practice were achieved, 
I believe it would be found of mutual advantage, and then I 
apprehend we should soon cease to hear anything more of that 
fancied antagonism between the two which is the most effectual 
barrier to progress, and deserves only to be regarded as an indi- 
cation of ignorance or bigotry. 














May 8, 1868.] 


ENGINEERING. 





439 











BREWERY ARRANGED FOR BREWING ON THE 


(AMR! 





DESIGNED BY MR. JAMES STEEL, GLASGOW, 


N 
| (MM 
\ NR! 
I 





SCOTCH SYSTEM* 


Fic.6. 


YUU EEE 


Ws 








a 





<= 


SS 
WYSE 
WY 


CS 
SIN 
WAY 


iN 
NN 
i\ 
} 


Ni 
ERIE RE RC x 


INN; THES pi SS WY, 
VEST Bi AXA 
\ SN = uN S 


BREWING AND BREWERIES.—No. VIIL. | its consequently being liable at all times to be contami- | 


Matertats Emptoyep 1n BREwING—WATER. 

Ax abundant supply of good water or, as it is 
technically termed, “liquor,” is a great desideratum 
ina brewery. Besides tle water converted into worts, 
lange quantites are used in a brewery for refrigerating 
and washing purposes ; and although it is by no means 
necessary that the water so employed should be of the 
same quality as that used for the brewing processes 

roper, yet it is an undoubted convenience to have a 

rewery supplied with one kind of water only, and 
that available for any purpose whatever. 

What is commonly known as “ hard” water, or that 
containing considerable proportions of sulphate of lime 
and the earthy carbonates, is generally considered to 
be most suitable for brewing ; but it is essential that 
such water should be free {rom organic impurities. 
Such water can generally be best obtained from wells 
sunk sufficiently deep to avoid pollution from surface 
drainage ; but in a few districts good water for brew- 
mg purposes can be drawn from running streams. On 
Scount of unavoidable exposure, however, and? from 


* We publish this week a two-page and other engraving: 
of a brewery designed by Mr. James Steel, of Glasgow. This 
rewery is laid out for working on what has been termed the 
Scotch ‘system of brewing, and it will be described in detai 
in the course of our future articles. The engravings have 





been re’ . : 
Steel.” pared from drawings kindly 


supplied to us by Mr. | 


nated with organic matter, water from running streams 
is but in very rare instances as good as that obtained 
from wells, and the latter is, moreover, generally of 
greater value for refrigerating purposes on account of 
its lower temperature during the summer season. 
Stagnant water, or water derived from sluggish 
streams, is the worst of all for brewing purposes, and 


in cases where its use is unavoidable it should always | 


be subjected to thorough filtration and boiling before 
being employed. In some cases good has resulted 


from impregnating artificially with gypsum, water in | 


which the quantity of sulphate of lime was naturally 
deficient; but it has been by no means decided that 
great hardness is really essential if the water is free 
from organic impurities, and there are at the present 
time many large brewers using water of a soft character 
with perfect success. 

Several theories have been advanced to account for 


the benefit derivable from the employment of hard | 


water for brewing purposes. Dr. Hassal.’s explana- 
tion, although not based upon facts derived from 
experiments, is both ingenious and interesting.. It is 
as follows: “ During’ et!) he excess of carbonic 
“acid in the water, by which the carbonates of lime 
‘and magnesia are retained in solution, is exppled, 
“and those salts are precipitated. Again, the alkaline 
“phosphates present in malt have the power of con- 
| “verting sulphate of lime into phosphate, which is 
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“thrown down; an alkaline sulphate, which is soluble, 
“being synchronously formed. The greater of 
“the phosphate of lime produced is redissolved in the 
“acid generated during the fermentation; — con- 
“sequently the water, from being hard, thus becomes 
“ comparatively soft, and in this state is well suited 
“for extracting the active properties of the malt and 
“hops.” It has also been urged that where hard 
water is used a greater proportion of saccharine 
matter can be left in the beer, and the latter con- 
sequently improved in fulness and flavour. Whatever 
may be argued about the advantages of “hard” water 
there can be no doubt concerning the disadvantages of 
water loaded with organic substances. Such matters 
cause a direct Joss to the brewer by absorbing a 
arseng: of the strength of the worts, and from their 
eing liable to set up putrid fermentation. 

The water of Burton-on-Trent has been long cele- 
brated for its excellence for brewing purposes. It was 
at one time almost all obtained from shallow wells; 
but more recently, partially owing to the greatly in- 
creased demand, and partially owing to the deteriora- 
tion of the surface water from percolation, it has been 
necessary, tosipk ihe wells much deeper. Someof the 
wells at Button are very large, one at Messrs. Allsopp’s 
being 40 ft. in diameter. The same firm are, we believe, 
about to sink a new well to adepth of 200 ft. It has 
been popularly supposed that the water from the river 
Trent was used at Burton for brewing purposes; but 
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this is anerror, all the water employed in brewing being 
obtained from wells, although the Trent water is, at 
some of the breweries, for washing and refrigera- 


~ purposes. 
he well water at Burton springs from the new 
red sandstone formation, and there are in the neigh- 
bourhood of the town considerable quantities of 
'ypsum, and also extensive strata of new red marl. 
t is a very hard water containing considerable 
quantities of earthy carbonates and sulphates; a large 
proportion of the carbonates of lime and magnesia, to- 
gether with a small quantity of the sulphate of lime 
being deposited on boiling. The boiling also causes 
the elimination of the small amount of iron contained 
in the water. The following is an analysis, made 


a few Epos ago by Dr. Bottinger, of the water 
obtained from one of the wells at Messrs. Allsopp 
and Son’s : 


Number of grains in 


Imperial Gallon. 

Sulphate of lime... oe §=—. 18.96 
Carbonate of lime 16.51 
Chloride of sodium 10.12 
Sulphate of magnesia 9.95 
Sulphate of ste 7.65 
Carbonate of magnesia ... 1.7 
Silicic acid pa ase 0.79 
Carbonate of iron 0.6 

Total ..... eve 65.28 


An analysis, made by Mr. Cooper, of water taken 
from a well at Messrs. Bass and Co.’s gave : 


Number of grains in 





Imperial Gallon, 
“Sulphate of lime... 4. ise ane Bik 
Chloride of calcium ° 13.28 
Carbonate of lime 9.98 
Sulphate of magnesia 0.83 
* Total 78.44 


All the principal London breweries have wells con- 
nected with them from which a greater or less propor- 
tion of the water used for brewing is obtained. At 
some of these establishments, as, for instance, at 
Messrs. Hoare’s, The City of London Brewery, Messrs, 
Meux’s, the Lion Brewery Company’s, and Messrs. 
Charrington’s, the water employed for brewing is de- 
rived entirely from wells. The last mentioned firm have 
two good wells, and a third is now being sunk for 
them by Messrs. Richard Moreland and Son. This 
well has already been got down to a depth of 200 ft. ; 
the upper part of it is 10 ft. 6in, in diameter, and is 
lined with brickwork, and below this the lining con- 
sists of iron tubing 9 ft. in diameter, succeeded a lower 
depth by tubing 7 ft. Gin. in diameter. One of the 
wells at Messrs. Trumans’ is 530 ft. deep, this well, 
which is connected with several galleries radiating 
into the chalk, being sunk through the following 
strata : 


Thickness. 

t. 

Soil, made ground, &. ... 23 
London clay eee ove 79 
Woolwich and Reading beds 53 
Thanet sand ee ee on 43 
Chalk eee ben one ene ove, ae 
530 


Messrs. Truman, however, only obtain from wells 
about one-half the quantity of water used by them, 
the remainder being supplied by the East ‘London 
Water Company. At Messrs. Reid’s brewery, in 
Liquorpond-street, there are two wells; but these 
only supply about one-tenth of the quantity of water 
required, and the remainder is obtained from the New 
River Company. Other large brewers in London also 
obtain a portion of their supplies from the various 
water companies, and the water thus obtained is found 
to answer well for brewing. 

At the Wellpark Brewery (Messrs. J. and R. Ten- 
nent’s) Glasgow, the largest brewery in Scotland, and 
one highly celebrated for its produce, the Loch Katrine 
water is used for all ordinary purposes, such as wash- 
ing operations, raising steam, cooling worts, &c., but 
spring water is ss wi employed for brewing. 
This spring water is brovglit through three “ mines” 
cut eaces whinstone, from five bores, situated about 
a quarter of a mile from the brewery. The wells or bores 
are two of them each 150 ft. deep, whilst one is 100 ft. 
and the other two each 90 ft. deep. The water, before 
being used, is passed through a large filter containing 
a layer of sea-sand and charcoal about 3 ft. thick. 
The filter is constructed of stone, and is 50 ft. long 
by 20 ft. wide by 12 ft. deep. According to an analysis 
made by Dr. Sheridan Muspratt, the water at the 
Wellpark Brewery contains 62.07 grains of solid 


— of a in 
perial on. 
Carbonate of lime 19.78 
Carbonate of magnesia re Fg " 
eee, - ne 
0. 0 esia .. 9. 
Chloride of sodium 7.11 
Sulphate of lime 4.97 
Chloride of magnesium 4.74 
Protocarbonate of iron ... -93 
ae oss ons 1.72 
Total 62.07 


It will be noticed that the iron, existing as protocar- 
bonate, is very small in amount, and that there is no 
organic matter present, nor any nitrates, nitrites, or 
ammoniacal salts, the forms which the organic matter 
would assume during its decomposition. It is, in 
fact, a purely mineral water, very hard, and found to 
be excellenily adapted for the production of liquors 
which have to be kept a long time or to be exported. 


Sucar. 

Although the use of sugar is greatly disapproved by 
many of our principal brewers, yet of late years it has 
occupied a very important place amongst the materials 
pas in brewing. During the twelve months, 
ending at Michaelmas last, the quantity of sugar used 
in breweries in England amounted to no. less than 
39,317,264 lb., whilst 351,456 lb. were used in the 
Scotch, and 1,465,296 lb. in the Irish breweries. 
These amounts were vastly in excess of those of the 
ex preceding, the rise being probably due to the 
tigh price of malt ; and it may be remarked here that 
the quantities of malt both made and imported were 
much less in 1867 than in 1866. In the former year 
the malt duty charged amounted to 6,494,2177. (corre- 
sponding to 47,891,816 bushels) nearly 600,000/. 
less than in 1866; whilst the quantity of malt 
imported fell from 8,433,863 cwt. in 1866 to 
5,683,721 ewt. in 1867. According to the excise 
regulations 200lb. of sugar are considered to be 
equivalent for brewing purposes to one quarter of 
malt. Dr. Ure states that an equal quantity of proof 
spirits (18 gallons) can be obtained from one quarter 
of malt weighing 336 lb.; as from 175 lb. of best West 
India sugar, 234 lb. of inferior Jamaica sugar, 275 lb. 
of West India molasses, or 295 lb. of refined or sugar- 
house molasses. 

Sugar is employed by brewers in various forms, such 
as the common brown sugar—called in the sugar 
trade “ mums”—the dust of white sugar (sometimes, 
though but seldom, used in the brewing of pale ale), 
glucose, saccharum, &c. The last mentioned variety, 
saccharum, is a preparation of grape from cane sugar ; 
and it is largely manufactured by Messrs. Garton and 
Hill, of Southampton, under the patent of Mr. Charles 
Garton. The process of manufacture as described in 
Mr. Garton’s specification is as follows:—The sugar 
is dissolved in boiling water, and the solution is placed 
in a trough lined with lead or other material impervious 
to the action of the acids intended to be employed, 
and fitted with a coil of leaden steam pipes for creating 
artificial heat. Above the trough is fixed a shaft, 
with wooden arms attached, fitted so as in traversing 
the trough to touch it at all points, and so as that 
by means of a lever attached to the shaft when 
the latter is in motion the arms may continually 
move backwards and forwards throughout every 
part of the trough. The solution being placed in 
the trough it is agitated by means of the arms 
for about six hours, the temperature being at 
the same time raised to 160° Fahr., making the 
solution of the gravity of 40° Beaumé. 

To each hundredweight of cane sugar of the quality 
of second-class Barbadoes raw sugar thus agitated and 
7 pee is added eight ounces of sulphuric acid of 
84° gravity, diluted with twenty-four ounces of water, 
and the solution is then agitated three hours, and 
allowed to rest six hours, and so on, being alternately 
agitated three hours, and allowed to rest six hours, 
until the expiration of thirty-six hours, during the 
whole of which period the temperature of 150° Fahr. 
is maintained, and the agitation continued as quickly 
as possible, care being taken to avoid waste of the 
solution. Next the acid is neutralised by the aid of 
chalk or lime, or both combined, or other suitable 
agent, whiting being preferred. For this purpose 
there is employed about the same weight of whiting 
as the weight of the acid used, the whiting being 
well mixed in about two quarts of boiling water, 
and after being strained through a hair sieve to 
avoid lumps, added to the solution, the whole 
being then agitated together for about an hour. 
Afterwards the solution is diluted with from five to 





as follows : 


matter per gallon, 


the same temperature, is allowed to subsid, 
me -_ ne _ — which is ne — 

en comple separated, the se ion i 
pleted by filtration. r ‘ — 2 

The complete neutralisation of the acid may be 
tested by litmus paper, and great care must be taken 
that no excess either of acid or the neutralisi 
agent is suffered to remain. The completion of the 
eeuienes may be further tested by the use of Dr 

ferapath’s polarimeter; the rotation from left to 
right of the original cane sugar will be found 
this instrument on the completion of the processes ‘ 
have been changed to a rotation from right to left. 

Saccharum has been extensively used by brewers in 
the proportion of from one-fifth to one-half the total 
quantity of material employed, the remainder of course 
being malt. Two hundred pounds of saccharum are 
considered to be equal to one quarter of malt, but the 
extract from this quantity in one barrel of water does 
not show more than from 65° to 75° by Dring and 
Fage’s saccharometer, whereas a quarter of good malt 
would give 90°. The patentees, however, claim credit 
for the difference in the pureness’ of their product, and 
state that in fermentation it yields more vinous spirit 
than an equal quantity of malt wort. It also appears 
that the worts may, when saccharum is ied, bo re- 
duced in strength to the extent of 11b. or 1}1b. per 
barrel without detection by the palate. We shall, 
however, have more to say about the use of saccharum 
and similar preparations in a future part of the present 
series of articles, and we shall merely remark here that 
liquor brewed from saccharum alone partakes more of 
= charavter of a rich full-bodied wine than ale or 

eer. 

The manner in which sugar is used by brewers 
varies considerably. A very common plan is to dis- 
solve it in boiling water and add it to the malt worts 
in the hop-back ; but there is, however, no absolute 
necessity for its being boiled at all if it can be dis- 
solved in time without. At Messrs. Hoare’s, a tank or 
boiling back fitted with steam pipes is sometimes em- 
ployed for dissolving the sugar, the latter being dis- 
charged into the back down a shoot, at the. bottom of 
which is a kind of cage formed of vertical bars con- 
necting a pair of discs. This cage, which revolves on 
a vertical axis, breaks any —_ that may happen to 
be in the sugar, and mixes the latter thoroughly with 
the water... The solution of sugar is run down from 
the back of which we are speaking into the hop-back, 
where it is mixed with the malt worts. 

Sometimes the sugar is placed in the coolers, and 
other brewers place it in the fermenting tuns shortly 
before cleansing, making sure that it is a wy od 
roused up to ensure solution, and then before the beer 
is casked quite enough fermentation will have ensued. 
When the sugar is employed in very shall quantities, 
some brewers even put it in the casks after the fer- 
mentation has ceased; but this must be done with 
great care as to time, and must not be thought of in 
the case of beer that is to be kept long afterwards, as 
of course the effect is to recreate fermentation, causing 
a temporary briskness followed at some uncertain 
period by a reaction, or flatness, and a tendency to 
acetous fermentation. Opinion varies considerably in 
different breweries as to the safe use of 5 during 
the hot months‘of the year; many brewers being cer- 
tain that their beer would not stand if they employed 
sugar during the months of, say, June to August m- 
clusive, whilst other brewers use sugar all the year 
round. So much, however, depends upon locality, 
plant, water, and general system, that no empirical rule 
can be laid down respecting the matter, and, like a 
good many other details in brewing, it must be left to 
the individual skill and judgment of the brewer in 
charge. 





SOME REMARKS ON TESTING IRON BY 
MAGNETISM. 

By Joun Farquuansoy, of H.M. Dockyard, Sheerness. 
Mr. Farquuarson had prepared the following paper to 
be read at the recent meeting of the Institution of Naval 
Architects, but did not send it in time for reading : : 

The proposed test is said to be capable of detecting con- 
cealed flaws in iron, or iron articles ot every description, and 
also of determining the quality or texture of the iron where 
no flaws exist. I beg leave to allude to these separately. 
With regard to concealed flaws, the theory seems to be - 
sound or homogeneous bars or masses of iron assume une er 
the inductive influence of the earth the condition of a single 
magnet, and that unsownd bars or masses assume the = 
dition of two or more magnets with distinct polarities, the 
existence of which can be detected by a delicately balanced 
magnetic needle, and the quality, so far as soundness is - 
cerned, be known. If we examine a bar of soft iron in the 
magnetic dip by means of such a needle, we find it has two 





seven gallons of boiling water and, still maintaining 





principal poles as stated, in due relation to the earth; but I 
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uestion the inference that perfect continuity is 

= ange this condition. A little consideration will show 
that it is highly improbable, and experiments, so far as I 
have been able to try it, confirms this view. Suppose a bar 
of iron, 12in. long, is examined in the magnetic dip, and 
found to be a single magnet with distinct and opposite poles 
the ends, we shall find the middle is neutral, which only 
poe wt that the needle is there midway between two e ual 
ae opposite forces, and therefore either end of the needle is 
Jy indifferent to the iron. If we sever the iron at this 

int, and examine the halves apart, they are complete 
ge still, with opposite polar forces at the point of 
severance ; again restore the parts end to end as betore, and 
we bring equal and opposite forces close together, which, so 
far as needle vibrations are concerned, neutralise each other ; 
we ought not, therefore, to expect or to find that such a bar 
would act differently on a needle in consequence of such 
severance. To make the matter still more plain, let it he 
porne in mind that every bar of iron is made up of an infinite 
number of small magnets arranged in the order of alternate 
poles, according to the well-known law of induction. We do 
not know that these are coincident with the molecular atoms 
of which the iron is composed, but we know by a aon ae 
cess that they are too minute to be mechanically vi ed ; 
hence there cannot be such a thing as irregular poy 
arising from flaws or mechanical separation of the parts. We 
may cause & measurable distance to intervene between an 
adjacent N and §; but the order remains unaltered, and un- 
Jess such a separation exist as to cause a preponderance of N 
or § to operate on the needle, no vibration or deflection can 
result. We know, also, that the sine of the angle of deflec- 
tion cannot be greater than the separation or distance between 
N and §; but we may have complete solution of continuity, 
entire severance, as far as strength of cohesion is concerned, 
with a separation of the parts so minute as to be invisible to 
the eye, hence the deflection arising from such solution is 
cmplote as far as strength is concerned, must also be in- 
visible, and cannot, therefore, be discovered by the needle. I 
have already stated that this has been confirmed by my own 
observation, and that its accuracy may be the more readily 
tested by any one who doubts it. I have prepared a bar of 
iron about a foot long and gin. diameter. This bar is made 
up of two solid pieces put together with a transverse i * 
they are simply pressed together by a central screw. 1 have 
not even annealed it to get rid of the sub-permanent etism 
likely to arise in the process of joining, because 1 could 
observe no disturbance of my needle from this cause. I have 
stated what the bar is, and how prepared. The joint is com- 
plete in the direction most favourable to discovery, and I 
think it is not too much to expect that the joint shall be dis- 


equal 


covered with ease and certainty, if the theory set up be true. | § 


Could this be done, it would not follow that concealed flaws 
could be discovered ; but if it fails in this, it is useless to try 
the other. 

In actual practice solutions exist in the direction least 


favourable to discovery. Lamination, for example, is a com 
mon fault in plate iron, and exists generally under a sound 
exterior. The plate, instead of being one homogeneous mass, 
is built up, as it were, of several parallel layers imperfectl 
united together. To test plates of moderate thickness for 
faults of this kind by the proposed process, would be quite 
useless, even were it possible to discover faults in a transverse 
direction. The plate must be*placed at right angles to the 
magnetic meridian to test for solutions of continuity in the 
direction in which they can exist ; the needle could only in 
that position be made to cross the solutions at the edge of 
the plate, where the principle poles would be so near each 
other as completely to mask minor or intermediate ones. I 
am guite aware that Mr. Saxby has tested plates in other 
positions, but am unable to understand the principle on which 
the operation is based, nor have I seen any successful results. 
_ There is no oo difficulty in testing most kinds of new 
iron by the ordinary process, but this cannot be said of forged 
articles; but the objections already stated would apply to 
forged articles ina still higher degree, in consequence of their 
numerous and complicated forms. It is important that the 
article under examination should be in or bear some known 
and definite relation to the ma gnetic meridian, and this would 
not be an easy matter with articles of irregular shape. Su 
, for example, an ordinary chain is to be tested, would it 
an easy matter to place every part of the several links in 
such relation, and so apply the needle that every disturbance 
could be easily referable to a single cause, to distinguish the 
vibrations due to hidden flaws from those caused by cross 
studs or other parts of the link. Chains are but one of many 
difficult forms that must be met, and practical men know that 
the more irregular in form the more likely is the forging to 
have unsound welds. 


Before entering upon the second part of the subject, viz., 
how far the magnetic needle is capable of indicating the 
quality or texture of iron where no mechanical flaws or imper- 
fections of manufacture exist, it is to be observed that it is 
hecessary for success that there exist a definite relation 
between the magnetic condition of iron, as indicated ‘by a 
needle, and its suitability for its intended purpose. We are 
quite aware that marked differences in the magnetic condi- 
tion of iron may be seen in different samplesy but it is also 
true that the same sample varies mechanically without any 
» ere difference in its practical value. A few light blows 
dition. ae 1s suflicient greatly to alter the magnetic con- 
ae ~ protege 3 = : —e way; but ponents 
when oa my pre ee a Chereepons ing c. e 
be contended A aa direction. Now it will seagentt 


of the iron for corresponding change in the suitability 


ractical use results from such an opetation, 
Spire, the change magnetically isnot permanent inamnidaht 
pousible modified in this respect by position, so that all these 
teat it magnetically. must be known to the person about to 

2€ amount of free magnetism in iron, besides being 
the the causes already mentioned, is not directly as 

mass, nor exactly as the surface, although nearly so. 





Barlow found that a shell 10in. in diameter and ¥; in. thick 
had two-thirds the magnetism of a solid sphere of that dia- 
meter ; and according to Poisson’s formule, a cylinder 10 ft. 
diameter and 44in. thick has as much free magnetism as a 
solid cylinder of that diameter; but ithas been objected that 
this is only true when the-continuity is'\regularly interrupted 
—a condition not to be anticipated in actual practice, and I 
have endeavoured to test this experimentally with the follow- 
ing result: A cylinder 4in. long, 2in. diameter, and } in. 


thick had a cylinder of iron borings roughly fused together | G4 


by molten iron inserted, and’ slowly revolved within tho 
hollow cylinder; the needle was perfectly steady and un- 
affected. The like result followed the substitution of a solid 
and also the half of a solid cylinder of the same description 
of iron for the rough cylinder of borings, the deflection in 
either case remaining the same. It appears, therefore, that 
the free magnetism acting upon a needle is due to a stratum 
of iron near the surface, and that considerable irregularity 
in the internal structure of a bar of iron 2in. thick ‘may! 
exist without affecting the needle. But the practice, so far 
as I have seen it, is to use a very light needle near the sur- 
face of the iron, and to disregard altogether the inductive 
influence of the needle.. Now a cylinder of the thinnest iron 
that canbe produced will deflect a needle so used 90°; a 
solid mass can do no more, and I ean see no reason why we 
should not find the same varieties between this and. the 
neutral point, where deflection is nil. We must therefore, 
it appears to me, remain quite uncertain as to the condition 
of the internal mass at a greater distance from the needle. 








THE INTERCOLONIAL RAILWAY. 


Tx offers made to the Canadian Government for building 
the Intercolonial Railway were brought before the Canadian 
Parliament on the 6th ult., and were as follows : 

1. From J. R. Burpee, of St. John, N.B., to Mr. Mac- 
dougall, dated January 15. He says he has a contract for 
building 88 miles of the European and North American Rail- 
ruad, from St. John to Bangor, and 22 miles for the Frederic- 
ton Branch Railway Company, which will be completed earl 
this year. He will then have a large force at his disposal, 
During summer he could put one or more parties of engineers 
of large experience into the field, to locate, upon very short 
notice. He could also put a force of 500 or 1000 men upon 
work on receiving one month’s notice, and would agree to 
compinte the whole work in the shortest possible time. He 
would prefer to contract for the whole route, as the greater 
control would be secured and the rates of wages better re- 
ulated, and would give satisfactory security for the per- 
formance of the work, if required. He proposes to locate, 
build, and equip a first-class road from Apohaqui to Miramichi 
river, in the most direct line practicable, for $32,000 mile, 
or, what would be more preferable to him, from A shogus to 
Restigouche river, including a bridge over the Miramichi, 
for $53,000. In locating the. route he would confine himself 
to curves of no less than 1000 ft. radius, and grades, not to 
exceed 60 ft. per mile—all to be subject to the approval of the 


Y | chief engineer of the Government—this proposition to include 


engineering expenses and land damages, clearing fad grub- 
bing, fencing, masonry, and superstructure, with iron rails 
having fish joints of the Erie pattern, and weighing 60 lb. 
per yard; ballast, 4000 cubic yards per mile, with all the 
necessary sideways and station buildings, single line of tele- 
graph, and everything which can reasonably pertain to the 
requirements of a first class road ; all bridges over 50 ft. span 
tobe of iron; rolling stock at the rate for each and every 
20 miles of two locomotives, two first-class passenger cars, 
two second-class and mail, cars, fifteen box freight cars, 
prenty platform cars, one snow plough, and two band cars. 
2. From Charles Douglas Fox, on behalf of the firm of 
Charles Fox and Sons, Spring Gardens, London, England, to 
Mr. Macdougall, dated February 21. They offer themselves 
as consulting engineers to the Government in connexion with 
the railway. The letter states that the firm have acted in a 
similar capacity for the Goyernment. of Queensland, and for 
numerous guaranteed and other railways in India, at the 
Cape of Good Hope, and elsewhers; that they have been 
engaged for many years in the construction of railway works 
of magnitude. Their duties, the letter states, as consulting 
engineers, would be to advise Government upon all points 
referred to them, and, in consultation with the chief engineer, 
when called upon, to determine details of allocation and 
construction, to act, when desired, as referees in matters of 
dispute, to prepare designs from data furnished by the chief 
pegineet for ironwork details of bridges, to superimtend the 
ordering of all material in England or on the Continent, to 
carefully inspect during manufacture and superintend the 
storage on board ship of all materials, and to furnish financial 
agents of the Government with certificates upon which, with 
bills of lading and policies of insurance to pay value thereof 
if desired ; they have facility for engaging freight and, affect- 
ing insurance, and they have found that t, carefully watch- 
ing the freight market, great reductions could often. be 
effected. With reference to remuneration they submit the 
following as fair basis upon which atrangements might be 
made with the Government to pay them as consulting agents, 
tetaining fee of 600/. sterling, also their office and travelling 
expenses, and fee of five guineas for each day spent out of 
London, or on arbitration in fulfilment of their duties; re- 
taining fee would thus include all ordinary consultations and 
reports not involving a visit to the dominion or to places at 
aidistance from London. They further propose, in order to 
cover all expenses and time, including office and. travelling 
expenses, inspectors’ and assistants’ salaries, and all other 
charges in connexion with the ordering of shipment of all 
materials, Government should pay them the following commis- 
sions upon 'the value. of the material shipped upon. rai 
1} per cent.; upon all other materials, 2} per cent., and they 
would undertake the shipment and insurance for one-quarter 
per cent. additional. e letter is accompanied by one from 
Charles Fox, dated at Ottawa, who states that he crossed the 


Atlantic — a view to this appointment; that the 
retaining fee is the same as that paid by the Capetown Rail- 
way yay vg! for 52 miles of railway; that the percentage 
paid by the Government of Queensland was 34 per cent. all 
round ;.and that he had letters of introduction from the Duke 
of Buckingham and Lord Stanley. 


3. The next offer was sent by telegraph to Mr. Tilley from 
Calais, Maine, dated February 23,-and signed by Henry 
Osborne, T. R. Todd, Z. Chapman, R.. Watson, Jas. Murchie, 

. A. Boardman and Oo., on behalf of 'a company of capi- 
talists, themselves among the number. They pro to 
build and equip the Frontier Line from Riviere du pel to 
Woodstock for the Government at $33,000 per mile, or for a 
subsidy of $30,000, the company owning the road. Maximum 
grade, 60 ft. ; curvatures corresponding ; fish-plated iron rails, 
631b. to the yard; rolling stock to the value of $2600 per 
mile ; stations $500 per mile; and reasonable time for con- 
struction. Mr. Tilley, on nting this letter to the Minister 
of Public Works, said that the company intend to apply to 
Parliament for'an act of incorporation, and that they are 
prepared to furnish evidence ‘of’ their ability and means to 
satisfactorily fulfil their contract. 

4, The next offer addressed to Mr. Macdougall is dated 
Montreal, March 6, and signed by T. Morland, Hugh 
Allan, and George Stephens, on behalf of themselves and 
others. Believing that Government is desirous of obtainin 
tenders for the construction of the Intercolonial Railroad, 
they propose to’ undertake ‘that portion of it which lies 
between Riviere ‘du Loup and Woodstock, or Riviere du 
Loup and Fredericton, if the Fredericton route is adopted. 
They propose to select the most suitable route that may offer, 
so long as it does not ap the frontier nearer than 
10 miles. The highest e not to exceed 60 ft. to the mile, 
curvatures to correspond ; the iron rails to be fish-plated, and to 
weigh 63 lb. per yard. They will furnish rolling stock to the 
value of $2600 per mile, and stations to the value of $500 
pe mile. The price asked for this route, not including the 

over the river at Fredericton, is $8,000,000 if owned 
by company, or $9,000,000 if handed over to Govern- 
ment. For the line to Woodstock; by the frontier, they ask 
$6,000,000 if the com own the road; if handed over to 
the Government, $7,000,000, Free right of way in all cases 
to be supplied by Government. 

5. The next offer is addressed to Mr. Tilley, dated St. 
Stephens, N.B., March 9, and signed by F. H. Todd, Jos. E. 
Eaton, H. F. Eaton, Jas. Murchie, Henry Osborne, Z. Chap- 
man, Robt. Watson, and G. A. Boardman and Co. They 
pro se to build the road by No. 1 frontier line, from Riviere 

ju Loup vid the western side of Tennescotta Lake, Grand 
Falls, thence along the western side of river St. John to 
Woodstock, for $6,000,000; or from Riviere du Loup by the 
same route to Grand Falls, and thence along to the western 
side of the river St. John to Woodstock, for $6,000,000; or 
from Riviere du Loup by Trois Pistoles, river Squatoo, river 
Valley, Green River Forks, bend of Restigouche river, and 
Salmon river, thence along the western side of the St. John 
river to Woodstock, for $7,500,000, the highest grade not to 
exceed 60 ft. per mile; the smallest radius of curvature 
1160 ft.; the road bed to be 18 ft. wide; cuttings 28 ft. in 
width ; quantity of ballast to be equal to 3500 cubic yards per 
mile; sleepers to be of cedar, tamarac, and pine, and to be 
laid in proportion of 2112 per mile; rails to be 63 Ib. to the 
yard, fish-plate joints ; superstructure of all bridges exceed- 
ing 50ft. span to be of wrought-iron girders. Equipment 
to consist of all necessary rolling stock, tank-houses, wood- 
sheds, and station-buildings, rolling stock for each and every 
100 miles as follows: 10 locomotives, 2 sleeping cars, 4 first- 
class passenger cars, 4 mail cars, 40 box-freight cars, 80 
platform cars, 20 handcars, and 4 snow-ploughs. Station 
accommodation to be of the value of $500 per mile. This 
proposition includes cost of preliminary surveys, location, 
and engineering; the whole to be subject to the approval of 
a chief engineer appointed by the Government. the road to 
be handed over to the Government on completion. Periodical 
payments to be made by the Government during the pro 
of the work upon a certificate of the chief engineer. Rails 
and rolling stock to be paid for when delivered at the 
terminus ; Government to provide thé right of way in all 
cases ; the company to be entitled to all timber on erown 
lands ; promise ample security. 

6. Next offer is addressed to Sir John A. Macdonald, 
dated Ottawa, March 14, and signed by A. Luders Light. 
He states that the road can be built by the Robinson route in 
the best manney, including a reasonable proportion for rolling 
stock, for $17,000,000, the work to be executed to the entire 
satisfaction of the chairman of the, Institution of Civil 
Engineers for the time being. He is prepared to give ample 
security. cil 

7. Next offer is also addressed to Sir John A. Mac- 
donald, dated Montreal, March 20, and signed by James 
Reekie. He offers to build the road to Truro by the Robin- 
son route for 70001. sterling per mile, the line to be located 
by engineers employed by the Government, and built accord- 
ing to general specifications to be p “d by them. Station 
accommodation to be sufficient to méet traffic. Rolling stock 
at value, in aggregate of $3000 per mile. 

8. This offer is also addressed. to Sir John A. Macdonald, 
dated St. John, N.B., March 25, signed by Mr. Burpee. e 
offers to build the road in the manner of his first order, by the 
Robinson route, for the bulk sum of $14,600,000. 

9. Last offer is addressed to Mitchell, dated Quebec, 
April 3,,and signed by James G:' Ross, W. Wilhall, A. 
Joseph, W. D. Campbell, and E, Cheniec. They state that 
they have associated themselves with D, C. Thomas, who was 
then absent from the city for the purpose of tendering for 
the construction of a road. The 4 to build it by the 
Robison route.from River du p to Truro, equal in all 

to the.Grand Trunk, or any other road in Canada, 
for $14,800,000. 





The answers given to these offers were simply an ac- 
o 


knowledgment of their reception. 
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FOUNDATIONS OF BRIDGE OVER THE RIVER TET, AT PERPIGNAN. 





_ Tue branch line of the Southern Railway of France from 
Narbonne to Perpignan includes amongst its works two of 
most important brickwork structures connected with the 
Southern Railway system. These are two bridges, each con- 
sisting of five elliptical openings of 82 ft. 24 in. span, the one 
crossing the river Agly. at Rivesaltes, and the other the river 


Tet, at Perpignan. The two bridges are similar in their 
eral design and dimensions, but that last mentioned is a 
skew bridge, whilst that at Rivesaltes crosses the river. Agly 
at right angles. It is not, however, of the superstructure 
of the bridges that we intend to speak here, but of the means 
employed in putting in the foundations, which possess some 
Points of interest. 
According to the plans prepared by the engineer-in-chief, 
M. Carvallo, the bridge piers were to be carried on hollow 
of brickwork sunk, by dredging out materials from 








M. CARVALLO, ENGINEER. 
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the interior, through beds of sand and gravel from 23 ft. to 
26 ft. in thickness. The site of the piers was almost always 
= on the surface during eight months of the year, but the 
substrata contained large quantities of water. - Kach pier was 
to be formed of three of these hollow brickwork shaits, each 
shaft being 13 ft. 1}in. in diameter outside, and the three 
being arranged in a line perpendicular to the centre line of 
the bridge. Each of the abutments was to be carried on nine 
similar shafts, these being arranged three in each row. The 
shafts, after being sunk down to a firm substratum, were to 
be filled in with cement concrete up to about 1 metre below 
the level of the surface of the ground, and on the foundation 
thus formed the brickwork of the piers was to be commenced. 

At Rivesaltes this programme was carried out without 
much difficulty, the substrata consisting of sand and stones 
of small size lying loosely. At Perpignan the case was dif- 
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ferent, the borings showing that the substrata were ve 

compact, consisting of granite and quartz stones mixed wit 

blocks of 12in. to 14in. in diameter. Under these circum- 
stances the thickness of the shafts was increased to 1 metre 
(3 ft. 34 in.), or double the thickness which was adopted at 
Rivesaltes, and instead of being built of bricks they were 
constructed of stones taken from the bed of the river Tet, and 
set in Spanish cement. The manner in which the shafts were 
constructed was as follows: Referring to Fig. 2 of the ac- 
companying . oy , it will be seen that each shaft was 
founded on a sill, B, of ‘sheet iron, }in. thick, this sill con- 
sisting of inner and outer vertical sides united by a bottom 
plate inclined at an angle of 20°. The sides and bottom were 
connected by 2in. angle irons, C, and the lower angle was 
strengthened by a ring of 2in. by y%in. iron riveted to it. 
The upper parts of the sides of the sill were stayed by the 
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crossbars, D, which were ,°, in. in diameter, and were placed 
at intervals of about half a metre (19% ~~ The lower part 
of the sill was filled in with oak blocks, FE, and on these the 
shaft was built. The brickwork was carried up with a per- 
pendicular interior face ; but the external face was built with 
the slight batter of 1 in 100 in order to diminish the frictional 
resistance to the sinking of the shaft, and prevent as far as 
ible the chance of the shaft “‘ hanging” on one side as it 
desounded. The shafts forming each pier were pitched only 
2in. apart at their bases, the spaces between them increasing, 
owing to their batter, to 6 in. or 8 in. at the —- 
The shafts were sunk without much trouble to depths of 
from 6 ft. to 7 ft., according to their position, but below these 
depths serious difficulties were met with, _The substratum 


was found to be so hard and — and the stonés'ton- 
tained in it of such large size, that all the dredging : 
which had been used with success at Rivesaltes, were 


to be inoperative, and it was only by a special ’& ths 
designed by M. Curriére, the engineer in charge of tie Plapt 
employed, that any success, was attained. This re yy 
consisted of four curved shovels or blades, so mounted atthe 
lower end of a strong central wooden beam, that, when dhis 
beam was lowered in the shaft, the shovels were) made to 
penetrate the ground, and could then be taised so as to break 
up the latter. After several trials this een was got 
into good working order, and was found capable of excavating 
from 36 to 52 cubic feet per day of ten hours. 

The operation of dredgim , however, was so difficult that 
the engineers in charge of the work resolved to render the 
shafts dry, and carry on the excavation by hand labour. 
Here, however, another difficulty had to be overcome. The 

uantity of water contained.,in the, substrata was so great 
that it would have been impossible to keep the shafts dry by 
any amount of pumping power which could practically be 
brought to bear upon them, and ancthenspep, Rene upon the 
peculiar character of the river, was therefore tried. The 
river Tet is, at Perpignan, about 400 ft. wide, and its bed has 
a = steep slope. Like other streams taking their rise in 
the Pyrenees, it is liable, at certain seasons, to great floods, 
which ne its volume to an. enormous extent, and fre- 
quently do considerable damage to its banks and the property 
situated on them. During these floods the water-level rises 
16 ft. or 20 ft., the rate of the flow increasing to as much as 
26 ft. per second, and one of their effects is to frequently alter 
the course taken by the stream when not flooded, the low- 
water current being found changed after a flood from the 
right bank to the left, or vice versd. Having regard to the 
circumstances of the case, the plan which it was determined 
to adopt to remove the water from the shafts was that of cut- 
ting in the centre of the bed of the river a canal or drain 
about 5906 ft. in length, extending from the site of the bridge 
down the stream, the sides and upper end of this canal being 
protected from the river by strong banks, so that it forsned a 
central work on each side of which the stream could 
flow. From the rapid fall of the bed of the river 
it was considered that the canal could be made of suf- 
ficient depth at its upper end to drain the substrata to 
such an extent as to lower the water level in the shafts about 
13 ft., and thus enable the sinking to be completed. Owing 
to the danger from the freshets already mentioned, it was of 
course important to carry on the work, of which we are giving 
an account, without any unnecessary delay, in order that it 
might as far as possible be rformed between the occurrence 
of the spring floods, onl tae which take place in the 
months of October and November. With this end in view 
fifteen hundred excavators were set to work when the bed of 
the river was {dry, and the construction of the canal was 
carried on as rapidly as goonh, the foundations also being 
simulianeously proceeded with. The sides of the canal were, 
as we have said, guarded by strong banks, whilst the head or 
upper end was protected by a kind? of triangular cutwater 
formed of piles backed by bags of earth ; and asa further pre- 
caution there was formed higher up the course of the stream 
an earthen breakwater, this béing placed transversely to the 
course of the current, and being 93 ft. in length, leaving a 
passage on each side through which any flood might pass. 

As the construction of the canal pro; 1 the level of the 
water fell in the shafts, and the excavations were being carried 
on actively, when a sudden stoppage was put to the work by 
the occurrence of a flood caused by a severe storm of rain. 
This flood, which took place im the middle of summer, was 
not of any extraordinary extent, and was of but short dura- 
tion ; yet it was sufficient to overflow the protections at the 
head of the canal, and within ten minutes of the time of the 
water surmounting these, the whole of the canal and its 
accessory works, which had been constructed ata cost of 
70,000 francs (2800/.}, were entirely destroyed. After this 
catastrophe all idea of carrying out the lan of draining by a 
canal was abandoned; and M. Lair, the conductor of the 
works, suggested the employmentof compressed air to enable 
the sinking of the cylinders to be proceeded with. This pro- 
posal was at first received with some hesitation by the engi- 
neers, as it was considered doubtful whether the system could 
be successfully adopted in shafts constructed of brick- 
work ; but eventually it was resolved to adopt it, and we 
shall now proceed to describe the means by which it was 
carried out. 

Referring to our engravings, which represent the appli- 
ances employed, it will be seen by Figs. 2 and 3 that the 
shafts, after being carried up about 13 {t. above the ground 
level, were each fitted at the upper ed witn a wrought-iron 
cap, F. This cap, which was made of plates | in. thick (fora 
pressure never exceeding one atmosp.ere) was slightly con- 
vex, and was securely bolted to a ring of J-iron, G, this ring 
being, in its turn, fastened to the brackets, H, held by the 
eight omape, I, These straps were each made of iron 2 in. by 
‘ in., and they were bent to fit the brick work, being carried 

own both inside and outside the shaft, and fixed by the 
bolts, J. A layer of cement, K, was placed on the top of the 
shaft, both within and without the ring, G, in order to pre- 
vent the escape of air. The rim of the cap, F, was formed by 
aring of flat iron, L, of the same width as the table of the 





I-iron ring to which it was bolted, a ring of india-rubber being 
interposed to make the joint tight. 

On one side of the cap was fixed the elliptical tube, or 
chamber, M; this chamber, which was made of iron of the 
same thickness as the cap, being 3 ft. p bes high by 3 ft. 33 in. 
on its longer and 2 ft. 74in. cn its shorter diameter. The 
upper and lower ends of the chamber were pierced each with 
an elliptical opening, N, these openings feng placed one 
directly over the other, and being each 1 ft. 3fin. by 12 in. 
These openings, which served for the passage of men and 
materials to and from the shaft, could be readily closed at 
ee ae by the covers, O, P, which were simple iron plates 

tted with rings of india-rubber to make a tight joint, and 
held in their places when closed by the pressure of the air 
within the chamber and shaft respectively. The arrange- 
ments fcr admitting air from the shaft to the chamber, M, or 
owing it to eseape from that chamber into the atmosphere, 
consisted merely of holes, Q, each 4 in. in diameter, and fitted 
with a simple valve formed of a small india-rubber disc con- 
nected by a rod passing through the hole to a plate above. 
These valves, like the covers already mentioned, were held in 
their places when closed by the pressure of the air against 
them. 

On. the side of the cap furthest from the chamber, M, was 
bolted the nozzle, R, to which was attached the pipe leading 
from the air pump, This pipe was 8 in. in diameter, and was 
made of sheet iron in length of 1 metre (3 ft. 33 in.) con- 
nected by india-rubber tubes, T. The india-rubber junction 
pieces were aaron: by wrappings of woollen list, and were 
secured by the steel dips, U. The pipes formed in this way 
were, found to be very suitable for the work, as they were 
sufficiently flexible to accommodate themselves to the sink- 
ing of the shaft, and they could be readily lengthened or 
shortened as required. About 5 ft. 6in. below the cap was 
placed a shelf or platform for the accommodation of the men 
employed in raising or lowering the materials, and access to 
the bottom of the shaft was given by the rope ladder, X. 

The pumps employed for supplying the compressed air are 
shown by Figs. 4 to 9. These pumps are of a kind which has 
been frequently employed with success for pumping water, 
and they have the advantage of being little liable to get out of 
order and of being cheaply constructed, the total cost of each 
pair of pumps, with their pipes, used at Perpignan, being 
only 1500 francs (30/.). Similar pumps were employed at 
the bridge at Bordeaux and in draining the lake Fucino. The 
lower part of the pair of pumps is formed of the cellular 
cast-iron base plate, A, which is divided longitudinally by the 
partition, B, as shown in Fig.9. Two compartments are 
thus formed, the one, C, being the inlet, and the other, D, 
the discharge side. On the top of the base plate are bolted 
the pair of cast-iron cylinders, E, each cylinder being formed 
of two parts placed one above the other, and bolted together 
through flanges holding between them the edge of a strong 
eu i leather, F. The centre of this leather is held between 
the’ piston, I, and the cast-iron plate, H, as shown, and as 
thé pump is worked the leather is alternately deflected 
upwards and downwards, as shown in Fig. 7. At the bottom 
of each cylinder is placed the iron plate, K, which is }in. 
thick, and is perforated with holes slightly countersunk to 
prevent the india-rubber valves of which the plate forms the 
seat from being cut. Each plate forms the seat for two 
valves, each uncovering, when open, rather less than half its 
surface. These valves are simply pieces of sheet india-rubber, 
the suction valve, shown open at M, Fig. 7, being placed 
above, and the delivery valve, N, Fig. 8, below the plate, K. 

Between the cylinders there are cast in one piece with the 
bed-plate the two conical nozzles, P P, which communicate 
with the short pipes, Q, to which the pipes leading to the 
shafts were attached. Above the nozzles just mentioned 
there is bolted to the faces, R, formed on the cylinders, the 
bracket, 8, which carries the bearing on which the beam, T, 
oscillates. This beam is connected to the pistons by the 
forked rods, U, as shown in Figs. 5,7, and 8. The pistons 
are each guided so as to move vertically by a spindle, V, 
which is fixed in the socket, X, by the collar, Y, and nut, Z, 
and which works in a tube, a, attached to the piston, this 
tube being closed at the top to prevent the escape of air. 
The action of the pumps will be readily understood without 
any special explanation. The contents of the two barrels are 
of course discharged alternately, and in the case of the pumps 
used at Perpignan, the quantity so discharged at each stroke 
was 30 litres, or about 7.7 gallons, and the quantity dis- 
charged per hour when the pumps were driven at 60 strokes 
we minute was 126 cubic metres, or about 4450 cubic feet. 
‘his quantity was found sufficient to keep down the level of 
the water in the shafts, but to empty the shafts in a quarter 
of an hour the speed was increased to 100 strokes per minute. 
When care is taken in choosing the materials, the cupped 
leathers last a considerable time without requiring to be re- 
newed. At Perpignan the white leather used by. harness- 
makers was employed, and it was lubricated from time to 
time with neat’s-foot oil, care being taken to prevent, as far 
as ible, the access of the oil to the india-rubber valves. 

Ve must now describe the general arrangement of the 
plant employed, and the manner in which the work of sink- 
img the shafts was carried on. Referring to Fig. 1, which 
shows a pair of shafts in course of being sunk, it will be seen 
that the air-pumps were placed upon a platform, E, sup- 
ported on piles, F, This platform was placed on the site of 
the centre shaft of each pier, the outer shafts being sunk 
before the centre shaft was proceeded with. The pumps 
were driven by a six horse portable engine, H, placed on the 
ground level, this engine being connected by a belt, I, toa 
pulley, J, on the shatt, L. At the ends of this shaft were 
placed the cranks, M, to which the air-pump beams were 
coupled by the rods, N. The air was conveyed from the 
pumps to the two shafts simultaneously by the pipes, O, and 
the materials required were brought on trucks, P, running 
on a tramway on the service bridge, A, and were discharged 
down the incline, Q 

The system of working was as follows: The cover, P, Fig. 
2, being closed, and the air-pumps set to work, the water was 








forced out of the shafts, fifteen minutes sufficin : 
operation. After the expulsion of the water b= 
effected a sufficient quantity of air had to be continual] 
forced in to supply respiration, and make up losses by leal;. 
age, any surplus air thus introduced escaping under the 
bottom of the shaft, and rising dit. The passage of 
the four men simultaneots ployed in each shaft was 
effected, two at a time, by meanp@f the chamber or air-lock 
M, as will be readily understoa@ Of the four men just 
mentioned, ‘three descend i@ bottom of the shaft, two 
of emplo, v c ion, and one in filling the 
skips or buckets, Ww. the foyrth man remained on the 
platform below the air-lockjrid was engaged in raising the 
materials and, lowering. t serbey skips. he full skips were 
laced, three ata time, inthe #ir-lock, as shown at Y, Fig. 3. 
e man onthe Plavformaan che shaft placed the skips in 
the chamber, lose gta uaa then gave a signal to 
aman outside, .w dt ithe compressed air to escape 
from the chamber, opened ‘the cover, P, and removed the 








skips. 1 

When the use of the ace ram we have described was 
commenced a Number of small'difficulties were met with. In 
the first place a very great léikage of air was fuund to take 
place through the walls’ of the’ shaft, notwithstanding that 
these had beén' constructed with the greatest care. This was 
remedied by an internal facing of\cement ; but at each sudden 
settlement of the shafts small ‘eracks were formed which 
caused considerable leakage, and yet were almost imperceptible 
to the eye. ‘However, the plan was hit upon of burning in 
the shatt, when such cracks’ were’ formed, a torch ma cing 
much smoke, this smoke being drawn into the cracks by the 
escaping air and enabling them to be readily detected and 
closed by cement. One accident! which occurred just after 
the work wags commenced proved of considerable value, as it 
pointed out-® very ¢onvenient way of forcing down the 
shafts when they were so held by the pressure of the 
earth, that their own weight was insufficient to move them. 
This accident occurred as follows:—The pipe from the air 
pump had been carelessly coupled.up to one of the shafts so 
that the connexion grolualey jelded, and eventually gave 
way, allowing the conipresséd’nit in the shaft to esca 
suddenly. No harm ‘was! done, but it was found that t 
shaft had suddenly sunk @own'nearly 4in. The fact was, 
that whilst the air was coifipressed in the shaft, an upward 
pressure of about 70,000 Ib.\was being exercised, or, in other 
words, the weight of! the ‘shaft was practically reduced to 
that extent. On the air being allowed to escape, however, 
this proportion of the’ weight ‘was suiddenly brought into 
action, and the effect was the same as-if the air had been 
retained in the shaft and a load of 70,000 1b. had been sud- 
denly applied. to the top of the latter." “Hence the sudden 
sinking of which we have spoken. 

The method of forcing down the shaft by allowing the air 
contained in it to escape suddenly, was in fact such a con- 
venient one, that it was Reveals frequently resorted to, 
and with perfect success: "Et-is only right that we should 
state here that a similar plan was resorted to, a few years 
ago, by the Hon. William J. MeAlpine, formerly the 
State engineer of New York, when he was sinking the 
iron cylinders employed in the foundations of the Harlem 
bridge. 

After the first difficulties had been overcome the work at 
Fie eo was carried on steadily day and night, each plat- 
form being illuminated after dark by an electric light, whilst a 
similar light, fitted with a parabolic reflector, lit up the service 
bridge.» The work of sinking the pier foundations was first 
ge ong as it was important that they should be completed 

fore the occurrence of the floods. Two piers were con- 
structed simultaneously, the outer shafts of each being first 
sunk, ‘as we have already stated. The sinking of the centre 
shaft of each pier was effected much more rapidly than that 
of the outside.ones, on account of the ground having been 
disturbed; but it required greater care to avoid canting. 
When the central shaft of each pier was being sunk, one pair 
of air pumps only was required, the other pair being em- 
ployed in furnishing air'to the central shaft of the next pier 
by means of a long pipe, or being removed altogether to 
another pier, and en Aa hand labour. Women were em- 
ployed for working the pumps, it being found that sixteen of 
the powerful Roussillonnais ladies would do as much work as 
twelve men, whilst they were only paid 14 franes each per 
day of twelve hours, and the men 2 franes for the same time. 

Below the stoney bed of the river a layer of soft yellow 
clay was met with, and in penetrating this it was found ad- 
visable to place a pressure gauge on the top of each shaft, as 
the soft materials closing round the sill prevented the free 
escape of the superfluous air. When the shafts had been 
sunk to a sufficient depth, they were. filled in with cement 
concrete, the concrete being prepared on the service bridge and 
passed rapidly in buckets to the bottom of the shafts. The best 
workmen were employed in this operation, and it was found that 
after practice they were enabled to down three buckets 
full of concrete per minute. When the shafts had been filled 
to.a depth of about 6 ft. Gin. they were found to be com- 
pletely watertight, and further operations could be carried on 
with the cap removed. Whilst the piers were being com- 
pleted the construction of the abutments was carried on, the 
shafts belonging to that on the right-hand bank being almost 
all sunk without the use of the compressed air system, the 
excavation being performed by boring holes for mining 
charges, and firing these below water by means of electricity. 

In conclusion we should state that the particulars which 
we have above given concerning the foundations of the bridge 
at Perpignan have been derived from an interesting account 
of the work recently published in the Annales du Genie 
Civils. The account referred to was written by M. A. de 
Basterot, who was one of the engineers engaged on the work, 
and who estimates that in the case of shafts of about 26 ft. 
in height, the cost, if they are constructed of brickwork, is 
only about half that which would be incurred if they were 
made of iron, the same process of sinking being, of course, 
supposed to be adopted in the two cases. 
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INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue general meeting of the members of this Institution 
was held on Thursday, the 30th of April, in the Lecture 
Theatre of the Midland Institute, Birmingham, Thomas 
Hawskley, Esq., Vice-President, in the chair. 

The secretary (Mr. W. P. Marshall) read the minutes of 
the previous meeting, and a number of new members were 
elected. A communication from the Patent Office was read, 
requesting the nomination of gentlemen. by the Institution, 
for the appointment to be made by Government of one out 
of three additional Commissioners of, Patents; and . 
Charles Edwards Amos, of London, and Mr. Robert Charles 
May, of London, were nominated by the meeting for this 
purpose. ” : 

The adjourned discussion then took place upon the paper 
read at the previous meeting, “On the Allen Engine and 
Governor,” by Mr. Charles T. Porter, of Manchester. 

The next paper was a “Description of the American 
Dovetailing Machine,” by Mr. John Robinson, of Rochdale. 
This machine, the invention of Mr. T. 8. Armstrong, of New 
York, was shown at work at the recent Paris Exhibition; 
and it is constructed so as to cut out the dovetail joints in 
woodwork by means of the continuous rotation of compound 
circular saws of peculiar form, which finish the joints com- 
pletely, without the use of any chisels or cutters. The same 
machine cuts both the pins and the holes of the dovetails in 
succession, by a simple change of adjustment, so ‘that their 
pitch and dimensions correspond exactly, and make a correct 
joint in every case. The two circular saws. are. placed 
inclined to each other at an angle corresponding to the 
inclination of the two sides of the dovetail pins; they are 
geared together by two bevelled toothed rings upon their 
inner faces, and the first saw is driven by bevelled gearing 
from the main driving shaft of the machine. The two in- 
clined axes of the saws are themselves capable of being 
rotated simultaneously by gearing through a quarter of a 
revolution, whereby the direction of their inclination is 
changed from vertical to horizontal, or the reverse, and their 
point of contact is rolled round through a quarter of a 
revolution. The wood to be cut is placed radially te the 
saws, so that the cuts are at right angles to the face of the 
wood in cutting the dovetail holes, but inclined towards 
each other, one saw cutting the right-hand side and the 
other the left-hand side of each«hole. By then rotating 
the axes of the saws through a quarter of a circle, the 
dovetail pins are cut, with parallel sides on the face of the 
wood, but inclined on the edge of the wood; and by this 
means the pins and holes are formed at exactly the same 
inclination, by the simple expedient of cutting them at two 
different points of the cirewmference of the saws, at right 
angles to each other. Each saw cuts one-half of a pin or 
hole ina single revolution; the first three-quarters of the 
circumference of the saw blade is made. plain, like an ordi- 
nary circular saw, but with a spiral gutting radually in- 
creasing in diameter, so as to increase the depth of cut until 
the bottom of the dovetail is reached; and then the last 
quarter circumference of the saw blade is made truly cir- 
cular, but has the cutting edge bent over at right angles, 
so as to cut at the side, for cross-cutting the bottom of the 
dovetail; the lateral projection of the flanged ‘blade gra- 
dually increases until it is equal to half'the width of the 
bottom of the hole. The blade of each saw, instead of being 
at right angles to the axis upon which the saw revolves, is 
set inclined like a screw thread, with the pitch equal to the 
intended pitch of the dovetails; and the wood is traversed 
across the saws by a bed-screw of the same pitch, so that each 
saw follows up its own cut correctly to the end of the revo- 
lution, and then - = a fresh eut at the proper distance for 
the next dovetail. In order.to take up the slack that would 
be caused in the fit of the dovetails by the thickness of the 
saw-cuts themselves, each saw is turned upon its own axis 
through a small arc, at the time of changing from cutting 
pins to cutting holes, ‘and is then seeured in the ‘position 
marked ; the fit of the dovetails is thereby readily adjusted 
to any degree of tightness that is required. Also, by givin 
to the table on which the wood is fixed an inelination o 
45° to its usual radial position, the same'machine serves for 
cutting concealed dovetails, in which the two pieces of wood 
form a mitre at the outer angle. ‘The saw blades are made in 
short segments, held by screws in a turned recess in the boss 
of the saw; and they-are readily-and quickly changed when 
it is required to set the machine for cutting a different size of 
dovetail. Specimens were exhibited of dovetails cut by the 
machine, together with one of the saws employed for the 


purpose. 

The last paper was “On an Improved Cupola for Iron 
F oundries,” by Mr. J. Eichhorn, of London. In this cupola, 
which is the invention of Mr. Henry Krigar, of Hanover, the 
objects aimed at are to concentrate the heat in the lower part 
of the furnace, and render the action uniform throughout the 
operation of melting, and to prevent the blast from injuring 
the heated metal by oxidising it. The vertical shaft of the 
cupola, which is made rectangular in form, opens into a lower 
chamber, the bottom of which forms the hearth to receive the 
melted metal. Round the bottom of the shaft runs an air 
passage, into which the blast is delivered from the air main; 
and the blast entering through the passage cools the brick- 
work of the cupola, and becomes heated itself; it then 
passes down into the melting chamber of the cupola through 
two long slots in the roof, one at the front and the other 
at the back, extending the whole breadth of the hearth. 
The front of the furnace is closed by an iron door on hinges, 
extending the whole breadth, and fined with clay and sand 
on the inside; and a smaller door is placed at the back, 
to facilitate the drawing of the furnace after each heat. 

© cupola is charged from the top of the vertical shaft in 
alternate layers of coke and iron as usual, a filling of coke 
being first put in for starting before closing up the front 
door. In the working of the cupola, the coke falling into the 
melting chamber from the vertical shaft stands there in a 
heap, upon which the blast rushes through the two trans- 
Verse slots in the roof; and the heat from the burning fuel 





being radiated into the air passage, the blast becomes pre- 
pered for combining rapidly with the carbon of the fuel 

efore it has an opportunity of coming in contact with the 
melting metal and wasting it by oxidation; and the action of 
the blast is finished at a considerably lower level than in 
ordinary cupolas. The metal obtained in this cupola is 
found to be very fluid, more so than in an ordinary cupola 
while retaining its softness ; and the consumption of coke is 
from 1} to 14 ewt. per ton of iron melted, according to the 
magnitude of the p onthe; the loss of metal in melting being 
only from 2} to 3} per cent. 

It was ommamaned that the annual meeting of the Institu- 
tion in the ensuing summer would be held at Leeds on Tues- 
day, 28th July, and following days, during the time of the 
Art Exhibition in Leeds. 

The meeting then terminated. 








LIQUID FUEL. 
To tne Epiror OF ENGINEERING. 

Srr,—In your issue of the 7st instant we find that Mr. 8. 
E. Crow answers our letter rding his infringement of 
Messrs. Wise, Field, and Ayaenes patent’ by stating that the 
extraordinary results obtained/inder ‘tits patent clearly prove 
the two dissimilar, both in modé of operation and prineiple. 
We fail to perceive that this reply on Mr, Crow’s part is 
logical, even assuming the correctness of the inference which 
he evidently desires to have drawn, regarding the respective 
merits of the original ‘and “his inmperfect’ modification, But 
as Mr. Crow’s letter might give rise''té misapprehension, we 
feel called upon to point out that the only difference between 
what he calls his apparatus and those fitted up under the 
authority of Messrs. Wise, Field, and Aydon is that, in the 
latter, their system is properly carried out, and gives far 
better results in practice than the imperfect apparatus 
adopted 'by Mr. Crow. So true is this that ‘the proper ap- 
paratus is being substituted in works where Mr. Crow’s has 
been tried. In principle, the two are identical. Our object 
in addressing you was simply to warn your readers of the 
consequence of infringing Messrs. Wise, Field, and Aydon’s 
patent by using similar, even though less perfect, apparatus, 
fitted up by other parties without the consent of Messrs. 
Wise, Field, and Aydon. 

In another part of the same number of ENGINEERING we 
find a report of some experiments in a yacht on the Clyde by 
Mr. Donald, of the firm of George Miller and Co., Glasgow, 
whose apparatus is also an infringement of Wise, Field, and 
Aydon’s patent. We had previously sent Mr. Donald formal 
notice to this effect. 

Considering the importance of the subject, we trust that 
you will excuse our thus trespassing again upon your 
valuable time and space. 

Yours very obediently, 
Francis WISE AND Co. 

Chandos Chambers, Adelphi, W.C., 

May 6, 1868. 








Mopery Orpyasce.—In the debate the other evening in 
the House of Commons Committee of Ways and Means, Sir 
John Pakington quoted General Lefroy as follows: “ Much 
of the expense incurred by the Ordnance Select Committee is 
inherent in the costly nature of the material now employed. 
Down to 1858 we had.no gun in use that cost much more 
than 100/.; we have this year paid about 7000/7. for two guns. 
A charge of powder and shot rarely cost above 15s., now every 
shot from a 9-in. gun costs at Jeast 47. 5s, and in the 12-in. 
gun about 7412s... Many varieties of projectiles which we 
are obliged to-fite cost a great deal. more. The ammunition 
alone required to test, a 9-in. gun for strength and endurance, 
a process that must be gone through, costs over 13007. Turn- 
ing back to guns tested as late as 1860, I find it cost about 
1507.” Sir John added, “These are facts to which I speak 
upon competent authority, and they show that you must 
either leave off supplying the country with artillery, or you 
must have Taal Estimates. If the cost of testing a 9-in. 
gun is 1300/., the éost’of testing a 12-in. gun will be propor+ 
tionately larger—cértaitily upwards of 20007.” 

Travian Inpustry.—Great efforts are. now being made 
to develope national industry in Italy, and to put manufac- 
turers there on a level with those of other countries. At 
Lodi, upwards of 100 power looms for cotton and woollens 
are being fixed, and will soon be ready for work. A like 
number are being added to a factory at Monza, near Milan. 
Three factories are being established at- Novara, Ivrea, and 
Belluna. At a factory at Tolmezzo, in the Friuli, several 
power looms are being added. An extensive factory is being 
established at Pordenone. At Piazzola, Signor Camerini is 
establishing a spinning mill for flax and wool. The well- 
known woollen factory at Schio, of Signor Rossi, is also being 
enlarged, and various new machines are being fixed. In 
Tuscany also, a woollen factory is bemg enlarged. During 
the last two months a good deal. of English and Belgian 
machinery has been sent to Italy. The Exhibition of 
National Industry, now open at Turin, is a great, success, apd 
great credit is due to the committee of the Lega Pacifica \a 
league for the encouragement of national mdustry) who 
organised it on so short a notice. This exhibition will remain 
open until the end of June. 

Rartways 1N Iraty.—The preliminary surveys of the 

proposed railway from Pinerola (Province of Turin) to La 
Torre Perlice are now completed, and have been approved of 
by the Minister of Public Works. This line, which is about 
10 miles in length, will probably be commenced shortly ; the 
cost of construction will be borne by the various communes 
through which it passes, and will be of great importance for 
Vandois valleys, which are very prosperous, and contain a 
number of silk works. At Malanaggio, at no great distance 
from the line of railway, there are some very extensive 
quarries, which furnish stone which is highly valued for 
architectural use. huge blocks of which have been extracted 
for the columns of various churches and other public buildings 
at Turin. 





LONDON ASSOCIATION OF FOREMEN 
ENGINEERS. 
Meeting of Saturday, May 2. 
Mr. Newron, President, in the Chair. 

A very crowded gathering of members took place on this 
occasion at their rooms, Aldermanbury, City. uch interest 
had been B aby esd induced. by the announcement that E. 
J. Reed, er a Constructor of the Navy) would read a 
paper on “ The Means of Testing Iron and Steel.” At half- 
past 8 P.M, age that gentleman entered the lecture hall, 
accompanied by Mr. Stock, M.P., Mr. Humphreys, C.E., 
and other distinguished friends of the society. 

Tn opening the proceedings the chairman observed that there 
was fortunately on this occasion no need for a lengthy introduc- 
tion of the lecturer, as Mr. Reed was well known to all the 
tlemen present. For a period of ten years he had, indeed, 
m a devoted —s of that association, and had zealously 
worked in its behalf. It was equally unnecessary to invoke 
attention to any remarks which might emanate from the Chief 
Constructor of the Navy,-for they were always worth listen- 

to, and sure to be imstructive. 

tOMr. Reed, who wat*titost cordially received, then entered 
upon a very elaborat@ly’ prepated statement, illustrated by 
diagrams, and elucidated by tabular formule, of the various 
modes oa by the Admiralty for testing the metals in 
question. His practical and explicit descriptions of the very 
severe ordeals through which such materials had to pass before 
finding acceptance at the hands of the contractors were heard 
with great apparent interest, and it seemed almost an im- 
possibility, under the circumstances indicated, for iron or 
steel of an inferior character to find its way into the com- 
position of iron-clad ships. 

On the conclusion of the paper Mr. Stock remarked that 
he felt privileged in being present that evening. He con- 
sidered that the Association of Foremen was well calculated 
to Leg technical education, to elevate its own members, 
and to render service to the engineering profession. The 
paper they had heard was worthy of its author, and must be 
of value to his audience. 

Messrs. Keyte, Edmonds, Waring, Stabler, Campbell, 
Roberts, and others maintained subsequently a spirited and 
critical discussion. When Mr. Reed had satisfactorily re- 
plied to certain queries raised, a vote of thanks, at the in- 
stance of Mr. Gibbon and: Mr. Waring, was unanimously 
awarded him. This was gracefully acknowledged. 

In closing the sitting the chairman expressed a hope that 
other honorary members would imitate the example set them 
by Mr. Reed, and thus make the monthly assemblages of the 
institution yet more attractive and valuable, 


* 








Tue InsTiITUTION oF Crvii Exaingers.—At the ordinary 
eneral meeting on Tuesday, the 5th inst., Mr, Charles 

utton ys ) nage ner in the chair, 22 candidates were 
balloted for and duly elected, including five members—viz., 
Mr. William Bage, Westminster; Mr. Francis Brady, resi- 
dent engineer, South-Eastern Railway; Mr. Maximilian 
Hjortsberg, engineer-in-chief of the Chicago, Burlington, and 
Quincy Railroad, and Extensions, Chicago, Uni States ; 
Mr. George William Vivian, executive engineer, P.W.D., 
Bengal; and Mr. John Wood, engineer on the Cockermouth, 
Keswick, and Penrith Railway; and 17 associates—viz., Mr. 
C. Dallas Alexander, B.A., P.W.D., Calcutta ; le Chevalier 
Zosimo Barroso, Ceara, Brazil; Mr. Edwin Bidder, Delhi 
Railway; Mr. Peter Brotherwood, Clerkenwell; Mr. Joao 
Neri Ferreira, Rio Janeiro; Mr. Thomas Gibson, West- 
minster; Mr. James Hartley, M.P., Sunderland ; Mr. Edward 
John Jones, late of the Ceylon Railway ; Mr. Henry Augustin 
Ornano Mackenzie, Bloomsbury; Mr. John Milroy, Edin- 
burgh; Lieutenant Colin Campbell Scott Moncrieff, R.E., 
PWD. Bengal; Lieutenant Patrick Montgomerie, late in 
the P.W.D. of the Government of India ; Mr. Walter Neilson, 
Glasgow ; Mr. Samuel Barton Newton, late of the Ceylon 
Railway ; Mr. Richard Proctor-Sims, engineer to the Mayajon 
Land and Reclamation Company, Bombay; Mr. Horace 
James Rydon, Highbury New-park; and Mr. William 
Joshua Trehearne, surveyor to the Chiswick Improvement 
Commissioners. It was also announced that the council, 
acting under the provisions of sec. 4 of the bye-laws, had 
since the last announcement admitted as students of the 
institution Messrs. John Savery Carey, Humphrey Hench- 
man, and John Arthur Owen. 

Tue P. anv O. Stream Navication Company.—A large 
screw steamer, named the Travancore, has been built for this 
company by Mr. Kay, of Kinghorn, and is now at Granton 
receiving her fittings. The vessel is 300 ft. long, of 2300 tons 
burden, and with’ engines -of'400 ‘horse power. The crew 
numbers 110, officers and men, . The principal saloon, which 
is a very handsome apartment, is 70 ft.long by 16 ft. wide. 
The ice room has a capacity for 20 tons, and a constant supply 
of iced water can ‘be laid on, bya connecting tap.. Steam 

ipes are laid on where either power or heat is. required. 
There are two marble baths for ladies and seven for gentle- 
men. The Travancore will shortly proceed to Bombay. 

RoaD-MAKING IN Sictty.—Although the construction of 
railways in Sicily is progressing but slowly, road-making is, 
on the other hand, being carried on rapidly. In 1865 there 
was no road to Nicosia, a town of 12,000 inhabitants, and 
residence of a sous préfet. This place is now in communica- 
tion with Catania and Palermo by means of a good carriage 
road, which has just been opened to Leonforte. By next 
spring the town of Sperlinga will be in communication with 
Nicosia, and a part of this road as far as Gandi is already 
finished. During the last two years a great many miles of 
roads have been constructed in the vicinity of Piazzo, Salica, 
and Mazzara, and by the end of the year it is expected that 
the whole network of roads which have been entrusted to the 
contractors, Count A. de la Touz du Brenil and Co., will be 
completed. The beneficial influence of these undertakings is 
now beginning to be felt in this country, and especially at 
Nicosia, and shops and stores are being opened, and articles, 
up to the present time quite even by name, are 
being sold in these parts. 
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WINDING ENGINES AT THE TALYSARN SLATE QUARRIES, NORTH WALES. 


DESIGNED AND ERECTED BY MR. CHARLES J. SPENCER, ENGINEER, LONDON. 
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Tus pair of winding engines, of which we give illustrations | 


above, have been recently erected by Mr. Charles J. Spencer 
at the Talysarn quarries, of the Carnarvon and Bangor Slate 
Company, for the purpose of bringing slate rubbish from the 


bottom of the quarry to the top, a distance of about 180 ft. | 


They are pl on @ massive stone wa!l 30 ft. high, built on 
the edge of the quarry, and from the top of which two 
sets of wooden inclines are led, the one to the bottom, the 
other to a gallery about 120ft. down. The wagons, each 
containing about 25 cwt. of rubbish, on being brou rht to the 
top, are run on a tramway to the tips, and the effect of rais- 
ing them to the extra height will be to utilise the present 


spree, now covered with rubbish, by recovering it to the depth | 
of 30 ft. 


The engines are coupled together, the cylinders being 10 in. 
in diamoter and 21 in. stroke, and on each end of the crank 
shaft are fitted a pair of Robertson’s friction clutches 2ft. 6in. 





- ELEVATION. 


_ . _ ie 
Seon i. . ‘ N, 
WVU WN ba AALTAUNI an 


- 


A 


tL. 


il 


| 


a 


ELEVATION. 


i Wi WW 

| iM 
HA 
ft 


in diameter, which are found to answer exceedingly well, and 
to transmit the power of both engines effectually to the drum 
shafts. The construction of these clutches is shown to an 
enlarged scale in Fig. 3. The shafts, on which the winding 
drums, 4 ft. diameter, are mounted, are placed one on either 
side of the engines, and so raised that the wagons may pass 
underneath them on their way to the tips. 

The engines are fitted with reversing gear, and, by the 
operation of the clutches, are made to work alternately each 
set of inclines. Much time is in this manner saved, and both 
inclines are easily worked by one engineer. The longest lift 
is at present performed in about a minute, the engines 
running at 50 revolutions per minute and with 30]b. steam ; 
and the operation of bringing tc the top four loads of rubbish, 
including loading and landing, occupies about six minutes, 
making 50 tons per hour or 500 tons per day. There are, of 
course, stoppages in the actual working due to the wagons 
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not being loaded as fast as pong Sag « be lifted, and to other 
causes, but 350 to 400 tons may be taken as the fair average 
duty which will be performed daily. 

e engines were constructed at Denton near Manchester, 
and the winding gear at Bangor. The whole arrangement is 
well designed and carried out, and is found to answer its 
purpose most satisfactorily. 








Artgstan Wetts, CutcaGo.—There are two artesian 
wells in Chi , one 700 ft. and the other about 1000 ft. in 
depth, with a diameter of 6 in. They were bored by a com- 
pany of oil speculators, upon the representations of a spiritual 
medium, that petroleum existed in large quantities beneath. 
But, before they “ struck ile,” they had come upon water, which 
has ever since continued to flow almost to the full capacity of 
the bore. It is said that 800,000 gallons are discharged 
daily. ; 
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CENTRAL FIXED BATTERY 


FOR SEA-GOING VESSELS. 


DESIGNED BY MR. HERMANN DEDE, GREENWICH. 
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Tue methods of constructing central batteries and working 
the guns shown in the above engravings have been designed 
by Mr. Hermann Dede, of Greenwich, with a view of obtain- 
ing the advantages of the turret system without its incon- 
veniences. Experience teaches us that the heaviest armour 
which can safely be carried by any sea-going ship is no com- 
plete protection against the modern projectiles, and that the 
nearest approach to safety consists in presenting the surface 
of the armour-plated parts at an angle to the enemy’s fire. 
This, however, can only be attained by fighting the vessel 
“end on,” or nearly so. To a great extent, however, this 
advantage has already been given to several of the latest 
broadside vessels through the introduction of an overhanging 
box battery on the upper deck, or through a forward-and- 
after port in the thwartship, armour-plated bulkheads, and 
the recessed sides in connexion therewith, without detract- 
ing from the sea-going qualities of the ship, or without load- 
ing the ends of the ships by an extra amount of weight in 
protecting the forward and after pivot guns. Such plans are 
those of Captain Symonds and Mr. George C. Mackrow, de- 
scribed by them at the recent meeting of the Institution of Naval 
Architects, and another is that of Mr. Dede, which we now 
illustrate. Although in the annexed engraving only a two- 
gun battery is shown, it is obvious that a greater number of 
guns can be fought in the same manner, and at the same 
angles, by removing the semicircular ends of the battery 
farther from each other, and enclosing the space required 
for each gun in the same manner as shown in the cen- 
tral part of the battery. Should it be deemed advisable 
to enclose the funnels of the boilers in this armoured 
space, it will only be necessary to give an additional 
length to the battery, without in any way interfering 
with the working of the guns. In fact, the total battery 
space of the largest broadside vessel could be built in this 
manner without adding weight of any amount, and all 
the guns could be fired at an angle of 10° to 18° with the line 
of keel. As shown in Fig. 2, this would give an unobstructed 
fire through an angle of a4? to 160° for the total number of 
guns carried on each side. 


In the engravings two 2 in. rifled guns have been chosen 
for a vessel of about 36 ft. beam, and in this case each gun is 
mounted on a platform pivoted in the centre line of the ship, 
80 that the guns can easily be brought from one side of the 
ship to the other, as well as from the forward to the after 
port. This platform would be moved by a rack or pinion, or 
other approved method, by a separate crew, which would 

ve ample space for this work in that part of the battery 
Which is not occupied by the gun and platform, while the gun 
itself is worked in the usual way, on racers, by a crew 
stationed on the platform, or only a small number of men, 
sufficient to load and lay the gun, need be stationed there, 
while the training of the gun sideways can also be accom- 


plished by rack and pinion movement on the rear end of the 
elevated platform. ” 


Bs Dede considers that his plan combines the advantages 
of both turret and broadside vessel, and that it is superior to 
— Separately, as, for instance, such a vessel would offer 
Same space and accommodation for berthing officers and 
crew as obtainable in a broadside ship, while no objection 
. e rd to position of masts and shrouds, as in 
turret ~ The lower port sills could be placed as high 
~ roadside ship, and would thus give the vessel 
oe Sea-going qualities—in fact, such a ship would be a 
— Sea boat, as no heavy weights need be carried near the 
) 48 has already been pointed out. 





Tue Prusstan Post-Orricr.—The Prussian Post-office 
amp 3953 post-houses, 16,373 horses, and 4193 carriages. 

e number of employés of the first class is 12,398; the 
number of subordinate employés is about 1700; the number 
of postmasters is 1492; a the number of postillions, 6905. 
In 1867 the number of ordinary letters carried was 
256,806,436 ; and the number of newspapers, 116,181,729. 


Frencu Rattway Trarric.—The increase in the revenue 
of the great French railways in the first quarter of this year 
was very considerable. The augmentation in the earnings of 
the Eastern was 45,7087.; on the Orleans, 21,237/.; on the 
Paris, Lyons, and Mediterranean, 276,2711. ; on the Western, 
40,4421.; on the Northern, 16,6047.; and on the Southern, 
64,8197. The additional mileage at work at the close of the 

uarter, as compared with March, 1867, was as follows: 
astern, 58 miles; Orleans, 48 miles; Paris, Lyons, and 
Mediterranean, 193 miles; Western, 45 miles; Northern, 
127 miles; and Southern, 64 miles. 


A Free anp InpErenpent Votrer.—The New York 
a is busily at work at present disposing of charges 
of bribery, growing out of the Brie Railway War. Among 
other charges is one bythe New York ibune that “a 
senator is currently reported to have sold his vote and influ- 
ence, first to one side for $15,000, then to the other for 
— insisting that he must have $5000 extra for his 
80 Rad 


ProposepD Rattway From Venice To InsprvcK.—The 
surveys for a line of railway in the 1 are now being made. 
This line, commencing at the Conegliano Station (about 55 
kilométres from Venice on the railway to Udine and Trieste) 
would pass through the towns of Ceneda, Belluna, and the 
Valley of Agordo, from thence by a tunnel under the Fedaia 
Pass to the Livina-Lunga Valley, the Gardena Valley, and 
finally joining the Trent and Inspruck Railway near the 
Clauzen Station. The length of railway to be constructed 
would be about 160 kilométres. 


Tue Society or EncineErs.—At the meeting of the 
Society of Engineers, held on Monday the 4th inst., it was 
unanimously resolved “That the thanks of the Society be 
conveyed to Mr. Whitworth for his munificent endowment 
of thirty free scholarships for the engineering profession.” 
The following candidates for election were alloted for and 
duly elected, viz., as members: E. D. Latham, Borough En- 

ineer, Bideford, Devon; George Ritchie, Resident Engineer, 

mdon and North-Western Railway, Leighton Buzzard. 
As associate, R. J. Cheesewright, clerk to Croydon Board of 
Health, Town-hall, Croydon. 


LrEps.—A little more business has been done in the iron 
trade of this town and district, but it has been mostly of a 
retail character, and makers have but very few orders on 
hand. The improvement reported in the machine trade last 
month has been maintained, but the trade generally is far 
from good. There is little or no improvement to report in 
the engineer tool trade, and the locomotive makers have very 
few contracts on hand. 

SHEFFIELD.—There does not appear to be any material 
revival of business at Sheffield. ere is still, however, a 
fair demand for various descriptions of railway plant. The 
American demand for Sheffield goods remains restricted. 

Tue CLEveLAND Iron TrapE—The state of the Cleveland 
blast furnaces is as follows :—In blast, 86; out of blast, 47. 
Rails are still being made in the Cleveland group, on Russian, 
German, and Dutch account. 


THE STRENGTH OF BEAMS.—No. XIL 


On THE TRaNsveRsE STRENGTH OF STEEL RalLs 
AND OTHER ANnaLocous Bzams. 

Ir has been urged with reason that the endurance 
of steel rails as compared with iron ones so alters the 
condition of the case, especially with reference to the 
economy of working on both faces, that it is more 
than probable the flanged rail will ultimately entirely 
supersede the old double-headed section, Un- 
doubtedly if a steel rail lasts sufficiently long to 
obviate the necessity of turning, the complexity of 
the parts in the latter section is not justified by any 
compensating advantage. As, however, double- 
headed steel rails are at present extensively used, and 
are likely to be so for some time, a little space may, 
with propriety, be devoted to exhibit the application 
of the principles of the preceding investigation to 
that form of rail. For this purpose we may take the 
rails of the Great Indian Peninsula Railway, manu- 
factured by Sir John Brown and Co., who have kindly 
furnished us with particulars of the numerous tests 
carried out on those rails. bie 

The section of rail, the weight of which is 68 lb. 
per yard, is shown full sized on Fig. 14, Calculating 


FIG. 14, 


NEUTRAL AKI. 























the moment of resistance ot the cross section, we 
find the effective .depth to be 3.6in., and the effective 
area 2.17 square inches.. We have, therefore, the 
moment of resistance, M=7.8, and the ultimate stress 


’ SF 
(W) at the centre of the span (S)= = 4%? 


Hence to determine the transverse strength of the 
rail, it is only necessary to know the value of F=f + ?. 

The resistance to direct tension (/) was ascertained 
experimentally, the ultimate amounts per square inc 
ioe arom ah being as follows: 50, 37, 38, 45, 48, 
47, 50, 44%, and 45} tons, - average of the whole 
being 45 tons per square inch. i 

Tis high ‘omits pert shows the steel in these 
rails to be much harder than that in the flanged 
of the Dowlais Company ; and it follows, as we have 
already frequently pointed out, that the value of ? will 
necessarily be increased. It may be remembered in 
the instance of the Dowlais rails we took p=.6 i 
and we may conclude that for these hard rails it w 
approach its ultimate value of 8/. Assuming its true 








value for a solid bar of this steel to be .75/, the 
equivalent value for the rail will, since the t 












| 
| 


j 
H 
| 








448 





ENGINEERING, 








[May 8, 1868, 








of the web is 34, and the width of head 49, be 
76x11 ; hence ?=.206/, or since the average value 
I 


40 
of # by experiment was 45 tons per square inch, we 
have @=9.27 tons, and F=/+-¢=54.27 tons. Sub- 
stituting this value of F in the previous equation, the 
ultimate breaking weight at the centre of a span of 
43.5 in, —_ a a 

x 7.8 x 54.27 tons 
Wa 85 in = 38.9 tons. 

Now the average of forty-five direct experiments on 
the transverse strength of the rail at these bearings 
gave 38.7 tons as the ultimate strength. In this 
Instance, then, as in all the previous ones, the results 
derived from theoretical investigation and experiments 
are identical. 

A kind of fatality seems to attach to all simple and 
fascinating generalisations, since, like Kepler’s laws, 
they almost always turn out, upon more careful in- 
vestigation, to be only broadly true. 

Till a recent period any schoolboy would have been 
competent to estimate the strength of any given sec- 
tion of beam; for, knowing the resistance of a bar 
lin. square, was not that of a 2 in. square bar 8 times, 
and a 3 in. 27 times, that amount; and was not the 
strength of a hollow shaft, or of a girder section, 
equal to that of the solid beam, minus the proper re- 
sistance of the portions removed ? 

We have seen what fallacious conclusions these 
simple generalisations lead to; how that, for cast or 
wrought iron, the specific size of the casting or forg- 
ing modifies the direct unit resistance of the metal ; 
and how for all materials the form of the cross section 
influences the apparent resistance of the same. 

If this be true with respect to the strength of a 
beam, we may reasonably anticipate that still more 
perplexing conditions will affect any attempted gene- 
ralisation of the varying deflections of a beam under 
different loads. On the ordinary hypothesis problems 
concerning deflection are readily solved, since it is a 
consequence of the assumed law of elasticity—w¢ 
tensio sic vis—that the deflection of a beam will be 
directly proportional to the transverse stress. This 
assumption, however, is not strictly true for any 
material, and in cast iron the deviation from the truth 
was found by Mr. Hodgkinson to be considerably 
under every degree of strain. 

The extension and depression of cast iron, under 
gradually increasing direct stresses, was determined by 
that able investigator with a considerable degree of 
precision. The results of his experiments on 1] in. 
square bars, 50 ft. long for the tensile and 10 ft. long 
for the compressive strains, are tabulated below; the 
loads per square inch are given in tons, and the cor- 
responding increments and decrements in terms of the 
length : 





= pee Extension. Depression. 
-000081 ote eee 
eee -000123 one 
1 ose -000167 -000166 
1} ese .000258 ese one 
2 eee .000352 os .000348 
2 eee .000450 ose eco 
8 ees 000552 .000539 
34 on .000661 eee 
4 nts .000774 .000720 
4h -000895 es 
5 “ .001022 .000895 
5h 001155 ie 
6 ost .001303 eee -001083 
64 sod .001501 pom ion 
7 eee .001674 eee .001274 
8 ose ot ese .001471 
9 é .001665 
10 . 001854 
12 .002246 
14 ° .002673 
16 ese .003180 
18 ° .0037038 


It appears, then, that the ultimate extension of cast 
iron averages goth of the length, and that the depres- 
sion under the same strain averages y}sth of the 
length. The permanent set was ascertained to in- 
creas¢é from yyth the extenvion at 1 ton per square 
inch to }th the ultimate extension ; and for compressive 
strains of similar amount from ath to ~,th the de- 
pression, 

If the extension and compression of fibres under 
strains excited by transverse stresses were the same as 
it is under direct strains, with the aid of the pre- 
ceding Table the deflection of a cast-iron bar under a 

iven transverse stress might easily be computed. 

Ve have found, however, many anomalies in the 
theory of transverse strength, and we may expect the 
same to obtain in that of deflection. 

The first question suggesting itself is this: Will the 
deflection be that due to the actual or to the apparent 


strain on the fibres, or will it be governed by some 
other condition conjointly with one of those? This 
question could only be settled by direct experiment 
arranged with that view, but those carried out by Mr. 
Barlow, for another purpose, throw a little light upon 
the subject. A beam 7 ft. 4in. long, 6in. deep, and 
2 in. thick, was subjected to a stress of 5786 lb. applied 
at its centre, when the extension of the outer fibres, 
measured by a micrometer, was ascertained to be 
rrornd of the length. Now the apparent strain on the 
fibres: under ‘that load would be F=(f+'9) = 
10,608 lb,. per square. inch, and a direct strain, of 
that amount, it. will.be.seen by referring to the pre- 
ceding Table, extends cast irou y¢seth of the length, 
or neatly double that exhibited by the beam. In an- 
other beam a stress of 8000 Ib. produced an extension 
of yzlsrth of the length; the strain on the outer fibres 
under that stress being F = 14,666 lb., and the exten- 
sion due to the direct application of a strain of that 
intensity per square inch being ¢},th of the length, or, 
again, nearly double that in the beam. 

Now, in our analysis of the strains on a rectangular 
cast-iron bar, subjected to transverse stress, we found 
the actual strain on the fibres to be less than half the 
+ mgr strain; and we now find the extension of the 
fibres to be very nearly proportional to the actual 
strain. It would, apparently, follow from this ascer- 
tained condition that the deflection of a beam would 
also be proportional to the maximum actual strain on 
the fibres; we shall find, however, this conclusion re- 
versed by the results of direct experiment, the actual 
deflection of a beam being very nearly proportional to 
the maximum apparent strain on the fibres. That is 
to say, although it has been proved by actual measure- 
ment that the ultimate extension of cast iron before 
rupture is about the same in a beam as in asimple bar 
under a direct pull; yet the effective elongation of the 
fibres in a beam, as far as deflection is concerned, may 
be considered greater than the actual amount in the 
same ratio that the apparent strain exceeds the actual 
strain. 

We do not propose to theorise on this subject, or to 
attempt any explanation of the anomaly. Having 
pointed out the existence of this complicating con- 
dition, we shall content ourselves with deducing prac- 
tical results from direct experiments. 2 

B. B. 








LIVERPOOL NOTES. 
LiverPoot, Thursday. 

The Completion of the Cheshire Lines.—The application to 
Parliament to extend the time for the purchase of land for 
the construction of the Chester and West Cheshire Junction 
Railway, was brought before the notice of the Parliamentary 
Committee last week. The committee of the associated com- 

»anies, the Manchester, Sheffield, and Lincolnshire, the 
Midland, and Great Northern, stated that active progress had 
been made with some of the most important works in their 
hands, namely, the purehase of the land for the new line 
from Manchester to Liverpool, and for the Liverpool central 
station, and the extension to the Brunswick Dock. Time was 
needed for the purchase of lands between Mouldsworth and 
Chester. The time for constructing the works was extended 
last Sessions to 1872. The arbitration for the Liverpool 
property has been a long and troublesome business, owing 
mainly to the exorbitant demands for compensation made by 
some tradesmen whose premises were required for the central 
station and the approaches to it. The extension to Chester 
and access to Liverpool form the very keystone of the whole 
Cheshire system; and as Mr. Underdown, the general 
manager of the Manchester, Sheffield, and Lincolnshire, 
stated in his evidence, until those works are completed the 
lines would not be likely to yield a profit. The Parliamentary 
Committee decided that, subject to the railway companies 
consenting to cancel the existing agreement with the land- 
owners (which they have agreed to do ona six months’ notice 
to date from the expiration of the Act in July next), they 
would consent to the application, and consider the preamble 
of the Bill to be Anam 

Trade in the Hardware and Iron Districts —The advices 
which have reached Liverpool from Birmingham state that 
business continues quiet, manufacturers having barely suffi- 
cient orders to keep them going ordinary time. The military 
gun and ammunition makers are, however, well engaged. A 
tew of the leading Wolverhampton houses are receiving small 
orders from home merchants; but on the whole the demand 
for iron is very dull. A good many contracts are said to be 
taken to Belgium which usually were given to South Stafford- 
shire. Should no improvement take place and all the 
puddlers return to work, the orders would not give them 
much more than half time. There is some improvement in 
the heavy hardware trade. 

The Affairs of the Cambrian Railway Company.—The 
new scheme of arrangement between this company and its 
creditors has now been fully matured and approved of by the 
shareholders at a general meeting held at Oswestry on Satur- 
day last. The directors are to have full power to raise 
47,3002. and 100,000/. on mortgage, which sums have, with 
certain restrictions, been already authorised for the purposes 
of the coast and inland sections as follows:—1. In payment 
of any moneys owing to landowners or creditors other than 
sums owing on mort -bond or debenture, or certificate of 





indebtedness, or on any debenture stock or other stocks or 


——————— 
shares. 2. In reconfining to income accounts sume paid ¢,,, 
out on capital account. 3. In payment of the aes ate 
incurred, or to be incurred, e the company in any = — 

P : ¥ actions 
or suits or otherwise. 4. In making and completing acco’ 
modation works, if any unmade or uncompleted, under me 
contract with landowners. 65. In completing in a pemments 
form the railways and accommodation. The compan on 
also to have power to grant rent-charges either perpetual as 
redeemable at the expiration of five years, in satisfaction of 
any money owing for or in respect of any land used or inter 
f with in the construction of the inland railway na 
works, such rent-charge to be a first’ charge upon the tolls 
profits, and revenues of the inland railways. The second sum 
of 100,0001.'is to be applied similarly for the purposes of the 
coast railway in respect to ‘the liabilities‘and requirements of 
that section, and “coast rent charges” may be granted b 
the company in the same manner as above described. The 
company will at once complete all contracts with landowners 
and settle all miscellaneous ‘debts and liabilities. Creditors 
whose claim against the company is in respect of land taken 
or interfered with for the purposes of the coast section, or 
whose charges have been incurred in respect thereof, will 
receive payment either*in cash out of the 100,000. fund, or 
pA ae charges upon the coast property. Creditors whose 
claims are in respect of the inland 's section will receive pay- 
ment similarly out of the 47,000/.; or by rent charges upon the 
inland property. The mortgages onl rent charges of the 
coast sections, to give the creditors additional security, will 
be made collateral charges upon the revenues of the inland 
sections, and vice versd, which, I suppose, means that creditors 
will have an ultimate charge upon the entire property of the 
company. All receipts on revenue account are to be applied 
in payment of rent charges, interest on debentures, certifi- 
cates of indebtedness, and dividends on the stocks and shares. 
such payments to be made according to their existing priori- 
ties. But, in future, no higher rate of interest than 4 per 
cent. per annum shall be paid in respect of payments due on 
or betore the 1st September next, upon the Machynlleth and 
Llanidloes preference stock 1864, the inland debentures, 1864 
coast debentures, certificates of indebtedness, and Oswestry 
preference stock of 1855, 1860, and 1861. Any deficiency 
arising after this application of the revenue is proposed to 
be met by the issue of debenture stock bearing interest at the 
rate of 5 per cent. per annum. No capital sums on any of 
the mortgages or certificates of indebtedness will be payable 
before the Ist September next. Such is the very elaborate 
scheme adopted for extricating the Cambrian Railway Com- 
pany from their difficulties. What the shareholders are to 
receive after all these operations has not been told; but I 
think it would not be difficult to guess! 

The Woodside Ferry Steamers.—The Ferry Committee of 
the Birkenhead Commissioners have introduced an important 
improvement in these boats, which will add materially to the 
comfort of the passengers. Every one accustomed to travel 
by steamers knows how disagreeable is the shower of hot 
water and liquid scale which often pours out of the ordinary 
waste steam pipe when steam is being got up ready fora 
start, and the boilers “ prime” or boil over. In the Wood- 
side boats this cause of annoyance has been got rid of by 
doing away altogether with the ordinary upright steam pipe, 
and carrying the waste steam by a bent pipe into the funnel 
or paddle-box. This plan—which of course is not new—has 
been objected to more than once, on account of the unpleasant 
throbbing noise which it produces in the pipe. But as now 
introduced into the Woodside boats, this disagreeable sensa- 
tion is remedied by an arrangement of valves which entirely 
does away with the whirring or throbbing noise. The appa- 
ratus, with the piping, costs only about 50/. per boiler, and 
will be applied to all the passenger boats of the Birkenhead 
Commissioners, and doubtless to the boats of the other 
Mersey Companies as well. Notwithstanding the heavy con- 
tingent expenses for collisions and so forth, the ferry receipts 
for the year ending April 24, 1868, show an improvement, 
and will enable the Commissioners to apply 8000/. to the 
general funds of the Birkenhead township. 

The Lancashire and Yorkshire Railway Company.—A 
special meeting of the shareholders has been called for the 
20th inst. for the purpose of considering their pending Par- 
liamentary measures, the principal of which is one to em- 

wer the company to subscribe to the Hull docks. It is not 
unlikely that this scheme may be strenuously opposed by the 
Liverpool Chamber of Commerce, as some inducements have 
been lately held out by the railway companies to send goods 
to the Continent vid Hull, and muchill-feeling has been occa- 
sioned thereby. 

The Ocean Steamship Race.—The exciting contest between 
the Inman steamer, City of Paris, and the Cunard steamer, 
Cuba, ended by the Inman steamer arriving nearly 24 hours 
before the other. The victory of the City of Paris was, how- 
ever, a very short-lived one, for the Cunard steamer, Russia, 
arrived a few days after her, and beat her on the passage by 
several hours. The Cuba and the City of Paris were bot 
built by the same builders, Messrs. Todd and McGregor, of 
Glasgow, but their dimensions and model differ considerably. 
The City of Paris is a longer, sharper, and less burdensome 
vessel than the Cuba, being 20 ft. longer, and having 2 ft. 
less beam, and less tonnage measurement, her cylinders being 
7 in. more in diameter, but 2ft. 6 in. less stroke. ‘The logs of 
both vessels prove what is so often denied by many—and in 
fact was denied to me only the other day by a most experi- 
enced Cunard officer—that in bad weather the strongly-built, 
but finely-modelled, ship, where the clipeet model is not car- 
ried too far, makes the best sea-boat in heavy weather. Dur- 
ing the heavy head weather of the 22nd ult., the City of Paris 
beat the Cuba 69 miles in the 24 a and ry ores ~ 
entire passage it appears by the log that with fine weather 
and fate ions the Gaba only beat the City of Paris, while 
in heavy sweltering seas she was no metch for her. 








Rvssran Rartways.—Several important orders for rails 
are expected to be shortly given out for Russian lines. One 
contract for the Koursk and Karkow line is alone expected to 





involve the delivery of 30,000 tons. 
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PUBLISHER’S ANNOUNCEMENT. 








An untruthful paragraph continues to appear weekly 
in The Engineer, stating that the circulation of 
that journal exceeds, by many thousands, that of all 
the other engineering journals combined. The cir- 
culation of The Engineer was but 5000 in May, 1862, 
and it is barely more than that number now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily declined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires of The Engineer weekly. The circulation of 
ENGINEERING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NoUvVEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 

Sor this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue Institution oF Crvitn Enctnerers.—Tuesday, May 
12,at8 p.m. Continued Discussion ‘On Irrigation in India 
and in Spain.” , 

Roya Unirep Service InstrtuT1on.—Monday Hvening, 
May 11, at 83 p.m. “On the Appointment and Promotion 
of Regimental Officers.” By Colonel A. Cunningham Robert- 
son, 8th, or King’s Regiment. 

Crvit AND MgecHANICAL EnGInEErs’ Socrery.—Wednes- 
day Evening, May 13,at 8 p.m. ‘ On Marine Boilers.” By 
Michael Séfi. 
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MARINE ENGINEERING. 

In the summer of 1802, and after breakfast, one 
morning, at Bridgewater House, the Duke, then within 
a year of his grave, gave William Symington orders 
to construct eight steamboats for towing peepee on 
the Bridgewater canal. Had his Grace lived half a 
dozen years longer, so that his orders might have been 
executed, the inventor of the first steamboat—the 
very first—worked on Dalswinton lake, and of the 
Charlotte Dundas, engined at the Carron Ironworks, 
might have founded perhaps as large a marine engine 
factory as Boulton and Watt’s became but a few years 
afterwards. For although Symington may not have 
ts mee the genius of Watt, he could nevertheless 
build engines, and, with so powerful a patron as the 
great king of canals, he would doubtless have found a 
congenial Boulton, possibly Patrick Millar himself 
—who was once a banker and always an enterprising 
man of business—to organise and conduct his com- 
mercial affairs. This he could hardly have done him- 
self, canny as he may have been from his native 
Lanarkshire. There would soon have been other 
customers than the Duke of Bridgewater, and there 
would have been estimating and contracting, pur- 
chasing and securing prtpent, besides the work of 
organising the internal affairs of the factory. All 
this is distinct from the art of design and the mere 
instruction and oversight of pattern makers, and 


moulders, and smiths, and boiler makers, turners and 
fitters, erectors, painters, and the rest of the workmen 
who make up the force of a marine engine workshop. 

Through what endless phases of change has the 
marine engine passed since the time of the Charlotte 
Dundas, with her single horizontal 22 in. cylinder, and 
4 ft. stroke, down to the present, with such engines as 
those of the Scotia, the Bellerophon, and the Hercules ! 
The successive types, including those now existing, 
have been as various as the beasts that entered the 
ark, and have afforded almost boundless ground for 
mechanical discussion, and of this a good part has 
been conducted with much ability, while in other cases 
no doubt a good deal of prejudice has been shown. 
Without intending to re-enter here upon any one of 
these discussions, it may be said that, after all, most 
of them have lacked the essential element of exact 
data derived from the working of steam vessels—data 
including not only the consumption of fuel for a given 
power, but also the ascertained depreciation and cost 
of repairs. Something like this, as applying to loco- 
motives, is found in railway accounts, but steamship 
companies are very chary of giving such information. 

The real work of the marine engineer consists far 
less in designing, comparing, and clroosing types of 
engines, and in fixing general 1 genre: than in 
studying and settling details which engineers more 
given to generalising are so apt to overlook, but which, 
nevertheless, are often of vital consequence. ‘The suc- 
cessful marine engineer is always seeking for weak 
points in his own work, nor does he fail to take a 
lesson from any mishaps attending the work of others 
‘whenever these come to his knowledge. If he is 
designing an engine different in any point of arrange- 
ment from those with which he has been already 
familiar in practice, he is continually taking it to 
pieces in imagination; supposing a breakdown here, 
or another there; assuring himself of the entire acces- 
sibility of every part; providing against every con- 
ceivable difficulty in working at sea by supposing him- 
self in the engine-room and in charge; endeavouring 
to obtain the greatest durability of every working 
surface, and studying compactness, the directness of 
every working or supporting part in the true line of 
strain, and, ardly less, that general arrangement of 
all these parts, to which the engineer in charge has 
to give almost constant attention, in such manner that 
he may always clearly see as many as possible of them 
from a single, and that his usual, point of observation. 
Two pairs of engines may be of the same general type 
and dimensions, yet one may be a troublesome, waste- 
ful, and inconvenient affair, while the other is both the 
pride of the owner and the delight of the engineers. 
The one is always giving out here or breaking down 
there, and can only be got to pieces with great incon- 
venience, while the other wears all alike, and if any 
chance mishap does occur the failing part is readily 
reached and repaired, so far as repair is possible at sea. 

It is designing like this which forms the inner life of 
the drawing office, and which no books can teach, and 
of which not even the most practical papers read before 
- engineering societies ever convey much, if any 
idea. 

Then there is the study of details with regard to 

economy of construction, whereby every casting will 
draw from the sand with the fewest, if any, cores, 
every forging admit as far as possible of being stamped 
or forged in dies with the least excess remaining to be 
cut away afterwards, every part capable of the readiest 
finish under machine tools, and the whole go together 
with the least fitting and the fewest diltficulties in 
erecting. There is, moreover, the knowledge of the 
best iron or mixture of irons for cylinders, where hard- 
ness is required, and the best and cheapest mixtures 
for strength, the best means and appliances for secur- 
ing sound forgings of large size, the best modes, in 
fact, of treating all the materials in their several stages 
of working, and the best arrangements for handling 
them and bringing all parts finally together with the 
least expenditure of Jabour in moving them from place 
to place. 
All this, and much more—for there must be a sound 
knowledge of workshop organisation, division of labour, 
and of the management of workmen—go to make up 
the successful marine engineer. 








RAILWAY REFORM. 
Tne worse than unsatisfactory condition of most 
railway investments, not only in the United Kingdom, 
but, also abroad, in most of those cases where free 
railway competition has been ane unquestion- 
ably calls loudly for reform. Many of the results of 
original imprudence, in parliamentary contests, in ex- 





travagant construction, and especially in the construc- 


tion of unprofitable extensions and branches, are now 
wellnigh irremediable. Yet improved financial ma- 
nagement may do much to save these costly pro- 
perties, which may, nevertheless, pay nothing to either 
their share or preference shareholders for years to 
come. But there is still much which the engineer has 
failed to do. He has failed to bring railways to any- 
thing nearly approaching a state of mechanical per- 
fection. As mechanical contrivances our railways and 
the manner in which the locomotive power is applied 
to work them are most imperfect, not but that the 
structure of the locomotive itself, considered apart 
from the railway, may be almost perfection. 

The first great defect in all railways is that they 
present such imperfect rolling and guiding surfaces 
that the resistances to traction increase in a rapid 
ratio to the speed. Yet, as has been more than once 
said in these pages, the resistances, apart from that of 
the atmosphere, should be the same at sixty miles an 
hour as at six. Not that the power would be the 
same, for that is the product of resistance into the 
velocity at; which it is overcome, and it would thus, 
under the very best conditions, require ten times as 
much power to move a train at sixty miles an hour 
as at six, supposing the resistance or strain on the 
draw bar between the engine and train to remain all 
the while the same. But at present it requires more 
like twenty-five or thirty times the power to move at 
the higher than at the lower speed, or, in other words, 
from twice and a half to three times the steam pressure 
on the pistons of the engine, and ten times the velocity 
of the pistons themselves. Now the constant resist- 
ance to driving one well-fitted spur-wheel by another, 
in first-class mill work, is not sensibly greater at two 
hundred than at twenty revolutions per minute, 
although the power expended is, of course, ten times 
greater. Why should not the rail and wheel be fitted 
to work together like the best gearing, or literally 
“like clockwork ?” Like all the best examples of 
machinery working by frictional contact, the rail and 
wheel should be in the identical conditions of the 
smoothest frictional gearing. There should be no 
blows here and lunges there, no sensible deflection of 
the rail, and no grinding of wheel flanges, nor running 
on unequal diameters where two wheels are fixed to, 
instead of being loose upon, the same rails. 

Are the conditions of perfect railway making im- 
possible ? We are unwilling to think so. True they 
may involve a very considerably greater first cost, but 
there seems to be no attempt either to effect the im- 
provement or to prove by experiment that the cost 
really would be conclusive against such a system of 
construction. 

It is manifest, too, that in order to attain to the 
most advantageous application of tractive force, the 
rolling surfaces, the centre of gravity of the load, and 
the line of draught should all lie in the same horizontal 
plane. The centre of gravity and line of draught are 
now three feet or so above the rails, and the wheels 
are thus often unduly thrown against one or the other 
rail, indeed this is almost constantly going on, the 
carriages and wagons surging as constantly from 
side to side. It would be most revolutionary for a 
railway engineer to propose to place the body of the 
carriages between the rails, with the floor considerably 
below them, yet any mechanic, setting about the con- 
struction of a machine in which the least resistance 
was to be opposed to draught, would recognise these 
as essential conditions. 

How these ameliorations may be ultimately effected, 
we leave to the serious consideration of railway and 
locomotive engineers, or, possibly, to some one who, 
having been brought up in no school of engineering 
practice, yet has the perception to grasp, and the iu- 
tluence, or means to carry out, what is necessary to a 
so much needed reform. But there is a reform which 
engineers can and should make, for the means of 
attaining it are already at their hands. They should 
keep down the weight on each and every engine wheel 
to about the average, or at most, the maximum, on 
the wagon or carriage wheels. Now, railways must 
be made for the engine weights, say 6, 7, or even 
more tons on a wheel, just as a bridge must always be 
made strong enough for the greatest load that can 
come upon it. Instead of this, it would be better to 
make railways only for the greatest wagon weight per 
wheel, and to scrupulously keep the engine weight, 
per wheel, down to the same limit. Railways would 
then need to be but one-half as strong as they are 
now, for now they must be exactly as strong as if 
every wheel in the train bore with it a weight of 6 or 
7, or even 7$ tons, whereas they ought never to bear 
more than 3$ tons per wheel. ‘The excessive engine 
weights, per wheel, require twice as much strength in 





the rail, and twice as much supporting power of each 
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sleeper and of the ballast, as a wagon wheel fully 
loaded now requires. It will be understood that it is 
not absolutely the wear that would be diminished in 
this proportion, but the original strength of the way, 
if the engine weights were thus kept down. There 
can be no doubt, however, that the wear and general 
cost of maintenance of way would be considerably 
diminished. 

Engines of the present total weight are no doubt 
required, but this weight can be distributed over eight 
or twelve wheels, instead of six as now, and, which is 
also important, in a much greater degree than is 
commonly considered, equally distributed. The double 
bogie engine, if its practical details are fully worked 
out in a proper manner, effects this equal and extended 
subdivision of the total weight of heavy engines, and 
thus its general introduction may greatly diminish the 
present first cost of railways, besides saving some- 
thing in their maintenance. 





AN ENGINEERING CANVASS. 

Tue staten.ent contained in an article, which we ex- 
tracted last week from a Canadian paper, and headed 
“The 3 ft. 6 in. Gauge,” as also some further state- 
ments copied in our present number, and headed “‘ The 
Intercolonial Railway,” will strike the majority of en- 
gineers in this country with surprise. A gentleman, 
formerly a large contractor for ironwork and machinery, 
but who, since his failure some years ago, has practised 











ever, he said, rifled guns at all. Our dictionary (be- 
sides the definition of rifling as seizing and carrying 
away by force, stripping, pillaging, &c.) defines the 
word rifle as primarily meaning a channel or groove, 
and the arm “rifle” as one the inside of whose barrel 
is grooved or formed with spiral channels, and in this 
sense the ‘“‘ Mackay gun” differs in no respect from all 
other rifled guns. 

As has been more than once before said in these 
pages, there is no “ Mackay gun” whatever, unless 
the mere ownership of rifled guns by that gentleman 
makes them such. But there is indisputably a 
“Mackay gun theory,” as different from all other 
theories relating to ordnance as a Whitworth gun 
differs from the bombards of old. But this theory 
only applies to guns owned by, or fired by, Mr. James 
Mackay. Mr. Mackay believes, and stated in his 
paper, that the pressure acting upon the shot is 
180,000 lb., or 80 tons, per square inch; that 
the principal work done is not in putting the 
shot itself into motion, but in driving out the 
air in front of it; that for every 100 ft. of rotatory 
motion given to the shot, as measured at its own cir- 
cumference, exactly as much is taken from the initial 
velocity of the onward movement; that by carrying 
the rifle grooves to the very bottom of the chamber 
(and, of course, thereby weakening it) “ you trip your 
“force,” whatever that may mean, and that “ tripping 
“the force” is a great advantage—in fact, that the 





as a consulting engineer, sends his son to Canada to 
make a formal tender of his services as consulting 


engineer to the Intercolonial Railway. It is un 


fortunately the fact that the engagements of our pro- 


fession are not now as numerous and as lucrative a 


could be wished, yet the gentleman referred to is the 


only one as yet, either in the United Kingdom or ir 
Canada, who has publicly canvassed for the _ it 
question. In the case of ax important national work 


to be carried out by a Government like that of the 
Dominion of Canada, there would appear to be no 
now obtaining almost an unlimited 
choice of the services of our first engineers, if, 
indeed, their services are required at all, and upon 
this point we presume the gentleman who thus tendered 


difficulty in 


had received no information, official or otherwise 


Where a public competition is officially announced, and 
the prize is such as to be really worth competing for, 
it may not be beneath the dignity of even the first en- 

but few, we think, 
Sir Charles Fox—for 
his name is already before our readers in this matter, 
and no attempt at concealment would now be of avail 
—informs one of the principal officers in the Canadian 
Government that he has crossed the Atlantic specially 
with a view to the appointment, and we believe he 
bore letters of introduction from the Duke of Buck- 
ingham and Lord Stanley, but there cannot be much 
recommended the 
ministers of Lord Monck to accept Sir Charles as 
their consulting engineer. If they did there is nothing 
more to be said, and the fortunate nominee has only to 
look forward to his retaining fee of 600/., his five 
guineas a day, his office and travelling expenses, and 
If it 


gineers to offer their services, 
would care to do so unasked. 


probability that these letters 


his commissions, amounting to perhaps 10,0007. 
be the fact that because our own Government has 


guaranteed an expenditure of four millions upon this 
undertaking the Colonial Secretary is therefore to 
have the appointment of the consulting engineer, we 
shall wait with some interest to learn who he will | 
recommend as chief engineer, and who as contractor. | grooves like any sadof, and that the immense momen- 
If, however, he is not to exercise this power, then it : 
would appear to most gentlemen, conversant with the 
etiquette of our profession, that Sir Charles had |jdea of windage, and of the powder gases playing 
adopted the means the least likely to secure the ap-| around the hody of the shot, is thus untenable. 


pointment which he is seeking. 








THE “ MACKAY,” OR SAWDUST GUN. 

Juntor and amateur artillerists have been more or | knownothings before,” and condescended to no further 
peoges, during the last few years, to know 
ly culiarity o° the “ Mackay gun,” 
as been heard, chiefly, perhaps, 
gh letters in the Zimes from Mr. James Mackay | vice fired such shot years ago by applying a papier- 
himself, who, by the way, is a Liverpool timber mer-| mdché wad at the base of the shot, this being a tole- 


less 
exactly what is the 
of which so much 
throu 


chant. Mr. Mackay, who really believes he does pos- 
sess a gun, with an unmistakeable peculiarity, has, at 
different times during the last five years, purchased 
and fired ordinary rifled guns, some of them of as large 
as Sin. bore, and has denominated them “ Mackay 
guns,” or “ windage guns.” At last, on Monday even- 
ing, he came before the Royal United Service Institu- 
tion, with a paper which was read by General Boileau, 
in which he professed to explain wherein these guns 
differed from other rifled guns. They were not, how- 





| force itself, sheer, imponderable, intangible, and in- 
visible force begins to spin round in the grooves, and 
we suppose, that the shot begins to spin in sympathy, 
as the human body moves in sympathy with the soul. 
Mr. Mackay believes that the best form of projectile 
is “square with semicircular ends,’ by which he 
means cylindrical with hemispherical ends, that the 
shot should balance in the middle of its length, as, of 
course, it would do, when made, in such a form, of a 
material of uniform density. 

The real explanation of the curiosity which has been 
attracted to Mr. Mackay’s experiments in gunnery is 
that he fires long smooth shot, having no lead coating, 
studs, ribs, or other contrivance to take into the 
grooves of the gun, and yet fires with nearly as much 
accuracy perhaps as some other rifled guns, the shot 
keeping end on. The powder gas, he tells you, run- 
ning through the grooves (of course without waste) 
gives the shot the proper spin, “the force” having 
heen already “ tripped”—and there you are! What 
could be neater? But there is a preséo to every trick, 
a diversion to every dodge, and both in all the juggling 
of gunnery. The powder charge is wrapped in flannel, 
and at the front end, over the powder, there is a 
stuffing of sawdust, and it is this sawdust which Mr. 
Mackay is throwing in the eyes of the world while 
directing attention to a heretofore undiscovered pro- 
perty of windage. Mr. Mackay asserts that the saw- 
dust serves only to clean out the grooves of the gun at 
each discharge, and leaves the impression that as for 
any other reason it might as well be dispensed with. 
Perhaps that gentleman has seen a bag of sand after 
having been struck by a cannon shot, and observed 
that the sand for a certain aistance is often compacted 
into sandstone of considerable firmness. In his gun, 
too, before the shot can be got into motion, the powder 
has exploded with tremendous force against it—Mr. 
Mackay says with a force of 80 tons per square inch, 
although it is not half that. Can he not see that his 
sawdust is instantaneously compacted to almost the 
hardness and solidity of lignum-vite, that it fills the 
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| tary friction of this sabo¢ against the base of the shot 
is thus sufficient to give rotation to the latter? His 
In 
the discussion, a gallant officer asked Mr. Mackay if 
the sawdust did not serve as a sabot to give rotation 
to the shot, when the gentlemanly inventor politely 
answered: “I have been asked that question by 


"' ! 
4 use of smooth cylindrical shot in rifled guns is 
|no new idea. General Timmerhans of the Belgian ser- 


rable substitute for studs to take into the rifling. 
| Captain Blakely sent hundreds of tons of such shot, 
9 in. in diameter, to the Confederates as early as 1863, 
to be fired from rifled guns, a copper “ saucer ” being 
fitted to the base of the shot. tt matters but little 
what the wad, saucer, or sabof is, so long as it is not 
too hard and inexpansible to take into the rifling, yet 
with none of these contrivances can a high degree of 
accuracy be attained over a long range, nor can it for 


THE 3 Fr. 6In. GAUGE IN CANADA. 

Ir is not unlikely that the misconception under 
which the Toronto people have been lately labouri 
will be removed before the funds are forthcoming for 
the construction of 3 ft. Gin. gauge railways to the 
north-west of that town. In this case the railways 
will not be made upon that gauge. Mr. Charles 
Douglas Fox, in his recent electioneering campaiga in 
Canada, raised a strong feeling in favour of the ex- 
ceptionally narrow gauge by recommending it by 
specious arguments, amounting to false pretences. 
He represented to the citizens assembled in public 
meeting, and who, probably, knew little or nothing of 
such matters themselves, that, whereas a 3 ft. 6 in. 
gauge line could be made for 15,000 dols. a mile, a line 
of 5 ft. 6 in. gauge, and similarly constructed, would cost 
23,0007. No statement by an engineer could be more 
untrue, whether knowingly untrue or otherwise. Its 
untruth can be easily shown. Mr. Fox proposed to 
make an exceedingly Jight line, to support rolling stock 
of a certain weight, for the accommodation of a certan 
traffic. Keeping to the given weight of rails, and 
strength of bridges, and to the given power and carry- 
ing capacity of rolling stock, it mr not cost 7 per 
cent. more to make a line of 5 ft. 6 in. than of 3 ft. 6 in. 
gauge. The rails, chairs, bridges, ditching, fencing, 
stations, and workshops, would be exactly the same; 
the earthworks, ballasting, and sleepers, and the area 
of land taken would not differ in cost by as much, in 
the aggregate, as 124 per cent., and the difference in 
cost and weight of rolling stock would be practically 
nil. For the wider gauge the road bed, and ballast- 
ing, and, therefore, the cuttings, and embankments, 
and the land taken, would be 2 ft. wider, and tlie 
sleepers 2ft. longer. We are not comparing a 
heavily-built broad gauge line with a lightly-built 
narrow gauge line, for in this case the differences 
in the items we have just named would be at 
least in proportion to the difference in the widths 
of gauge, or us 7 to 11, a 14ft. embankment 
top on the narrow gauge corresponding to, perhaps, 
22 ft. on the broad. But where the weight carried 
per wheel and the speed made are to be exactly the 
same—and this is the only admissible supposition where 
only the width of gauge, irrespective of all other diffe- 
rences in construction and working is to be considered, 
—the absolute difference in the width of roadbed, 
ballasting, cuttings, and embankments, in the width 
of land taken, and the length of sleepers, will be only 
the same, in fact, as that in the widths of the gauges 
themselves, and simply, because no greater difference 
in width is necessary. The sleeper that would be 
7 ft. 6. in long on the one would be 9 ft. 6 in. long on 
the other, the ballasting 10 ft. wide on the one would 
be 12 ft. on the other, the top of a row 4 cutting or 
the base of a high embankment, which might be 
125 ft. wide on the one would be but 127 ft. wide on 
the other, and the extra land taken for the wider gauge 
would be a strip only 2 ft. in breadth, or less than a 
quarter of an acre per mile. 
The rolling stock—supposing, as we are bound in 
this discussion to suppose from the first, that the 
carrying capacity is to be precisely the same on both 
gauges—would differ but little. The wide gauge 
carriages and wagons would have the same bodies 
but end pieces or head stocks 2 ft. longer, and the 
axles would be 2 ft. longer, and very slightly larger. 
The engine would have the same boiler and working 
gear, but with axles, end frame bars, and cross bracing 
2 ft. longer. This would add a little to the weight, 
but the permanent way, from the longer sleepers, and 
wider ballasting would be equally well able to carry 
it, and from the greater steadiness and consequent 
ease of traction due to the greater width, the same 
load would be taken with the same power. 
It will have been sufficiently seen that the broad 
gauge line does not require a stronger permanent way 
and stronger bridges, merely because it is broad, nor 
does it involve much more cost in any other respect 
merely because of its greater width. All else being 
equal the broad gauge would have the advantage of 
greater steadiness of motion, and, therefore, greater 
ease of traction and greater economy of working. It 
would allow of the direct interchange of wagons and 
carriages, even between heavily laid and lightly laid 
lines, and the latter could be gradually. but readily 
strengthened as required, and that without interrupting 
the traffic, so as to bring them into full working 
connexion with the permanent railway system of the 


country. 
Tur Mrttwatt Irnonworxs.—A testimonial, consisting 


of 
a service of plate, value 120 guineas, has been presen by 
the vote tne’ of the Mill Ironworks to their manager, 














the same reason in Mr. Mackay’s sawdust gun. 





John Hughes, Esq., and also a gold watch to Mrs. Hughes. 
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OUR ROYAL ENGINEERS. 


Tye articles on our defences of stone, earth, and 
jron that have lately appeared in St. Pauls, the Corn- 
hill Magazine, and other publications, and debates of 
like import in the House of Commons, especially the 
late terrible onslaught of Lord Elcho, followed by the 
appointment of committees to test the alleged defects 
oF the Gibraltar shield, and our newly-constructed 
fortifications have raised the general inquiry—What 
is the cause of the great inefficiency of our Royal En- 
gineers, if it be such as so many have laboured to 
prove with so much evidence of truthful seeming ? 

This is a question that very few outside the corps 
will be prepared to answer. To any officer of the 
corps, to give the proper answer in detail must be an 
ungrateful task, but for the credit of the corps, if for 
no other reason, it should be given ; and this we say ad- 
visedly. There isa great deal of very superior ability 
in the corps which will, we believe, be more highly 
estimated when the Chatham course of professional 
training is described, to which existing mefficiency, 
where it may exist, is far more due than to the 
absence of natural ability. 

Before the days of competitive examinations, the 
highest on the list of Woolwich cadets, qualified for 
commissions, were selected for the Engineers. With 
this rule it was hardly possible that a youth of naturally 
defective intellect could gain admission into the corps. 
Now, we should say it is practically a, The 
subjects of the examination of the candidates for ad- 
mission to Woolwich, and the fact that, as a rule, 
the lowest on the list of the successful has obtained 
nearly twice the minimum number of marks required 
for admission excludes a chance of the success of minor 
capacity. Considering this, and, that after going 
through the course of the Royal Academy, the highest 
on the examiner’s list are selected for the Engineers, it 
will surely seem a moral impossibility that any but 
those capable of attaining a high place as engineers 
can be selected for the corps. The course of study 
in the Royal Academy, though not all that may be 
wished, is unquestionably a good preparatory course 
for a military engineer. 

A very different tale is to be told of the course at 
Chatham, to be mastered in two years—which might 

ossibly be mastered in six years, certainly not in less. 
Mis will be sufficiently apparent when we enumerate 
the items of the sections of the course. The first is 
surveying to qualify the officers ‘for carrying on sur- 
veying of every description, and for designing and 
laying out engineering works” modified by the 
character of the site. The construction of maps, 
plans, sections of the ground and works are here re- 
quired ; and instructions are given in “astronomical, 
general, special, and reconnoitring surveying, including 
the accurate delineation of the inequalities of ground 
by levelling and by contours traced instrumentally, 
and also the giving relief to hill forms by sketching 
with the pen and drawing with the brush.” . : 
“The adaption of fortification works to contoured 
sites . . . . the selection and survey of lines of com- 
munication by roads, railways, and canals, and drawing 
up plans for their execution.” In this course is in- 
cluded the construction as well as the use of astrono- 
mical instruments, problems for finding the time, the 
latitude and longitude, the direction of the meridian 
and the variation of the compass ; “ the use of meteoro- 
logical instruments, and the reductions of the observa- 
tions made by them are practised.” 

“ As a preliminary exercise in drawing each officer 
constructs a plate of scales from data supplied to him. 
For particular information on the delicate and power- 
ful instruments and apparatus which have been used 
in great national surveys, and which cannot be 
studied in the Establishment Observatory, the officers 
are referred to published works; and they are in- 
structed in the adjustments, the unavoidable errors of 
construction, and the powers of the instruments put 
into their hands for the execution of the survey 
course.” 

“The general survey comprises :—Ist, the selection 
and measurement of a base. The base is measured with 
an ordinary chain and a 5 in. theodolite, and this 
measurement having been reduced to the horizontal 
value at the level of the sea, the section of the base is 

down on paper. 2nd. The measured base is ex- 
tended by triangulation over ten or fifteen miles of 
country, and the relative altitudes of, and distances 
tween, the stations selected are determined from ob- 
Servations. The computed horizontal distances are 

id down, and the azimuth of one of them is deter- 
mined.” Limited space leaves us unable to give a full 
detail of the items of this course, but it contains all 





that could be required to qualify a surveyor for the 
execution of the most varied and extensive surveys. 
And, speaking from large experience, we hesitate not 
to say that no well qualified, experienced surveyor in 
England if asked how long time should it take for an 
apt pupil to master this course, would say less than 
eighteen months. 

How many are allotted to it at Chatham we do not 
know, but they must be few, if other parts of the 
whole course have each a part of the two years assigned 
to them, proportioned to their importance. Tie 
second section includes all the principles and details 
of fortification, every variety of field works, open and 
enclosed ; batteries of every character; mining in all 
its details; sapping and every branch of siege opera- 
tions; castrametation; the formation of roads; con- 
struction of huts, stables, &c.; offices, kitchens, 
ovens, and latrines, &c. Passages of rivers by the 
construction of at least ten sorts of military bridges. 
Sieges adapted to the varied conditions of the works 
to be forced, their natural and artificial strength, the 
resources of the besiegers and the besieged, which are 
of course included here, is a wide subject absolutely 
demanding far more time and thought than can 
possibly be given to it in this branch of the course. 

After this comes “military architecture and con- 
struction,” of which we have just lately heard so 
much in the alleged defects of our coast defences. 

This section is divided into, “1. The Theory of Con- 
struction. 2. Materials used in Construction. 3. The 
Practice of Construction. 4. Valuation of Artificers’ 
Work. 5. Design and Estimate. 

“Part 1.—Theory of Construction.—The officers 
make notes on this part of the course from books in 
the library and from lectures. These notes are divided 
into the following chapters: 1. Force in general. 
2. Resistance of materials. 3. Frames and trusses. 
4. Retaining walls. 5. Arches. 6. Water supply 
and drainage. 7. Warming and ventilating. A paper 
of examples on these subjects is worked out by each 
officer. 

* Part IIl.—Materials used in Construction—Notes 
are made in this part of the course from books in the 
library and from lectures. They are divided into the 
following heads: 1. The manufacture of bricks and 
tiles. 2. The manufacture of limes and cements. 3. 
Qualities of stones and quarrying. 4. Qualities of 
woods. 5. Casting and forging of metals. 6. Com- 
position of paints, asphalte, glass, and other materials. 

Part Il].—Practice of Construction.—This part 
of the course is divided into two divisions. 1. Military 
Buildings. 2. Ordinary Buildings. 

“ Division I.— Military Buildings, comprises memo- 
randa of the special requirements which must be con- 
sidered in designing military buildings of the following 
classes: infarftry, cavalry, and artillery barracks ; 
soldiers’ cookhouses and latrines, women’s wash- 
houses, hospitals, barrack, commissariat, military store, 
and Royal Engineer Department buildings, military 
prisons, permanent batteries and casemates, revetments. 

“Division Il.—Ordinary Buildings comprises the 
details of construction of ordinary buildings adopted 
in England and in some other countries. ‘The officers 
make notes and sketches from books in the library and 
from lectures; the notes are divided into the follow- 
ing heads:” What is the condition of the heads of 
those who write the notes is not stated. However, 
the following headsare: “1. Foundations. ¥%. Walls 
and columns. 3. Roofs. 4, Floors. 5. Doors and 
windows. 6. Staircases. 7. Arches. 8. Wharves. 

* Part 1V.—Valuation of Artificer’s Work.—This 
part includes descriptions of the artificer’s work of the 
different building trades in England; the principal 
tools and implements they use, and the amount of 
labour and materials required to complete an abstract 
quantity of the principal descriptions of each work, and 
an explanation of the system adopted in England for 
measuring and valuing thom, Also an abstract of the 
specification of each kind of work, and an account of 
the system in use in the Royal Engineer Department 
in preparing estimates and executing work by con- 
tracts. The officers make notes on these subjects 
from books and from lectures; the notes are divided 
into the following heads: 1. Excavator. 2. Brick- 
layer. 3. Mason. 4. Plasterer. 5. Slater. 6. Sawyer. 
7. Carpenter and joiner. 8. Smith. 9. Plumber and 
brazier. 10. Painter, glazier, and paperhanger.” This 
last “part” is certainly not overdone with clearness 
in the programme, but we can see what is meant. 

Part contains designs and estimates for 
different sites, plans, seetions, dimensions of the 
various parts, walls, roofs, floors, fittings suitable to 
the class of building immediately designed. The 
documents “ prepared in completing this part of the 
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| course” are: 1. Block plan. 2. Plan of foundations, 
3. Plan of each story. 4. Plan of roof. 5. Sections 
sufiicient to show the construction. 6. Elevations 
sufiicient to show the character of the buildings. 7. 
Detail drawings. 8. Detail measurements and ab- 
stract of quantities. 9. Bills of quantities and esti- 
mates. 10. Report of the work. 11. The specifica- 
tion, 

Summarily, “ military architecture and construc- 
tion,” includes all, to the minutest yas of detail, 
that an architect or engineer should know of the 
principles of his profession and their practical ap- 
plication, of the materials used in all his works, the 
exact value of these materials, and of the work of all 
his artificers. It would not be possible for any one 
but a genius, to whom no ordinary rule could apply, 
to master this section of the course in less than two 
years ; indeed three years would be much nearer the 
just measure of time. 

This is followed by a “ course of telegraphy,” in- 
cluding theory and practice, supposed to be studied 
closely and minutely. 

“Each officer is required to give a project for a line 
of electric telegraph In the reports are de- 
scribed the instruments to be used, the mode of con- 
necting them in circuit ; the batteries, the conductors, 
the supports, the insulators, and mode of putting up 
the line; the number of cells required to work the 
line is calculated.” This is to be accompanied by a 
plan of the route, an estimate of every item of the 
materials required, and an enlarged plan of a part, 
“with a detailed description of the modes of carry- 
ing the conducting wire, or wires, over this portion of 
the route.” 

Next on the list is the “Chemical Laboratory 
Course,” principally confined to that part of the 
science which applies to the materials used by the 
engineer, which, we need hardly say, is not a small 
part, followed by a course of photography, which is 
not compulsory. However, the officers who give at- 
tention to it are supposed to master the chemical 
theory of the subject, that they may be prepared to 
overcome the difficulties which occur in foreign 
climates, under different conditions of atmosphere, 
from that of England, “where chemicals get out of 
order, and produce anomalous results,” like the whole 
course we have described. 

Printing and lithography are a part of the course. 
Other parts we have not noticed, which certainly are 
not of minor import, if their purpose could be realised. 
But we have surely shown enough to prove that a 
great part of this course is worse thana mockery. The 
effort to master it in the given time of a youth whose 
course has hitherto been a succession of triumphs, who 
turns to it with all his natural ardour, must be paralys- 
ing. It is only the slower and less sanguine who may 
see how little they can learn, and strive to master that 
little, who have a chance of learning anything useful at 
Chatham. The grevious disadvantages of our Royal 
Engineers do not end here; but, for the present, at 
least, we must terminate the subject, and, in doing 
so, we may surely say with justice, that few will ques- 
tion, that great credit is due to the Royal Engineer 
who, by his own unaided efforts, obtains a deservedly 
high place in his profession, despite the defectiveness 
of his Chatham course. 








A BROKEN RAIL AND THE RESULT. 


We lately published a report from the general 
manager to the chairman of the Erie Railway upon the 
condition of the permanent way of that line. More 
than one thousand broken iron rails, and a much 
larger number of crushed, split, and otherwise defec- 
tive rails of the same material had been taken from 
the line in the month of January last, and February, 
said the report, would show a still worse result. The 
speed of all trains had been reduced to thirty miles an 
hour, and the manager expressed much apprehension 
for their safety even then. Since the date of that 
report, the apprehensions which it contained have been 
more than justified by one of the most frightful 
disasters ever known in railway history. rdly 
three weeks ago, or in the early morning of April 15th, 
a passenger train containing three hundred passengers 
broke a rail at a point on the line about one hundred 
miles west of New York, and where it is cut along the 
steep scarp of a lofty mountain, with the river Dela- 
ware at least a hundred feet below. The engine, mail 
and luggage vans, and three passenger carriages passed 
over the break safely, but three other carriages, filled 
with passengers, were thrown off the line, and with a 
plunge, too horrible to realise, fell with a crash upon 





the jagged points of rock, and upon the as rocky bed 








ENGINEERING. 


{May 8, 1868. 





—_—-— 








of the stream below. ‘The carriages were warmed, as 
are all American railway carriages, by stoves, and 
these, overturning, set fire to the carriages themselves, 
filled with their already crushed and mangled, but still 
living freight. Without dwelling upon the horrors of 
such a scene, it is enough to say that twenty-four 
persons were killed outright, and, that of fifty-two 
others who were injured, the lives of nineteen were 
despaired of when the mail left New York. 

Of the ten miles of stcel-laid line on the Erie Rail- 
way but one rail had broken at the date of Mr. Riddle’s 
report. The terrible consequences of one out of pro- 
bably more than three thousand fractures of iron rails 
within the space of three months and a half will, we 
trust, now that the great “ Erie Railway War’ is over, 


secure the early adoption of steel rails for the whole of 


that great line. 


THE CORNWALL SUSPENSION BRIDGE. 

On the 17th of April, a Bill was passed in the New 
York Assembly authorising such works as will facilitate 
the construction of the Newburgh and Wallkill Valley 
Railroad, under the title of “The Cornwall Suspension 
Bridge Act.” It includes, besides the erection of the 
bridge, the construction of 11 miles of railway to 
connect the Pennsylvania coal district with the New 
England and Western states, and, when completed, 
will command the whole of the anthracite coal traffic 
from the Wyoming, Middle, and Schuylkill mines, by 
which a saving of 100 miles of water carriage will be 
effected. At present, over a million of tons are 
annually carried down the Hudson and Long Island 
Sound, to be deposited at the various railway depdts 
along the coast, whence they are conveyed throughout 
the States. 

The great width of the river has hitherto prevented 
any scheme for the erection of a railroad bridge from 
being set on foot, and the present design is a bolder 
one than the great New York bridge of Mr. Roebling. 

It wiil be a suspended girder of 1800 ft. span, placed 
150 ft. above water level, and will accommodate only 
a single line of way. At the point selected for its 
erection, the Hudson river narrows into a gorge, and 
flows with a depth of water of 117 ft. One tower will 
be in 30 ft. of water, the other will be a land pier, and 
as the foundations are of granite, less difficulty will be 
experienced with that part of the work than Mr. 
Roebling is likely to meet with in his New York 
bridge. Colonel Julius W. Adams, who has just been 
appointed the engineer to this great’ work, has esti- 
mated the cost at 2,000,000 dollars. We shall publish 
the drawings of the bridge as soon as they are fully 
worked out. 


“THE FRANKLIN ENGINE.” 

Ir is some months since the 
annouced the discovery, by a youth of thirteen, of an 
extraordinary improvement mm the steam engine, 
an improvement which at once saved half the fuel 
for a given power. The ingenious youth took out 
a patent, No. 1865, a.p. 1867, although there is 
some doubt whether a patent granted to a minor is 
valid—a point which the lawyers can settle much 
better than we. A notice of this patent appeared 
on the 268th page of the present volume of EnGINEER- 
ing (March 27th last). It may be as well to state, in 
a few words, what the invention really is, even at the 
risk of disappointing the curiosity which it has aroused 
in the minds, not, perhaps, of engineers, but of more 
than one banker, city man, and ready speculator. 


Instead of a single cylinder engine, the inventor em- 


ploys two cylinders, one open at the end furthest from 
the crank, the other open at the end next the crank. 
Each piston, therefore, is single acting, and thus it 
merely requires ¢wo cylinders, pistons, sets of guide bars, 
crossheads, connecting rods, and cranks, to do the work 
ofone. Thereis, of course, nothing new in single-acting 
engines, for such were Newcomen’s a hundred years 
ago; nor is there anything new in applying two or 
three open-ended cylinders with their pistons connected 
to a single revolving shaft, for such engines were not 
so very long ago employed on board the Alliance, and 
other steamers, working between Southampton and 
Havre. 


course, absurd. They waste fuel, to a very great 


extent, by the cooling of the cylinders, the interior of 


which is opened, for its full length, to the air at every 
stroke. 

The only Franklin engine yet built, so far as our 
knowledge extends, is a 7 horse portable. When run 
by itself, or “light,” it required about 40 1b. steam to 
start it, and at least 30 Ib. to keep it in motion, where- 
as a good engine of the ordinary construction would 
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That they can effect any saving of fuel is, of 


work “light” with 41b. or 5 lb. In other words, with 
70 lb. steam at least one-half of the power is ex- 
pended in working the engine itself. The steam from 
the cylinder cocks was greatly supercharged, as might 
be expected, with water. It is anything but agree- 
able to check the aspirations of youthful—or even 
childish—genius, but the curiosity which has attached 
itself to this engine is idle, and any hopes which it 
may have inspired in the minds of misinformed men 
are wholly delusive. Yet, it is being persistently ad- 
vertised as an engine which will “ save half the fuel !” 


FEVER. 


THE TERLING 





Tue public have lately heard much of arural village | 


| in the county of Essex which has been stricken with 
| disease, the suddenness and violence of which reminds 
us of the plague of olden time. Out of a population 
}of 900 persons, one-third have been attacked with 
| typhoid fever, and upwards of 40 persons have been 
| laid in their last homes, victims to preventive disease. 
| This terrible outbreak is now, happily, at an end, the 
| few remaining patients are convalescent, and Sunday 
|last was observed as a day of thanksgiving. The 
| bishop of the diocese preached on the occasion, and 
| Terling, if it followed the usual course in such cases, 
| would set itself to work to forget as quickly as possible 
the disease and its causes. ‘There are doubtless some 
| who will look on the vacant chair, and miss the familiar 
| face of a loved wife, husband, parent, or child, and 
| bow with submission, but with an aching heart, to the 
divine will which has dealt so heavy a blow to their 
happiness. 

We were not present on the occasion, but we can 
believe the reverend prelate would seize upon it to 
| place before his hearers—most of whom would appear 
in mourning garb—that for such visitations of Provi- 
| dence we should all be prepared; and that, if we live 
| holy and useful lives, let the summons come when it 
will, we need not fear. But this is notall that should 
be said on such an occasion. 

Difficult as it was to some to make the day one of 
thanksgiving, it would be still more difficult had the 
yractical lesson to be drawn from the facts been placed 
before them, that the season of suffering through 
which they had passed, and the deaths they had wit- 
nessed, were inflicted as a punishment for breaking a 
divine law, and that their victims had been sacrificed 
to causes which could have been foreseen, and might 
have been prevented. 

God places His creatures, as he did our first parents, 
within reach of all that is required for their sustenance 
| and well being, but with commands to use His bless- 
| ings aright—what we must, and what we must not do; 
| and, as in Paradise, if these commands are disregarded 
His curse will certainly follow. . 

Man is a free agent; he can and does commit sin 
even with the certainty of coming punishment ; and if 
he daily and continually disregards the laws on which 
his health depends, he must sooner or later pay the 
penalty of sickness, and just as the death of a man 
who puts a loaded pistol to his head and pulls the 
trigger is, so far as the controlling power of Providence 
is concerned, unnecessary and might have been avoided, 
so also the typhoid fever at Terling and its conse- 
quences, for reasons almost as clear, was unnecessary 
and might have been prevented. 

The facts of the case fully justify these observations. 
The village is an unusually straggling one; the houses 
are situated on the slopes on both sides of a valley, 
through which runs the little river Ter; the upper 
portions rise to an elevation of about 60 ft. within one 
half or three quarters of a mile, and are composed of 
an open gravelly soil. At levels varying from about 
15 ft. to 30 ft. above the river, the London clay crops 
out, and its presence is marked by numerous springs. 

The houses, of which there are about 130, are 
widely scattered somewhat above the outcrop of the 
clay. The wells are numerous, and are usually well 
| supplied with water. To construct these cheaply they 
are mostly sunk at a lower elevation than the house, 
the privy is usually in close proximity, in some cases 

not more than 15 ft. or 20 ft. from the well, and the 
““bumby,” or receptacle, in most cases, was merely a 
hollow place scratched in the ground, or an open ditch 
in the same porous material; thus situated, the 
|“ bumby” received all the slops and sullage from the 
| houses, the privy soil, and surface water. Terling 
| being a purely agricultural village, few alterations or 
| additions have been made, and this state of things having 
existed for many years, the result has been to saturate 
the gravel in the neighbourhood with filth. During 
the autumn of last year, when the quantity of rain was 
unusually small, many of the wells became dry ; a heavy 
iall occurring on the 1st and 2nd of December, they 





were suddenly filled. The first case of fever occurred 

on the 4th; by the 17th the number amounted to 

85; there was a steady increase in them for some 

weeks, and by the end of the month 12 had died and 
| others were dying. With this terrible commencement 
| of the visitation, its subsequent progress still so fresh 

it is difficult to imagine that there should be any mis. 
|} apprehension as to the cause of the fever and its 
| localisation in the village. But it is quite certain that 
by far the greater number who listened to the bishop 
last Sunday would answer an inquiry by the assertion 
that it was brought on, and that the water could 
not possibly have anything to do with it, for there is 
no place in the country so well and so abundantly 
supplied. They fail to perceive any possible connexion 
between the “ bumby” and the well, though in such 
close proximity. ‘The fact of their own existence is 
sufficient ground for their belief in things as they have 
existed for so many years, and change is unnecessary, 
Anything short of total extermination is insufficient to 
teach them. ‘There is, indeed, a tradition that many 
years since an outbreak of fever did destroy all but 
four of the inhabitants ; the truth of this we have no 
means of ascertaining, but it is certain that the recent 
one has been but the last of a series of similar visita- 
tions. 

Unhappily, Terling differs only from some eases which 
have occurred, and are still occurring, precisely simi- 
lar in every respect, but only less notorious. Educa- 
tion will, no doubt, in time, enlighten the poorer 
classes of our countrymen, who are the chief sufferers, 
as to their true nature, and they will more readily than 
they now do give their help to sanitary regulations; 
but, in the mean time, the quicker operation of legis- 
lation appears to be imperatively necessary to control, 
in some better mode than at present, the habits of our 
population when they lead to such fatal results. 

We must-not omit, however, the one feature of the 
cease which will commend itself to the approval of all. 
Small though the number is who trace effects to their 
true courses, they have—following the course approved 
by the largest proprietor, Lord Raleigh, determined 
to do something more than the man in the Tiber, 
call on Jupiter for help—called in an engineer in 
human form, and are about to carry out the plans pro- 
posed by Mr. William Clark, of Victoria-street, West- 
minster, for supplying pure water from one of the un- 
tainted springs, ;and for the drainage of the village 
and utilisation of the sewage. 

And another feature, happily not uncommon when 
these emergencies arise, there has been no lack of 
genuine philanthropy and Christian kindness at Terling. 
The noble proprietor has remained among his afflicted 
dependants, and both with his purse and by his ex- 
ample given assistance and comfort to all. Dr. Gim- 
son, a young but able medical man in the district, 
has, without fee or reward, devoted himself to duties 
which properly devolved upon others. The worthy 
vicar has remained at his post in the exercise of his 
duty, and, lastly, the sisters of mercy from East 
Greestead have won the lasting gratitude of the entire 
population; their services will long be reme: Lcred ; 
they have, in their constant and unwearied attention 
on the sick, shown what women of education and re- 
finement can do when devoted to their self-imposed 
duties, looking above for their reward. The Terling 
fever will now become a matter of history, and we 
believe the right measures have now been adopted to 
} banish it for ever from a locality where it has too 
| often found a home. 





Fortrrications.—In the debates on Monday evening, 
Sir John Pakington remarked that, “ During the four years 
that have elapsed from 1865 to the present year provision has 
been made for the manufacture of 366 guns of large calibre 
for the fortifications. According to the calculation of 
scientific men competent to give an opinion, in order to arm 
the fortifications which are being constructed, we shall find it 
necessary to provide 1044 additional guns of large calibre— 
12 in., 9in., and 7 in. guns, and also 2500 guns of a lighter 
calibre. The right hon. gentleman says that if a change of 
Government occurs, the future Government must look to re- 
duced expenditure. Now, any future Government must and 
ought to endeavour to effect every economy consistent with 
the public service; but I presume that the right hon. gentle- 
man will not be prepared to contend that we are to leave the 
fortifications of this country without guns in them. It is the 
duty of the Government to arm these fortifications, and this 
aggregate number of 3500 guns of large and small calibre, 
indispensable as they are for the safety and protection of the 
country, cannot be manufactured under an expenditure of 
from 4,000,0007. to 5,000,0007.” ’ 

Tue Port or RortsrpaM.—Works for the improvement 
of the fluvial navigation from Rotterdam to the sea have been 
pushed forward with great activity of late; and a canal, 
which will establish more direct communication with the sea, 
is expected to be opened in the course of the current year. 
Not only will the canal establish more direct communication 
between the sea and Rotterdam, but it will also enable vessels 
of heavier tonnage to get up to Rotterdam. 




















May 8, 1868.] 


ENGINEERING. 


453 








THE INSTITUTION OF CIVIL ENGINEERS. 


Tnx Annual Dinner of the Institution of Civil Engineers, 
which took place at Willis’s Rooms on Wednesday evening, 
the 6th inst., was the means of bringing together a very 
numerous and distinguished company, and one and all were 
ynanimous in opinion, that it was in every respect a most 
successful social meeting. ‘ 

The chair was, of course, occupied by the President, Mr. 
Charles Hutton Gregory, who was supported by the follow- 
ing guests : 4 - 

Visitors—Archbishop of York, Duke of Argyll, Earl of 
Caithness, Lord Elcho, M.P., Lord Alfred Paget, the Lord 
Mayor, Admiral Sir John Hay, Bart., M.P., Sir Henry 
Holland, Bart., the Attorney-General, M.P., Sir Charles 
Trevelyan, K.C.B., Sir Charles Wheatstone, General Lefroy, 
the Presidents of the Geological, the Chemical Societies, and 
of the Institute of British Architects, the Deputy-Master of 
the Trinity House, the Master of the Mint, Professors 
Donaldson, Owen, Sylvester, Tyndall, Dr. Percy, Colonel 
Rich, R.E., Mr. Hawes, Mr. MacGregor, Mr. Herbert, Mr. 
Julyan, Mr. Sargeaunt, and M. Thomé de Gamond. 

Honorary Member.—Viscount Halifax. 

Members.—Messrs. P. Ashcroft, W. Baker, J. D. Baldry, 
W. H. Barlow, W. C. Barton, J. F. Bateman, J. W. Bazal- 

ette, N. Beardmore, J. H. Beattie, G. P. Bidder, J. F. Blair, 
M. Blakiston, J. Braithwaite, F. J. Bramwell, R. P. Brereton, 
G. B. Bruce, J. Brunlees, J. Brunton, R. Chapman, W. Clark, 
R. 8. Clayton, Z. Colburn, H. Conybeare, J. Coode, E. A. 
Cowper, J. Cubitt, H. W. Davis, J. N. Douglass, E. A. Drew, 
J. Field, J. Fowler, J. 8. Gallott, A. Giles, R. W. Graham, 
J. Grant, C. H. Gregory, J. T. Harrison, T. E. Harrison, J. 
Hawkshaw, T. Hawksley, G. W. Hemans, R. Hodgson, J. 
W. Johnson, R. E. Johnston, J. P. Kennedy, Colonel J. P. 
Kennedy, J. Kershaw, W. R. Kinipple, T. N. Kirkham, Sir 
Charles Lanyon, M.P., W. B. Lewis, A. G. Linn, J. A. 
Longridge, T. Lovell, W. Low, J. E. M’Connell, A. Mackin- 
tosh, C. Manby, J. A. Manning, J. Marley, J. Marmont, W. 
Martley, R. C. May, J. Mitchell, J. Murray, F. Murton, T. 
Ormiston, A. S. Ormsby, T. Page, J. Penn, J. R. Ravenhill, 
G. B. Rennie, T. D. Roberts, H. Robertson, T. Rumball, J. 
D’A. Samuda, M.P., D. J. Scott, M. Scott, F. W. Sheilds, C. 
W.Siemens, F. G. Slessor, H. Lee Smith, F. C. Stileman, J 
Strapp, E. Thomas, J. H. Tolmé, F. T. Turner, C. Vignoles, 
J. Whitworth, M. R. Williams, R. Price Williams, A. Wilson, 
E. Wilson, W. Wilson, H. Winteringham, E. Woods, and O. 
Younghusband. 

Associates.—Messrs. J. Aird, jun., James Ashbury, W. 
Atchison, C. Barclay, J. B. Batten, C. L. A. de Bergue, H. 
H. Bigg, S. B. Boulton, T. Brassey, T. Brassey, jun., B. 
Burleigh, R. H. Burnett, W. Cawkwell, D. Chadwick, J. 
Church, Col. Clarke, R.E., J. Clutton, R. G. Clutton, J. 
Cochrane, E. Corry, E. Crosby, C. Cubitt, I. Dodds, G. 
Farren, W. F. Faviell, M. Fenton, J. 8. Forbes, James 
Forrest (Secretary), J. Freeman, W. Gammon, J. Graham, 
J. Grierson, C. E. Hollingsworth, G. W. Horn, H. A. Hunt, 
J. James, J. Jay, J. Kelk, M.P., 8. L. Roe, F. Lee, G. Lee- 
man, M.P., J. H. Lloyd, A. Longsdon, C. T. Lucas, F. T. 
Mappin, 8. D. Martin, W. W. Moore, _ Palliser, A. 
Penny, H. Pooley, T. Prosser, T. D. Ridley, R. Reynolds, T. 
A. Rochussen, O. C. D. Ross, C. P. Sandberg, G. wr G. 
T. Selby, James Shaw, A. C. Sherriff, M.P., F. P. Smith, G. 
W. Stevenson, G. K. Stothert, G. Taylor, Captain H. W. 
Tyler, J. Waddington, W. M. Warden, and G. E. Wythes. 

The Archbishop of York said grace before and after dinner. 

The President, in proposing the first toast, said: The 
virtues which shed lustre on the throne have long been the 
admiration of other countries, and the pride of all who live 
under Her Majesty’s rule. May she long reign over @ loyal 
and happy people. I give “ The health ot Her Most Gracious 
Majesty the Queen.” 

This toast elicited the warmest acclamations. 

The President next said: The Princes and Princesses of the 
Royal house have endeared themselves to all the subjects of 
the Queen, not only in this country but in distant colonies. 
Our illustrious honorary member, the Prince of Wales, has 
won golden opinions from all classes. The gentle lady who 
shares his honours has our most respectful affection, and 
every one rejoices in her returning health. The country rings 
with indignation at the dastardly attempt on the life of a 
distinguished honorary member, the Duke of Edinburgh, and 
joins in the fervent hope that he may soon return with health 
and strength unimpaired. I propose then “The health of 
their Royal Highnesses the Prince and Princess of Wales, 
and the rest of the Royal Family.” (Applause.) 

The President in giving the toast of “The Army, the Navy, 
the Militia, and the Volunteers ”—coupled with the names of 
General Lefroy, R.A., Admiral Sir John Hay, Bart., M.P., 
and Colonel Lord Elcho, M.P.—referred ‘to the recent 
successful campaign in Abyssinia, which he thought was due 
not only to the ability of the General in comaiel, who had 
long been celebrated as an able engineer, but also to improve- 
ments in army organisation. 

General Lefroy and Sir John Hay, in returning thanks, 
pointed out the invaluable benefits which had been conferred 
upon both services by Civil Engineers, and each expressed 
his conviction that, so long as the army and the navy received 
such assistance from that influential portion of the com- 
munity their efficiency would be amply maintained. 

rd Elcho, in acknowledging the compliment paid to the 
volunteers, vindicated that body from certain exceptions 
he mg had been taken of late to their organisation and know- 
edge of drill, and observed that it could not be doubted that 
they would be in readiness to enter the field at any time that 
their Services might be required. 

The President said he had now to propose “ The Houses of 
of ‘aa Commons,” associating with that toast the names 

Pn Right Honourable the Karl of Caithness and the 
ye They-General, M.P. If, Mr. Gregory remarked, in any 

pountry the motto “ Noblesse oblige” was a reality, it was 
aaa 80 in this, as our House of Peers contained many 
lead ra — some of whom, apart from rank, took the 

The literature, in learning, and in greatness of character. 

© toast was responded to Dy the noble Earl and the 





learned Attorney-General, the former expressing the great 
interest he had always felt in the advancement of science in 
this country, and the latter urging with much earnestness 
that the ious of Commons would, beyond all question, 
command the same respect from the altered constituencies in 
the next session as that portion of the Legislature had always 
received from the country at large. 

The President, in ee “ Our Visitors,” coupled with 
the name of the Archbishop of York, thanked the many dis- 
tinguished guests who had accepted the invitation of the Coun- 
cil, and expressed the pleasure they felt in being honoured 
by the presence of so many men of science. 

His Grace returned thanks in a speech warmly eulogising 
the members of the Institution for the important services 
they continued to render to their country, and called forth 
loud cheers by speaking of Mr. Whitworth’s munificent gift, 
in the cause of scientific instruction, as the “ best shot he had 
ever fired in his life.” 

The Duke of Argyll next proposed “ Prosperity to the 
Institution of Civil Engineers,” coupled with the name of the 
President. His Grace remarked that this toast connected 
itself with some of the happiest associations‘ of his early life, 
for his father was a skilled mechanic, and had ‘no inconsider- 
able knowledge of civil enginecring. At that time no lan- 
guage was so familiar to him as that of mechanical science, 
and no guests were so welcome in his father’s house as the 
self-made man who could speak of the progress then taking 
place in the Pe march of human ingenuity'‘and skill. He 
was born and brought up by the side of those quiet estuaries 
and lakes where the waters of the ocean and the waters of 
the Clyde mingled under the shadow of the Highland isles— 
waters which were classic in the history of engineering 
science. After giving several anecdotes related to him by 
his father respecting the early experiments of Mr. Bell in 
steam navigation, his Grace proceeded to remark that the 
impressions of his early years had not been weakened by 
his subsequent experience, and he had the greatest re- 
gard for the Civil Engineers, whose art was simply 
and happily defined in the charter by which this insti- 
tution was incorporated as “the art of directing the great 
“sources of power in nature for the use and the con- 
“venience of man.” He (the Duke of Argyll) had the 
greatest gratification at being present on this occasion, for it 
could hardly be doubted that of all the professions there was 
none which so completely tied mo Tom the most important 
questions of practical utility with the highest problems of 
speculative thought. In conclusion, he wished the compan 
present joy of the noble pursuits in which they were engaged, 
and expressed his belief that there were many statesmen, 
soldiers, lawyers, and others, whose names were ringing 
through the world, who had in reality done less than the 
humblest member of this institution to promote the welfare 
and the civilisation of mankind. 

The President having briefly acknowledged the compli- 
ment, Mr. Vignoles, vice-president gave the toast of “the 
Learned Societies,” to which Mr. Tate, M.P., the president 
of the Royal Institute of British Architects, responded. 

Mr. Hawkshaw, in a few words, gave “ The Corporation 
and Institutions of the City of London,” to which the Right 
Honourable the Lord Mayor replied. 

The various toasts were received in the most cordial man- 
ner, and the company separated about 11 o'clock, after a 
banquet which appeared to give the utmost satisfaction to all 
present. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Machinery for the Gunboats on the Clyde.—The machinery 
for the gunboats, which are at present being built on the Clyde, 
has been brought from Woolwich by H.M.S. Fox, W. S. Lake, 
commander. The Fox having discharged the machinery for 
those building at Glasgow, left for Port-Glasgow, where the 
remainder of the cargo was to be discharged, and the vessel 
thereafter proceeds back to Woolwich vid Holyhead. The 
following facts relating to the Fox may be interesting. She was 
built at the Royal Navy Dockyard, Portsmouth, in 1829, asa 
sailing frigate, with 42 guns, and was afterwards lengthened 
forward by Messrs. White, of Cowes, Isle of Wight. In 1844 
the Fox was flagship to Sir Henry Blackwood on the East 
India station, and in 1856 she was converted into a screw 
vessel. Now she is solely employed in carrying machinery, 
boilers, &c., from Woolwich to the various ports where vessels 
are being built for Government, her hatchways having been 
lengthened and otherwise altered for that purpose. 

Missionary Yacht.—Messrs. Henry Murray and Co., Port- 
Glasgow, are at present fitting ont an iron steam yacht 40ft. 
long, 8 ft. beam, and 4 ft. 6 in. deep, 126 tons register, and 10 
horse power, which is intended for missionary service on the 
West Coast of Africa. 

Dhuheartach Lighthouse—The Commissioners of Northern 
Lights’ steamer Dhuheartach, appropriately named after the 
dangerous rock upon which a lighthouse is to be built, arrived 
at lona from Newcastle. The maiden visit for the season to the 
rock was made soon after her arrival, and it was found that 
almost all that was erected last season on the Beacon (which is 
first to be put on it) satisfactorily stood the almost unparalleled 
severity of last winter, which must also be very satisfactory to 
the commissioners and cretitable to the inspector, Mr. Brebnor, 
who superintended this part erection. ‘I'wo flats have also 
arrived, which were built in Leith, for bringing the stones for 
the structure and other requisite materials out to the rock, and, 
upon the whole, the works ashore are proceeding very satis- 
factorily. f 

Glasgow Pig-iron Market.—Since the last report the price 
of pig iron has not varied very much. On ‘Thursday last busi- 
ness was done in “ warrants” at 52s. 5d. cash, and 52s. 44d. 
¢ash was taken and given on Friday. The market was firm 
yesterday, and business was done at 52s. 6d. a month, and 
52s. 8d. cash was accepted for several lots. The market was 
still easier to-day. No. 1 Coliness and No. 1 Gartsherrie are 
now at, respectively, 57s. and 56s. 





month, with scarcely any fluctuation in prices of warrants 
which have ruled from 52s. 14d. to 52s. 5d. per ton cash. The 
close is quiet, at our quotations. The stock in Connal and 
Co's yards is 216,186 tons, with warrants circulating for 
204,100 tons; and in Canal Co.’s yard 16,495 tons, with 
warrants for 15,500 tons.” 

The following are the imports of Middlesbro’ pig iron into 
Grangemouth: 


Tons. 

For the week ending May 2, 1868 ... on eee 
. Pa May 4, 1867 ... ose 715 
Increase ... ese asa oe ace 947 
Total shipments till May 2, 1868 .., ee 33,456 
a wh May 4, 1867 ... ee 10,512 





Total increase for 1868 ... ae ee 22,944 

New Shipbuilding Contracts.—Messrs. Randolph, Elder, and 
Company have just concluded a contract with the Pacific Steam- 
ship Navigation Company for two large screw steamers, of 2500 
tons, to sail between Liverpool and Valparaiso. The engines of 
these vessels are to be of 500 horse power, with one high-pres- 
sure inverted cylinder 60 in. in diameter, and one low-pressure 
cylinder of 96 in. diameter; stroke, 3 ft. 9in., and provided 
with the most approved surface-condensing apparatus. It 
would seem that the numerous Pacific steamers built by this 
firm have given such great satisfaction that the company do 
not see any good occasion to cease sending their orders to the 
above-named eminent firm. 

The Sewage Question—A meeting of farmers of the sur- 
rounding district with the Association for the Consideration of 
the Sewage Question, was held to-day (Wednesday) in the 
Religious Institution rooms, Bailie Harvey presiding. The 
value and quality of the city manure was discussed at con- 
siderable length; how it could be made more useful to the 
farmers by being judiciously mixed, two-thirds of ashes and 
street sweepings, and one-third of night soil, being considered 
to make an excellent manure. The idea of throwing the night 
soil into the river was strongly deprecated; it was suggested 
that it should be preserved for the land, and that it would be 
well to confer with the town council on the matter. 

Philosophical Society of Glasgow.—At the last ordinary 
meeting of this society, on Wednesday evening last, an interest- 
ing paper was read by Mr. Mactear, of St. Rollox Chemical 
Works, on *‘ The Sources from which Sulphur is obtained for 
making Oil of Vitrol or Sulphuric Acid.” It seems that hun- 
dreds of thousands of tons of sulphuric acid are made in this 
country annually, and that the greater part of it is obtained by 
burning iron and copper pyrites, minerals which have come into 
extensive use since the year 1840. ‘The brimstone which is 
imported is chiefly employed in the refined state for mak- 
ing gunpowder. The Spanish ore, from the Tharsis mines 
(owned mg | by Glasgow manufacturers and capitalists) is 
that variety of pyrites which is most used: it contains about 48 
or 50 per cent. of sulphur and 4 to 5 per cent. of copper. Mr. 
Mactear gave many interesting particulars regarding the Spanish 
ore, and regarding the physical and chemical difficulties which 
ure encountered in burning the other varieties of ore. Sweden, 
Norway, Italy, Belgium, Ireland, Cornwall, and other places 
are now laid under demand for the wants of the vitriol manu- 
facturers of Britain, especially those of Glagow and the Tyne, 

At the meeting of the chemical section of the same society, 
held od Monday evening last, Dr. Wallace, F.R.S.E., read a 
paper on the animal charcoal used in sugar refining on the 
Clyde. For the last ten or twelve years Dr. Wallace has been 
very prominently identified with the chemistry of sugar re- 
fining, as an analytical and consulting chemist; and on this 
account, as also from the circumstance that the Clyde refiners 
occupy the front rank in the trade, the information contained 
in the paper excited a considerable amount of interest and drew 
together a large number of the members. 

Export of Gunpowder.—The export of gunpowder from 
Greenock, shipping at the Tail of the Bank, during the month 
of April was as follows:—Per Maria, for Havana, 12,500 lb.; 
~ Nantib, for Africa, 15,000 lb.; per Mary Falconer, for 

enang, 72,500 1b.; per Omba, for Singapore, 85,000 1b., total 
195,000 Ib. 

City of Glasgow Union Railway Company.—The half-yearly 
meeting of this company was held last week, when the engineer, 
Mr. J. F. Blair reported as follows; I have to state that pr 
Brassey and Co., have, in the execution of their contract for the 
works on this railway, advanced that portion between the 
Glasgow and Paisley Joint Railway and Bridge-gate very nearly 
to completion ; that there only remains to be done the construc- 
tion of the Shields Road-bridge, which is now in hand; the 
earthwork formation that intervenes between Shields-road and 
West-street, and the completion of the viaduct parapet work in 
places along the line from West-street through the south side 
of the city, and some minor works in the completion of the 
river Clyde bridge, such as fixing the cast-iron pilasters for 
capping the piers. The diversion of the Glasgow and Paisley 
Canal near West-street having been extended so much further 
westward than was originally intended, to some extent has 
delayed the completion of the railway in the vicinity of Shields- 
road, but a few weeks now will suffice for the formation of the 
line there being made ready for the permanent way. ‘The per- 
manent way materials now only require to be provided to enable 
the contractors to finish the City of Glasgow Union Railway 
from Pollokshields to the north of the Clyde at Bridgegate this 
summer, and it is indispensable for the line being utilised that 
the station works necessary for the accommodation of trailic 
should at once be proceeded with. 

The Forth Bridge Scheme in Parliament.—This scheme was 
brought before the Select Committee of the House of Commons 
last week, and for four or five days evidence was led on behalf 
of the promoters. Seventeen witnesses were examined, and 
there were perhaps as many more in waiting to be called in sup- 
port of the scheme; but ou Monday Sir F. Goldsmid, the chair- 
man of the committee, announced, before any witnesses were 
called by the opposing council, that the preamble of the bill was 
not proved, at least so much of it as proposed to authorise the 
construction of the bridge over the Forth at Alloa. Seeing, 


Messrs. Connal and Co.’s circulur for April says: “ We have | then, that the great Forth Bridge Scheme of 1866 is abandoned, 
again to report a quiet and lifeless market throughout the 1 and the Alloa Bridge is not to be permitted, the Dunfermline 
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le are now pressing their claims through their counsel, Mr- 
Calvert. This gentleman proposes that the North British Rail- 
way Company shall either submit to have the penalties inflicted 
or construct the branch originally proposed to be constructed 
by the bill of 1863, so as to connect Edinburgh and Dunferm- 
line by way of Inverkeithing and Queensferry. At present 
there seems to be some degree of probability that the people of 
Dunfermline will succeed in getting a more direct connexion 
with Edinburgh and the rest of the kingdom than they have at 

t 


Furnace Granite Quarries—Ezplosion Three Tons of 
Gunpowder.—On Saturday last, a large blast was fired off 
successfully at Furnace Granite Quarries, Lochfyneside, on the 

rinciple of mining and rock-blasting, introduced by Mr. William 

im in 1853. The mines and headings on this occasion were 
driven in a horizontal direction from the face of the quarry, 
commencing at a point about 40 ft. above the level of the quarry 
floor, and 80 ft. from the top. The first heading was driven 
inwards 46 ft., and a cross mine taken off from it to a distance 
of 41 ft., at the inner end of which a chamber was formed 
to receive three tons of gunpowder. The powder having been 
carefully deposited, the chamber and mines were hermetically 
sealed by means of rubble stone building set in Roman cement 
—the wooden casement to protect the wires and fuse being 
carried through the building in its full line of length. The 
gunpowder having been ignited by means of a submarine fuse, 
exploded without any sharp report, concussion, or stones fying, 
as is usual in the case of ordinary or small blasts, and displaced 
& mas» of rock, computed at no less than 30,000 tons. 





Sate or American Ironciaps.—Recent advices from 
America state that the United States’ Navy Department has 
opened a second lot of bids for the ironclads offered for sale, 
bat with no better success than attended the first bids. 
Neither set of bids came up to the appraised value, and the 
Department is forbidden to sell at less than that value. For 
ironclads appraised at $200,000, the highest of the second set 
of bids was $21,000, and it was evident that the bidders only 
estimated the ironclads as worth the price of old iron. 

Tux Mont Cents Rartway.—Advices from Mont Cenis 
state that the trial trains began to run some days since be- 
tween St. Michel and Susa. One engine, with a load of 26 
tons, made the journey to Susa on the 20th of April, return- 
ing the following day. On the 23rd another engine per- 
formed the double journey from St. Michel to Susa and back 
(96 miles) on the same day, running the 43 miles in five and 
a half hours, including an hour of stoppages on the road. 
The working of the engines is said to be satisfactory. On 
the 1st inst. the Franco-Italian Commissioners completed their 
examination of the line, and authorised its being opened for 
goods traffic for a fortnight prior to the opening for pas- 
sengers. On the return journey of the Commissioners from 
Susa to San Michel, the time occupied was 5h. 30 min., 
ineluding 1h. 16min, stoppages. The average running 
speed was about 12 miles an hour. 

Tae Merropo.itan Gas Suppry.—The Committee of the 
House of Commons to whom the Gas Bills affecting the 
metropolis are referred (of whom Mr. Cardwell is chairman) 
determined on Monday last that, failing the acceptance by 
the gas companies of the conclusions come to by the Com- 
mittee of last session, they will pass the Bill of the Corpora- 
tion for supplying gas to the City of London, and they ad- 
journed until Tuesday for the answer of the gas companies. 
At the meeting held on Tuesday all the companies, with the 
exception of the Chartered, refused to accept the resolutions 
of the Committee. The Committee then resolved that before 
proceeding with the Corporation Bill they would hear from 
the Chartered Company the terms on which and the extent 
of district to which that company are prepared to supply gas 
in the City. The meeting was further adjourned until yester- 
day for this purpose. Substantially the matter is now 
settled as far as the City is concerned, that either from the 
old companies or from the Corporation cheaper and better 
gas will be supplied. 

New Srreet Pavement For THE Crty.—The new mode 
of laying ite pavement has been tried this week in Duke- 
street, Smithfield, in which it will be subjected to the severest 
test, as the heaviest traffic from the new goods station of the 
Great Western Railway wil! pass over it. ‘The plan consists 
of laying down granite blocks of 6in. by 4in. on a simple 
bed and filling in the interstices with a very coarse gravel, 
and then pouring on a very hot or liquefied cement of gas 
asphalte. This liquefied asphalte runs down between the 
blocks to the bottom, and firmly cements the whole pave- 
ment into one mass, which is thus rendered impervious to 
water from above or from below, consequently the rain at 
once runs off, and the bed always remaining dry, no pumping 
up of mud can occur from between the blocks of granite, so 
that the pavement always remains clean, and neither mud in 
wet weather, nor dust in dry weather, can arise where this 
mode is adopted. This plan has been tried at the suggestion 
of Mr. Pedler, who prevailed on the Commissioners of Sewers 
to lay down a specimen, and, judging from its success at 
Manchester, it is hoped that it will soon also succeed in 
London, 

BREECH-LOADERS FoR THE ItaLtaAN Army.—The Com- 
mission appointed by the Italian Government for examining 
into the comparative merits of the different breech-loading 
rifles known have decided in fayou: of the Prussian needle- 
~- This is the only instance of its having been approved 

y a non-German State, all other countries having en- 
deavoured to construct an even more perfect weapon. 

Tas Rattway Cieapance Hovss.—In the case of “ Eyton 
v. the Denbigh, &c. Railway Company,” before Mr. Church, 
the Chief Clerk, on Monday last, at the Rolls Chambers, an 
application was made on the part of the Railway Clearance 

ouse that a sum of money should be deposited to meet any 
claim that might arise on the Denbigh Railway. The Clear- 
ance House had established a system to “clear” all railways, 
and it was remarked, in support of the application, that a 
large sum had been lost from not having deposits made to 
meet weekly claims on companies. The Chief Clerk made an 


order in accordance with the prayer of the Clearance House. 


NIGHT SIGNALS: THE “ CHATHAM” LIGHT. 


Mayy of our readers are aware of the employment of 
the so-called “Chatham” light for signalling purposes in 
Abyssinia, and below we give a section of the — 
——s for this novel and effective mode of telegraphing at 
night. The illustration is about one-fifth of the size. 

or -—_ distant signalling, the lime light is the most 
effective ; but it is at the same time costly, and, in some 
respects, inconvenient of application. It is visible in clear 
nights at distances of twenty miles, whereas for ordinary 
signalling, especially at sea, a range of from five to 
twelve miles is generally all that is required. At 
these distances long and short flashes, alternating at longer 
or oa intervals, are made to represent letters, words, 
or whole sentences, according to a pre-arran code, 
understood by both the sender and the receiver. The pre- 
sent light, the invention of Captains Colomb and Bolton, 
affords perhaps the cheapest, simplest, and most manageable 
means of making such signals, yet discovered. By the aid 
of a small spirit lamp, constantly burning (but the light of 
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which, by itself, even were it visible at a distance, is hid from 
view), powdered inflammable substances of high illuminating 
power are burnt by being blown up into the spirit flame by 
means of a small hand bellows. ~— powdered coal dust 
will burn with considerable light, but, tor from three to six 
mile signalling, powdered resin is the best, as it is also the 
cheapest material. For longer ranges powdered magnesium 
is added to the resin. The powdered substance is contained in 
a small casing closed at B and supported on the top of a staff, F. 
A much smaller internal vessel, or bell mouth, open at the 
bottom, will be seen in the illustration, and by blowing air 
smartly downwards into the ing, by means of the bel- 
lows, the powder is driven up in a cloud through the branch 
tubes or nozzles, G and H, so placed that the powder strikes 
and inflames in the light of the spirit lamp. The parts 
above are those, merely, cuunmaam to apainnny tandem, with 
the addition only of a wire gauze protector to prevent the 
flame breaking the outer glass. The hand bellows, E, seen 
on the right, may be worked very beg rapidly, and for longer 
le 


bellows forcing air up through the pipe shown, and " 
ward through the bent neal, D, ins blowing’ the i 
mable powder into a dusty cloud which can only escape up 
the central tube and through the nozzles, G and i 








THE BELLEROPHON. . 

Ow Saturday last the deep sea trial of H.M.S. Bellerophon 
took place between Spithead and the Bill of Portland, and 
the results obtained during the six hours’ continuous steam. 
ing were such as must have been most satisfactory both to 
her designer, Mr. Reed, and to Messrs. Penn, the constructors 
of her machine The average power developed by the 
engines during the trial was 6192.6 horse power ; whilst the 
maximum power developed, which was during the fourth 
half hour, was 6382.33 horse power. At that time the en. 
gines were running at 74.5 revolutions per minute, the 
pressure of the steam being 30 1b. in the boiler room and 
27.5 lb. in the engine room, whilst its temperature was 274°, 
The average speed of the vessel per hour, per revolutions of 
the screw, was 13.72 knots; whilst the distance run during 
the trial was per revolutions 82.32 knots, and per chart 89.7 
miles, the latter measurement thus giving an average speed 
of 14.96 miles per hour. 

The Bellerophon has never before equalled her doings on 
Saturday. She not only then performed her six hours’ steam. 
ing without a check and beyond cavil or dispute of any kind 
being possible, but she develo a greater power than she 
ever before accomplished, and finished her sixth hour’s steam- 
ing with the last six half-hour returns of the engines’ revolu- 
tions, showing an equal gain upon the number made in the 
first six half-hours. Since the Bellerophon has been fitted by 
Mr. Penn with her machinery, her engines have required no 
repairs or work of any kind to be given them. All that has 
been done in the machinery department of the ship has been 
to make tight the superheaters and cleanse the cquieneens. 








THe ANGLO-AMERICAN TELEGRAPH CoMPANY.— The 
Anglo-American Telegraph Company have convened a meet- 
ing for the 22nd inst. for the —_ of confirming the new 
contract lately made with the Atlantic Telegraph Company. 
At the same time a dividend will be declared, and the directors 
will ask for authority to pay quarterly instead of half-yearly 
dividends. 
SuErriELD Tyres In Prvussta.—An engineer who has 
lately returned from the Continent informs us that Herr 
eens 9 the eminent locomotive maker, of Berlin, whose 
2000th locomotive was exhibited last year at Paris, has 
adopted the steel tyres of Messrs. Vickers, Sons, and Co., of 
Sheffield, in place of Krupp’s, which he had previously used 
for several years. Borsig + extensive steel works of his own 
at Moabit, near Berlin, but we believe he makes no tyres. 
Furtusr TELeGRaPuic Rerorm In France.—The draft 
of an act respecting the tariff of telegraphic despatches has just 
bech presented to the Corps Législatif. The following are the 
new rates proposed by this bill :—For a despatch of not more 
than twenty words sent between two stations of the same de- 
eg 50 centimes ; from any part of France to another 

yond the same department, one franc. In the case of 
Corsica a second franc is added for the Italian transit, there 
being at present no direct communication between continen- 
tal France and Corsica. ‘The above rates to be increased at 
the rate of 50 per cent. for every ten words in addition. 

A Mrinratvure PLroveu.—tThe Prince of Wales, on visiting 
the agricultural show at Dublin, was much interested in some 
finely finished models of machinery, made by workmen em- 
ployed at the works of Messrs. Howard, Bedford, and ex- 
pressed his admiration of a beautiful miniature plough, 
weighiing..only 2 oz., yet perfect in every part. Messrs. 
Howard offered, and His Royal Highness has signified his 
pleasureiin accepting the gift. ' 

NapPLes AND Foeara Rattway.—The ceremony of in- 
auguration of the railway from Caserta to Benevento was 
held onthe 18th April, and was attended by the Prefect of 
the Province, the Syndic, and authorities of Benevento and 
the representatives of the Southern Railway Company. At 
the banquet, which was given by the municipality, the Com- 
mendatore Bona, the representative of the railway company, 
invited the authorities to take part at the inauguration of 
the section of railway from Benevento to Montecaho, which, 
he stated, would be opened to the public by the end of July. 
The festivities concluded with a ball offered by the munici- 
pality, and at night the town was illuminated. 

From tur Nortu.—Messrs. Leslie and Co. have recently 
launched a large steamer named the Duke of Sutherland, for 
the London and North-Western Railway Company, and 
intended to be employed by that <7 between Holyhead 
and Dublin. The Duke of Sutherland has been engined by 
Messrs. R. Stephenson and Co. Messrs. Palmer and Co. 
(Limited) are completing a steamer for the Cork Steam 
Shipping Company. The same company is completing an 
iron bridge of some importance for the East Indian Railway. 

Aneio-Danisn TELEGRAPH.—A submarine tele; ph, in- 
tended to be laid between the Tyne and Denmark, is now 
being manufactured by Messrs. k. S. Newall and Co., of 
Gateshead. The cable is to be submerged during the summer 
under the superintendence of Mr. N. J. Holmes. It will be 
connected with London by an independent land line, and at 
the Danish end it is also proposed to effect a junction with 
telegraphs in the Russian Empire. ’ 

Lonpon anp Nortu-WesTERN Rartway.—This company 
has reduced its establishment of workmen at Wolverton. 
The population of that town has declined in consequence, 
and there are many houses to let. : 
Mr. J. W. Bazateztre.—In our brief sketch of the life 


: tte, which ared in our last number, we 
of Mr. Bazalgette, which appe regen se 


omitted to state that the portrait which we 
had been prepared from an excellent photograph taken by 
Messrs. Moira and Haigh, of No. 1, Lower Seymour-street, 
Portman-square. We may mention here that Messrs. 
Moira and Haigh some time ago completed an album con- 
taining photographs of the members of the Royal College of 
Surgeons, and they are now engaged on a similar album of 





or shorter intervals, to produce ngth, frequency, and 
the 





combination of flashes required, each compression of 





portraits of the members of the Institution of Civil Engineers. 





























May 8, 1868.] ENGINEERING. 455 


FORTIFICATION.—No. VI. Fortresses and Fortified Positions in Defensive Opera- | “ since, when the friends of North and South, through 

To all who have thoughtfully read the history of the | tions,” written in the summer’ of 1864, to accompany | “ all ae were watching with strained eagerness 
late American war the battle of Gettysburg must be a|his application for the professorship of military | “ the result of Lee’s sudden and daring invasion of 
fixed point to which converge and from which they can| history at the Staff College, to which he was ap- | “ Pennsylvania. Called hastily to the command of 
clearly trace nearly all the incidents of deeper moment | pointed, he says, in reference to General Meade and | “ an army very little superior in numbers, and in all 
of this terribly desolating war. As it is one of the bis position: “The great civil war has in it, how- | “ fighting powers inferior to that of the Confederates, 
most clear, positive, and striking illustrations upon |“ ever, one of the most striking instances, perhaps | “ Meade selected a point which is strategically the 
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record of the value of a well-selected position, and of | “ the most striking instance of the strategical value of , “ key of the threatened districts to the south of the 
dworks, even of the simplest profile, we shall make | “a well-selected position in a defensive campaign | “ Susquehanna. Despite a severe check to his ad- 
an effort, in pursuit of our object, to fix the reader’s | “ which the course of history can show. As these | “ vanced guard he yet succeeded in reaching, fortify- 
attention upon the features of the ground and the | “ pages are hastily penned by a Swiss lake and a | “ ing, and holding it ; and the mere holding it gained 
which stamp them with undying interest. In an | “ Ba el of tongues pursues the writer, he cannot but | “ the battle—the campaign, possibly the war—for the 
essay by Colonel Chesney, R.E., “On the Value of! “ recal another vacation tour made exactly a year | “Federal cause, for the South has ever since been 


i 





456 


ENGINEERING. 





[May 8, 1868. 











“reduced to a laborious and unfriended attitude 
* of defence.” 

In the passage we have just quoted Colonel Chesney, 
says Meade, by his well chosen position, rapidly 
raised defences, and strict adherence to defensive 
action, “‘ gained the battle, the campaign, perhaps the 
“war.” The “perhaps” is no com necessary ; 
this battle did gain the war. Many a terrible battle 
followed, exhibiting, on the part of the Confederates, 
the highest order of bravery, the noblest, the truest 
devotion that men have ever shown; but the vigour 
lost—spent in vain against the defences of Gettysburg 
—was lost for ever. This was acknowledged by 
General Lee to General Meade after the last vain 
struggle. 

It is not our purpose to write a history ; but, with the 
purpose of giving the impress we deem due to our 
subject, we shall attempt, briefly, to sketch the circum- 
stances, the motives that directed the action of both 
armies, leading up to this memorable turning point in 
this dreadful war—such as the world may never see 
again. In doing so, and nearly throughout this paper, 
we shall follow the relation in Colonel Chesney’s 
section of the history of the war. If space permitted, 
and that we gave a faller detail of this action than our 
re demands, and succeeded in giving such a 
ively impression to our readers of the ground, the 
defences, the spirit, life, and movement of the battle 
and its terrible results, which we derived from reading 
the description of the whole, by Colonel Chesney, they 
would pardon us for the extended space over which 
we led them. 

General Lee was impelled by many motives to his 
invasion of Pennsylvania. The defensive action of 
the Confederates from September till the following 
May (the date to which we now refer) aps 
eminently successful under Lee, did not satisfy the 
more ardent of those he led. They burned to adopt 
the aggressive. To make their power more felt by 
the North. Another motive was to supply the pro- 
visions which they much required, which were to be 
had in rich abundance in the State of Pennsylvania. 
They reasoned thus: if this enterprise were adopted, 
and Hooker, who had just crossed the Potomac, after 
his disgraceful defeat, to recover a base, would attempt 
to stop them and be again defeated—both being very 
probable, considering the character of the man—he 
would retreat for safety to the defensive lines of 
Washington, leaving the country to the north com- 
pletely exposed to the invaders, or, by an attempt to 
cover’ the country to the north, leave the capital open 
to assiult. Another motive was, Grant was exhibiting 
= of his true metal in another quarter. The fall of 

icksburg was daily expected, and a striking success 
on the part of Lee was required to balance this 
disaster. We cannot, follow Lee’s grand march to 
the west of the Blue Ridge, through the Shenandoah 
valley, crossing the Potomac, up Cumberland valley, 
to Harrisburg, defeating with severe loss every 
attempt to interrupt his onward sweep, on the part of 
the Federals. The supplies he collected were immense, 
and the prestige of his name and this bold movement 
spread terror in the North. Pressing orders to Hooker 
to make some effort to relieve, or in part to relieve, 
the terror-stricken states, at length set him in motion, 
and the great body of his troops were so close to 
Lee’s communications, that an active movement, of 
which Hooker could not be deemed incapable, would 
separate the former from his base, and so sensible was 
he of this danger (never disregarded by a prudent 
general) that he wheeled round with all possible speed, 
directing his course nearly due south, this time on the 
east side of the south mountain, towards Gettysburg, 
a central point between him and the Federals, and the 
most convenient on which to concentrate his scattered 
divisions. On thr 30th of June, the day after he 
received intelligence of the Federal movement, his 
orders were issued to his whole army to converge, 
with all celerity, on Gettysburg, “soon to be for ever 
** memorable in American annals.” A few days before 
Hooker was superseded, and on the 28th, General 
Meade was appointed to the command of the many- 
times-beaten army, not, we believe, from any feeling of 
favoritism or due sense of his merits, but for political 
reasons that we need not discuss However, few will 
be disposed to question the assertion that no general 
in the Northern army possessed so much fitness for the 
duty now before him. Considering calmly his position, 


the strength of his own army, that of his enemy and 
the positions, certain and probable, of Lee’s divisions, 
he, like Lee, but a day earlier, determined to advance 
upon and seize Gettysburg. Without being aware of 
each others intentions, both generals were converging 
their forces upon the same fixed point, a strong proof 
of its strategic importance. 





The map of the battle, which we have here given, 
shows what strong military positions the ground 
presents, and the especially favourable position for 
defence of that occupied by the Federals. On the Ist 
of July the 1st corps of the Federal army, closely 
followed by the 11th, met the advanced columns of 
the Confederates to the west of the town, and a very 
sharp engagement was the result, on the ground 
marked by the blue line, crossing the Millerstown and 
Chambersburg roads. General Reynolds, a bold, 
high spirited officer, who was here in command of the 
Federals, acted without orders from his superior, but he 
knew so well the value of the position, soon occupied 
by Meade, that he seemed to think no ordinary rule or 
precaution should prevent every sacrifice being made 
to secure it. With all his gallantry and the spirit his 
bravery imparted to his troops, they were borne down 
by the firmer mass and deadlier fire of the Confederates. 
In his efforts to cover his artillery, and check the 
enemy’s advance, his fearless bearing, as he rode in 
front of his line, made him a conspicuous mark for the 
accurate marksmen of the South, and receiving a bullet, 
which passed through the neck, he fell mortally 
wounded, dying ere he could be carried from the field. 
As may be seen, the spot where he fell is marked on 
the plan. 

The Federals made a vigorous and gallant effort to 
regain lost ground after the fall of Reynolds, but they 
were soon overwhelmed, and retreat, followed by a 
rout, was the result. The course of the routed di- 
visions, closely pursued by the Confederates, was along 
the Chambersburg road, where many fell, and many 
threw down their arms and surrendered. The rout 
and pursuit were continued into the town, through 
the streets, and beyond the town, southward, to the 
Federal position. 

If Lee had followed up the advantages that now lay 
before hin—but which he could not see—the battle of 
Gettysburg need not have been such a fatal turning 
point for the South. The Federals, in their position, 
were weak and dispirited; they had just lost 10,000 
men, ten pieces of artillery, and one of their bravest 
and most popular generals, and Slocum’s, Sickle’s, and 
Sedgewick’s corps were yet upon the march; the time 
was 4.30 p.m., and only the two first were on the 
ground at nightfall, the 2nd and 5th corps not till the 
following morning. If Lee had known this was their 
moral and physical condition he might have driven 
them from their position, and if he had the chances of 
a battle on the following day would have been very 
few. He, with a practised soliien’s eye, examined the 
hill to which the beaten troops retired for safety. It 
was so closely wooded that it was not sennible to 
judge of the strength in which it was occupied. In 
itself it was strong, and evidently the chosen ground 
of the Federals, and the spirit in which Reynolds com- 
menced the attack led to the inference that his was 
only an advanced column, that his supports were im- 
mediately in his rear. If all things here were as they 
seemed, considering that little more than half of Lee’s 
army were yet with him, and that these were exhausted 
with either marching or fighting, and without food 
since daylight, to permit them to follow the beaten 
section to where the heights were doubtless guarded 
by the main body of the Federals, would likely end in 
an unsuccessful assault, an evil just then to be avoided 
next to direct defeat, and he recalled the skirmishers 
who were just mounting the slopes of the Federal 

osition. ‘To regret that he did so is to regret that 
e was not more than human. 

When General Meade came upon the ground at mid- 
night, and realised the full amount of the day’s disasters, 
theaspect of his fortunes vemenhieiah brightest. 
Such a commencement would have crushed a less calm, 
determined, thoughtful soldier. But he soon grasped 
and weighed every phase, favourable and sahivourable, 
of his position. His forces would all soon be upon 
the ground (with the exception of Sedgewick’s corps), 
and most favourably posted for defence. The means 





of holding his position when surveyed soon were 
clearly seen; besides its other advantages a good 
road (shown on the plan) to Westminster and Balti- 
more, from the rear centre of his position, covered 
from the enemy by the high ground on his right and 
left, secured to him adequate supplies while he 





remained on the defensive, which was his present 
purpose. Meade was trained as an engineer, and had | 
evidently applied his powers with right good will. | 
His professional knowledge and experience in the | 
war thoroughly impressed him with the value of field | 
entrenchments, and nowhere were they likely to serve | 
a better purpose than in his present position, and no | 
troops could raise them more aptly than his own. | 
And here the comments of Colonel Chesney are so! 
forcible and true that we give them as they stand: | 





“Before such works he had seen Burnside’s 

“ literally shattered, not many months before, ‘with 
“ slight loss to the defenders; and that such might 
* have saved Hooker’s left from its terrible rout at 
“ Chancellorsville ; where Meade’s own corps, early 
sad acon behind cover, had suffered little. A few 
“hours of steady labour would make the naturally 
“ strong ground the Federals now held most. dangerous 
“ for the bravest troops to assail; and in the present 
“ position of affairs, that the army of the Potomac 
“should maintain itself securely so close to Lee’s 
“ line of retreat and supply, would be, with or with 
“out, a Confederate attack being repulsed, a moral 
“ and strategical victory. Thus reasoning Meade gave 
“ the necessary orders; and his men, fully conscious 
“ of the great advantage of cover, worked with a will 
“all night. Musketry trenches and rifle-pits were 
“hastily dug wherever the ground was open; 
“ cover was neatly thrown up for the guns by a 
“similar use of the spade; and formidable breast- 
“works of felled trees were made by the ready 
‘western axe, wherever the higher part of the hill 
“was covered with wood. Morning found this 
* labour still proceeding with strong reliefs of volun- 
“tary working parties; and the Confederate chiefs, 
* reconnoitering soon after daybreak, saw enough of 
“its results to understand both the assembly of 
“* Meade’s whole army in their front, and the difficulty 
“of its defeat by any direct assault. By 7 a.m. the 
“ whole of the Federal troops were in position except 
* Sedgewick’s corps, and their number, notwithstand- 
“ ing the losses of the day before, about equalled those 
“of Lee, whilst the hours of moonlight had been 
“ well employed to strengthen a front made by Nature 
* extremely defensible.” 

Besides the breastworks, shown on the plan, on the 
rocky eminence to the right of the road to Baltimore, 
and the walls, utilised for defence, nearer the town, 
breastworks of trees and entrenchments were raised 
along the entire crest and on the slopes beneath the 
crests of the hills facing Hill’s and Longstreet’s 
positions. The extensive hollow ground behind General 
Meade’s head-quarters, covered by the high crest to his 
right and left, and the higher rocky shoulders to the left 
of the road to Taneytown and right of the road to 
Baltimore, with everywhere a good slope to the rear, 
afforded, admirable cover for the reserves or those not 
in the first line, and allowed the ammunition wagons 
and other supplies to come with safety close to the 
rear centre of the position. When its strength, 
natural and artificial, was duly considered by Lee and 
his more experienced generals, the danger of direct 
assault seemed too great to dare, but it was sufficiently 
evident that Meade was determined not to move to 
more open ground, but to remain strictly on the }- 
fensive, and a retreat, to the more ardent spirits of i.e 
South, flushed with so many victories, was what they 
could not brook, and so vehement was their protest 
that their noble-hearted chief yielded to their im- 

etuous will and prepared for the attack. So un- 

favourable was his ground that it was 4 o’clock be- 
fore Ewell and Hill had completely posted their 
brigades and batteries; and till then not a moment 
had been lost by the Federals in strengthening their 
defences. 

Hill and Longstreet were to lead the real attack ; the 
movements of Ewell, “ more conspicious of a purpose,” 
were designed to draw the principal force of the de- 
fence in his direction, and thus weaken the line to be 
broken by Hill and Longstreet, and, as in all such 
cases, should Ewell find that he could do so with ad- 
vantage, he was to make his feigned attack a real one. 

The tragic scene was opened by the fire of 200 Con- 
federate guns, answered by an equal number from the 
opposing heights. This was continued till near six 
o’clock, when Longstreet gave the signal and two of 
his divisions moved rapidly from the wood against the 
extreme left of the Federals. Here, owing to an emi- 
nently imprudent movement on the part of Sickles, and 
their own high spirit and firmer mass, the Confederates 
soon gained the crest of the Federal position, driving 
the marksmen from their breastworks and the gunners 
from their guns; but here the strong, well-manned 

osition soon proved its merits; here they were met 
™ the very same conditions that forbade the coup-de- 
main of the allies at Sebastopol. An enemy, cool and 
determined, prepared to open a powerful fire on their 
front and both their flanks. An Irish brigade under 
Hayes “ dashed clean into the advanced works” of the 
Federals, but unsupported and without cover, ex osed 
to a murderous fire, they were driven out with heavy 
loss. It was now dark. The assaulting vy ¥ retreated. 
Johnson had seized part of the cemetery hill, but the 
balance of advantage gained was on the side of the 
Federals. 
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At daybreak on the following morning fighting com- 
menced about the cemetery hill, but it soon ceased. 
Lee’s design was to direct his main force against the 

art of the Federal line he had attacked the previous 
fay ; but it. was near one o’clock before his guns 
opened fire. Up to this time everything possible had 
been done by the Federals to increase an strengthen 
their entrenchments, and so high was their estimate of 
the value of these works, that they broke up ammu- 
nition wagons for revetting materials, and even used 
their knapsacks filled with earth for this purpose. 
During the morning hours a just and general estimate 
of the value of their strong position replaced their 
previous doubts, and gave confidence to the most timid 
of the Federals. 

At the hour we have stated 60 of Hill’s and 55 of 
Longstreet’s guns suddenly opened their fire upon 
Hancock’s line, which suffered very severely from the 
enemy’s shells, which generally were much more de- 
structive than their fire of the previous day. At 3 P.M. 
this deadly fire partly ceased as Longstreet prepared 
the troops who were to decide this terrific struggle. 
Yielding to an appeal from every rank not to expose 
his valuable life at such a crisis, he didnot lead. From 
his stand at the edge of the wood he directed the at- 
tack, which was led by Pickett. Under him were 
Garnett, Kemper, and Armistead. The troops were 
deployed in two lines, followed closely by Pettigrew 
on the left and Wilcox on the right—in all a mass of 
15,000 men, so compact that it seemed prepared to 
bear down any opposing force. But a weak joint 
was soon discovered, which proved fatal to the whole 
body. Pettigrew’s division had seen but little service, 
and were unprepared for the terrible ordeal of cross- 
ing the valley exposed to the full sweep of the Federal 
guns. They wavered and held back in parts. The 
first line soon approached the Emmetsburg-road, 
where a wall and a line of trenches covered Hancock’s 
advance. Here, in their advance, the Confederates 
began to fire, and immediately the Federal skirmishers 
forsook their cover and retreated to their main posi- 
tion. Pickett’s troops passed over the ground traversed 
by Wright the day before, with rapid pace, that be- 
came a run as they approached the Federal works. 
Again, quoting Colonel Chesney, “their fire swept 
“the gunners from the advanced batteries as they 
“ rushed in, and the colours of Kemper’s and Garnett’s 
“ battalions waved fora short space in triumph within 
“the Federal lines. For a short space only, for whilst 
“these troops had so nobly fulfilled their task, the 
“ supporting columns had failed completely in keeping 
“their allotted distance. The men of Pettigrew’s 
“ division had become more and more disordered, 
“% they drew near the enemy’s guns, and saw the 
“deep gaps made in their as by the discharges of 
“ shell | grape. Let those who would judge these 
* troops remember that they were opposed to batteries, 
“compared to whose cannonade that of the heaviest 
“ * guns of position’ of Leipsic or Waterloo was light 
“and trifling. They faltered under it at last so de- 
“ cidedly as to lose all order, and when Hancock’s 
“ second division, under Webb, was thrown forward 
“ from his right, so as to threaten their flank obliquely, 
“ Longstreet’s order to meet it by a corresponding 
“ mancuvre was despatched in vain, and they com- 
“menced a retreat that no effort of their officers 
“could check till they reached the wood. Wilcox’s 
“men not unnaturally felt the influence of this panic, 
“ and, although they went forward for a time, and ap- 
“ proached the hill on Pickett’s right, just where, in 
“ vesterday’s charge, they had carried the works, they 
“also lost heart, and, dreading a movement made to 
“ outflank them, fell back without any vigorous effort 
“to penetrate Hancock’s entrenchments. 

“During the ten minutes of breathless suspense 
“since they were pierced by Pickett, the Federal 
“ general, with his wonted coolness, had rallied his 
“men, and now assumed the offensive with overwhelm- 
“ing force. His own and Doubleday’s divisions 
“gathered round the front and flanks of the two 
“ leading Confederate brigades, and poured on them 
“such a concentrated fire as seemed to sweep them 
“from the earth.” It is not our province to further 
closely follow this fearful narrative, which is without 
a parallé] in the history of modern warfare. Re- 
treat for those who could, or to yield as prisoners, 
was the only hope for the Confederates under Pickett, 
exposed to the dreadful fire just described—from which 
their valour, though great as the world has ever seen, 
could not save them. 

They had lost two out of three brigadiers, fourteen 
field officers, and but one of that rank escaped unhurt, 
and “ two-thirds of their companions remained dead or 

captives in the enemy’s lines.” 

Here, it will be observed, as on the previous day, 





how fearful was the position of the assailants when 
they broke and forced their way into the defensive 
lines; and so it ever has been where the force within 
has not been miserably weak or the assailants sup- 
ported by overwhelming masses. 

The numbers of either army were very nearly equal, 
about 70,000 each, and, with very great admiration 
for the great ability displayed by General Meade, and 
the aptness and bravery of his troops, we have no 
hesitation in adding ours to the opinion of far more 
e+ eg judges—that on similar ground they would 
not have withstood the fire and charges of the Con- 
federates for three hours. 

It is sad to ‘see that those who are supposed to 
be responsible for the efficiency of our own army— 
especially as regards the acquirements of our officers 
—disregard the lesson taught by so many incidents of 
this war, of which this battle is by far the most im- 
pressive. 








THE TRENT BRIDGE AT NOTTINGHAM. 


Mr. Tarsortom, the Corporation Surveyor to the town of 
Nottingham, has lately reported to the bridge committee of 
the town council upon the removal of the old bridge over the 
Trent at that place. His report is of much general interest, 
and that quite apart from the particulars of his new design, 
which promises a fine work both in respect of its engineering 
structure and its architectural features. 

We have extracted the following portion of his report :— 

“The existing Trent bridge is full of historic interest. It 
is not for me now to enter into the archelogical part of the 
subject ; but,’as bearing upon the present question, it may be 
as well to remark that the site of this bridge has no doubt for 
| ages past been the crossing place of the river Trent, connect- 
} 





ing the south of England with the north and with Scotland. 
Originally, perhaps a ferry, later a ford, and ultimately a 
“brigg,” enabled armies, kings, and people to cross the mid- 
barrier of England; and while at one period the bridge at 
this place was the scene of royal strife and local anarchy, now 
it stands in the centre of a peaceful and industrious island, 
an interesting relic of the past, and unfit only for the pur- 
poses of its Saxon founder by the disturbing elements of 
nature and the imperious demands of modern civilisation. 

“The first bridge over the Trent is stated by Deering to 
have been built by King Edward the Elder, in the early part 
of the tenth century, about 140 years before the Norman 
Conquest. This feilee was called the “ Heathbethe-brigg,” 
or “ Highbath-bridge,” and is said to have consisted of stone 
piers and timber beams or framing, which was the character 
of the bridges at that date. This bridge is also recorded to 
have been nearly destroyed by the breaking up of the ice 
after the extraordinary frost in the year 1683, when, accord- 
ing to Deering, the present bridge was erected by the Cor- 
poration. There is clearly some mistake or imperfection in 
the history of the present structure, as a great portion of it 
is much anterior in date to 1683. That the first five and 
perhaps two other of the arches were rebuilt at that time, is 
very —_ from their form, construction, and material ; 
but the greater part of the present bridge is medieval in 
character and date, and was,no doubt, erected in the fourteenth 
century. We have few remaining examples of pontine 
architecture in this country of that period, But such as are 
left have interesting onl correlative uliarities. I be- 
lieve this bridge to be coeval with the old bridge at Rochester 
lately removed, and for which a new one has been substituted. 
Both had gothic arches of ribbed and panel work, the founda- 
tion of the piers were similar, and the starlings in both cases 
equally obstructed the waterway. Historical references also 
support this supposition. 

“* Referring to the drawing of the present bridge, it will be 
seen that there are fifteen arches in that portion of it which 
may be termed the bridge proper. Of these arches the first 
eleven appear to me to have had each a span originally of 
25 ft. at the widest points, making an extreme waterway of 
275 ft. The remaining four arches, varying from 18 ft. to 
22 ft. span, were evidently either for flood water or for sus- 
taining the roadway. The waterway in the aggregate 
afforded by the fifteen arches, measured at the widest parts 
of the openings, amounts to about 347 ft., but by measuring 
between the platforms of the starlings the waterway does not 
exceed 270 ft. The sum of the widths of the several piers 
amounts to about 191 ft.; this gives a total length for the 
bridge proper of about 538 ft. Immediately south of this a 
mass of masonry occurs supporting the roadway, and then 
follow two small land arches, probably intended to span some 
ancient arm of the river, and being each about 17 ft. in width. 
The extreme length of the structure, therefore, from the 
north abutment to the London-road is about 668 ft. 

“The bridge has been widened at various times and in 
various manners. The original width did not probably ex- 
ceed 12 ft., but to increase the convenience of the roadway 
the pointed arches have had collateral arches of segmental 
and elliptic form built against them of comparatively inferior 
and inartistie workmanship. The present width of the road- 
way between the parapets is from 18 ft. Gin. to 21 ft. 6 in., 
and there are no footpaths. 

“The present bridge most proximately connects the Flood- 
road on the north side of the river with the London-road on 
the south, and this was clearly the primary consideration 
when first erected. The position of the bri e, however, in 
relation to the river is very unsatisfactory. ‘fhe. piers offer 
great obstruction to the flow of the stream, not only by reason 
of their bulk, but on account of the angle they form with the 
mean course of the river. To offer the least resistance the 
longitudinal axes of the piers should be coincident with the 
stream, but they are not so situate within 15° or 20°; they 
necessarily, therefore, present a direct impediment to the 
convenient navigation of the river, and to the use of the river 





for recreative and boating purposes. The piers, also, by their 


bulk and position, materially influence the river in times of 


asa sort of weir, hold up the flood waters 


flood, and, by actin, 
and property in the Nottingham mea- 


to the injury of lan 
dows. 

**The foundations of the present bridge are formed of oak 
—= which are driven into the gravel bed of the river. The 

epth to which they reach has not been ascertained, but it is 
quite certain that the safety of the structure has been from 
time to time endangered by the scouring action of the river 
around them. The-masonry does not extend much below 
mean summer level, and — a dry summer the skeleton 
platform of the piers is greatly exposed. I have cut out a 
portion of one of the bearing piles, which I now lay before 
you ; it is in good condition. 

“ The present bridge is built of bricks and stone, the bricks 
have been of a very durable and superior quality; the stone 
of the older portion has been obtained from the eed Keuper 
beds of the new red sandstone, and that of the modern part 
from the millstone grit of Derbyshire. In this bridge is 
proved the complete durability of the local beds of sand- 
stone, which are now very little used, and also the suitability 
of Derbyshire grit for similar uses. 

“ Tt is important to observe to what extent the floods aris- 
ing from the water shed of the river Trent affect the neigh- 
bourhood of Nottingham, and the provision that must be 
made in any new erection over the river. In the vicinity of 
Nottingham the volume of the river Trent is both large and 
inconstant. The hydrographical basin of the river contains 
approximately about 4076 square miles, is very little smaller 
than that of the Severn, and, with the exception of the latter 
river and the Thames, is larger than any other in England 
or Wales. This river rises on the hilly borders of Cheshire 
and Stafford, and after a slow meander through the midland 
counties it flows due north on passing Newark, and finally 
falls into the estuary of the Humber within the county of 
Lincolnshire. The tide of the Humber is penal within 
nine or ten miles of Newark, and during heavy land floods 
affects the delivery of the waters in the lower reaches of the 
river. I find that the drainage area above the Trent bridge 
is about 2900 square miles, and this embraces that part of 
the shed which contributes most rapidly to the augmentation 
of the stream during rainy seasons. The river Trent flows 
mainly through the new red sandstone, and many of its 
tributaries are also within the limits of this formation and 
small portions of the permean system. The superficial per- 
meability of these water sheds, and the comparatively gentle 
surfaces of these formations do not, therefore, permit those 
violent and sudden rises of the water level after local storms 
or continued rain; but some of the larger branches of the 
river are from the rude carboniferous system of Derbyshire 
and the retentive lias of Leicester, and quickly bring down 
the rainfall from the higher districts into the main river, 
whereby we sensibly experience the effects of the smallest 
meteoric change in the valley of the Trent near Nottingham. 
I have observed the rise of the water level at the Trent 
bridge to be as much as 2 ft. within eight or ten hours after 
the fall of half an inch of rain. 

“The surface of low summer water at the Trent-bridge is 
65.8 above mean or half-tide level at Hull, mean summer 
water may be considered about a foot higher than this, and 
the mean yearly water level is about 68.8 above mean tide. 
The height of the greatest flood during the present century, 
viz., that of 1852, at the Trent-bridge, was 79.7 above mean 
tide at Hull, and the height of ordinary high floods may be 
determined at about 75.8 above mean tide level; the range 
of height, therefore, between the summer level and the highest 
flood is about 14 ft.” 

After describing the manner in which the streets on the 
north and south banks of the Trent are to be connected by 
the new bridge, Mr. Tarbottom goes on to describe its de- 
sign. It is to have three principal cast-iron arches of 100 ft. 
span each, besides four smaller arches, the roadway being 
level with approaches rising 1 in 30 and 1 in 33 respectively. 
The bridge will, of course, cross the river at right angles to 
the mean course of the stream, so as to present the least re- 
sistance to its course. 

“The structural part of the bridge has been designed on 
the most tested principles of engineering science, and is allied 
in its mechanical details to the modern bridges over the 
Seine and the es. The foundations I propose to be 
carried to and into the rock by means of cofferdams or the use 
of wrought-iron caissons or cylinders, and the material for 
the abutments and piers below the lowest water-mark, as also 
for the hearting of the same, will be of the best brickwork. 
The exposed surfaces of the abutments and piers I propose to 
form of rock faced with Derbyshire or Yorkshire gritstone, 
with the more ornamental parts of red sandstone, magnesian 
limestone, and granite. The arches wil> be of cast iron, as 
being most suitable to resist the strains pertaining to the con- 
dition of the ribs employed. The upper platform to support 
the roadway will consist of wrought-iron girders supporting 
wrought-iron buckled plates, as used on Westminster and on 
the largest railway bridges, or similar material. 

“ As to the surface of the roadway, I propose to use York- 
shire landings for the footpath, bitumenised concrete and 
macadam for the carriage road, and cast-iron channels similar 
to those I used in*building the navigation bridge for the 
gutters. The parapets will be of cast iron, open and orna« 
mental, the recesses and seats over the piers of stone, the 
caps to the clustered columns of the piers will be carved, and 
the spandrills of the face or outside ribs will be filled in with 
geometric or ornamental open work, containing medallions 
composed of lilies and other water flowers and leaves made 
of cast iron and conventionally treated. These are intended 
to be gilded, and the rest of the ironwork painted. The width 
of the bridge, clear of the parapets, will be 40 ft., containing 
footpaths 8 ft. 6in. wide, and a roadway capable of accom- 
smodating three lines of carriages with ease and safety. 

“ The object in the architectural ement has been to 
obtain ye ye 3 and dignity, with the introduction in the 
general tone and details of some of the art feeling which pre- 
vailed on the first establishment of a stone viaduct over the 
Trent waters. 





“T have made a careful estimate of the cost of the works 
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contemplated, which, including the bridge proper, 
northern, southern, and western approaches, A po. + 
tial adaptations of the chamber and bridge-houses at the 
north end, and so much of the river bank improvement as 


will be sufficient to give a current to the river, amounts 
to the sum of 31, a estimate, unless some — 
works or di ae and which cannot be foreseen, I have 
the greatest , need not be exceeded.” 





EXPANSION GEAR FOR MARINE ENGINES. 
To Tue Eprror or EnGIneerina. 


Srn,—There is nothing new under the sun, not even the 
Parrott gan it seems to haye been invented in the year 1686. 
Surely this is the work of official negligence to allow such a 

er" gun to remain dormant for such a length of time, and 
. Parrott must be truly thankful, after so ‘‘ many years” 
of hope deferred, that his scheme has been taken up. 

Mr. Whitehouse in your last impression states “ He, him- 
self,” has invented a new expansion gear for marine engines. 
I do not know the date of hisinvention, but I know that in 
1857, or thereabouts, Her Majesty’s ship Icarus was fitted 
with expansion gear on the same principle as Hawthorn’s 
expansion gear for locomotives, namely, by an eccentric and 
quadrant, with a movable rod, so that the valve could cut 
off the steam up to one-half of the stroke, or the rod drawn 
to the centre of oscillation of the quadrant, thus keeping the 
valve full open when no expansion was used. If the eccentric 
rod is on the level line, the only way of setting it is at right 
angles to the crank (i.c., main crank of pressure for the 
engine) ; but should it be out of the level line, as represented 
in the drawing given by Mr. Whitehouse, it cannot be at 
right angles to the erank, but very nearly at right angles to 
the line of inclination of the eccentric rod, 1 consider no 
merit is due to any other than the Hawthorns for such a 
motion. I will simply state, that, as far as I am aware, the 
Icarus was at least the first steam vessel so fitted in the navy, 
suggested by the writer of this, being well aware when it 
could be successfully carried out in the locomotive, it only 

uired different arrangements for the marine engine. 
bably some other person may lay claim to it, there is no 
saying what we may discover in “ancient history ;” but this 
I must say (as a pupil of the celebrated locomotive maker), 
as likewise for the eminent firm taking up the idea for the 
marine in 1857, that no one need say, “I, myself,” as if 
he doubted his identity, should lay claim to a scheme that 
has all the leading features, although differently arranged, of 
others, I presume, of an earlier date. 

I am yours sincerely, 

May 2, 1868, J.G. W. 








A NEW (?) IDEA. 
To tus Epitor or ENGINEERING. 


Sin,—Your ingenious contemporary The Engineer is evi- 
dently behind the times. In an article in last week’s number 
(May the Ist) under the head of “ Train Resistance,” the writer 
very generously makes a present to the public of some valuable 
information and a new idea, and is evidently under the im- 
pression that he is “the first and true inventor” thereof. If 
you will refer to the paper, if you should happen to have one, 
you will see, commencing almost at the bottom of the first 
column his provisional, and part of the complete, specification 
which has to be finished in a future number. I cannot 
help taking up your space by quoting the following ex- 
tract :—“ he expedients have been proposed. Singularly 
enough, in all these facilities for lateral motion have been 
given toa pair of wheels at one or both ends, never to the 
central wheels.” Surely the writer's field of observation has 
been a very limited one, or he would have been better in- 
formed. 

The idea is not a bad one if it had been original, but the 
mechanical arrangement is bad, and cannot have been de- 
signed by a practical man. However, I am not going to 
argue upon the imperfection of detail, but simply to say that 
wagons precisely of this class have been running for the 
last three years with great success. Clark took out the patent 
three or four years ago, but the exact date and number I 
forget, but this you would soon ascertain. 

Mr. Edward Woods, I believe, was about the first to 
practically test the value of Clark’s invention, and after some 
careful experiments, ordered two wagons for the uimbo 
Railway, a line of very severe qiients and curves of from 
one to two chains radius. Sir Charles Fox also ordered some 
for the Queensland railways, the length of which was, I think, 
a little over 50ft. Mr. Brunlees also selected it for the 
rolling stock for the Mont Cenis Railway, but has had great 
difficulties to contend with, owing to the opposition of those 
who thought if they were clever enough to design compli- 
cated locomotives were surely able to make the carriages and 
wagons all right without the interference of an outsider. Mr. 
Brunlees, however, insisted that he would have the thing tried, 
and give them practical proof on their own line. This, I under- 
mf has been done, and the trial wag perfectly successful. 
But, surely, if a i will ran on one line we might 
naturally conclude that it would run on another where the 
circumstances are the same. 

Mr. Samuels also selected it for the Mexican line, but 
financial difficulties have kept the order in abeyance. 

I am, yours truly, 
A Rattway Enereer. 

London, May 4, 1868, 

| As our correspondent states, Mr. Clark’s plan is well known 


to railway engineers. Its application to the Queensland 
i was noticed in Enernsrrrne about eighteen 
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Anove are illustrations of two of the almost innumerable 
means adopted on American railways for permanent way 
fastenings. Figs. 1, 2,3, are sketched details of a system 
now finding much favour, both on the Erie and on the New 
Jersey Central Railroads. Each fish-plate has a countersink 
running throughout its length wide enough to receive the 
head of the splicing bolt on the one side, and on the other the 
wings of a cup containing an india-rubber washer upon which 
thé nut is screwed down, a cover plate, jhowever, being 
placed between the india-rubber and the nut, as shown in the 
sketch. This arrangement is found to work well, and to keep 
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tight, giving a good elastic joint. The second plan, largely 
in use on the New Jersey Central Railroad, and shown in 
Figs. 4 and 5, is a compound joint with an iron fish 32 in. 


| long on the one side, and one of timber, cut to conform to the 


contour of the rail, on the other. This latter, which is 3 ft. 
in length, has a full bearing on three cross sleepers. The 
chairs employed are now cast-iron sole plates, with feather on 
the sides to receive the foot of the rail, and bolted to the 
sleepers with four-bolts. Four $in. splicing bolts are used in 
this arrangement, which is highly commended, despite its 
cumbrous appearance. 








WARMING HOUSES. 

To Tue Eprror or ENGINEERING. 
Srr,—In Evyeryeenine of the 17th April, you point out, 
in an interesting article on “Open Fires for Warmin 
Houses,” the great waste of fuel that the present English 
arrangement necessitates, even when those grates are em- 
ployed best suited for radiation. 
n arrangement such as I will describe, with the aid of 
enclosed sketches, would economise some of the heat that 
now goes up the chimney flue and is entirely lost. 
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months ago (vide 196 of our third volume) ; and a model 
of it was exhibited at the conversazione of the Institution of 
Civil i in May, 1866.—Ep. E). 





Figs. 1 and 2 represent the sections of a chimney commonly 
used in a house of three storeys, a fireplace being given to 
each floor. 

‘igs. 3 and 4 represent similar sections of the chimney I 
ne ore to take its place. In it I place one fireplace on the 
owest floor, the flue from which is 9 in. x 1 ft. 2 in., as before ; 
on either side of this main flue is a smaller one, 2 in. x 1 ft. 2 in., 
the bottom of which has a communication (a or ¢) with the 
exterior of the building, these openings being covered with 

rforated cast-iron or earthenware gratings. The upper 
ends of these flues communicate by openings (4 } or cc) with 
the first or second floor above; these openings being cove 
by a small door, so that the heated air can be regulated in 
amount, or entirely cut off from the rooms, at pleasure. The 
division between the flues I propose making of flat tiles 
1 ft.x1 ft. 6in., and about #? in. thick, their ends being 
cemented into the walls, and the junction between each tile 
likewise cemented. The top of each tile can be made cup- 
shaped in section, to take the bottom of that above, thus : 





In this way one fire will heat three or more rooms very 
effectually ; those heated by convection, and not radiation, 
being filled with a warm, , and wholesome atmosphere. 
The advantages I claim are : 

1. Economy in fuel. 

2. Economy in building materials, fireplaces, &c. 

3. Great control over the temperature of the rooms heated 
by the air flues. 

4. That rooms too small to be heated by a fireplace can be 
heated by this plan. 

I am, Sir, yours faithfully, . 
J. T. Bucxnttt, Lieut. R.E. 








District DrarnaGE.—A meeting was held on Thursday, 
16th ult., at Haddiscoe, Norfolk, pursuant to notice from the 
Enclosure Commissioners for England and Wales, and in 
compliance with the petition of landowners to enable them to 
form a district drainage under the powers of the Land 
yy 1861, in the marshes of the parishes of Had- 
discoe, 


, Thorpe next Haddiscoe, and Aldeby. The inspector, 
R. B. Grantham, Esq., the engineer appointed by the Enclo- 
sure Commissioners, presided for the p » of making 


inquiries as to the genuineness of the petition, as to the pro- 
prietary of the proposed boundaries, and as to the number of 
proprietors assenting to or dissenting from the ay of the 
petition. Messrs. . Grunmer, W. Jex, T. West, 
A. Carman, A. J. Palmer, J. E. Sayer, J. Shardalow, and 
others interested in the lands, together with the solicitor, 
Mr. Copeman, attended and gave such information as was 
necessary. The inspector, in the course of the following days, 
proceeded to examine the boundaries and the district as to 
its being capable of being drained by steam power, after 
which he will make his report to the Enclosure Commissioners, 
and, if approved of, a provisional order will be issued, which 
will be confirmed by Parliament. 
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THE STRENGTH OF BEAMS.—No. XIII. 


On THE TRANSVERSE STRENGTH OF STEEL RaIts 
AND OTHER ANALOGOUS BEAMs. 


Iw order to institufe a comparison between the ex- 
tension and compression of cast iron under direct 
strains, and under strains excited by transverse stresses, 
we must. briefly consider the modus operandi of these 
elements in the Jatter instance. 

It may first be premised that the deflection of a 
beam subjected to a transverse stress applied at the 
centre, under a given strain per square inch, will be 
identical with that of an overhanging beam half the 


length ( ) fixed rigidly at one end. 


Now let us conceive such a beam (Fig. 15) divided 


ee 





into an infinite number of lengths; then upon the 
application of a weight at the end of the beam, the to 
edge would be extended, and the bottom compressed, 
so that the segments would be transformed into a 
* series of wedges, the taper of each being directly pro- 

portional to its distance from the point of ——— It 
will be apparent from an inspection of the diagram, 
since each wedge tilts down the entire portion of the 
beam extending to the free end, the fraction of the 
total deflection due to each wedge will be inversely pro- 
portional to its taper, and directly proportional to its 
distance from the end; that is to say, the deflection 
due to the action of each wedge will be proportional 
. the square of its distance from the free end of the 

eam. 

Representing the amounts of deflection by the con- 
tents of a solid, the resulting figure (Fig. 16) will be 





& pyramid, the length of which is equal to that of the 
eam, and the area of which at any point will be 
proportional to the amount of deflection due to the 
segment at that point. Consequently, if the area of 
the base represent the deflection, assuming the unit 
strain at that point to be obtained throughout the 
entire beam, and assuming also the whole of the ex- 
tension and compression to be concentrated there, 
then the mean area of the pyramid—which may easily 
be shown to be equal to 4rd that of the base—will 
represent the actual deflection of the beam. 

Now S being the span of the beam supported at 


each end, © will be that of the equivalent overhang- 


Fh beam, we have, for the sake of simplicity, been 
ealing with, and e being the mean of the ultimate ex- 
tension and compression per unit of length, on the 
assumption that it will be uniform throughout the entire 

eam, Se will represent the total amount ; and, as- 
suming it to be concentrated at the fixed end of the 
overhanging beam, the deflection will be greater in the 
inverse ratio of the arms of the bent lever constituted 


by the depth (#) and the span (3 ). The deflection 


ane the Preceding assumptions would therefore be 
é= 


e 
2a? but we have already shown that the actual 
deflection wi 


the true ultimate deflection of a beam supported at 
each end and loaded at the centre will be: rae : 


The value of e, from direct experiment, may be ab- 
stracted from the Table of extensions and depressions 
already given. Thus, the extension per unit of length at 
the average ultimate tensile resistance of 7 tons per 
square inch equals .00167; and the depression under the 


same force equals .00127 ; hence, ao 
=.00147. We will now deduce its value from ex- 
periments on transverse strain, and, for the purpose, 
will take those made by Mr. Hodgkinson for the Iron 
Commissioners : 

















| | Ultimate Mean 
| apparent Extension 
Span, Depth, | Ultimate and Depression-per 
d. | Deflection, 6. | Unit > 5 Length= 
| 6dg 
e= -* 
in. in in. 
162 | 3 } 4.627 0032 
162 6 2.4 -0033 
162 4 | f. 0031 
81 3 | 1.29 .0035 
81 14 | 2.44 0033 
108 1 | 5. -0026 
108 2 | 2.85 .0030 
o+ 2 84 0034 
54 1 1.78 -0037 
Mean result... « e=.003823 








It appears, then, that the mean apparent ultimate 
extension and depression of the fibres in a rectangular 
cast-iron. beam is the fraction .00323 of the length; 
whilst by direct experiment the actual amount has 
been ascertained to be .00147 of the same. Hence, 
00323 __ 
.00147~ 
21th the amount derived from theoretical considera- 
tions alone. Now, we have already shown the ulti- 
mate apparent strain on the fibres averages 23 times 
the actual resistance to direct tension; hence, it 
follows that the deflection of a cast-iron beam will be 
the same as if the apparent strain on the fibres were 
actually obtained. . 

In deducing a formula for the deflection of a cast- 
iron beam, it is hardly necessary to complicate the 
— by the introduction of the varying rates of 

eflection under successive increments of load; since 
the result will be a sufficient approximation to the 
truth for all practical purposes, if we take the mean 
rate. Referring to the Table of elongations and de- 
pressions, the alterations of length due to successive 
additions of load will be found as follows : 


the actual deflection of the beam is about 


Extension. Depression. 
1st ton ove 000167 000166 
2nd ton ; -000185 -000182 
3rd ton ee -000200 000184 





_ Mean result per ton =.00018 per unit of length. | 
To obtain the deflection of a cast-iron beam within 
the elastic limit, we have, therefore, merely to insert 


2 FE 
that value of E in the equation 5= —G7- ; and the 
ultimate deflection of the beam will be given by the 


Ste 
formula é= _ when e=.00323. To render the 


latter formula applicable to beams of various forms of 
cross section some little modification is necessary. 
Thus the value of F in a rectangular cross section, at 
the point of fracture, has been found to be 24 times 
the ultimate direct tensile resistance of the metal, 
which we have taken at 7 tons per square inch. Hence, 
: .00323 
since F E=e, we have E= Ox =.00021. Sub- 
4 
stituting this value in the latter equation, and reduc- 
ing, we obtain the following formule for the deflec- 
tions of cast-iron beams of any form of cross section : 
2 


Deflection within elastic limit 6=.00003 Tt 


. : S? F 
Ultimate deflection 8=.000035  » 


We may check the results given by the latter for- 
mula by applying it in the instance of some thin bars 
tested by Mr. ‘T'redgold. The size of the bars was 
1.3 in. wide by .65 in. deep, and they were tested hy 
a weight of 162]b. applied at the centre of 35 in. 
bearings, the resulting deflection averaged .27 in. 

We have, therefore, 8 = .00003 = » when F 

6 x 35 X 162 lb. . 
= ‘ t=. , 
Tx 68x 13xa00y Bene abet 








ll be less in the proportion the mean 
area of the pyramid holds to that of the base ; hence, 


of an inch.less. We anticipated: this result, and 
selected these experiments in order to exhibit. it. 
The constant in the formula was deduced from bars 
varying from lin, to 3 in. in thickness, and we need 
not be surprised to find it give too high a result when 
applied to thinner, and consequently very much harder, 
bars. The falling off in elasticity was well illustrated 
in the experiments from which the constant was 
derived. Thus the ultimate deflection of similar 
beams, if the degree of elasticity were constant, would 
vary as their linear dimensions ; hence the deflection 
of the 54in. X lin. bar being 1.78in., that of the 
108 in. x 2in. should have been 1.78 x 2 = 3.56in., 
and that of the 162 in. x 3in. bar 1.78 x 3 = 5.34in., 
whereas the actual deflection of the latter bars were 
3 in. and 4.62in. respectively. The ultimate strengths 
also should have,varied,as the square of the linear 
dimensions, that is, the.respective breaking weights 
should have been ,,440lb., 1760]b., and 3960lb., 
whereas the observed :amounts were 440 lb., 1338 lb., 
and 2861 lb., thus exhibiting a falling off in strength as 
well as in elasticity. B. B. 








CANADIAN ENGINEERING. 
To THE Epitor or ENGINEERING. 

Srr,—In my last communication, I described the 

improvements in the navigation of the Ottawa river, 

between the head of the Lachine canal and Ottawa 

City (formerly called Bytown). Iam sorry that such 
a meagre account exhausts the question; for although 

Ottawa City is fully 300 miles from the source of that 
magnificent stream, and although there are numerous 
long reaches of deep water in its course, on which 
steam and other vessels ply, ‘yet the portages between 
those reaches are still unimproved as far as the naviga- 
tion is concerned. They have, however, in many in- 
stances, been fitted for the passage of timber, by the 
construction of slides. The pore el of an effective 
navigation is a work for the future. 

From Ottawa City to Kingston, on Lake Ontario, 
there is a navigable canal, which, prior to the improve- 
ments in the St. Lawrence, held a somewhat high 
position, forming as it did, an available water com- 
munication between Montreal’ and the Upper Lakes. 
It is known as the Rideau canal, and was constructed 
as a military work, the necessity for which was de- 
monstrated by the war of 1812-13-14. It is about 
133 miles long, and its general features may be under- 
stood, on its being stated that its central portion 
consists of a number of small lakes in the rear of the 
counties of Leeds and Frontinac, being thrown into 
one continuous sheet of water by damming up their 
outlet discharges, thereby giving a depth of water 
sufficient for navigable purposes. The north-eastern 
discharge being by the river Rideau into the Ottawa 
river, at the city of Ottawa; \and the south-western 
outlet being by the Cataraqui river into Lake Ontario, 
at the City of Kingston. Dams are extensively 
used on both these river courses, to give depth of 
water, in preference to making excavations, which 
have been sparingly resorted to, there being no less 
than 9 miles of pe | excavations in the entire length. 

The work consists of forty-seven locks, each of which 
is 134 ft. long, and 32 ft. wide, with 5 ft. of water on 
the sills at the lowest stage of the navigation. Thirty- 
three of these lock up to a summit level of 292 It. 
above the ordinary summer water in the Ottawa; and 
fourteen lock down: 196 ft. into Lake Ontario, at 
Kingston. There are also eleven close dams of stone, 
and thirteen of timber, clay, and boulders, varying 
from 5 ft. to 60 ft. in height. And in addition to these, 
twenty-four regulating weirs, nine of which are of 
stone. 

As may be expected from this mode of construction 
heing so extensively adopted, the failures in the dams 
from floods are frequent, and their repairs very costly, 
interfering also with the usefulness of the canal. A 
still more serious objection exists in the fact that these 
dams permanently submerge many thousands of acres 
of ‘al, which would otherwise be of great value, and 
they are materially detrimental to the health of the 
inhabitants of the district. 

Being orizinaliy constructed as a military work, at 
the expense of the Imperial Government, the cost of 
this canal is not recorded in Canada; but it is generally 
understood that, together with the small canals be- 
tween Carillon and Grenville (described in my last) it 
cost nearly 1,000,0007. _” 

About twelve years ago it was transferred to the 
Government of Canada, and has since then been kept 
up by that Government, at an average annual expendi- 
ture far in excess of its receipts. 





the formula, whereas the observed deflection was 74th 


If there is one public work in Canada which more 
than another requires a careful consideration upon its 
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own merits, and treatment in accordance, it is this 
canal. Both the sanitary condition of the district, and 
the amount of land it has laid under water, must de- 
mand an alteration in its condition. . 

I have now given you a short notice of all the canals, 
and other important improvements between the lower 
St. Lawrence and the “Great Lakes.” It remains 
for me to mention another series, which connects the 
same portion of that river with Lake Champlain, and 
through it with the Hudson river, by means of the 
New York and Champlain canal, the latter a work be- 
longing to the State of New York. 

This line of water communication leaves the St. 
Lawrence at Sorel, about forty-five miles below 
Montreal, and following the line of the river 
Richelieu, in the space of twelve miles, encounters 
the rapids of St. Ours, where a dam has been con- 
structed, and a lock 200 ft. long and 45 ft. wide, with 
a lift of 6 ft.; these works give still water navigation 
to Chambly, from which place to St. John there are 
a series of rapids having a difference in level in all of 
74ft. These rapids are passed by the Chambly canal, 
eleven and a half miles in length, on which there are 
nine locks, each 120 ft. long, 24 ft. wide, and with 6 ft. 
of water on the sills. The canal is 36 ft. wide at the 
bottom, and 60 ft. wide at the top. From St. John’s, 
at the head of this canal, the river is again navigable 
for twenty-three miles to Rouse’s Point, at the foot of 
Lake Champlain, These works have cost about 
100,0004. 

Lake Champlain is within the United States, and is 
navigable to Whitehall, a distance of 111 miles, from 
which place the New York and Champlain canal con- 
nects with the Hudson at Waterford. 

This route is of immense importance both to Canada 
and the United States, the important markets of Troy 
and Albany being largely ches with lumber through 
it from the districts of the St. Maurice and the 
Ottawa, many millions of cubic feet passing through 
it annually, 

The works I have already enumerated exhaust the 
catalogue of what may be considered really provincial 
improvements ; in addition to them, however, there 
have been large sums ¢pent on works which are ex- 
clusively of local interest. Some of these I will name. 


There is the Burlington Bay canal, which is simply 


the opening, and preserving a channel through a bar 
to give free access to Hamilton. There is the Des- 
jardines canal, about four miles in length, which extends 
the navigation of the last to Dundas. The Grand 
River canal, whereby a water communication is opened 
between lake Erie and Brantford, a work of little 
utility since the opening of the Buffalo, Brantford, and 
Goderich Railway. ‘There are also some works com- 
menced on the idea of opening a means of communica- 
tion by the river Trent, and a series of lakes in the 
counties of Ontario and Victoria, with the great West. 
This attempt, after an expenditure of about 100,000/., 
was abandoned, leaving detached works, as its me- 
morial, at Rice lake, Peterborough, Bobcaygeon, and 
Lindsay, all of which have a limited local usefulness. 

It yet remains for me to state that the whole of 
these canals are, by the rigours of the climate, closed 
for about twenty weeks in the year, so that, even in- 
cluding Sundays, not more than 225 days for traffic 
can be depended on. 

In my next I propose to make some remarks on the 
reasons why the St. Lawrence and the Welland canals 
have failed to effect the principal object aimed at in 
their construction, viz., the securing of Western traffic 
through Canada. 

I also propose to offer some observations upon the 
works which are now projected to secure that deside- 
ratum. 

I am, Sir, yours obediently, 
Toronto, April 1, 1868. 2 oe a, 





ACCIDENTS ON INDIAN RAILWAYS. 


Tue annual report on “ Accidents to persons of all 
“kinds, and to trains, &c., on all railways open for 
“traffic in each Presidency in India, during the year 
“1866,” has only quite recen:ly been published in 
India. These reports would certainly possess more 
interest if they could be prepared within twelve 
months of the expiration of the period to which they 
refer, instead of, as in the present case, being more 
than a whole year after that date. This year, too, the 
statement is given entirely in a series of tabular form, 
which, though it serves to show, perhaps, more clearly 
the actual number of casualties, is without much of 
the interest attaching to former reports, owing to the 
absence of comment by the Government consulting 
engineer, and many interesting 
impossible to insert in a tabular 
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Tt is satisfactory to find that, with a considerable 
increase in the length of railway open, and of the 
number of train miles run, the number of accidents 
was less, both to trains and to passengers, during 1866 
than in the preceding year. The number of passen- 
gers carried during 1866 was, however, somewhat less 
than in 1865, and, of course, the average number of 
passengers per mile open shows considerably in favour 
of the last-mentioned year. The following Table gives 
the results of the two years as compared with one 
another : 
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Amongst the killed and injured for the year 1866, 
the numbers were, for passengers, 3 and 16 respec- 
tively; for servants, from causes beyond their own 
control, 19 and 29, and from causes within their con- 
trol, 73 and 79; whilst the number of trespassers, &c., 
was 44 killed and 7 injured. The number of passen- 
gers killed during the year was only 1] in every 
4,380,841; there was 1 injured for every $21,408 
persons carried, and the total number of casualties, 
including killed and injured, was 1 to every 691,712 
passengers. Of the Seno passengers killed, two 
met with their deaths owing to accidents to trains 
on the Great Indian Peninsula Railway, and one 
on the Bombay and Baroda line owing to his own 
incaution. Of those injured nine were from accidents 
to trains on the East Indian Railway, and four on the 
Great Indian Peninsula, and three on the Bombay and 
Baroda, from their own incaution or misconduct. 
Thus on only three lines did any accident occur to 
passengers during the year. On four lines no 
accidents occurred to the servants of companies or 
contractors; but under this heading, as well as in the 
number of passengers killed, the Great Indian Penin- 
sula Railway exhibits the greatest number of casual- 
ties. The number of servants employed during the 
year, it should be here stated, was 55,034. 

The 201 accidents to trains were made up in the 
following manner : Collisions, 37 ; getting off the line, 
71; fire, 45; running over cattle, 34; and from other 
causes not specified, 14. As has generally been the 
case in former years, the greatest number of accidents 
from fire on any one line occurred on the Great Indian 
Peninsula Railway, on which 17 accidents of that 
character are reported. ‘The only line which enjoyed 
a perfect immunity from accidents to trains was the 
Great Southern of India Railway. 


RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given im ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 2352, 8d.) Henry Bodart and Alfred Sigodart, 
of Gosselies, Belgium, patent an apparatus for pro- 
pelling vessels. This consists of three paddles con- 
nected by rods to a crank shaft in such a manner that 
they are alternately thrust backwards from the stern 
of the vessel and drawn back again, the blades of the 
dies being immersed in the water during the out- 
ward stroke, and raised above its surface during the 








return stroke. We fail 
of the arrangement. 

(No. 2356, 1s. 4d.) Michael Henry, of 68, Fleet- 
street, patents, as the agent of Charles Gastaldetti and 
Joseph Vanzina, of 33, Boulevart St. Martin, Paris 
machinery for making pulp from various vegetable 
substances. This machinery includes a_ particular 
construction of crushing machine and combing 
machine, which latter consists of a wheel or drum 
having on its periphery grooves, into which the 
crushed material is ted, and in which it is acted upon 
by combs placed on each side of the drum. 

(No. 2360, 1s. 4d.) John William Dudley, of 
Drummond-road, Bermondsey, patents a cork-cutting 
machine, which it would require the aid of drawings 
to describe. 7 

(No. 2464, 1s. 2d.) Asa Lees, of the Soho Iron- 
works, Greenacres Moor, Oldham, and William Henry 
Rhodes, of Hollinwood, near Manchester, patent a 
new change motion, applicable to the cam shaft of 
self-acting mules, and other details of spinning and 
doubling machinery, which it would be impossible for 
us to describe here. 

(No. 2367, 10d.) Mark Frow, of Leake, patents a 
method of working the rakes of reaping machines. 
According to this plan, the rake gear is so arranged 
that the rakes all dip to about the same depth in the 
standing corn whilst gathering it towards the cutters ; 
but one or more of the rakes may be caused to rake 
the cut crop off the platform, whilst the other rakes 
are caused to rise and pass over it. A method of 
regulating the dip of the rakes whilst gathering the 
standing corn is also included in the patent. 

(No. 2370, 10d.) Frederick Burnett Houghton, of 
Grove House, West Reading, patents evaporating the 
spent alkali, which has been employed in boiling wood 
or other vegetable substances to obtain fibre, in a pan 
heated by means of a coil of sealed water pipes, these 
pipes being contained partly in the pan and partly in 
a heating furnace. A method of distilling the con- 
centrated and semi-fluid material from the pan, in close 
retorts, is also included. 

(No. 2371, 8d.) William Wilmer Pocock, of 
Craven-street, patents the application to gas and other 
meters of a train of wheel work and series of index 
dials, indicating on the facé of the meter the amount 
payable for the quantity of gas or water, as the case 
may be, which has passed through. 

(No. 2373, 10d.) Wallis Rivers Goulty, of the 
Reading Ironworks, Reading, patents machinery for 
cutting and crushing gorse, straw, bark, and similar 
substances. In this machine the materials are passed 
between a roller, in the periphery of which spiral 
rectangular grooves are cut, and a series of smaller 
rollers, the surfaces of which are roughened by V- 
grooves of different widths. These rolls produce a 
combined cutting and crushing action, which we 
should think would answer its intended purpose 
effectively. 

(No. 2374, 8d.) Thomas Tunstill, of Burnley, 
patents apparatus for preparing size for warps. Ac- 
cording to this plan the size is pumped through a 
vertical cylindrical vessel into which steam is delivered 
through a central perforated pipe. 

(No. 2379, 1s. 4d.) William Edward Newton, of 
66, Chancery-lane, patents, as the agent of Thomas 
Taylor, of New Orleans, U.S., an arrangement for 
working a crank by two connecting rods operated 
from one oscillating frame. The rods are fitted with 
“let-goes,” so that they may act on the crank alter- 
nately, and the object of the contrivance, which is 
complicated and, we should say, of no practical value, 
is to avoid dead points. 

(No. 2381, 1s. 2d.) Clemens Reifert, of Frankfort- 
on-the-Maine, patents the methods of constructing 
railway carriages which we illustrated and described 
on page 118 of our last volume. 

(No. 2389, 10d.) Joshua Margatroyd, of Heaton 
Norris, patents forms of steam boilers and various 
details of construction which it would require the aid 
of drawings to describe. Salim 

(No. 2393, 10d.) John Robinson and John Smith, 
of Rochdale, patent arrangements for driving saw 
frames by the direct action of steam, air, or gas cylin- 
ders. The details of this patent would require more 
space to describe than we could give to them here. 

(No. 2395, 1s. 6d.) Charles William Siemens 
patents the method of manufacturing cast steel, of 
which accounts have already appeared in this journal. 
Of the plant employed in carrying out the process we 
may probably give a detailed description on a future 
occasion. ; 

(No. 2398, 1s. 6d.) James Murdoch Napier, of 
York-road, Lambeth, patents arrangements of coining 
presses, which it would require drawings to explain. 
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(No. 2402, 1s.) Thomas Sault, of New Haven, 
U.S., patents an arrangement of slide valve carried on 
friction rollers. In this form of slide valve each end 
is carried by a pair of wheels or rockers attached one 
to each end of an axis, which passes through a kind of 
stirrup formed on the back of the valve. This stirrup 
is provided with a seat which can be adjusted so as to 
bear upon the axis of the wheels, this axis rolling on 
the seat as the valve moves to and fro. 


(No. 2404, 8d.) Samuel Lynes, of Burley, near 
Leeds, patents a contrivance for lubricating shafting, 
&c. According to this plan the waste oil running 
from the bearing to be lubricated is caught in a re- 
ceiver, from which it is raised by a cotton cord, which 
is passed between rollers, and caused to discharge the 
oil raised into a spout, which again conducts it to the 
bearing. 

(No. 2405, 10d.) Robert King, John Lowden, and 
William Gartside, of Oldham, patent improvements in 
carding engines, which it would require the aid of 
drawings to describe, these improvements referring to 
methods of cleaning the doffing cylinder. 


(No. 2408, 8d.) Alexander Melyille Clark, of 53, 
Chancery-lane, patents, as the’agent of William Lewis 
Horne, of Batavia, U.S., an apparatus for raising water. 
This consists of a cylinder fitted loosely with a floating 
piston, which is pressed down by steam admitted so 
as to act on its upper side, this steam being then con- 
densed, and the piston raised or floated up by water, 
which enters the cylinder from a kind of syphon pipe 
attached to it. The use of such a contrivance would 
entail a most wasteful expenditure of steam. 


(No. 2412, 8d.) Thomas Walmsley Lawson, of 
Liverpool, patents constructing the bottoms of vessels 
concave longitudinally, the concavity extending only 
to where the floors begin to rise at each end. ‘The 

atentee states that, by this system of construction, 
e diminishes the draught, adds to the stability, and 
increases the: weatherly qualities of a vessel; but we 
certainly do not see any reasons why these ends should 
be attained by the plan proposed. 


(No. 2413, 10d.) John McIntyre, of Jarrow, 
patents fixing copper, zinc, or other metal sheathing 
to iron vessels, by riveting or screwing to the latter 
metal strips of such form in cross section’as to form 
grooves in which the edges of the plates to he attached 
are held. -The plates are to be further secured by 
rivets or screws between the strips where necessary. 


(No. 2414, 1s. 4d.) James Lee Norton, of Belle 
Sauvage-yard, and George Hawksley, of Montrose- 
villas, Caledonian-road, patent artaigements for burn- 
ing petroleum or other hydrocarbon oils. According 
to this plan, the oil is discharged into the furnace 
where it is to be consumed, in the form of a very fine 
spray, the desired division being obtained by pumping 
the liquid, at a considerable pressure, between two 
surfaces held closely together by a spring. The dis- 
charging orifice is surrounded by a conical mouth- 
piece, through which air is drawn in ‘by the action of 
the jet. Various other details of arrangement and 
construction are included in the patent, but these 
would require more space to describe than we can 
sive to them here. 

(No. 2420, 6d.). William Robert Lake, of 8, 
Southampton-buildings,-patents, as the agent of Virgil 
Warren’ Blanchard, of Bridport, Vermont, U.S.,.a 
method of decarbonising (we presuaié he means de- 
carburising) molten iron, and converting it into wrought 
iron and steel by the forcible dispersion of a stream of 
the melted metal into globules or particles by the 
action of a jet or jets of steam, air, ora mixture of the 
two. This appearsto be a kind of impracticable modifi- 
cation of the Bessemer process. 


(No. 2422, 10d) John Varley, of 57, Bloomsfield- 
road, Plumstead, patents an apparatus for supplying 
water to steam boilers, which it would require the aid 
of drawings to describe. 
wae 2423, 10d.) George Allibon and Edward 
Wilson, of Worcester, patent an arrangement of steer- 
8 gear. The main féature of this apparatus is that, 
i an arrangement of friction clutches, the rudder can 
: instantly thrown into or out of gear, and if the helm 
Ps to be chatiged from, say, port to starboard, it can 

rst be released, and allowed to return of its own 
accord to the straight or “well” line, thus reducing 
the labour required to put it over. 
wt 2425, 8d.) Atwood Wigzell and Eustace 
Mares of the firm~of Timothy Bates and Co., of 
werby-bridge, patent improvements in “Juckes’s 
Srates.. “According to these plans the grate is formed 
: two endless chains running one on each side of the 
umace, these chains being connected by crossbars to 
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which the firebars are hinged. The firebars are 
hinged by one end only, the other end merely resting 
on a crossbar, and they thus fall down into a perpen- 
dicular position during their return towards the front 
of the furnace, and clear themselves of clinkers. The 
arrangement enables defective bars to be removed 
without deranging the furnace. jy 

(No. 2432, 2s.) Pierre Kniaghininsky and Pierre 
Galahoff, of St. Petersburg, and Nicolas Ossipoff, of 
Kozloff, patent machinery for setting up and distribut- 
ing type, which it would be impossible for us’ to 
describe here. 

(No. 2434, 8d.) William Berry, of 4, Willow-place, 
Stamford-hill, patents attaching to carts implovell 
for removing rubbish, mud, &c., from the streets, a 
kind of receptacle into which the mud can be swept u 
an inclined plane. The receptacle is so hinged that it 
can be lowered down to near the ground level to be 
filled, and then raised and discharged into the cart. 


(No. 2435, 8d.) Walter Christopher Thurgar, of 
Norwich, patents an apparatus for regulating the 
supply of gas by clockwork, the arrangement being 
such that the gas is turned on at a certain time in the 
evening and turned down in the morning, so as to 
leave only a small flame burning. 


(No. 2488, 8d.) George Haseltine, of 8, South- 
ampton-buildings, patents, as the agent of Alexander 
Lyman Holley, of New York, the mode of casting 
steel ingots described on page 436 of our last number 
but one. 

(No. 2452, 10d.) John Henry Johnson, of 47, 
Lincoln’s Inn-fields, patents, as the agent of Theodore 
Perroy, of Paris, an apparatus for obtaining fresh 
from sea water. The distilling apparatus is fitted 
with an aérator, a refrigerator, and a filter of animal 
charcoal, the aérator being precisely similar to that 
long and successfully used by Messrs. Chaplin 
and Co. The refrigerator is a kind of surface 
condenser, the tubes of which have collars on them 
near their ends, these collars pressing against india- 
rubber rings placed between them and the tube-plates. 

(No. 2454, 1s. 8d.) William Thomas Watts and 
Daniel Joseph Fleetwood, of Birmingham, patent 
special arrangements of hydraulic presses, applicable 
for stamping metals and similar purposes. It would 
require drawings to describe clearly the construction of 
these presses. 

(No. 2463, 8d.) John Dyson, George Dyson, and 
Walter Dyson, of Tinsley, and Stephen Martin, of 
Sheffield, patent rolls for cutting up rail ends, and 
converting them into bars of various sections. ‘These 
rolls are arranged so as to cut the rail ends longi- 
tudinally ; a double-headed’'rail, for instance, having 
the two heads separated from the web. In the case 
of double-headed rails it is proposed to roll the two 
heads thus separated into square bars, and the web 
into a bar of rectangular section. 

(No. 2465, 10d.) William Muir, of 57, Claverton- 
street, Pimlico, patents arrangements for stopping 
and starting railway trains by means of endless ropes 
laid between the rails at those parts of the line where 
the stopping or starting is to be performed. The 
ropes are to be driven by steam power when necessary, 
and the vehicles are to be fitted with clips, by which 
they can be attached or detached at x te 8 We 
do not think that ordinary practice is likely to be 
much affected by this scheme. 

(No. 2468, Is. 6d.) Arthur McNutt Wier and 
Marshall Arthur Wier, of Elm Lodge, Newton-road, 
Bayswater, patent arrangements of indicating and 
signalling apparatus applicable for an engine-room 
telegraph, and similar purposes. The details of this 
invention would require more space to describe than 
we can devote to them here. 

(No. 2470, 8d.) John Silvester, of the firm of 
George Salter and Co., West Bromwich, patents im- 
provements in spring balances, these referring to 
details of arrangement and construction, and their 
objects being to render the balances more compact 
and less expensive. 

(No. 2471, 1s. 4d.) Alexander Melville Clark, of 
53, Chancery-lane, patents a method of skinning 
animals and cutting up the hides so as to obtain 
leather bands of great length applicable for making 
driving bands and tubes. Various diagrams of animals 
waiting to be skinned are appended to the patent. 

(No. 2473, 10d.) Isaac Dixon, of the firm of Dixon 
and Sleight, of Liverpool, patents a propeller, con- 
sisting of an egg or ouliohieid boss, from which 
spring two flat or nearly flat blades set at the required 
angle to the driving shaft. We fail to see any 
peculiar advantage attached to the form proposed. 

(No. 2476, 1s.) John Armitage Brown, of Kings- 
land-crescent, Kingsland-road, patents a complicated 





arrangement of horizontal and inclined paddle-wheels 
with feathering blades intended to be used for pro- 
pelling vessels, The plans proposed possess no 
theoretical or practical advantage over the very much 
more simple arrangements in general use. 


(No. 2480, 4d.) Donald Nicoll, of Oaklands Hall, 
West End, Kilburn, patents the use of a portable 
steam machine for opening and preparing earth, soil, 
or sand to receive underground telegraph wires, and 
for supplying the trenches so prepared with insulating 
material or waterproof compound for an extra insula- 
tion of the wire. The use of such a machine, even 
if of any practical value, could only be very limited. 

(No. 2482, 4d.) Henry Octavius William Cooper, 
and Elizabeth Foster Cooper, of 95, St. George’s-road, 
patent the use of a solution of chloride of calcium or 
chloride of magnesium, and common rock salt for 
watering roads. The object of using this solution, 
which we have already noticed in ENGINEERING, is to 
cause the roads to'remain damp for a longer period 
than when watered in the ordinary way. 


(No. 2484, 8d.) Charles Gedstharp, of Wincomble, 
Low Walker, patents methods of manufacturing 
wrought and cast iron and steel.’ This patent includes 
the melting and reducing of iron ores by gas furnaces 
and also certain methods of carburising the fedue 
iron when required. It also comprises certain con- 
structions of furnaces, &c., to be used in thé several 
processes, An account of the various details claimed 
would require more space than we can devote to them 
here; but we may perhaps describe them on a future 
occasion. 

(No. 2485, 8d.) Alfred Vincent Newton, of 66, 
Chancery-lane, patents, as the agent of William Shaw 
Campbell, of Dresden, the use, for cutting stone, of a 
saw or rotary cutting-tool, consisting of a disc set 
around its periphery with jewels, diamonds being pre- 
ferred. The jewels are to be imbedded in copper. 

(No. 2487, 8d.) Charles Tessier, of 181, Rue du 
Faubourg St. Martin, Paris, patents providing, the 
float of the intermediate trough of paper-making ma- 
chines with a regulator for the movement of the taps, 
valves, or floats which govern the flow from the. vats, 
so that the pulp is constantly maintained at a certain 
level in the trough, and is transmitted with a regular 
flow into the re-union vat, 

(No. 2497, Is.) Alexander Melville Clark, of 53, 
Chancery-lane, patents, as the agent of Isaac Hall, of 
New York, U.S., an engraving and carving machine, 
intended for epic any pattern on ivory, stone, 
wood, or metal. “It would require the aid of drawings 
to describe this machine. 

(No. 2503, 186d.) Frederick Barnard Dering, of 
Duke-street, Westminster, patents arrangements of 
rock-boring machinery, which it would require the aid 
of drawings to describe. 

(No. 2504, 2s. 6d.) John Kinnersley Smith, of 23, 
St. Lukes-road, Paddington, patents a “ steam bird” 
for conveying passengers through the air, We think 
that we need scarcely describe this invention, although 
it is certainly planned with more attention to detail 
than most machines of the kind. 

(No. 2506, 1s.) George Tomlinson Bousfield, of 
Loughborough-park, patents, as the agent of William 
Robinson iat of New York, an arrangement of 
feathering. paddle-wheel. According to this plan, the 
controlling frame, by which the feathering movement is 
imparted to the paddles, instead of being carried by a 
bearing attached to the paddle beam, or guard frame, 
is supported by a pair of short links extending to 
the guard frame and paddle shaft respectively, the 
arrangement being such that any settlement of the 
guard frame which may take place, does not throw 
any undue strain upon the controlling ffame. 

(No. 2507, 1s. 4d.) James Howard and Edward 
Tenny Bousfield, of Bedford, patent improvements in 
reaping and mowing machines, these improvements 
relating to the methods adopted for supporting and 
operating the gathering and raking arms, and also to 
details of construction of the finger bar. | oo 

(No. 2511, 8d.) William H. Kitson, of 3, Victoria- 
terrace, Leeds, patents methods of securing the tyres 
on railway wheels, According to one of the plans 
proposed, the tyre has a deep flange rolled on its mer 
circumference, this flange being so placed as to bear 
against the outside face of the wheel rim. A clip ring 
of Mansell’s section is fitted to the inner side of the 
tyre, and is secured by bolts passing through it and 
the inside flange of the tyre already mentioned. The 
fastening thus formed is a very simple and secure one. 
Various modifications of this plan are also included in 
the patent, some of them being specially applicable to 
wooden disc wheels, and others to wheels with iron 
centres of the ordinary form. 
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MALT-MILL AND MASHER, AT MESSRS. MILLER AND CO.’S BREWERY, ST. PETERSBURG. 
MR. SCHOTTLANDER, ENGINEER. 
(For Description, see the Article on “‘ Brewing and Breweries” in our next Number.) 
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MALT-MILL AND SCREEN AT THE CITY OF LONDON BREWERY. 


CONSTRUCTED BY-MESSRS. JAMES HORN AND CO., ENGINEERS, LONDON. 


ULE 














= 
b | 





ih 
| 
| 


sg Bs 
COMMA ii 
AMAA HT AAT 


EE 


ik 





BREWING AND BREWERIES.—No. IX. 
Tue GenEraL Process or BREWING. 
, Berore describing in detail the various operations 
included in the manufacture of beer, it will be advisable, 
for the sake of those of our readers who are not en- 
gaged in brewing, to state generally what those opera- 
tions are, and the order in which they have to be per- 
formed. _ The process of brewing may be conveniently 
divided into five independent stages as follows : 1st, the 
crushing of the malt ; 2nd, mashing, or the operation 
by which the soluble portions of the crushed malt are 
extracted, and the starch dissolved subjected to the 
action of the diastase and free sugar; 3rd, the boiling 
of the worts ; 4th, the cooling; and, 5th, the fermen- 
tation. We shall in future articles treat of these various 
operations separately, and consider in detail the effects 
produced by each of them; but at present we intend 
merely to give a general account of the manner in 
which they are carried out, and we can probably do 
this most conveniently by referring to the engravings 
of a Scotch brewery which we published last week, 








this brewery having been designed, as we then stated, 
by Mr. James Steel, of Glasgow, to whom we are 
indebted for the drawings from which our illustra- 
tions were prepared. In laying out this brewery, 
Mr. Steel has not proposed to introduce any striking 
improvements in brewery plant, but has simply given 
a design embodying the general arrangement and 
— features of a brewery worked on what has 
een termed the Scotch system. What the peculiari- 
ties of the Scotch system, or more properly the Edin- 
burgh system, are—and they are but few—we need not 
stop to explain now, as they in no way interfere with a 
general description of the various operations. 
Referring to the two-page engraving which we pub- 
lished last week, Fig. 1 is a longitudinal section of the 
brewery, and Fig. 2 a plan of the ground, or cleansing 
floor; whilst Fig. 3 is a transverse section through 
the boiler room and malt store, and Fig. 4 a similar 
section through the engine-room and the room con- 
taining the malt mill. On page 439 are given two 
other transverse sections, the one, Fig. 5, being a sec- 
tion taken between the coppers, g, m, m, and the 
division wall near which they are placed; and the 
other, Fig. 5, being taken on a line between the hop- 
back, 2, and the cooler, 0. Plans of the brewing and 
fermenting floors respectively are given on page 442. 
In this brewery the malt which requires to be crushed 
is placed in the hopper, a, from which it passes into the 
malt mill below. This mill delivers it, when crushed, 
to an elevator, or Jacob’s ladder, which raises it to 
the top of the building, where it is received by a hori- 
zontal traversing screw, shown in the longitudinal sec- 
tion, Fig. 1, which transports it to the hopper, or grist 
case, ¢. From the bottom of this hopper it, in the case 
of the brewery we are describing, passes into a Steel’s 
masher, where it is thoroughly mixed with a certain 
quantity of water from the water or “ liquor” copper, g. 
The masher consists merely of a horizontal cylindrical 
casing, within which a shaft, provided with radial arms, 
revolves rapidly ; these radial arms thoroughly mixing 
the crushed malt with the water, and producing a 
ulpy mass, which runs steadily into the mash-tun, 4. 
hen the “goods,” as the mixture is called, have 
been collected in the mash-tun, a further quantity of 
water is usually added, the whole being stirred up 
thoroughly by the mashing machinery fitted within the 
mash-tun. At this stage the operation becomes sta- 
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tionary for about two hours, to allow of the necessary 
extraction of the soluble portio ns of the malt, and the 
settling, &c., of the wort, as the extract is called. 
When the proper time has elapsed, the tap, i, between 
the mash-tun and the under-back, j, is partially 
opened, and the wort drained off into the latter. 
Immediately on the wort being drained off in this way, 
hot water is made to run on at the top of the goods 
through the’ “ sparger,” k, Fig. 6, this sparger being 
merely a pair of perforated hollow arms revolving on 
a centre, so that as they revolve the water issuing 
from them is distributed over the whole surface of the 

oods in the mash-tun. The running on of hot water 
in this way and the drawing off of the worts are con- 
tinued until the malt is exhausted and a sufficiency of 
wort obtained to complete the brewing. 

We have above given a general outline of one 
method of mashing ; but there are many ways in which 
the operation can be conducted, and these we shall 
describe in detail in a future article devoted to that 
portion of our subject. In some breweries but a 
single mash is made, that is, the crushed malt is mixed 
with a certain proportion of water, and any further 
quantity required is added by “sparging” or sprink- 
ling over the surface of the goods, the latter not being 
disturbed by the mashing machinery after the first. 
operation. he other cases two, three, or even a greater 
number of mashes are made successively from the same 
bulk of malt, the “ goods” being drained between each 
mash. ‘There are also other minor variations of detail 
which we need not explain here. By the process of 
mashing not only are the saccharine and amylaceous 
portions of the malt extracted, but the starch is, by the 
action of the diastase, converted into gum or dextrine, 
and ultimately into sugar. As we shall explain on a 
future occasion there are certain temperatures—be- 
tween about 158° and 167* Fahr.—at which this 
change is effected most perfectly ; and the liquor em- 
ployed in mashing is therefore supplied at about these 
temperatures, that first mixed with the malt being 
generally at a lower temperature than that afierwards 
added, in order to avoid the formation of a too co- 


hesive paste, or as it is termed “ setting” or “ locking 
up” the goods, by treating the malt at first with 
water that is too hot. 

To return, however, to our account of the general 
Whilst the wort is running into 


process of brewing. 
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the underback, j, the pump, /, is set to work to pump 
it up into the wort copper, m, which is kept warm, 
but below the boiling point, until there is a sufficient 
quantity of wort in it to forma charge. A certain 
a of hops, varying as widely as from 4b. to 

4lb. per quarter of malt mashed, are then added, and 
the boiling allowed to proceed. The object of boiling is 
to coagulate the albuminous matters in the wort, to 
obtain from the hops their extractive principle, and, in 
some cases, to concentrate the wort to the specific 
gravity required. During the boiling, also, the con- 
version of the residuary starch of the malt into a 
sweetish mucilage is effected, and the worts are further 
cleared by the action of the tannin in the hops. The 
boiling is generally continued about two hours, when 
the contents of the copper are discharged into the 
hop-back, 2. This is a vessel fitted with a false per- 
forated bottom, by which the spent hops are retained, 
and from it the wort is drained to the coolers, o 0, 
where it is allowed to cqol by radiation, this process 
being, in the case of the brewery we are describing, ac- 
celerated by the action of the fans, p p (see plan of brew- 
ing floor on page 442). The ~~ process may be 
completed by passing the wort through the refrigera- 
tor, g, until, its temperature being reduced to, say, 
56° or 57°, it is fit to be led down into the fermenting 
rounds, rrr. 

In the fermenting rounds yeast is added to the 
wort, and the fermentation thus set up is allowed, in 
the Edinburgh system of brewing, to proceed for about 
four or five days, the temperature of the wort being 
kept within proper limits by the use of the attempera- 
tors or coils of pipes, s, through which cold water can 
be passed. During fermentation a portion of the sac- 
charine matter in the wort is converted into alcohol, 
and carbonic acid is at the same time evolved. The 
reduction of the saccharine matter, or “ attenuation,” 
as it is called, is accompanied by a rise in the tempera- 
ture of the wort, and it is this increase in temperature 
which has to be kept under control by the use of the 
cold-water pipes we have mentioned. When reduced 
to within two or three degrees of the required attenu- 
ation the contents of the rounds are run into the 
cleansing squares, ¢ ¢, where the beer deposits its yeast, 
becomes gradually cooled and fined, and in from 
twenty-four to thirty-six hours is fit to be drawn into 
casks, when hops are added to it, and it is stored or 
sent out to customers, as the case may be. 

It isin the mode of conducting the fermentation, 
more perhaps than in any other portion of the brewing 
process, that the difference between the various so- 
called systems of brewing followed in this country 
exists. What is termed the Scotch, or, more properly, 
the Edinburgh system of brewing, which we have 
above described, is but the continuation or growth of 
a system of fermenting and cleansing began and prac- 
tised on a small scale a long time ago. Formerly, 
the Edinburgh brewers used only the fermenting 
rounds, and cleansed from them direct into the casks 
sent out to their customers, the fermenting and 
cleansing or settling occupying from one to three 
weeks, according to the state of the weather and the 
quality of the ale. The ale so cleansed was quite 
“fine,” and required no “topping up” in the casks. 
Now, however, the use of cleansing squares, such as 
those shown in our engravings last week, has become 
almost universal in Scotland, and, in fact, entirely so 
in the eastern toe and the whole operation of fer- 
menting and cleansing is completed in about a week. 
In the Edinburgh system the fermenting rounds are 
always kept of moderate dimensions or comparatively 
shallow ; their capacity seldom exceeding forty barrels, 
or, if they are larger, they are made of such a diameter 
as to contain the required quantity of worts without 
the depth exceeding about #ft. This enables the 
temperature of the fermentingwort to be controlled 
with a moderate amount of refrigerating power. 

The London system is in many respects the reverse 
of that practised in Scotland, the business of brewing 
being carried on in the metropolis on a gigantic scale, 
and the plant employed being large in proportion. 
Thus the fermenting rounds have been allowed to 
gtow with the coppers, and quantities as large as from 
600 to 800, or, in some cases, considerably over 1000 
barrels are fermented in one tun, the depth being often 
from 12 ft. to 15 ft. With such large quantities the 
heat becomes uncontrollable, and subdivision into pon- 
toons or their equivalents is a necessity. The 
“ double square” system prevailing through the north 
and west of England is the same in principle as the 
old Edinburgh method. The double squares in which 
the fermentation is carried are, as it were, made by 
dividing an ordinary square at the middle of its depth, 
and making the upper part a yeast chamber, whilst 





the pumping of the beer from the lower to the upper 
square, and thus mixing it with the yeast to stimulate 
it, is somewhat analogous to the rousing of the yeast 
into the beer practised by the Edinburgh brewers for 
the same purpose. The Burton and some other English 
brewers follow the London subdividing system, but, 
instead of the pontoons or cleansing rounds, they em- 
ploy the whiners “union casks.” In the case 
of the Burton brewers it is the practice to stimulate 
the gyles with large proportions of yeast, and to 
thus bring about very much the same result as is 
obtained in London breweries by the large bulk con- 
tained in the fermenting rounds. There are, how- 
ever, some other peculiarities connected with the 
Burton system, of which, together with special points 
in other systems, we shall speak in due course. 

It may be as well that we should give here—even 
at the risk of anticipating some portions of our sub- 
ject—a few examples of brewings for producing 
different classes of malt liquor ; but before doing this 
we must explain the manner in which it is customary 
to denote the strength of any given wort. It is the 
practice amongst brewers to estimate the strength of 
a wort by the excess of the weight of a barrel of it 
above the weight of a similar quantity of pure water. 
Thus a barrel of water weighing 360 lb., a wort weigh- 
ing 387 lb. per barrel, is said to be of 27 lb. gravity, 
and soon. With this explanation we can proceed to 
give our examples of different brewings, leaving for a 
future article the consideration of the amount of ex- 
tractive matter to be obtained from malt, and the de- 
tailed explanation of the mauner in which the 
respective quantities of malt and “liquor” required 
to produce a certain quantity of beer of a given 
strength are to be calculated. 

For our first example we may take a brewing of 
stout, and let us suppose that 80 quarters of “ grist” 
or crushed malt are to be operated upon. In an 
ordinary London brewery this 80 quarters would, for 
a beer of, say, 321b. gravity, be made up of pale, 
brown, and roasted malt as follows : 

Pale malt ... 81} per cent. 
Brown 4, os eve 15 » 
Roasted ,,  «.» eee 34 9 


Total ... eve 100 


or the brown may be altogether dispensed with, anda 
slight extra percentage of roasted malt added. Sup- 
posing a series of mashes to be made, for the first 
mash from 1} to 2 barrels of liquor per quarter of 
malt would be turned over or mixed with the “ goods” 
at a temperature of from 160° to 164°, and perhaps 
half a barrel at a higher temperature or, say, 165° to 
170° to ensure a heat at draining or “ tap setting,” as 
it is called, of from 144° to 146°. When the mash is 
thoroughly made, the goods are allowed to stand from 
two to two and a half hours making a total time of 
from three to three and a half hours from the first 
wetting. When this period has elapsed the draining 
off is commenced, or, as it is termed “taps are set,” 
and the first wort run off to the underback. About 
+ barrel per quarter is then sparged over the goods 
to lessen ties Toss of the first wort by absorption, and 
whilst the draining is proceeding the wort is 
meg or run, as the case may be, from the under- 
ack to the copper and the hops added. 

For the second mash one barrel per quarter will be 
found ample for thoroughly saturating the goods, and 
the remaining liquor required to complete the “length” 
or total quantity necessary to make a beer of the given 
strength, may be sparged over them. After such a 
strong beer it is usual to make a “return” or 
“raw ” wort by another mash of 1 barrel per quarter 
together with the addition of, say, 1 barrel per ace 
sparged over the goods, the raw wort thus formed 
being afterwards passed over the spent hops of the 
day’s brewing and then returned to the liquor copper 
for use on the following day. 

In such a brewing as that we are describing, the 
quantity of hops used would be from 4 Ib. to 54 lb. per 
barrel of beer to be obtained from the gyle, the pro- 
portion of hops employed being greater in summer than 
in winter. ‘The first wort would be boiled in the 
copper about 14 hours, and the second wort sufficiently 
long to concentrate it to the gravity required, the hops 
drained from the first wort being returned into the 
copper for this second boiling. 

The next stage to consider is the cooling and fermen- 
tation. A strong beer, such as we are considering, 
should not be pitched—that is, mixed with yeast in the 
fermenting tun—at a temperature higher than about 
56° or 57°. The quantity of yeast required will be 
about 1} 1b. per barrel, this yeast being thinned down 
with wort before being added to the fermenting tun. 








After about eight hours the heat will commence to rise 
and the attenuation will also begin. This attenuation 
will be allowed to go on according to circumstances 
until the beer has been reduced to below half its 
original gravity, when it will be removed into pontoons 
to cleanse, or by some brewers skimmed in the fer. 
menting tuns, the gravity at the conclusion of the 
process of fermentation being for the London trade left 
as low as 91b. or 10 1b. per barrel. In some country 
districts, as in Cambridgeshire, for instance, the public 
require the final gravity to be as much as 12]b. or 
14 1b. per barrel; but in such cases the beer cannot be 
considered to be thoroughly fermented, and it certainly 
would not stand sound three weeks in the month of 
August, or during hot weather. 

After the fermentation has been completed, the usual 
course with such beer as that of which we are now 
treating is to put it for a few days into vats to allow it 
to deposit any “bottoms,” and it may then be run 
into casks and is fit for use. The vatting gives a 
character and softness to the beer, which it will not 
acquire if simply run into the casks from the small 
pontoons. 

Next, we may give an outline of a porter brewing, 
and in this case the grist may be made up as follows: 
Pale or amber malt 82 per cent. 

Brown malt... a ~ 
Roasted ose oa 


Total « 100 


The strength of the beer to be produced will vary, 
according to the class of trade to be supplied, from 
20lb. to 221b. gravity, and during the first mash 
about two and a-half barrels per quarter may be 
turned over the goods. After lien much the 
same as for stout, and draining the goods thoroughly, 
a second mash of one barrel of liquor per quarter may be 
made, and an additional half barrel per quarter sparged 
over the goods, After again draining, a third mash may 
be made, and sufficient liquor sparged over the goods to 
complete the length, after allowing for all causes of 
waste, as will be explained on a future occasion. For 
the beer we are now considering about 8 lb. of medium 
hops per quarter will suffice, and of these one-half may, 
in the winter, be old ones. The quantity of yeast 
added need not exceed 1 Ib. per barrel, and with that 
quantity the fermentation will usually be completed, 
and the beer be “clean” when about one-third of the 
original gravity is indicated by the saccharometer. 
With but few exceptions the London brewers finish 
the fermentation of their porter in cleansing rounds 
holding from six to twehve senate each, and from them 
it is removed into vats, where it remains for a period 
varying from one day to a month, according to arrange- 
ment or custom. As a rule, however, it may be said 
that the life of a gyle or brewing of porter now seldom 
exceeds a month chentien 

Leaving the brown beers, we may next give a few 
particulars concerning a brewing of pale ale. For 
this class of beer great care should be exercised in 
the choice of the barley and make of malt. A pale 
colour is indispensable, and therefore no stained 
barley should be purchased, and the malt should not 
only be well grown on the floors and thoroughly dried 
on the kiln, but the drying should be conducted slowly, 
and with careful attention to the héat applied, as 
otherwise the malt will be coloured, The best class 
of pale ales are brewed of about 241b. gravity, and 
only one mash is made. In this mash about 24 barrels 
of Sener per quarter are used, and it is allowed to 
stand about three hours, when the remaining liquor is 
sparged over it. The hops used amount to as much 
as from 20 lb. to 22 1b. per quarter mashed, and the 
gyle is pitched at the low temperature of from, say, 
55° to 57°, about from 41b. to 5lb. of yeast per 
barrel being added, as in this class of beer the at- 
tenuation is carried to such an extent that scarcely 
one-sixth of its original gravity is left on its being put 
into casks. The attenuation will be completed about 
the sixth day, and the beer then remains perhaps 
another week in the union casks before going into the 
settling tank. In this*it will remain about twenty- 
four hours before racking into casks, where it 
will receive an allowance of fresh choice hops, 
amounting to from $lb. to 1$lb. per barrel. The 
object of adding hops in this way is twofold. First, 
it gives to the beer a fine aroma not obtainable in any 
other manner; and, secondly, it also materially assists 
in keeping the beer, both by the immediate action of 
the hops and, after the cask is tapped, by preventing 
the atmosphere from*acting on the ale. Asa rule, 
pale ale is not an enjoyable drink until after about 
six months from the date of brewing, and, if well 
brewed, it certainly improves in character by being 
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kept from twelve to eighteen months.. Many pale 
ale brewers spoil the delicacy of their produce by 
overboiling the hops, imagining that they thus ensure 
the keeping qualities of the ale; but this is a great 
fallacy, and some of the most successful pale-ale 
brewers boil their hops but once, and then only for 
three hours at the most. There is a class of pale ale 
now largely consumed—and it is a very wholesome 
drink—brewed with a gravity of from 19]b. to 201b. 
The course pursued in producing this ale is very simi- 
Jar to that which we have described, but with this 
difference that, as there is less saccharine matter to 
convert into alcohol, less yeast is required, and, of 

course, a much smaller proportion of hops is used. 
The last class of beers of which we shall speak 
here are the stock ales. In brewing these the processes 
of mashing, &c., are conducted in the same manner as 
for other beers, and the main points of difference 
consist in the choice and proportions of the hops used, 
the quantity of yeast, and the process of fermentation. 
For these ales the most suitable hops are the East 
Kents and the Bohemians or Bavarians. The quantity 
used must depend upon the strengths of the ale, thus 
for stock of 28 lb. grayity to keep over twelve months, 
at least 5 1b. of hops per barrel should be used. 
For beer of 33 lb. gravity this quantity should be 
increased to from 6} Ib. to 7 lb. per barrel, and for 
40 lb. beer to, say, 8 lb. per barrel. These should be 
all new hops, or perhaps with a good assortment, 
2 parts of new to 1 of yearlings may be used. In 
all cases 1 lb. of hops per barrel should be put 
into the casks, this at. technically termed dry 
As to yeast, 2 lb. per barrel will suflice 
endl 24 lb. to 3 lb. or 


hopping. 
for the 28 lb. beer, and, say, 
3 lb. for the stronger ales. 

Stock ales should be pitched as low as from 54° to 
56° in the fermenting tuns, and if possible their heat 
should at no time be allowed to rise above 70° or 73°. 
In all cases the attenuation should be carried on until 
the gravity is reduced as low as from 8 lb. to 9 lb. per 
barrel. In some breweries these stock ales are 
skimmed, and the fermentation completed in the 
fermenting tuns, the beer being afterwards run into 
settling tanks, where any yeast held in suspension is 
deposited ; the settling being allowed to take place to 
guard as far as possible against a revival of the 
fermentation, which would probably either be—or 
soon develope into—an acetous one. Of old, the 
custom was to vat the ale, but when practicable, 
casking at onee is now found preferable. 

We have now completed our general description of 
the various brewing operations, and in our future 
articles we shall consider these operations in detail, 
and describe the plant by the aid of which they are 
carried out. 








Breer ror Forrten Parts.—British beer finds its way 
to almost every part of the known world. The export list for 
the year ending with October last shows that it was shipped 
from this kingdom for all parts of Europe and America, for 
South Africa and Western Africa, for Morocco, Syria, and 
Palestine, China, Persia, Java, Madagascar, Cape Verde 
Islands, and various islands in the Pacific. To India were 
shipped in the year 170,504 barrels, of the declared value of 
499,0331.; to Australasia 111,139 barrels, of the value of 
461,0291. ; to the British West Indies 27,377 barrels, to the 
United States 19,856 barrels, to British North America 7588 
barrels, to’ Brazil 19,727 barrels, to the Argentine Confedera- 
tion 13,964 barrels, to. Chili 12,551 barrels, to Uruguay 11,578 
barrels, to Peru 7392 barrels. The largest export for Europe 
was to France, 14,418 barrels. The total export of the year, 
though not equal to that of 1865 or 1866, amounted to 
525,619 barrels, of the declared value of 1,960,053/. 

Tue Espw Vatz Company.—At the final meeting, held 
on Tuesday last, the Ebbw Vale Company (Limited) was re- 
constituted under the title of the Ebbw Vale Steel, Iron, and 
Coal Company (Limited), the shares being reduced to 32/., of 
which 277. 10s. is paid up. 

SCIENCE AND ART FoR IrELAND.—We understand that 
Her Majesty’s Government, with a view of constituting a 
separate department of science and art for Ireland, analogous 
in its constitution to the existing Science and Art Depart- 
ment in London, and of amalgamating, as far as possible, all 
existing institutions in Ireland receiving State grants for 
Science or art, have appointed a commission to report on the 
best means of carrying out this object. The commission will 
composed of the following gentlemen: The Marquis of 
Kildare ; the Rey. Dr. Haughton, Fellow of Trinity College, 
Dublin ; the Very Rev. Dr. Russell, President of Maynooth ; 
Colonel Laffan, Royal Engineers; Mr. G. A. Hamilton, 
Secretary to the Treasury ; Professor Huxley, F.R.S.; and 
Captain Donnelly, Royal Engineers, who will also act as 
secretary, = 

Tue Iypo-Evrorran TreLeGrarn Company.—It is under- 
stood that the Indo-European Telegraph Company, which 
was brought out about three weeks back, for the construction 


of a line to India through Russia and Persia, have obtained 
their proposed capital of 450,0007. The Russian 
are stated to have placed a war steamer at the 
to take soundings 
Meanwhile, the Persian por- 


the whole of 
Gc vernment 
disposal of the company for three months, 
or the cable in the Black Sea. 
tion of the line will be 


OUR NAVY. 

In the House of Commons on Monday night last Mr. Corry, 
in introducing the navy estimates, spoke as follows concerning 
the additions which are to be made to our navy during the 
coming year. He said:—‘“ I now proceed to state the work which 
it is proposed to accomplish in the course of the present financial 
— In the first place there will be the two corvettes, the 

ruid and the Briton. Both those vessels are to be built in the 
dockyards, and one of them at Deptford, but she will be so 
handled as to be ready for launching at the end of the financial 
year. By that time also we hope that all the other vessels now at 
Deptford will be launched, and it is not intended after. that to 
commence any fresh ships there. The second corvette will be 
built at Sheerness, and the description of both is as follows: 
They will have a tontiage of 1322, with 350 horse power, and 
they will carry 12 guns, of which two will be 64 ton guns, and 
ten will be 64-pounders. Their estimated speed will be 13 
knots, and they will be single-screw ships. The vessels are 
to be advanced, the Druid to 6} eighths, so as to be launched 
next year, and the Briton to 14 eighths, the estimated ex- 
penditure being, in the case of the Druid, 35,9952, and of the 
Briton, 63062, That is the only provision for unarmoured ships 
made by these Estimates. Of armour-plated vessels, we pro- 
pose to build six, three in the dockyards, and three by contract. 
The first of the dockyard ships, to be called the Iron Duke, 
will be built at Pembroke; she is to be immediately taken in 
hand and advanced 27ths during the year. The estimated ex- 

nditure in her case during the year is 70,4227, She will 
base a tonnage of 3774; and she will be an ironclad iron 
ship with a double screw. Her armour plating will be 6 in. 
and 8in., with 10in. of teak, and an inner skin of 1 in. back- 
ing. She will be built upon the same principle as the Auda- 
cious, the Invincible, and the Vanguard ; and her armament will 
consist of ten 12} ton guns, six of which will be on the: main 
deck and four upon the upper deck, together with four 64- 
pounders, also upon the upper deck. This addition to the 
upper deck armament, which has the approval of my naval 
colleagues, is, { think, a great improvement in the armament 
of these ships, which in heavy weather often cannot keep 
their deck ports open. The horse power of the ship will be 
800, and the estimated speed 13} knots. All these vessels 
have an armour-plated battery on the upper deck armed 
with four 124 ton guns, so placed as to command the whole 
horizon. The next vessel I have called the Sultan, in honour 
of the visit paid by His Majesty to the fleet at Spithead, and 
His ay A has been pleased to address a letter to the 
Foreign Office expressing the gratification which he derived 
from the fact. This is to be a first-class ship,’ very much 
resembling the Hercules. She is to be adyanced 2} eighths 
during the year, and the estimated iture upon her 


ex 
for 1868-69 is 91,1137. Her tonnage mil be ‘6226; she will 
wer of 1200 horses, and an 


have a single screw, with a horses, 

estimated speed of or 14 knots. Her armour plating 
will be 9, 8, and 6in. thick, with a backing of 10in. of 
teak, and lin. of inner iron skin. Her armament will 
consist of eight 18 ton guns on the main deck, one 124 ton 
gun forward, two 124 ton guns on the upper deck battery, 
and two 6} ton guns under the forecastle. There will be a 
central armour-plated battery on the upper deck, enclosed 
completely where the steering wheel and officers will be, 
and where two 12} ton guns will fire round a very large area 
of the compass, including a fore and aft line astern. The 
third dockyard armourclad will be built at Chatham; but 
very little advance will be made with her) this year, as 
she cannot. be commenced till the Monatch is launched. The 
estimated expenditure upon this new armourclad will be 18,815/. 
She will be called the Triumph,.the name of the flagship of 
Admiral Blake. She will be an ironclad broadside ship, similar 
to the Audacious, but with a single screw, lifting, of which the 
experimental trials have shown the advantage. Her armour- 
plating will be 8 in. and 6 in., and her backing 10in. of teak, 
with a 1}in. inner iron skin. Her tonnage will be about 3800, 
and her armament will consist of 10124 ton guns—six on the 
main and four on the upper deck—and two 64 pounders on the 
upper deck, making a total of twelve guns. Her horse power 
wiht be 800, and her estimated speed 134 knots. Her bottom 
is to be sheathed with a thickness of wood, and to he coppered. 
This is the first instance in which this has been attempted; if 
it succeeds, it will prevent the evils resulting from the fouling 
of iron ships. Then come the three ironclad ships to be built 
by contract during the present financial year, The Swiftsure 
will be exactly the same as the Triumph, and will be commenced 
us soon as the contract can be made. The estimated expendi- 
ture upon her during the year 1868-9 will be 80,0002 Next 
comes a ship of entirely novel class in the British navy. I 
stated, in answer to my honourable friend at the commencement 
of the evening, that we did not wish to embark largely in turret 
ships till we saw how the Monarch and Captain succeeded. 
But nobody can doubt the superiority of the turret principle over 
others for purposes of harbour and coast defence. We therefore 
propose to build a ship for coast defence upon the turret 
principle. She will not be what is called a cruising ship, 
though I believe it would be quite possible for her 
to go to the Mediterranean, or almost. anywhere that 
her services might be required; but she is to be of 
the monitor type. Her name will be the Glutton; she 
will be commenced as soon as the contract can be made, Her 
tonnage will be 2709; length, 245 ft.; breadth, 49 ft.; and 
draught of water, 19ft. I myself considered that draught 
rather too large for coast defence, but the department could 
not effect the objects desired with a less draught of water. Her 
armour plating will be 12in. thick, and 14 in. in the plating of 
the turret, with a 10 in. backing and a lin. inner skin. She 
will have only one turret, but that will be so arranged as to fire 
in all directions. The Turret Committee, it may be remem- 
bered, objected to a turret ship with only one turret, and re- 
commended that she should have two; but, as this vessel is 
intended for coast defence, I do not think it desirable to expend 
a very large sum ot money upon the experiment, and we cannot 
obtain a vessel with two turrets, having this thickness of plat- 
ing, without very if increasing the cost. My honourable 
and gallant friend (Sir J.. Hay), who is the highest authority 





commenced, and is expected to be 
months. 


completed within twelve 


upon points of this description, is of opinion that for this special 
Purp single turret A an advantage over a double turret. 





She will have two guns in this turret, each of 25 tons, if they 
can be made. She will be of 500 horse power, and her esti- 
mated speed will be nine knots. That would be a low rate of 
speed for a sea-going vessel, but for a harbour defence vessel it 
was as high as perhaps it was desirable to aim at. I cannot 
give the total cost of a contract ship. If we did that there 
would be very little chance of our contracting on such advan- 
tageous terms as we might otherwise do. We propose to build 
another ship of a description which, in this country, will be per- 
fectly new, though there are several built or building in the 
French navy. She will be a ram, to be called the Hotspur, and 
she will be commenced as soon as the designs are completed * 
and a contract can be entered into. We propose to expend 
30,0007. upon her this year. Her length will be 235 ft., 
and her breadth 50 ft. She will have armour-plating of 11 in., 
with a backing of 10 in. of teak, and an inner iron skin. She 
is expected to have a speed of 12 knots, and will carry an 18 ton 
gun, to be carried on a fixed tower with four port-holes, the gun 
to work on a turntable from port to port. It is believed that 
she will be capable of accompanying a fleet, of defending a port 
or roadstead against Fenian or other invaders, and of attacking 
a hostile port. After giving the matter much consideration, we 
thought it desirable to try one of these rams, instead of build- 
ing another seagoing vessel. ‘The tonnage of the Hotspnr will 
be 2637 tons, and she will be of 600 horse power. 1 now come 
to the tonnage to be built in the dockyards during the year 
1868-69. We propose to build of ironclad broadside frigates— 
viz., the Hercules, the Triumph, the Sultan, and the Iron Duke 
—4476 tons; an ironclad turret ship, the Monarch, 2072 tons; 
an ironclad converted frigate, 930 tons; giving a total of 7478 
tons of armoured shipping proposed to be built during the year. 
Of unarmoured ships—iron, 1680 tons; wood corvettes, 1607 ; 
iron corvettes, 120; sloops, 1623; twin-screw gun vessels, 
1241; ditto of the second class, 240; tug steamers, 30; 
mooring lighters, 400;—giving a total of 6931 tons of un- 
armoured shipping, and a total of 14,409 tons of armoured 
and unarmoured. I cannot state the tonnage to be built by 
contract; but the expenditure, exclusive of that for en- 
gines, provided on ships building by contract, amounts to 
680,0002 The total provision for hulls, engines, and equip- 
ments for new ships, including both the dockyard and con- 
tract-built, is 1,996,9142. That is, in round numbers, 2,000,0002. 
which is exclusive of 50,0002. forthe Cerberus. Including the 
latter vessel, the total is 2,046,914/. There are in the dock- 
yards to be Jaunched one armoured frigate, the Monarch, and 
one unarmoured, the Inconstant; two sloops, the Spartan and 
the Sirius; and two guns vessels, the Curlew and the Swallow— 
giving a total of seven. Of contract vessels, there are to be 
launched one armoured, the Captain ; two unarmoured corvettes, 
the Volage and the Active; aud eight gun vessels due last 
year, which will shortly be delivered, giving a total of 11 
contract, and a total of 18 dockyard and contract vessels to be 
launched, exclusive of the Cerebus armourclad for Victoria, 
which comes under neither Vote 6 nor Vote 10. I think it well 
now to call the attention of the Committee to the sums ex- 
pended on ships built in the last three years, and to compare 
the expenditure in each of these years with that which is pro- 
posed for the year 1868-69. For armoured ships the ex- 
penditure stands thus: In 1865-66, 792,090/.; in 1866-67, 
691,686/.; in 1867-68, 824,526/.; 1868-69, 1,359,1697. For 
unarmoured; in 1865-66, 360,619/.; in 1866-67, 429,819/.; 
in 1867-68, 929,344; in 1868-69, 687,745. The total ex- 

nditure for armoured and unarmoured ships stands thus: 
n 1865-66, 1,152,7092.; in 1866-67, 1,021,505/.; in 1867-68, 
1,753,870/2.; in 1868-69, 1,906,9147. The estimates provided 
for armourclads in 1868-69, including hulls and engines, 
equipments, refitting, &c., amount to 1,359,169/., in addition 
to which 82,0007. will be spent on equipment, refitting, &c., 
making a grand total of 1,441,169.” 








Tue AERONAUTICAL SocteTy.—The Aéronautical = 
have issued a new circular relating to their exhibition which 








is to be opened at the Crystal Palace on the 26th of June next. 
In addition to the particulars formerly given they state that 
there will be no charge for space, but each exhibited articlo 
must be accompanied by a large card or placard in duplicate, 
having conspicuously printed its name and object. Goods will 
be received at the Crystal Palace on and after the Ist until the 
20th of June, unless the term be prolonged by special arrange- 
ment. A description of the articles intended for exhibition, 
not exceeding one hundred words, must be sent to the honorary 
secretary on or before the 1st of June, for insertion in the 
catalogue. Fuller particulars will be charged for. Intimation 
should also be given within this date of any exhibitor’s desire 
to explain his invention, either in person or by deputy. 
During the exhibition, daily experiments and partial ascents 
will be made in a captive balloon, upon the plan lately pur- 
sued in Paris by Mons. Giffard. This gentleman’s experi- 


ments, confined to an altitude of 1000 ft., were goat appre- 
ciated by the higher classé’, who crowded to take advantage 
of the opportunity to ascend to that height. Messrs. Do- 


mange and Delamarne’s “ Ballon Captif” has been engaged 
for this purpose, under the management of Mons. Delamarne, 
who will inflate it with gas especially manufactured under 
his superintendence ; and it is proposed to make successive 
ascents to at least 1000 ft. The car of this aérostat is three 
yards square, and will accommodate 14 persons. Mr. Glaisher 
will largely avail himself of the opportunity here afforded for 
meteorological experiments during the captive ascents both 
by day and night. During the latter, the power of the 
magnesium lamp will be tested, both as to the distance from 
which it can be seen at different elevations, and its own 
powers of illumination. Similar experiments not confined to 
the magnesium light will be conducted. Each member of 
the society will be entitled to an ascent during the daytime 
free of charge. Applications for a ticket, to admit members 
only, to be made to the honorary secretary, who will also, 
upon application, furnish a free pass to the exhibition. Bal- 
loons for free ascents it is hoped will also be held in readiness, 
under the guidance of experienced aéronauts, for the accom- 
modation of visitors, who may engage to make an aérial 
excursion. Mr. Thomas Brassey and Mr. Stephen Ballard 
have each contributed 20/. to increase the prize for light 





engines, making the sum now available 95/. 
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CONSERVATORY AT PYRGO PARK. 
CONSTRUCTED BY MR. HENRY GRISSELL, FROM THE DESIGNS OF MR. E. M. BARRY. 
(Por Description, sce the opposite Page.) 
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THE DOM PEDRO II. RAILWAY, BRAZIL. 


MAJOR ANDREW ELLISON, ENGINEER. 
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Just at the present time, when the existence of supposed | larly and successfully worked for three years, with six-coupled , the seat of Mr. Bray, the great Indian railway contractor, and 


difficulties in the working of sharp curves on ordinary rail- | and eight-coupled engines. The six-coupled engines used | was executed by Mr. H. Grissell, of the Regent’s Canal Iron- 
ways is being urged as a reason for the adoption of lines laid | had a bogie under the leading end, whilst the eight-coupled | works, from the designs of Mr. E. M. Barry. In plan it assumes 
to a 3 ft. 6in. gauge in Canada and elsewhere, the view which engines, one of which is shown in our engraving, were fitted | the shape of a cross 40 ft. long each way, the members of the 
Wwe give above possesses considerable interest. It has been | with Baldwin’s arrangement for permitting the end wheels to | cross being about 22 ft. wide, and in elevation it presents to 
Peepaned from a photograph kindly supplied to us by Major | traverse laterally. e results obtained during the working view, as its chief point of attraction, a square glazed tower, 
lison, formerly the engineer-in-chief of the Dom Pedro II. | of this line form a complete answer to the alleged impossi- | terminating in a pointed dome, which rises to a height of about 
way, and represents an eight coupled locomotive passing | bility of successfully working very sharp curves on lines of | 37 ft. above the floor level. 
round a curve of 230 ft. radius on a gradient rising 296 ft. | ordinary gauge. Mr. Barry—to whose high professional reputation we would 
x _ or _— steeper than 1 in 18. The gu e of a not presume to ve etna eens poy by sos pelentinnes 
e is . 3in. The Dom Pedro II. ilwa . _ this work, to which he has been so good as togive his consent— 
— 68 miles from Rio de Janeiro to the md PYRGO PARK CONSERVATORY. seems to be decidedly in favour of the dome, having introduced 
pmen red and thence 60 miles along the banks of that| Some time ago we published engravings of an iron conserva- | it into the architecture of the Floral Hall, which possibly we 
escent its mouth, passing on its way through a| tory erected at Lord Boston's seat, in Buckinghamshire, and | may illustrate on a future occasion; and more recently having 
aeceiine district. In order to cross the serro or mountain | then promised a succession of subjects illustrative of the use | grafted it on to his design for the new Law Courts, and we can- 
ge between Rio de Janeiro and the Parahyba, it was ne- | which has been, and which may be, made of iron in structures | not but express our own belief that, where the effect aimed at is 
ow a to construct the line with long gradients of 1 in 55, | where lightness and elegance form the chief requisites. boldness and majesty, the dome is the likeliest structure to 
to carry it through a tunnel 1} miles in length. The| We now make a further step towards redeeming this promise, | embody and realise this effect, since the dome must always be 
conetraction of this tunnel was a heavy work, and whilst it | and in the engraving on the opposite page we have illustrated | bold in its constructive arrangements, while tho lofty heights to 
us being completed, the traffic was carried over the moun- | another conservatory which, though it does not cover any very | Which it may be raised, with as spacious dimensions as may 
abor on @ temporary line having, as we have mentioned | considerably greater area of ground, is a much larger and | conduce to harmonious whole, must always lead the contem- 
The 7 eradients of 206 ft. per mile on curves of 230 ft. radius. | richer piece of iron architecture than the one previously | plative observer to the remembrance of that which is most 
2 A i org as we have said, 5 ft. 3in., yet, notwithstand- | illustrated. majestic in creation, namely, the dome of the firmament. By 
ing this and the sharpness of the curves, the line was regu-| This conservatory was erected at Pyrgo Park, near Romford, | way of parenthesis, therefore, we shall add, though digressing 
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from the subject before us, that the dome seems to us eminently 
well placed upon a building in which the majesty of the law is 
to be upheld. _ * 1h ‘ 
Again, where lightness is the great object in view, as in the 
present case, together with a desire of enclosing as great a space 
as possible, the dome answers the purpose most admirably, 
especially where the.striéture'is to be oPviren, since its main 
ribs at once assuttié ‘the strongest shape which car be given 


them, namely, that‘of'the atch, and consequently may be made 


proportionately light. er 

in the yrebeas instance the dome, though round, is raised 
vpon a sqtare foundation, about 22 ft. each way, consisting of a 
framework of ‘castjrof ‘arches and cast-iron entablature-with 
ornamental: fillitiga, earried by sixteen gracefully ornamented 
columns about 16 ft. 6 in. in height. The aisles of the building, 
if we may so term them, are covered in by glazed lean-to roofs 
springing from cast-iron gutters on the walls, and abutting on 
to the above-mentioned entablature, the glass being carried by 
wrought-iron sash bars, which, iu cross section, have the shape 
of a cross. 

Immediately above this entablature there is a tier of cast-iron 
window frames about 3 ft. deep, fitted with square cast-iron 
window sashes swinging round their centre ; these have diagonal 
sash bars, with a small circular one in the centre, and are glazed 
with stained glass, ‘The framework of these windows is sur- 
mounted with a neat cornice, which answers also as a gutter. 

At this point the dimensions of the tower are reduced from 
22 ft. to about 13 ft. in the sides by sloping these through a 
vertical height of 4ft. 8in. The framework here consists of a 
number of sloping pilasters springing from the cornice just 
mentioned, and the 1 -oy between them is filled in with cast- 
iron sash frames. The sloping pilasters carry a cast-iron 
entablature about 13 ft. square, which forms the base of the 
dome, and in this casting a complete circular cornice is produced, 
on to which a tier of cast-iron arched windows, about 3 ft. 6 in. 
high, is fitted with a number of swinging sashes fitted into 
them; the corners formed by the sided of the square entabla- 
ture and the circular cornice are glazed in with coloured glass, 
and a light gallery is fixed all round it. 

Another cast-iron cornice runs round the top of this last tier 
of windows, and to this the ribs of the cupola of the dome are 
bolted. The cupola is 13 ft. in diameter, and 8 ft. 9 in. high, 
covered in with obscured glass, and the ribs mentioned consist 
of wrought-iron sash bars similar to those in the lean-to roofs 
below. At the crown of the cupola they are bolted to a hollow 
ornamental, gasting, surmounted by an ornamental terminal in 
zine or copper 

The walls of the conservatory, which are only carried to the 
height of the first tier of square windows in the lower frame- 
work of the dome, are adorned (in the spaces between the doors 
and windows, and at the angles of the building with pilasters of 
the Ionic order of architecture, and are surmounted with a 
parapet of moulded balusters with appropriate ornamental vases 
in the prolonged axis of the pilasters. In this manner the 
lean-to roofs which cover in the space between the walls and the 
lower framework of the dome are entirely screened from view. 

The doors and windows, which are all arched, are of the 
same dimensions, being about 9 ft. high; the window frames 
and sashes, as well as the door jambs, are made of cast iron, and 
the windows are hinged at about the level of the springing of 
the arches, and swing open round the centre. 

In the inside of the building a cast-iron cornice, fitted with 
ornamental finials, is carried all round the top of the walls, and 
the several other. cornices mentioned, as forming part of the 
framework of the dome, are ornamented in a similar manner. 

In our illustrations Fig. 1 is an elevation, Fig. 2 a transverse 
section, Fig, 3 and Fig, 4 a part plan of dome. 








THE WILSON FURNACE. 
To tur Eprtor or Enerneerine. 

Srr,—As some of your réaders may be misled by certain 
statements in the report of the meeting of the Cleveland 
Institution of Engineers, as published in your paper of May 
Ist, allow me to state that the ordinary consumption of coal 
per ton of puddled bar in the Cleveland district is an average 
of 25 ewt., equal to a cost of about 7s. 6d. per ton of puddled 
bars for all grey iron. 

In the paper above referred to, I first described the Wilson 
furnaces as worked by us (designated 19 and 20), which pro- 
duced puddled bars of all grey pig with 174 ewt. rough small 
coal, at a cost per ton of bars of 4s. 1d. 

I then further described a second form of Wilson’s furnace 
at the Thornaby Ironworks (designated 15) working without 
any firebars at all, which was puddling with below 15 cwt. 
rough small coal, at a cost per ton of puddled bars of 3s. 6d. 
Of these. latter furnaces we have several at work, and shall 
alter those that used 174 ewt. to the new model, as well as our 
conumon ones, and we hope to reduce the cost of coal per ton 
of — bars still further shortly. 

t is true that Mr. Williams said that “the consumption 
“ at their works at Wilton Park was about 16 ewt. 3 qrs. per 
“ ton of puddled bars.” He also stated, in answer to a ques- 
tion, “that if they were making all grey pig the consumption 
“ would be considerably over a ton of coal per ton of bars.” 
This was not noticed by the reporters, nor yet the fact stated 
by several engineers present, that puddled bars of grey iron 
for plates required an average of 25 ewt. coal per ton of bars 
in an ordinary furnace. I Awe known a common furnace 
only use 20 ewt. of good coai per ton of grey puddled bars, 
but that was a rare exception. Ata meeting of the Cleveland 
Institution of Engineers, to be held shortly, the adjourned 
discussion on the Wilson furnace will take place, and the 
above points will be cleared up beyond mistake. 

As itis important in affairs of this character that there 
should be no mistake or misconception, I hope that you will 
excuse the length of this communication, as the copy of the 
original report from which your article is taken was not sub- 
mitted to me for correction ere it was printed. 

Yours very truly, 
Tomas WuirTwett, 
Hon. Sec. Cleveland Institution of Engineers. 

Thornaby Ironworks, Stockton-on-Tees, 

May 6, 1868. 








THE INSTITUTION OF CIVIL ENGINEERS. 
May 12, 1868. 
Cnarizes Hutroyx Grecory, Esq., President, in the Chair. 

Tue paper read was on “The Durability of Materials,” by 
Mr. Edwin Clark, M. Inst. C.E. 

The anthor expressed the opinion that a Series of papers de- 
va not 86 much to the special Application of those ‘philoso- 
phical principles which formed the basis of practice, as to the 
consideration of the principles themselves, would be of great 
interest; as numerous questions occurred which could be more 
effectually discussed in their abstract capacity, than in edn- 
nexion with the practical applications out of which they arose. 
Well-established fundamental principles’ had been arrived at 
on many subjects, which it was advisable should be definitely 
recorded. 

The list of materials used by the engineer was small. It in- 
cluded stone and timber among natural productions, and bricks 
and cement and the metals among artificial products. It was 
difficult to state, even approximately, the positive life of either 
of these articles. The durability of any material depended, 
not only on its own inherent properties, but principally on the 
agencies to which it was exposed; as, for instance, the effects 
due to climate. 

On examining all the facts, and seeking some common 
characteristi¢, it was found that among all the causes of decay, 
humidity held the first rank. The decaying influence of 
humidity was evidently dependent on other coincident circum- 
stances. The mere pressure of water, or even of a saturated 
atmosphere, was not sufficient to induce rapid decay, which 
appeared to be caused by humidity only under uliar condi- 
tions. One ofthese conditions was well known by the popular 
title of dampness. The decay caused by dampness, as in the 
case of dry-rot, was as effectually prevented by the presence of 
water as by a constant current of air, whether perfectly dry, 
or saturated to any degree of humidity. Damp, therefore, was 
not the mere presence of moisture in the ordinary form in which 
it was held in solution by the atmosphere. If an hygrometer 
were placed in a damp situation it would simply indicate per- 
fect saturation; no evaporation took place, but the cotton 
covering of the wet bulb was speedily covered by a peculiar 
mould, well known by its fungus-like odour, and in a short time 
it was converted into an impalpable powder or ash. Under similar 
circumstances, timber, leather, paper, and all like materials, 
underwent the same rapid decomposition; vegetable gums and 
oils, that were ‘insoluble in water, and even dry hard paints 
and varnish, became soluble and liquid. Massive timbers were 
rapidly disintegrated to the core, entirely losing their weight, 
though still retaining their form; and they were often totally 
free from apparent moi8ture, although at times dotted exter- 
nally by drops of brilliant water. Damp spots were, moreover, 
peculiarly hygrometic, indicating atmospheric changes with 
remarkable precision, and temporary dessication in no way 
disturbed this process. The peculiar odour which always 
accompanied this condition: was one of the best tests of its 
existence; and the expression that a room smelt damp was 
strictly correct, The effects were, within certain limits, inten- 
sified by increase of temperature and absence of light, and ar- 
rested by poisons destructive to vegetable life. If this phenone- 
mon of decay were more closely examined, the process would be 
found to resemble, in many respects, a slow combustion. The 
ultimate results of combustion and decay were strikingly simi- 
lar; the union with oxygen was slowly effected, and the residue 
was more or less diluted with foreign substances; but whether 
bodies were burnt, or decayed, the remains in the ashes were sub- 
stantially identical. Decay might thus, to a great extent, be 
looked upon as a decomposition, resulting from the slow chemi- 
cal combination of oxygen with the matters decomposed. Now, 
if slow combustion were the cause of decay, and that particular 
state called dampness were so important an accessory, the in- 
quiry naturally suggested itself, what connexion existed be- 
tween those agencies, or in what way could damp promote the 
absorption of oxygen? Inthe case of organic substances, the 

resence of vegetation in the form of fungus, or mould, was an 
invariable characteristic of decay, and the decomposing effect 
of all vegetable growth was beyond question. It might be said 
that the vegetable growth alluded to was the effect rather than 
the cause of decay. Doubtless the spores of miscroscopic 
fungi followed the law of all other seeds in vegetating only 
under the peculiar conditions of soil, light, and moisture which 
were adapted to their growth; dampness and partial darkness, 
and absolute quietude, and even decay might be essential to 
their existence; and therefore it was only under such condi- 
tions that they appeared at all. But, nevertheless, when they 
did appear, their presence rapidly accelerated the decay, and 
they furnished a vital medium capable of accomplishing the 
observed effect—combustion, or slow union with oxygen, of the 
substances on which they throve. It was probably by some 
such chemical vital action, the fact could be explained, that 
even the hardest rocks were rapidly decomposed by the growth 
of lichens, or that decay should be arrested by poisons which 
could exert no other influence than the prevention of vegetation. 
It was equally remarkable that in the putrefaction or rapid 
chemical decomposition of animal and vegetable substances the 
same profusion of the lower forms of animal as well as vege- 
table organisms characterised the phenomenon. 

Whatever might be the cause of decay, moisture was an in- 
dispensable element. Dry air was incapable of decomposition. 
Water was a carrier of oxygen in a potent form; and it was 
only from water, and more especially when in the form of 
vapour that the oxygen necessary for decay could be obtained. 
The durability of tin and iron roofs in Geneva and St. Peters- 
burg was due to the absence of moisture; and the importance of 
some shelter for timber, and of thorough ventilation wherever it 
was employed in this moist climate, was a necessary corollary. 

The durability of metals, like that of organised substances, 
depended mainly on the resistance they offered to combination 
with oxygen; and thus their decay might also be regarded as a 
slow combustion. But their durability further depended on the 
character of the oxides formed on their surface. Iron exposed 
to moisture was soon coated with rust in the form of hydrated 
peroxides; and as these oxides did not adhere to the surface, 
additional flakes constantly formed and fell away until the 
whole mass was destroyed. Wrought iron in a pure, dry atmo- 








sphere suffered, practically speaking, no deterioration in an 
lapse of time. It was extremely durable in distilled water rn 
from air; but it was slowly oxidised in a moist atmosphere, and 
with fatal rapidity in air or water containing free acids or other 
corrosive agents. It was, however, efficiently protected from 
such agents by paint, which adhered to clean iron with great 
tenacity. 1t- was: also-a@-fact, not. hitherto satisfactorily ac- 
count for, that oxidation “fo “a \preat extent arrested b 
vibration. “'The patting’ of ‘wrduftitiron” girders and soot. 
mote especially in‘the neighbourhood of smoky: towns, was 4 
precaution’ of the’ utmost importance. ‘Every"care should be 
taken to expdse the iron as freely as possible to the air, to leave 
no hollows where* water could collect, to avoid the contact of 
damp earth, and especially of vegetation; and to throw the 
material into the form of heavy bars rather than thin plates 
Painting was more economically performed, and was more 
effectual, when constantly attended to, than under the vicious 
practice of laying on three or four coats, and then leaving the 
work for years, till the paint all peeled off, with a layer of rust 
attached to it: The Britannia bridge furhislied a striking illus- 
tration of the value of ‘this system. The maintenance had been 
effected by two or three men, constantly on the work, who 
attended to the slightest symptom of local discolouration. Asa 
consequence, the author did not hesitate to’ express his firm 
belief that the total loss from rust'of the 10,540 tons of which 
the tubes consisted did not in twenty years amount to a single 
pound weight. 

Cast iron when exposed to the action of sea water slowly de- 
composed, the iron being dissolved, leaving behind’a graphite or 

lumbago. The action was, however, superticial, and very slow. 

t could be preserved by painting, where accessible for that pur- 
pose, and by any protection which prevented continual renewal 
of the surrounding medium, as when enclosed by brickwork or 
masonry. In fresh water it suffered nosuch deterioration, and 
under ordinary circumstances its durability in a pure atmosphere 
appeared unlimited. 

In the case of zine, although the bright metal oxidised even 
more rapidly than iron, yet the oxide adhered with such tenacity 
to the mam | that it afforded an efficient protection against the 
continuation of the process, To this property the metal owed 
its great durability, more especially as its oxide was insoluble in 
water. In the presence of any solvent of this oxide, this metal 
was so speedily destroyed as to be practically useless, unless 
protected by paint. The destruction of zine in smoky districts 
was, however, principally due to galvanic action. A similar 
action produced the rusting away at the base of iron railings, 
when fixed in stone work, as was usually the case, by being run 
in with lead. The contact of copper with the iron plates of a 
vessel was also a source of great p ton and there were num- 
berless other instances in which the contact of metals of diffe- 
rent conducting powers was equally destructive. In ali such 
cases the use of paint furnished, at_any rate, a temporary 
remedy. 

It » a difficult to over-estimate the value of the introduction 
of the process of coating iron plates with zine, by simply clean- 
ing and immersing them in the molten metal. All that had 
been said on the subject of zine applied equally to galvanised 
iron, as it was called. In a clear atmosphere its great durability, 
its stiffness, its freedom from expansion, and its economy, were 
all qualities of the highest value; while, on the other hand, 
without constant painting, it was wholly unfitted for the atmo- 
sphere of smoky towns, or manufactories, or even stations where 
it was exposed to the fumes from locomotives. Both the corro- 
sive and the galvanic actions, which in such cases were so de- 
structive, did not cease with the déstruction of the zinc, which 
was soon effected, but continued also to act, with fatal effect, 
upon the iron itself, as might be seen in many railway stations 
and sheds near manufacturing towns. The corrosive tendency 
in zinc and iron obliged the use of the less oxidisable metals, 
copper and lead. Lead slowly absorbed oxygen and carbonic 
acid in moist air. It was acted upon by certain waters, and 
was occasionally riddled with holes by the larva of an insect; 
and its expansion and contraction required to be carefully 
allowed for in its use. Its ductility rendered ita valuable material. 
Copper might, however, in many instances, be used with great 
advantage in its stead. ; 

The action of sea water on copper was so important that it 
was particularly alluded to. The object in covering a vessel 
with copper was solely to prevent the adhesion of barnacles and 
other molluscs. This property was not due to the poisonous 
quality of its salts, as was sometimes asserted, nor was copper 
used on account of its durable qualities; on the contrary, its 
value depended on its slow destruction. The chloride of copper 
formed beneath the attachment of the barnacles being a soluble 
salt, the creature no sooner effected a lodgement than it was at 
once set free by the solution of the salt; while the salts which 
formed on zine or iron being insoluble, the plate was rather pro- 
tected than otherwise by the tenacious parasite. Hence the 
difficulty of devising an efficient paint for iron ships; for while, 
on the one hand, it must be slowly soluble in water to prevent 
this adhesion, it must, on the other hand, be sufficiently in- 
soluble to be durable. - x 

Ordinary oil = was the most efficient material for protect- 
ing either metals or wood from the effects of moisture and air; 
but all oils, resins, and gums exposed to air, and especially to 
the light of the sun, oxidised and burnt away with more or less 
rapidity, leaving a powdery residue behind. As a preservative 
of paint against the heat of the sun and light, attention was 
directed to the virtue of a coating of silicious sand, dredged on 
the paint while wet. . . : 

The durability of matter was a subject of the highest philo- 
sophical interest. The universal law on this planet appeared to 
be, that no form should be permanent. Never-ceasing destruc- 
tion and re-construction were characteristic within the range of 
the atmosphere, of everything thatexisted, whether as regarded 
organic life or inorganic matter; and it was probable that even 
the atmosphere itself was subject to the same decree. 














Drrsy.—It would seem that the Midland oueny is - 
longer to have a monopoly of railway communication 
Derby. On the contrary, the London and peo pro 
Company will soon be running its passenger trams into f 
Midland station, and the London and North-Western will 
have an independent goods station of its own. 
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IRRIGATION IN HYDRABAD. 

WHENEVER we dive into the histories of the former 
inhabitants in different parts of the Indian empire, 
one of the most surprising, and at the same time in- 
structive lessons to be learnt is, the veneration with 
which all works for the storage or distribution of water 
have, in all ages, been held by them. It was only the 
other week we gave a short account of the irrigation 
works in Mysore, from which it appeared that many 
ancient works had been permitted to fall into decay, 
whilst the greater number of them were still under re- 
air, ‘The testimony borne by the existing works in 
Fiydrabad, as stated in the Zimes of India, to which 
paper we are indebted for much of the present article, 
is that the Government of the Nizamate, under Sir 
Salar Jung’s administration, has not neglected those 
noble works of improvement, without which the 
country would almost be a vast desert, instead of, as 
at present, shining with luxuriant crops and plentiful 
foliage. ‘The appearance of the whole country is in- 
deed suggestive of a state of prosperity and agricul- 
tural energy, such as could hardly exist under any but 
a benign reign. To the traveller who, wearied with 
gazing at the dusty, parched, waterless tract that ex- 
tends the greater part of the railway route from Poona 
to Sholapore, sets forth from the latter place on the 
road to Hydrabad, the first glimpse of the bright 
green paddy fields and numberless tanks that stud the 
country on all sides, is inexpressibly refreshing. At 
every turn in the road one comes upon these verdant 
patches of cultivation, and almost every natural un- 
dulation in the surface of the soil seems to have been 
made use of, and transformed, by artificial aid, into 
a cup of fertilising water. If the traveller leaves the 
high road and strikes into the interior, he is none the 
less gratified by the constant sight of water, and its 
concomitant, cultivation. By remote villages, in ob- 
scure nooks and corners, one comes often upon large 
tanks that are a surprise in such localities, and, what 
is more remarkable still, these tanks generally appear 
to be in good working order, and to contain an aver- 
age supply of water. Some, of course, are neglected 
and empty, but comparatively few appear to have 
become so from other than natural causes, such as a 
deficiency of rain, or an injudicious choice of site. 
As Hydrabad is approached, the signs of agricultural 
activity multiply, although much of the country is 
wild and rocky in the extreme. Masses of huge 
stones, piled one upon another in every variety of 
fantastic outline, rise here and there from the wide 
undulating expanse. The landscape at certain inter- 
vals suggests a volcanic origin, and is decidedly un- 
inviting to the husbandman. Yet in the most savage 
and sterile looking spots there are almost invariably 
evidences of the husbandman’s toil, little brilliant 
specs of green relieving the eye from the pain of .con- 
templating the red soil and the red rocks blazing in 
the sun. In the more favoured districts of the 
Nizamate, it is not uncommon to come upon wide 
waving expanses of wet cultivation. Those of the 
European community, military or civil, quartered in 
the Nizam’s dominions, who indulge in the pleasure of 
suipe shooting, will bear testimony to the magnificent 
areas under wet cultivation which are to be met with 
therein. 

In the environs of Hydrabad itself, the storeage of 
water, by means of artificial tanks, is carefully attended 
to. The Hussein Sangor tank, which lies between 
the cantonment of Secunderabad and the suburb of 
Chudderghaut, is in itself a splendid work, of which 
any Government might well be proud. It is more 
like a small inland lake than an artificial tank. The 
bund is the greater part of a mile in length, and in 
Construction is a grand specimen of its kind. The 
whole work furnishes a splendid demonstration of the 
wealth-giving power of irrigation. On one side of the 
tank the country is bare, rocky, almost savage; on 
the other, below the level of the gigantic bund, it is a 
perfect garden of cultivation, stretching away as far 
as the eye can reach. Besides this tank, there is 
another enormous storeage of water, called Meer 
ne: ai which. Sir Salar Jung keeps a small 
pond ere are also numerous tanks scattered 

er the face of the surrounding country, adding 
Pr to the pleasant variety of the landscape, and, 
ras improbably, influencing to some extent the 
eens of oe climate, which in the wet and cold 
tunembered’ a8 itful in the extreme. It should be 
cubital. te —~ the land in the vicinity of . the 
edna oe ich reference is here made, is not 
aie ‘io rile, All the patches of civilisation that 
.» adorn it-are the result of artificial irrigation. It 


6 also ‘rue, on the other hand, that the physical con- 
‘guration of the surface of 1 


the soil is peculiarly con- 








venient for irrigation works. The sharp acclivities 
and deep hollows that are formed by the rocks and the 
undulating character of the land, are, with the addition 
of a bund or dam, so many ready-made tanks. But 
this fact does not detraet from the credit of the 
Government that bas availed itself of the natural ad- 
vantages, and makes most of the assistance which 
Nature herself offers. Her readiness to respond to the 
energy of man has not been treated with neglect 
or contempt, as,is often the case through wide tracts 
of British India. There is yet, however, a great deal 
of land in the Hydrabad which might yet be devoted to 
agricultural purposes if cultivators could be found 
for it; but enough has been already said to show 
that the Nizam’s administration is, to say the very 
Jeast of it, not behind the rest of India in its 
realisation of the primary responsibility of utilis- 
ing the annual supplies of water, and so developing 
the agricultural resources of the country. The decent 
state of repair in which the tanks appear to be kept, 
as well as their ubiquity, will bear comparison with 
the melancholy condition into which too many of 
those works have fallen in districts that are under our 
own rule. ‘Testimony against British dominion in this 
respect is fully borne out by Mr. Dalzell’s “Memo- 
randum on the Madras Famine of 1866,” wherein 
that officer stated as follows : ‘‘ The necessity of keep- 
ing the existing works of irrigation in thorough re- 
pair is, however, of still greater moment; and it is 
much to be feared that an inefficient system of 
management, which lasted upwards of fifty years, 
and an insufficient allowance for the purpose during 
the last ten years have had the effect of permitting 
“a large number of the irrigation works which were 
bequeathed to the British Government by their 
native predecessors to fall into disrepair. The Sani- 
tary Commissioner, in his report on bis tour through 
two of the districts where severe distress prevailed 
in 1866, remarks, that the state of disrepair into 
which the irrigation works had been allowed to fall, 
was the subject of general complaint, and there is 
no reason to suppose that the irrigation works of 
these districts are in a worse state than in other 
provinces of this Presidency. There is a general 
feeling abroad, as will be seen from the extracts 
from the collectors’ reports to the committee, that 
the annual grants for the repair of irrigation works 
are altogether insufficient for the purpose, and the 
supposition that the slight increase which has taken 
place in the wet cultivation of the country is proof 
to the contrary, is altogether fallacious, There is 
very little doubt that the crops obtained are, on the 
average, short of what were formerly reaped, solely 
because the means of irrigation are not so complete 
or certain as in former years ; but when the value of 
“irrigated land is three times what it was twenty 
- years ago, it would be strange, indeed, if an acre of 
“land, with a chance of obtaining water, was left 
** waste.” 

The above extract speaks for itself, and requires no 
comment from us. Whilst many lacs of rupees a 
year are expended by the British Government in the 
construction of magnificent canals, it is a pity that 
more is not laid out upon the construction of tanks, 
for irrigation, such as the former inhabitants of the 
peninsula of India almost exclusively employed for the 
promotion of agritulture. The general character of 
the works for the provision of water, by means of 
artificial works in the Nizamate, appear to be cheap 
and simple: The plan usually followed has been to 
throw a dam across the deeper end of any natural 
hollow or slope, into which the stream of water from 
the neighbouring heights or table-land converged. 
The system has, in fact, been simply that of turning 
the natural configuration of the country to account. 
There are very few elaborate or expensive works, if we 
except, on the latter score, the Hussein Sangor and 
Meer Allum tanks. All over our own presidencies 
there are hundreds of similar available sites, which 
might well and profitably engage the attention of our 
engineers so soon as all the old tanks have been put 
into efficient repair; for surely it would be better so 
to lay out the available funds for irrigation purposes, 
by following the cheap, but no less efficient, practice 
of the former rulers in India, than to encounter diffi- 
culties for the glory of overcoming them, in the con- 
struction of those vast irrigation canals, but few of 
which can, at the present time, be pointed to as giving 
satisfactory returns for the money laid out in their 
construction, if we except some in Southern India, 
which are simply ancient channels restored, and cannot 
therefore fairly be compared, with reference to returns 
on outlay, with works of an entirely recent origin, 
undertaken in new localities. 


. 
a 


“ec 


‘ 


a 8a 


- 


nan nan HA 
Oo.m-8 8 CG 


. 
a 


an 8 


€ 


“ 


THE NICHOLSON PAVEMENT. 

Tue first wooden pavement in Chicago was laid in 
1856, and since then its adoption in that city has been 
extended, until at the present time all the principal 
streets are covered with it. It has lately been intro- 
duced into New York, and Cincinnati, Detroit, and 
many of the large western cities employ it largely. It 
has been found, after an experience of thirteen years 
to be superior, more durable, and more economic 
than stone, vehicles run noiselessly over it, and in 
winter, during slippery weather, it offers a better foot- 
hold for horses than macadam or granite pitching. In 
laying. down-this pavement, the formation is first 
levelled, graded, and curved to form, and covered 
evenly with a layer of fine sand and gravel. Upon 
this is placed a substructure of pine board flooring, 
one inch thick, laid close together in courses length- 
wise of the street. As a bad substitute for creosoting, 
Burnettising, or otherwise preserving this flooring, it 
is covered on both sides with hot pitch and tar. This 
substructure receives the first tier of blocks, which 
are of pine, three inches thick, and from six to ten ~ 
inches m width, laid onthe grain, and soaked in coal 
tar before being placed in position; they are laid 
transversely from kerb to kerb, with their broad faces 
fronting up and down the street. ‘The first, tier of 
blocks being set, pickets or strips of board 3in. wide 
are placed on edge between the rows, each row being 
nailed through the picket into the blocks to the floor- 
ing beneath, thus making the whole close and tiglit. 
Upon this first stratum another tier of blocks of similar 
scantling, also soaked in tar, is laid. There is left 
between each two rows of blocks a continuous groove, 
extending from kerb to kerb, seven-eighths of an inch 
wide and three inches deep. These grooves are after- 
wards filled with a mixture of screened gravel and hot 
coal tar. The gravel is first heated and the grooves 
filled with it level with the surface ; the tar is after- 
wards poured in upon the gravel until it is saturated. 
This cement is then compactly rammed down, and the 
whole street surface is flooded with hot pitch and tar, 
and immediately covered with fine gravel and sand to 
the depth of three-quarters of an inch. 

Pine has been found to be a preferable material to 
oak for the paving blocks, as its softness, toughness, 
and elasticity admits of its taking the impression of the 
fine superimposed gravel, thus making a hard surface, 
while the spreading and brooming of the blocks at their 
edges closes the spaces formed by the intermediate 
joints. Experience has shown that, after seven years’ 
heavy wear, in the most important streets, where the 
traffic is largest, the pavement remains in a ‘first-rate 
condition. Blocks taken out after this lapse of time 
showed a wear of only haif an inch. In some spots, 
owing to an imperfect formation having been laid, or 
in consequence of the rotting of the pine flooring, the 
pavement has sunk into hollows; but these failures 
only point out the necessity of securing a thorough 
foundation, and of creosoting the timber substructure. 








Rattway AMALGAMATIONS.—The Board of Trade have 
laid before the House of Commons a return which shows that 
if [the Bills passed in the last eight sessions, 1860-67, for 
making working arrangements between railway companies 
and for amalgamations, should all be carried into effect, the 
working arrangements will have added about 3000 miles to 
the mileage of the working companies, and the amalgama- 
tions will have added about 4000 miles to the mileage of the 
companies, thus absorbing or uniting them to others. In the 
present session 14 Bills have been proposed for working 
arrangements relative to 85 miles, and 9 Amalgamation Bills 
relating to 540 miles, the chief of these nine being the pro- 
posed working union of the Brighton (296 miles and the 
Chatham (133) miles with the South-Eastern, the longer line 
of the three. At the end of the year 1866 there were open in 
England 9701 miles of railroad, and 16 companies owned, 
leased or worked no less than 8481 miles; in Scotland, in like 
manner, five companies had the control of 2193 of the whole 
2244 miles; and in Ireland seven companies had the control 
of 1547 of the whole 1909 miles. The Board of Trade annex 
to the return a map of Great Britain, psa, * districts” 
of these companies as far as concerns Great Britain. 

A New Tetzerapu Company.—A prospectus has been 
issued of the Anglo-Mediterranean Telegraph Company, 
with a capital of 260,0C0/., in 10/. shares (of which 165,000/. 
has already been subscribed) for laying a deep sea cable 
from Malta to Alexandria (about 900 nautical miles), and 
making arrangements for the acquisition of the land line 
now on the point of completion from Susa to Sicily, a dis- 
tance of about 1300 miles, thus establishing a substantial 
part of the direct telegraph line from England to India, re- 
commended by the recent Parliamentary Committee. At 
the same time, on an annual payment of 20001. for fourteen 
years, the English Government agree to abandon the present 
imperfect communication by the shallow water shore line 
between Malta and Alexandria. The new cable is to be made 
and delivered in working order by the Telegraph Construc- 
tion and Maintenance Company within four months, and the 
calculation of receipts based on the experience hitherto ob- 





tained shows a nett return of 16 per cent. 


ENGINEERING. [May 15, 1868, 








THE LINVILLE TRUSSED BRIDGE. 


DESIGNED BY THE KEYSTONE BRIDGE COMPANY, PHILADELPHIA. 
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THE LINVILLE TRUSS BRIDGE. 


Tne different pote of English and American engineers 
in working out the detailed designs for parallel girders with 
brand webs is well illustrated by the bridge, of which we 
give engravings on the opposite page, the type form 
of construction now adopted on the Pennsylvania Railroad 
Company, as & substitute for the perishable wooden trusses 
originally erected. The skeleton outline of this truss will be 
familiar to every one conversant with American engineering, 
but at the same time it will be observed that the structure 
varies less than usual from the ordinary type adopted on this 
side of the Atlantic, inasmuch as all the principal members 


LYNDON’S BEARING FOR SHAFTING. 
We give, below, engravings of a form of bearing for shaft- 
ing, &c., which has been recently patented by Mr. G. F. 
Lyndon, of Birmingham. According to this plan, the shaft- 
ing instead of having a journal turned in it, has fixed on it a 
collar of the shape shown in the plan, Fig. 2, this collar being 
secured in place either by keys or set-screws. The projecting 
ring at the centre of the collar fits into the grooves of the 
steps and dips into the oil in the chamber below, and, as it 
revolves, lifts the oil up till stopped by the steel brush (or a 
plug) at the top, which spreads the oil over the surface of the 
collar, after which it again drops into the chamber and is 








are of wrought iron. We should not be surprised to find | Used again. 
cast iron entirely dispensed with in succeeding models, and 
then the only differences between the English and American 
would be those arising from the relative proportions of 

de ths to spans of the several girders. 
n the latter respect we must maintain American bridges, 
with their deep girders, suggested probably by their timber 
redecessors, have a great advantage over English lattice 
Fridges, framed upon the model of the original shallow plate 
irder. It was shown in this journal, when treating on 
“Jong span —— bridges,” that the economic depth of a 
well-proportioned lattice truss carrying a line of railway was 
one-sixth of the span, the proportion adopted in the Linville 
truss; and it was also shown that, for a plate girder of 
similar span, the economic depth would be two-thirds of that 
amount, or one-ninth of the span. Yet, notwithstanding, 
this fact is capable of rigid demonstration. It would be 
difficult to point out any lattice bridge in this country, unless 
the Chepstow bridge could be so named, in which the girders 
have any important increase of depth beyond that given to 

plate girders of similar span. 

Allowing the designers of the Linville truss all credit for 
the boldness of the proportions adopted, we think, at the 
same time, there will be little left to speak of with unqualified 
approval. 

Beginning at the top of the truss, we find the boom is of 
the cellular form, long ago interdicted by English engineers 
on account of the inaccessibility of the several parts for 
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painting or repairs, provision for which is found by experi- NN) 


ence to be indispensable in all wrought-iron structures where 
a reasonable amount of durability is required. Again, the 


opposing member—the bottom chord—is built up of a num- 
ber of short links connected together by pins, through each 
of which the entire strain is transmitted. The detail is so 
arranged that each pin is subjected to a considerable trans- 
verse stress; hence they are necessarily large and heavy. 
Each end of every link has to be forged and drilled, and the 
consequent increase in the price per ton over ordinary bridge 
work should not be lost sight of when comparing weights of 
material in this and other lattice trusses. The same objec- 
tion of forging applies to the diagonals which have one end 
upset and screwed and the other looped and welded. 

The struts, made up of four wrought-iron rolled segments, 
are of rather a novel section for the purpose to which they 
are applied in the Linville truss. Similarly formed columns 
were patented by Mr. Hughes, in this country, some years 
ago, and have been used by him as the shafts of screw piles, 
with perfect success, for some bridges in Wales, when the 
original cast-iron ones had been swept away by floods. 
Applied as they are in the truss we are criticising, we think 
the cast-iron ends detract materially from the integrity of 
what apparently aims at being essentially a wrought-iron 
structure. 

Again, the counter braces—so indispensable in a timber 
bridge, to prevent injurious rocking under a passing load— 
are in the iron truss, when no such effect could ensue, merely 
so much material in the wrong place. 

In every railway bridge the platform is a very important 
element, now that engines with 10 to 16 tons on the driving 
wheels have to be provided for. Since each cross girder in 
its turn has to sustain the full load on those wheels, it follows 
that the distance apart of the girders should not be less than 
that of the centres of the engine wheels, say about 6 ft., and 

no lighter section could be used if the girders were spaced at 
half that interval. In the Linville Truss Bridge the little 
consideration which has been given to this element is most 
striking. Apparently, the ends of some primitive timber 
bearers, or at the best some rolled iron joists, rest on the flat 
bar ties merely, and of course the consequent increase of 
strain on those portions must be of very great moment. 

If we com are this truss generally with the “ Schwedler ” 
truss, already illustrated in this journal (vol. iv., p. 101), 
we shall find ~—— yy obtain in the latter well 
digested system. us, by departing from the straight 
boom the shearing strains,which have to be taken by 
the long columns and diagonals of the parallel truss, are 
transmitted to the piers direct] through the boom, with no 
unportant increase in the mare. of metal required for that 
member ; hence, the larger proportion of the material in the 

web,” and also in the horizontal bracing of the parallel 
truss, is saved. At the same time every portion of the 
Saedier truss is accessible, and there is nothing but ordinary 

ridgework in the whole structure, a consideration, as we have 
already observed, of great moment when estimating the ad- 
vantages of any type of bridge proposed for general adoption. 





Mr. Lyndon proposes making the collar and the steps of 
cast iron; but the latter, of course, may be made of any 
other suitable metal. When the collar is worn to any extent, 
or gets out of truth, it may be removed and another hung in 
its place, so as to keep the shaft provided with as perfect 
bearings as when new. 

With regard to the lubrication, Mr. Lyndon states that it 
will, if required, run for about two months without bein, 
replenished with oil, but he advises that it should be emptie 
(by means of the plug at the bottom of the chamber) oftener, 
especially if worked where emery is used. Mr. Lyndon has 
a shaft fitted up with the collar above described, now running 
at 650 revolutions per minute, in a polishing shop where 
there is much emery flying about; and he has also fitted 
them to another shaft 32ft.in length, and running at 260 
revolutions per minute. In both cases we understand that 
the bearings are answering perfectly. 


AN ENGINEERING CANVASS. 
To THE Epiror OF ENGINEERING. 

Srr,—My attention has been called to an article under this 
heading in which several misstatements occur, which, I feel 
sure, you will be glad to have corrected. 7 
The writer speaks of my father, Sir Charles Fox, in a way 
which would lead to the conclusion that he was originally a 
contractor. Although it is quite true that for seventeen 
years, from 1839 to 1856, he was the senior partner of the 
firm of Fox, Henderson and Co., his connexion with the pro- 
fession of civil engineering is of far older date. 
He began with Captain Ericsson in the year 1830, and in 
1833 was appointed by the London and Birmingham Rail- 
way Company one of their assistant engineers, under the late 
laménted Mr. Robert Stephenson. In this capacity he had 
charge of the construction of the heavy tunnel and other 
works extending for five miles on each side of Watford, and 
afterwards of the extension from Camden-town to Euston- 
square. Upon the opening of the railway he was appointed 
resident engineer for the London half of the line, extending 
over a@ distance of 56 miles. He is also one of the oldest 
members of the Institution of Civil Engineers, having been 
elected more than 30 years since. 
The article is entirely in error in supposing that Sir 
Charles Fox has lately visited Canada; he has not crossed 
the Atlantic since 1858. 
The supposed tender of which so much is made is also 
easily explained. The firm to which I belong have been for 
some years in correspondence with Canada upon the subject 
of the Intercolonial Railway. Being in Ottawa lately, and 
being favoured with an interview by some members of the 
Ministry there, the question of the consulting engineership in 
connexion with that railway was discussed, and I was asked, 
as I was intending shortly to return home, to place my views 
in writing, that they might be published in the Parliamentary 
returns, and be before the Government when the time came 














Tae Cretan Navy.—A iti 
E ‘AN Navy.—An order, it'is announced, has been 
received at New York from Athens for the construction of an 


armour-plated vessel for the Cret “ to deal with the question. This I did, and I am at a loss to 
be built at once, at a cost of $1,500,002. vy: The vessel is to see seen irregular, unprofessional, or worthy of comment 
Beveran Macutneny.—Measured by in the matter. 


; ) weight, the exports 
< 9 machinery would appear to be Prom adr declining. 
cal ee the first two months of this year, they amounted to 
“ y 561 tons, as compared with 699 tons in the correspond- 
pet of 1867, and 777 tons in the corresponding period 
aos Nearly 7 tons of Belgian machinery came to 
se A Ty in the first two months of this year, as compared 
Y Ons in the corresponding period of 1867, and 21 tons 


_ Reference to the correspondence would show that I dis- 
tinctly disclaimed any intention to even apply for the “ chief 
engineership” referred to in the article, feeling, as I did, that 
this position belonged of right to one or other of several pro- 
fessional brethren in Canada who have long been connected 
with the matter. 

I am, Sir, your obedient Servant, 
; Cuar.es Doveras Fox. 
Spring-gardens, 8.W., May 12, 1868, 





in the corresponding period of 1866, 


HENRY BROUGHAM. 


To the list of England’s great men gone is now 
added the name of Henry Brougham. He lived well 
nigh a century, or, speaking more closely, almost 
ninety years, and went through an amount of work 
of which but few men are capable. His mind was of 
the gigantic kind which embraced not only law and 

lities, but science in every phase as well. Had not 

rd Brougham been a “lawyer” he could not have 
helped being an engineer. He will be scarcely re- 
membered as a man of science, although his contri- 
butions to the scientific literature of the first half of 
the nineteenth century were many and important. 
Born in 1778, he was before he attained his —— 
a contributor to the “Transactions of the Royal 
Society,” his first paper being a critical analysis of 
the laws of inflection and refraction of light, in which 
he exhibited the highest evidences of that close and 
varied observation upon which all experimental 
science rests; then papers, one of them on the higher 
investigation of speculative geometry followed, and 
in the Edinburgh Review we find critical papers from 
his pen on many branches of science, one of them a 
most skilful and really interesting essay on the origin 
and treatment of urinary calculi. 

In 1820, Lord Brougham brought in his bill for 
promoting general education, and od age this 
country would have been far more advanced in every- 
thing that makes a nation great than she now is. 
In 1823 Lord Brougham united with Dr. Birkbeck in 


founding Mechanics’ Institutes, and he soon after- 
wards gave his energies to the foundation of the 


Society for the Diffusion of Useful Knowledge. In 
every movement for the adva t of sci he 
was ever first and foremost. University College was 
his own creation. In 1842, then sixty-four years of 
age, he was elected an honorary member of the Insti- 
tution of Civil Engineers. His later career was full 
of life and action, and even within the last few years 
he continued to delight his friends with that wonder- 
ful power Of analysis and broad generalisation which 
first made him famous. None could really and truly 
know Henry Brougham without loving him, but none 
can grieve, with more than a momentary grief, that 
so grand a genius has, after so glorious a lite, passed 
so peacefully to his tomb. He asked that his ashes 
might rest in Cannes, the home of his later life, and 
there they will remain, but England would have wished 
they could rest in Westminster, in the abbey where 
so many of England’s first heroes, statesmen, and, let 
us add, engineers, so proudly sleep. 








MR. GEORGE HINTON BOVILL. 


Mr. Bovrtt, the famous patentee, the brother of the Lord 
Chief Justice, and the béte noir of the millers, died this week 
at Cheltenham at the early age of 46. Hardly any patent 
has ever been so contested as his of 1849, renewed for five 
ears in 1863, for the combination of a oe fan and ex- 
austing fan for ventilating mill stones together with the 
well-known “stive room” for keeping down the dust. We 
need offer no opinion as to the originality of Mr. Bovill’s 
invention, further than that it was not copied from 
anything he had seen. He doubled the grinding capa- 
city of mills, and, twenty years ago, milling was in 
a very different state from what it is now. Strictly speaking, 
his patent was not a valid one, but he deserved better than 
the hostility of the legion of millers who banded together 
against him, and finally killed him, just as his claims were 
being adequately acknowledged. He was never a strong 
man in health. 1n 1853 he was struck down with something 
like paralysis, and was many years in recovering. Yet his 
warlike instincts never deserted him, and even within the last 
few months he has been fighting the millers, one by one, and 
winning rattling damages. 








Maring Eneines with Coriiss Valve Gar.—On 
Tuesday last the screw steamer North-Eastern made her trial 
trip from Sunderland Docks, realising on the return voyage, 
by patent log, a speed of 10 knots per hour, the engines 
indicating 376 horse power, with seventy-four revolutions 
and 27¢in. vacuum. ‘The hull was built by Messrs. Richarl- 
son, Duck, and Co., of Stockton, and is finished with their 
usual good taste and first-class workmanship. The dimen- 
sions are 190 ft. long, 29 ft. beam, and 17 ft. depth of hold; 
carrying capacity, in dead weight, 1000 tons. She is fitted 
with water ballast, and is adapted for any general carrying 
trade. The engines are of 90 horse power nominal, surface 
condensing, and have been constructed yi bem North-Eastern 
Marine Engineering a ¢ imited), from the patented de- 
signs of Mr. J. F. Spencer, C.E., managing director. They are 
fitted with Mr. Spencer’s arrangement of Corliss valve gear; 
the cylinders are 88 in. diameter and 30in. stroke, and the 
working pressure is 261b. These engines are similar in de- 
sign, and equal in 
fitty pairs of much larger 
on pair), supplied to the Peninsular and 
the Inman i the Canadian Mail Company, Austrian 
Lloyd’s, and other steamship companies and owners. The 
trial was in every way satisfactory. With reference to the 
now all-important economy of fuel in steamships, it may be 
mentioned that in a recent voyage of the screw steamer Zeta, 
from Liverpool to Rio Janeiro, 80 horse power engines, 
designed by Mr. Spencer and fitted with his patent improved 
arrangements for economising fuel, the daily consumption at 
sea, under full steam during the entire voyage was 8 tons 
2 ewt., with an indicated horse power of 337. The North- 
Eastern Marine Engineering Company are now completing 
six pairs of engines with the same arrangements as those in 
the Zeta, from which equally economical results are expected. 


finish and workmanship to upwards of 
wer oun horse power 
iental Company, 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

State of the Pig Iron Market.—The market has been 
decidedly firm on three days since last report, and prices 
mounted up to 52s. 3d. and 52s. 4d. cash, and 52s. 5d. a month 
on Monday last. Yesterday there was a considerable amount 
of business done, but at rather lower prices. To-day the pre- 
vailing prices have been 52s. 3d, cash, and 52s. 4d. one month. 
Coltness No. 1, and Gartsherrie No. 1, remain as last week, at 
57s. and 56s. respectively. 

Shipbuilding on the Clyde.—The shipbuilding trade on the 
Clyde continues moderately busy ; in the early part of the past 
month, however, the ship-joiners’ strike and lock-out kept the 
work much behind that was in hand. The work is now being 
pushed forward by the aid of the workmen who have come from 
a distance. The strike and lock-out may partly account for 
the small number of vessels which were launched during April. 
The following figures show that, when compared with former 
yeurs, the past month has nothing to boast of in the way of 
launches: Years. Vessels. Tons. 





























Vessels launched in April, 1868 16 6,700 
” ” 1867 18 9,300 
9 a 1866 85 12,200 
- es 1865 38 16,500 
Among the vessels launched there were the following: 
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New Docks at Leith—From the forward state of the new dock 
works, it may be expected that the dock will be ready for ship- 
ping in a few months. All the dock within the entrance is 
completed, except a Nerf stmiall portion occupied by a line of 
rails for conveying building material to the new harbour or 
basin in course of construction. The excavation is completed, 
and so are the quay walls, even to the placing of the copestones. 
At the entrance to the dock the works are in an advanced 
state. The mason work, with the exception of the laying of the 
copestones, is finished, and workmen have begun to erect the 


gates, an undertaking that will not take long, for the gates are | 


all ready for hanging. The only portion of the works uncom- 
pleted where any delay is likely to arise is at the cuter harbour 
or basin, that will occupy a space equal to two superficial acres. 
There the excavation has been completed to within a short 
distance of the East Pier, and the wuilders of the quay walls are 
close on the excavators; but though this is the case, a tedious 
piece of work has to be accomplishee. by Mr. Scott, the contrac- 
tor. Hitherto he has been enabled, by means of clay walls and 
 eepein steam pumps, to keep the dock and basin dry; but as 
ve gradually approaches the ola harbour the difficulty of keep- 
ing ont the water will become greater. On each side of the 
East Pier there is a clay wall, and as it will be necessary soon 
to distutb the wall on the east side of the pier, fears are ‘enter- 
tained that the water may find its way into the works and 
retard the operations of the workmen. No serious engineering 


difficulty has to be surmounted, but delay may take place that 
will prevent the dock being opened at the time expected. A 
good deal has yet to be done in levelling the quays and making 
approaches to the docks; but these operations are looked upon 











as small when compared with the extent of the entire under- 
taking. 

State of Trade.—In the Motherwell district the malleable 
iron trade still continues in a brisk state, heavy orders being 
executed for ships building on the Clyde. The foundry and 
other works are sharing in the general briskness, although 
prices are extremely low. The coal trade has not experienced 
much revival. ‘There has, if anything, a fully better demand 
sprung up within the last three weeks, arising from heavy 
foreign shipments. ‘The colliers are not working so steadily as 
formerly, but are restricting their labour to five days a week. 
Wages are about 3s. 6d. per day, and the men seem determined 
to resist any further reduction. No further improvement as 
regards prices can be looked for in the coal trade until a greater 
number of the blast furnaces are put in operation. A few have 
been rekindled lately, and it is expected that those still stand- 
ing will gradually be put into blast. This will have the effect 
of diminishing the stocks of ironstone at the collieries, which 
have of late been so very large that a considerable number of 
the ironstone pits have been standing altogether. The shale 
trade is undergoing a slight recovery frem its long depression, 
and it is expected that a greater number of miners will soon be 
employed in the shale pits. 

The report from Kilmarnock is that the staple trades are 
very much depressed. The large manufactories connected with 
the iron trade are feeling the dulness. On Saturday last, a 
number of workmen were paid off from the Caledonian Foundry. 
The reduction of the number of hands employed at the foundries 
has been going on gradually for some time past. In the cotton 
trade things are better; the works are brisk, and the workers 
are employed full time. 

In the linen and jute trade of Dundee dulness is again mani- 
festing itself. A meeting has just been held, at which twenty- 
five firms were represented, to consider the present depressed 
state of trade, and how to prevent over-production. It was 
resolved that the working hours should be reduced from sixty 
per week to fifty. It is believed that it is possible that another 
reduction may occur in a month or so. 

The mining trade of the Dunfermline district continues to im- 
prove, though there is little prospect that the season will be a 
remarkably busy one, as the amount of coal stored in the district 
is enormous. At some of the, collieries in the western district 
the mines are only working eight or nine days per fortnight, and 
sometimes not so maby. 

Trade in Greenock is reported to be healthy, though many 
working people have not yet recovered from the recent dulness. 
It is reported that a contract has just been concluded by one of 
the east-end shipbuilding firms for two iron ships; and it is 
confidently stated that the hands of several of the most exten- 
sive shipbuilders of Greenock are full of orders for contracts, 
beyond which they are not disposed to venture, in consequence 
of the precarious condition of the labour market. 

The Suspension of John Scott and Co., Shipbuilders—The 
Courrier de St. Nazaire says: “ We learn from a good source 
that, owing to the efforts of the French Transatlantic Steam 
Navigation Company, the suspension of payment by John Scott 
and Co. will be arranged by means of a compromise (concordat), 
and that the yards of Penhouet will become active again. The 
moment is not distant at which St. Nazaire will see vessels once 
again placed on the stocks. This fortunate event for our town 
is contirmed by letters which leave no doubt as to the future of 
the building-yards of Penhouet.” I previously informed you 
that this firm had made arrangements for resuming operations 
at Greenock, 

The Sugar Trade at Greenock—Extensive Store.—Messrs. 
Pattens and Company, sugar refiners, Greenock, have just con- 
tracted for the erection of a large sugar stor® at a cost of 50007. 
Such a sum would almost have paid for the erection of a refinery 
some years ago. 

Portrack Railway Bridge on the Glasgow and South- 
Western Line.—The Dumfries Courier reports that on Friday 
last Colonel Yolland, one of the Government inspectors of rail- 
ways, Visited and inspected the bridge over the Nith at Por- 
track on the Glasgow and South-Western Railway, recently 
reported to the Commissioners of Supply to be in an insecure 
state. There were present Mr. Johnstone, general manager of 
the company; Mr. Galloway, engineer of the line; Colonel 
Harley Maxwell, of Portrack ; and Mr. Gilchrist Clark, of Sped- 
doch. The strength of the bridge, which is at present under- 
going repair, was tested in various ways. Two of the company’s 
largest and heaviest engines, weighing, when coaled and watered, 
about 40 tons each, were run over the bridge singly and to- 
gether, at a very rapid rate of speed and at a slow pace, and 
were brought to a standstill separately and in conjunction at 
various parts of the bridge. The bridge was at the same time 
tested for deflection with the usual deflection rods. Colonel 
Yolland’s report will be submitted to the Board of Trade in a 
few days, and will shortly be made public ; in the meantime we 
have reason to believe there is no serious ground for alarm as 
to the safety of the bridge. 

Association of Assistant Engineers.—The closing monthly 
meeting of this session was held last week, when Mr. J. L. 
Dixon read a long and interesting paper on ‘Cast-iron 
Bridges,” which he illustrated by some large and well executed 
drawings. Owing to the amount of business to be attended to 
the discussion of the paper was adjourned till the usual dis- 
cussion meeting. It was determined to change the name of the 
society to ‘* The Association of Engineers, Glasgow.” The fol- 
lowing gentlemen were elected office bearers for the ensuing 
session, viz.: President, Mr. John Page, C.E. ; vice-presidents, 
Messrs. Lindsay and George Miller, jun.; secretary and 
treasurer, Mr. William George Bowser ; librarian, Mr. Mortimer 
Evans ; committee, Messrs. Smith, Neilson, Crain, Reynolds, 
Dixon, Kaufmann, Forrester, Campbell. A hearty vote of 
thanks to Mr. Dixon for his paper, and to Mr. Smith, the late 
president, for his conduct in the chair, and for his valuable 
services during the session, brought the meeting to a close. 

Fall of @ Crane.—On Saturday afternoon an accident of a 
rather unusual character occurred at Paisley. Messrs. Hanna, 
Donald, and Wilson, engineers, Smithbills, who have obtained 
the contract for the new Hutchesontown Bridge in course of 
erection over the Clyde, have for some time past been despatch- 
ing the large cast-iron tubes, which are to form the supports of 
the bridge, to Glasgow in towing boats. A huge iron crane 








was erected at the quay for the purpose of lifting them 
into the boats, each casting weighing about 6 tons. While 
the workmen on Saturday were hoisting one of them on 
board, the crane suddenly gave way and fell, the end 
striking against the top of the gable of the adjoining soap- 
works. The end of the crane was bent and broken in different 


‘places, but no damage was done to the gable beyond the dis- 


placing of a few bricks. It is supposed that the cause of the 
accident was the giving way of one of the beams supporting the 
crane, which, in consequence of the immense strain upon it, 
snapped at the bottom, where it was formed of a solid cylinder 
of metal about 10 in. in diameter. A huge log of wood’ which 
was fixed as one of the stays also came down, and was split and 
shattered by the fall. Fortunately nobody was injured by the 
occurrence. 

Trial Trip of the Walney.—A few days ago the new paddle 
steamer Walney, built and engined by Messrs. Macnab and Co., 
Greenock, made a most satisfactory trial trip. She ran the 
Cumbrae Lights at the mean speed of 14.2 miles per hour, which 
was considered highly satisfactory by the gentlemen on board 
representing the owners, the vessel being designed more for 
power and strength than speed. The Wainey has been con- 
structed specially for the Furness Railway Company, to the 
order of James Ramsden, Esq., mayor of Barrow-in-Furness, 
after the design and specification of Douglas Hebson, Esq., con- 
sulting engineer, Liverpool, and is intended for the passenger 
trafic at Barrow-in-Furness, and to be used occasionally 
for towing purposes. The vessel is 282 tons B.M., and it 
is fitted with a pair of 100 horse power disconnecting steeple 
engines. There is an elegant large saldon, besides ladies’ cabin, 
fore cabin, smoking room, &c., all fitted up in snperior style. 
The principal woodwork and fittings are of teak, and give 
the ship a handsome and substantial appearance. At the 
bow there is a very powerful steam windlass, capable of, and 
to be used for, lifting the anchors and chains of large vessels 
which may have been left in the harbour at Barrow. The effi- 
ciency of the windlass was fully tested by lifting, near the 
Albert Harbour, two anchors which had for several years been 
embedded in the ground. Altogether the Walney may be con- 
sidered a complete success, and fully bears out the well-earned 
reputation of the builders for turning out first-class work, both 
as regards engines and vessels. 

Swift Sailing.—The steamers built for passenger traffic on 
the Clyde are proverbial for their rapid sailing powers. ‘Two 
that have been launched this season for the passenger traffic have 
already shown that the hands of the Clyde shipbuilders have 
not lost their cunning. The Marquis of Bute had her trial 
trip a few days ago, when she proved her worth by scudding 
over the measured mile at Wemyss Bay in 33 minutes. The 
Sultana, another new steamer, did her distance between Rothe- 
say and Glasgow five times successively last week in 2 hours 
and 40 minutes, besides stopping at all the quays and ferries. 
The distance is something like 40 miles, and the stoppages on 
the route are eight or ten in number. 

Arbiter under the Caledonian and North British Joint-Purse 
Agreement.—It is stated that the Marquis of Salisbury (late 
Viscount Cranborne) has accepted the office of arbitrator be- 
tween the North British and Caledonian Railway Companies 
under the Joint-Purse Agreement. This is a very important 
appointment, as may be imagined, and it shows the desire of the 
Marquis to serve the public by accepting such an onerous office, 
which few noblemen would have accepted, and for which still 
fewer would be fitted. 

Caledonian Railway Bill.—This Bill came before a select 
committee of the House of Commons this day week, its object being 
to obtain powers to abandon certain authorised works, and to 
extend the time for the purchase of lands in connexion with the 
company’s Muirkirk branch. The only petitioners against the 
Bill were Messrs. James Baird and others, the Eglinton Iron 
Company. Only four persons were examined. Mr. C. John- 
stone, formerly manager of the Caledonian Company, Mr. 
Cunningham, C.E., Sir James Ferguson, and Mr. James Baird. 
The last mentioned gentleman, the senior partner of the firm of 
William Baird and Co., said the coalfields which the proposed 
line was meant to develope had hitherto been only partially 
wrought, and entirely for local parties—that was owing to the 
distance from the best markets. It is to Edinburgh, Leith, and 
Granton they naturally looked for an outlet. The making of 
the Muirkirk line would save about 56 miles between the 
Messrs. Bairds’ mineral fields and Leith harbour. His firm 
would send large quantities of coal and pig iron to Leith for 
shipment if there was better communication. He expected a 
very good market for pig iron at Leith owing to several large 
furnaces in Fife having been stopped. Shipping could be got 
at the port to all parts of the world. The want of the line not 
only caused great inconvenience but heavy loss. His firm 
leased the mineral fields when the agreement was entered into 
with the Caledonian. He had no doubt the line would have 
been made if the Caledonian had not interfered. . 

Mr. Calvert was heard for the petitioners, and Mr. Denison 
for the company. ‘The committee came toa decision, limiting 
the power to raise money to one half the sum asked, namely, 
800,0002. instead of 1,600,0007.—600,0007. by capital, and 
200,0007. by loan. The Eglinton Iron Company and the 
Messrs. Baird, and others, petitioners against the bill, have also 
succeeded in throwing the Muirkirk line out of the list of post- 
poned schemes, and that undertaking isto goon. The measure 
is considerably impaired in these and other respects by the 
decision of the committee, and it remains to be seen whether 
the promoters can acquiesce in the bill as now recast. 

North British Railway (General Powers) Bill.—This Bill 
came before the referees of the House of Commons yesterday, 
Mr. Dodson presiding. It provides for the extension of time 
for the execution of new works, principally at Stobcross, in 
Glasgow, and at Carlisle, and for the abandonment of several 
small branches, involving a capital of from 200, 0004. to 300,0002. 
There were originally several petitioners against the Bill, but all 
opposition was ultimately withdrawn, and it came on unopposed. 
Lhe referees, after consideration of the clauses, unanimously 
passed the Bill. iw ; 

New Line between Leith and Granton.—The new line to 
Leith aud Granton, by Abbey Hill, is expected to be opened - 
assenger traftic not later, and probably earlier, than the 1st 

une next. 
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PUBLISHER’S ANNOUNCEMENT. 








An untruthful paragraph continues to appear weekly 
in The Engineer, stating that ‘the circulation of 
that journal exceeds, by many thousands, that of all 
the other engineering journals combined. The cir- 
culation of The Engineer was but 5000 in May, 1862, 
and it is barely more than that number now. The 
principal newsagent in the trade receives, for sale, but 
28 quires (of 27 copies each) of that journal weekly. 
The second newsagent, in the order of the extent of 
sales, now receives but 15 quires, his sale of the journal 
in question having steadily declined for a long time 
past. The principal newsagent in Glasgow receives but 
44 quires of The Engineer weekly. The circulation of 
EN GINE RING now exceeds that of The Engineer and 
Mechanics’ Magazine combined, and it is very rapidly 
increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies.at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez EH. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENTIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NoUVEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sole 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. 

In answer to inquiries, we would state that ENGINEER- 
ING may be obtained in Russia, by subscribing for it at 
any of the Post-offices in the Empire. The price is 10 silver 
roubles per annum in St. Petersburg, and 12 silver roubles 
in other parts of Russia. 


MEETINGS NEXT WEEK. 

Tue Institution or Civin EnGinrers.—Tuesday, May 
19, at 8 p.m. Discussion ‘On Engineering ‘Philosophy. 
The Durability of Materials.” By Mr. Edwin Clark, M. 
Inst. C.E. 

Royat Untrep Service Institution.—Monday Evening, 
May 18, at 84 p.m. “On the National Defences of Great 
Britain, especially with reference to the Future Requirements 
v7) stent, * Forts.” By Samuel Mackie, Esq. Friday 

orning, May 22, at 3 0’clock, “ On Abyssinia.” By Mans- 
field Parkins, Esq. 
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THE COMING ENGINEER. 


From a little old house at Greenock, the birthplace 
of Watt, from Phantassie, the birthplace of Rennie, 
Wylam that of George Stephenson, and Wellington 
Quay that of his son Robert; from the infant home of 
Telford at Westerkirk, Eskdale, from Brunel’s lowly 
cradle at Haqueville, a little town in Normandy, from 
Fairbairn’s native village of Kelso, and Richard 
Roberts’s at Llanymanych, from John Fowler’s first 
home at Wadsley Hall, Sheffield, and Henry Bes- 
semer’s at Charlton, near Hitchin, and from scores of 
like distant and often lowly birthplaces have come the 
“ng who, during the last two or three generations, 
have carried on that silent yet successful and decisive 
invasion of physical nature which has given new fea- 
tures to the material world, to commerce, and all 
international intercourse, and even to society itself. 
What idea can be conveyed of their works in saying 
that these have absorbed more than one thousand 
millions of money within this kingdom alone, or that 
they have employed peaceful armies larger than those 
which either Cesar or Napoleon ever summoned to 
war? Conventional standards of estimation afford no 
measure of the proportions of our contests with nature, 
that nature which, as the Duke of Argyll very recently 
told the representative body of our profession, is “ but 

a system of mechanics—we may say a system of 





* civil engineering,” and. which, nevertheless, exce 
as it is subdued step by step, is always surprising an 
baffling, and defeating both mechanics ak einer, 
if, indeed, both are not the same. And there is no 
need, yet, that we should sit. down, like the great 
Macedonian hero, and weep because there are no more 
worlds to conquer in this endless, yet always glorious 
and victorious strife. 

There are two great and distinct fields of engineer- 
ing, viz., the engineering of origination, and the engi- 
neering of repetition. It is from the former that our 
profession derives it real lustre, notwithstanding the 
vast utility of the latter, just as the weaving of the 
first yard of calico in the power loom was of greater 
historic moment than the production of millions of 
miles of like goods since that time. To discover, to 
invent a useful art, belongs to the highest manifesta- 
tions of genius; to practise it afterwards is but a 
matter of capital, and manufacturing, and trading, 
however valuable to the world such practice may be. 
There is now a stagnation of ideas, and new thoughts 
and new impulses are required. We have repeated 
our railway ventures until they have ended in ruin, 
and pom, To shun them as the open doors of the 
bankruptcy court. We have repeated everything that 
Watt, and Rennie, and Telford, and Stephenson ac- 
complished years ago; we have rushed into every 
speculation to which the genius of Roberts, and Niel- 
son, and Fairbairn, and Whitworth, and Bessemer, has 
opened the way, aud we are now in want, sadly in 
want, of a new, a great, a revolutionary invention, if, 
by attacking nature in a new quarter, one, perhaps, 
heretofore unsuspected, such an invention or discovery 
can be effected. The old channels of enterprise are 
too well worn, strewn as they are with the ruins 
of unfortunate undertakings, and the sadder wrecks of 
individual investors. Capital has even lost its confi- 
dence in combination, the only means by which the 
widely subdivided wealth of modern times can be 
applied to great undertakings. With accumulated 
prosperity, a laxer commercial morality has prevailed, 
and boards and committees are now looked upon with 
distrust, while the whole system of limited liability 
partnership is well nigh scouted with derision. Yet, 
for all time, we must choose for all our great public 
works, between the combination of individual capitalists 
and the monopoly and mismanagement of state 
ownership. If we ever have the latter the days of 
rising genius will be numbered, and precedent, red 
tape, and the favouritism which concentrates upon and 
thrives among great families will take the place of 
modest worth. ‘The financial genius of our time must 
set itself seriously at work to discover new safeguards 
for capital, and to embody these in adequate legisla- 
tion. It will not do to have the one great wing of 
the army of material improvement suspecting, and 
fighting off from, the other half. Both must charge 
together, carrying everything before them. We re- 
quire new industries, new fields for investment. En- 
gineers must not sit down because there are no more 
railways, and docks, and gasworks to make just at 
present, but they must create new wants by showing 
what can be done that has not yet been done. We 
look hopefully forward. to the time when, the old- 
fashioned pom | hurtful system of pupilage and high 
premiums having broken down, engineers will be 
really and sufficiently educated for their profession, no 
longer gaining a false position in it by purchase; and 
we hope then to see a fitting union of true scientific 
knowledge and real artistic feeling, for every engineer 
should be an artist in the highest sense of the term. 
But we confess we look with greater hope to the time 
when engineers shall have thoroughly taken up the 
grand theme of vital engineering, for the highest en- 
gineering of all is the science of life. Let the engineers 
show how to produce food on the largest and cheapest 
scale, draining and steam tilling, and collecting and 
applying all the wealth of organic matter now wasted 
under the name of sewage. Let them make Englanda 
garden, multiplying the number of cattle, and in every 
other way cheapening and improving our food. Let 
them not despise the term “ farmer,” and, if need be, 
let them be “farming engineers.” Cultivation is still 
in a rude state, and it is the business of the real en- 
gineer to improve it. ‘‘ What business have they all 
here?’ asked a veteran the other evening, when 
surveying the large company of engineers at Willis’s 
Rooms. “ Why are they not all at the other end of 
the world, where they are wanted?” Let not our 
army sit down, one by one, in their little close pre- 
serves at home, but be stirring to do good. There 
are at least five thousand engineers and engineering 
assistants in the kingdom, but just as the Romans 
were not always making Via Appias, and Agua 
Claudias, our rank and file must be content if 








capitalists now rest awhile with their railways, docks, 
harbours, and other great, if not monumental, works. 
Let them find towns to drain, marshes to recover, and 
agricultural districts to improve. Such pursuits are 
not unworthy the attention of the representative body 
of modern practical science, and we are convinced 
that the reward would greatly exceed all present 
anticipations. 








THE GIBRALTAR SHIELD. 


Few subjects of less import than the present posi- 
tion of the Ministry, the Reform Bill, and the dis- 
establishment of the Irish Church, have been the 
source of more comment, misstatements, and miscon- 
ceptions, in and out of Parliament, than our coast 
defences. Misstatements, misconceptions, and the 
exhibition of pitiable ignorance on the part of the wise 
men who for years past have blessed the world with 
the light of their superior knowledge in reference to 
this great question, has been often very amusing. In 
this way the Zimes was and is eminently conspicuous. 
But before proving the high claims of the Thunderer, 
we must present a gem—a perfect gem—from the 
Saturday Review. One of its inspired penmen, under 
the spell of an unwonted fit of clairvoyance referring 
to the ardour of the advocates of these fortifications, 
finished with the startling utterance :—‘ These men 
will never rest satisfied till they see all our docks and 
arsenals surrounded with lines of contravallation.” 
This would certainly be satisfying them after a very 
curious fashion, as, to meet the wishes here an- 
nounced, they must be besieged—what the duller por- 
tion of society deemed them disposed to guard against 
—as lines of contravallation are lines laid down by an 
enemy in preparing for the siege of a fortress. This 
was certainly a great discovery on the part of the 
Saturday Review. But the. Zimes is not far behind. 
In the number of the 11th instant we find the an- 
nouncement, referring to the time, 1860, when Lord 
Palmerston’s Government carried their measure for 
the construction of these defences: “In those days 
granite was the best material for fortifications.” This 
is novel and refreshing. It will be nearly as great 
a surprise to our modern artillerist and military engi- 
neers, as was that of Moliére’s bourgeois gentilhomme, 
when assured by his instructor that his heart was on 
the right side, not on the left, as he had till then 
falsely believed. They, poor simple souls, were here- 
tofore impressed with the belief that, immediately after 
the combined powers of gunpowder and heavy guns 
were brought to bear against masonry of any sort, the 
showers of splinters—more dangerous than the shot 
to the defenders—that followed the impact of the 
shot or shell, convinced all who saw and thought of 
the results, that masonry in defence works should 
never be adopted where it is exposed to the assailant’s 
fire, unless under very peculiar circumstances. Similar 
wise sayings followed, which we pass over with regret. 

The most conspicuous part taken by the press, so 
far as we have seen, in the discussion of the merits of 
the Gibraltar shield, the principal subject of our paper, 
was by the Cornhill Magazine—the unassuming Cornhill 
—conspicuous for nothing but dulness, relieved at very 
rare intervals by the truly admirable contributions of 
Matthew Arnold. The statements in the article on 
the shield, where received as gospel, must have given 
an extraordinary impression of the mental condition of 
the inventor. They run thus: Colonel Inglis, R.E., 
constructed two shields in 1862, one of planks of 
wrought iron 5 in. thick, crossing each other in alter- 
nate layers, secured by screw bolts through their 
centres, with diagonal boiler plates at the ends, sup- 
porting the mass. One-half its area was 15 in., or 
three planks thick ; the other half 10in., or two planks 
in thickness. The second shield was constructed with 
two layers. Of this three copies were made, each 
slightly differing in mass. The inner plank in each 
was 5in. thick, the outer in the first 6in., in the 
second 7 in., in the third 8in. This shield was tested 
by the Ordnance Committee, and their report was 
favourable—more especially to the shield constructed 
of two layers—expressing the opinion that the shield in 
three layers, 15 in. thick, could not long resist the 
300-pounder gun with — charges, that a thickness 
of planks of A in., probably of 8 in., was the least that 
should be used in a coast battery. 

Here it is impressively remarked by the Cornhill 
luminary, “ This was in 1862.” And in 1867, when 
the destructive power of shot and shell had increased im- 
mensely, the Gibraltar shield was constructed of three 
planks of iron (not two, asrecommended), the 1st, 14 in., 
the 2nd, 5in., the 3rd, 5$in. in thickness, giving the 
mass a thickness of only 12in. Taking this statement 
as it stands we are ready to exclaim: the Rip Van 
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Winkle, who kept within the boundaries of his sleepy 
hollow from a date previous to the issue of the report 
referred to in 1862, then rose from his peaceful 
slumbers, shook his drowsy head, designed the 
Gibraltar shield, and ordered his subordinates to 
give mass and form to his bright conception, has 
earned immortal fame. All that is wanting to ensure 
him this is to divulge his name to an appreciating and 
grateful public. But a change comes o’er the spirit 
of our jum when the truth is told by Sir John 
Burgoyne, General Lefroy, Colonel Inglis, and the in- 
ventor, Colonel Jervois. The resemblance to Wash- 
ington Irving’s famous hero completely vanishes, and 
leaves the common-place picture of an officer struggling, 
within very subscribed limits, to make the most possible 
of the means placed at his disposal, to meet immediate 
pressing requirements, and succeeding. 

The following is an outline of the history of the 
shield, which, if words could shatter and demolish, 
should long ere this have been among the things that 
were :—In the summer of 1866, the possibility 
of our getting entangled in the war—or complications 
arising out of the war—between Austria aad Prussia 
directed the attention of the engineer branch of the 
war department to the defensive state of the fortresses 
of Gibraltar and Malta; and the resolution was taken 
to protect a few of the most powerful guns at each 
with iron shields. 30,000/., which it was found could 
not be applied to the service for which it was voted, 
was, with the sanction of the Treasury, set aside for 
this purpose. The first consideration with the engineer 
department was to give these shields a power of 
resistance superior to that of any ships likely to be 
brought against them. The next, to supply as many 
shields as possible, capable of the prescribed resistance, 
for the 30,0007. ‘The expense is the only condition 
that can fix the limits of strength of such a defence. 
With a ship the case is different; disregarding 
expense a fortress shield may be made absolutely in- 
vulnerable. The haste with which Colonel Jervois 
and the officers who advised and acted with him 
were compelled to proceed, being considered, the 
character of the shield they constructed merits 
praise instead of blame. The shields for Malta and 
Gibraltar were directly required, the only approved 
construction of shields for coast batteries were adapted 
to conditions existing previous to the recent develop- 
ment of the power of pointed, chilled projectiles. ‘To 
wait for the appointment and investigation of a 
committee, who would, doubtless, have required new 
experiments, was what the conditions of the problem 
prohibited, and they proceeded with the knowledge 
they had to design a shield which seemed to them 
most likely to fulfil the required conditions. One im- 
portant feature of their design was, that it could 
at any future time be readily and economically 
strengthened. 

The principal reliable guides as to strength were 
the shields, we have referred to, constructed by 


Colonel Inglis, of planks of iron, not plates, as| 


adopted in the Gibraltar shield. This was too 
trifling a difference to be noticed by the Cornhil/ 
critic, but it happens to make a very important dif- 
ference in the matter of strength. In estimating the 
strength of iron plates or planks, the sectional area is 
an important factor. ‘The planks in the shield, con- 
structed in the first instance, so favourably regarded 
by the Iron Plate Committee, were 14 in. wide, the 
plates in the Gibraltar shield were 4 ft. in width. The 
mass was formed of three layers of plates, 5} in., 5 in., 
and 14 in. thick, making an entire thickness of 12 in. 
A serious evil of a solid shield is that a plate cannot 
be rolled 8 ft. broad—the requ'red height of the shield 
—hence it must be constructea of two pieces at least 
(to be riveted tothe struts). This leaves a horizontal 
fracture, a great source of weakness, along the entire 
face. This evil was avoided in the Gibraltar shield. 
The best method of breaking the joints was secured, 
the defects of the numerous joints were guarded against, 
and the thickest plates, the resistance of which could 
be relied upon, were used for the exterior. It was, 
not long since, a general belief that the strength of 
plates of iron was directly as the square of the thick- 
ness, but late experience does not bear out this theory. 
Colonel Jervois says in his evidence before the 
Gibraltar Shield Committee, in reference to this and 
the economy he effected: ‘“ Beyond 54 in. the resist- 
ance is not in proportion to the thickness ; probably it 
decreases, whilst the cost per ton, up to a moderate 
additional thickness, may remain the same ; yet beyond 
that additional thickness itis proportionately augmented, 
that is to say, while beyond a thickness of 5} in. the 
resistance may decrease proportionately, the expense 
ropottionately increases.” 

A ruling condition with Colonel Jervois-—as time 
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was an important item in the construction of his 
shield—was, that he could readily obtain from the 
trade plates of the thickness he adopted. Another, 
which te uses in defence of his shield, is very effective, 
namely, that it has sufficient strength to resist the 
most powerful guns used in European navies at the 
present time; and, as we have already stated, when it 
can be shown that greater resistance is required, it can 
readily and inexpensively be supplied by the addition 
of an extra plate. His proofs of fitness for its im- 
mediate duty are very satisfactory. Part of these we 
shall give in his own words: 

“ The committee first fired two shots at a range of 70 
yards—charges reduced so as to represent 400 yards 
—with the 124 ton gun. These two shots failed to 
penetrate the target. They broke only one large and 
two small bolts. Up to this time, then, the shield 
had been struck four times (including twice under the 
Ordnance Select Committee) with shot from a gun at 
least as powerful as any carried by the ships of foreign 
powers, planted with almost mathematical precision, so 
as to fall perpendicularly on its face. The shield, 
however, was still quite serviceable, and, with the 
simple protection of an ordinary répe mantlet, not a 
man of a gun detachment behind it would have been 
injured.” 

The italics are ours. They specify a most important 
consideration, too minute, however, to be worthy of 
the notice of men of such breadth of view as the 
critics we have referred to. To those who think as 
well as talk, it will be clear that shot from a gun placed 
as here described must be far more effective than the 
necessarily unsteady and oblique fire, amid smoke and 
turmoil, from a ship—which would very rarely even 
strike the shield. How rarely it would is proved by 
the attack on Fort Sumter, which we shall notice in 
our next. 

In the meantime we shall adduce some of the proofs 
of the adequate resisting power of our much derided 
shield, deduced from the experiment with the 124 ton, 
9 in. gun, which has no equal in power in any of the 
European navies. 

Colonel Jervois furnishes a very interesting list 
of the comparative powers of guns which have 
attracted a great deal of attention among the scientific, 
and been regarded by the multitude after the fashion 
of Dominie Samson, as “ prodigious.” He shows that 
the striking force of the 9 in. rifle gun at 200 yards is 
from 108 to 109 tons per inch of the circumference of 
shot, that of the Rodman (American) gun at 200 
yards, 104 tons per inch. As the range increases the 
power and accurate aim of the rifled gun leaves the 
smooth bore far behind. Considering the improba- 
bility—which with well arranged torpedoes might be 
reduced to an impossibility—of ships carrying such 
guns coming within 400 yards of the shield, the logical 
inference was that its strength was sufficient for its 
present purpose. A great deal of interesting matter 
was evolved during the investigation of the Special 
Committee, which we shall refer to in our next. 

(Zo be continued.) 


INDIAN ENGINEER APPOINTMENTS. 

‘ns time is now rapidly approaching when candi- 
dates for the forty appointments in the Indian Public 
Works Department, offered to competition, must 
send in their testimonials and complete their prepara- 
tions for the coming contest. Much has recently been 
published against Government service in India, and 
there is no doubt a certain amount of truth in some 
of the complaints raised against it, but we contend, as 
we have ever done, that the just claims of so large a 
body of men as constitute the civil element in the 
Public Works Department must eventually be recog- 
nised by the Government, and, in a recent modifica- 
tion of the rules of the department, we perceive the 
first fulfilment of that prediction. The changes to 
which we refer are a lowering of the standard of ex- 
amination in native languages to be passed prior to 
promotion, and compliance with the long-sought con- 
cession that the privilege leave of one month in each 
year might be permitted to accumulate up to three 
months. The rules of the uncovenanted service, to 
which all civil engineers are subjected, are now under 
revision, and there can be no doubt that such changes 
as are made in them will conduce to the comfort and 
convenience of the service. 

As we pointed out when writing relative to the 
temporary appointments that were made in January 
last, great apprehension was caused in India in the 
junior ranks of the department, that they were to be 
superseded and their prospects of promotion injured 
by those appointments. The chance of this was evi- 
dently foreseen by the Home authorities when they 





hesitated to comply with the first request from India 
for the services of a certain_number of senior en- 
gineers ; but a telegram from the Governor-General, 
from Lucknow, represented the futility of public 
opinion in England, demanding instant progress in 
irrigation works, while at the same time the Secretary 
of State refused the absolutely necessary means of 
both investigating and constructing them. It was 
impossible to deny the force of such an argument ; but 
we are glad to learn that arrangements are to be made 
in India, so as to obviate any unfair supersession by 
those appointments, and it is reported that it is the 
intention of the Government to post them as actual 
additions to the sanctioned scale of each province, so 
that the first effect will be an impulse to promotion 
among executive engineers; and as the total number 
of executives is increased proportionally to that of 
assistants, the prospect of the latter are pro tanto im- 
proved. 

An Indian contemporary in a recent number states 
that there are three things which deter young men in 
Eugland from coming forward to compete for appoint- 
ments in the Indian Public Works Department, at the 
annual examinations. First, and mainly, the inade- 
quacy of the pay upon entrance. Secondly, the want 
of reasonable advantages in the way of leave and pen- 
sion rules; and, thirdly, the fancied stigma which 
attaches to the uncovenanted service. Of the first 
named cause, little need be here said, excepting that 
we believe it to be ¢he cause, and in many cases, the 
only cause, which deters young men from coming for- 
ward. The fact is patent to all, and the consequence 
is that but comparatively few are found who think it 
worth while to enter Government service in India for 
177. a mouth. The remedy for this is clear; let the 
salary on first appointment be raised to, say, 300 
rupees a month, with the rank of a second grade 
assistant, and with the certainty of promotion to the 
next higher grade at the expiration of the one year of 
probation, and there will then, we venture to assert, 
be no further lack of candidates, even were a some- 
what higher standard of qualification demanded, which, 
we think, would be advantageous to the service rather 
than otherwise. On the second assumed detriment it 
may here be remarked that the uncovenanted rules 
are even now under consideration, which will doubt- 
less result in their modification to an extent that will 
be appreciated by the service. As to the fancied 
stigma which attaches to the uncovenanted service, 
we very much doubt whether one in a hundred of in- 
tending candidates ever heard of such a thing, and we 
cannot therefore suppose that that can justly be attri- 
buted as one of the causes why so few candidates are 
obtained. The day has long since gone by when mem- 
bers of the uncovenanted service were shut out, by 
reason of their position, from all society in India; 
many gentlemen of birth and position may now be 
found in its ranks, and, as a matter of course, its 
position has been elevated in consequence, and its 
members generally rank and associate with the older, 
and formerly more favoured, branches of the Govern- 
ment service. 

Having said thus much of the appointments them- 
selves, we desire to direct the particular attention of 
candidates, for the examination to be held next July, 
to the following facts relative to that examination. As 
is, doubtless, known by but a few, special attention 
was directed, at the last December examination, to 
the subject of irrigation, and other works connected 
with hydraulic engineering. The examination papers 
have only just been published by Parliament in the 
usual manner, and they will be found in printed Par- 
mentary paper, No. 234, of Session 1867-68, copies of 
which may be obtained from Messrs. Hansard, of 
Great Queen-street, Lincoln’s-inn-fields. 

It is not true, as stated some little time ago, and as 
if upon authority, in Zhe Engineer, that in the forth- 
coming examination hydraulic engineering will form 
the leading feature in the questions on engineering 
subjects. We trust that no intending competitor has 
been misled by that statement. As, however, a certain 
amount of publicity has, doubtless, been given to an 
erroneous statement, which, if not contradicted, might 
cause inconvenience to some who may be preparing 
for the examination, it is but right that we should 
correct it. We are in a position to assert that when 
the above statement was pnblished, it had not been 
definitively settled what should be the nature of next 
July’s examination papers; we have, however, now 
good reason for knowing that, although irrigation and 
other hydraulic works will receive their share amongst 
the questions to be given, the most prominent place 
will be given to architecture. In this country archi- 
tectural questions would not be considered fairly to 
come within the range of an engineering examination, 
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except in a modified sense; but in India there is no 
separate branch of the Government service for archi- 
tects, and the members of the Public Works Depart- 
ment are expected to be both engineers and architects, 
and almost all the public buildings of the Empire have 
to be designed and built by them; it is, therefore, of 
the highest importance that they should be conversant 
with the mysteries of the architect’s profession as well 
as of their own. 


ENGINEERING IN AUSTRIA.—No. I. 


Tue “Chinese of Europe” are pulling down the 
once-impassable walls which surrounded their empire, 
and are rapidly opening their doors to progress and 
civilisation. The long stagnation of trade and in- 
dustry which preceded the late political and commer- 
cial changes in Austria has made the sudden revival 
of enterprise and industry all the more turbulent and 
exciting. The great want throughout the Austrian 
empire up to this moment is railway communication, 
and the keen sense of this want has manifested itself 
by creating a railway mania the moment that the poli- 
tical troubles of the empire showed a fair chance 
of a satisfactory settlement. A railway mania in any 
case is necessarily connected with a sudden and rapidly 
rising demand for minerals and raw materials of all 
kinds, and a large field for commercial speculation and 
industrial enterprise is consequently opened up simul- 
taneously. In Austria, where the great mineral 
wealth of the country offers a natural stimulant to 
speculation of this kind, the effect of the cireumstances 
is all the more apparent, and at this present time 
every branch of engineering in Austria may be found 
in the most violent and excited state of agitation, ap- 
parently in rapid and extensive progress, and in reality 
too, although not quite to the same extent, progress- 
ing and improving. The new railway concessions 
granted by the Austrian Government comprise an 
enormous system of lines, principally devoted to the 
traffic of minexgl fuel, iron ores, and other raw mate- 
rials. The neW lines are to connect the mining dis- 
tricts of Austria with the centres of commerce, with 
the seaports, and the navigable rivers of the empire; 
they are to break the oppressive monopoly of the old 
established railway companies, and thereby to improve 
the means of transporf and communication in every 
direction. ‘The new railways, in their double capacity 
as carriers and consumers of coal, have caused a rise 
in the value of colliery property by stimulating the 
enterprise in coal mining. The most valuable mines 
of mineral coal in Austria are situated in Moravia, 
near the town of Ostran at the Prussian frontier. 
Another important mining district lies in the vicinity 
of Prague, anda third in Hungary, close to the town 
of Fiinfkircken, on the banks of the Danube. The coal- 
fields in all these districts are of great extent, and 
easily worked ; the coal is of excellent quality, toler- 





great strength, which is suitable for iron smelting in 
blast furnaces of the largest sizes. Besides these 
three coal-fields there is a smaller group of collieries 
in the south of Hungary, near Stegerdorf, in the 
hands of the State Railway Company, and worked by 
M. Engerth’s celebrated steep gradient line and mon- 
ster engines with so much advantage that the company 
must every now and then purchase British coal, which 
is sent to its own ironworks and mines in south 
Hungary by way of Turkey or Russia. In Transyl- 


the river Isill, will now be opened up by a railway 
branching off the new main line from Arad to Her- 
manstadt, the capital of Transylvania. This coal-field 
was visited some years ago by Professor Ansted, 
F.R.S., and a very interesting report has been written 
by this authority upon the value and importance of 
that mining property. This Transylvanian coal-field 
has, moreoyer, the great advantage of lying in close 
vicinity to an extensive layer of pure spathic iron ore, 
and the natural position of the Isill valley therefore 
leaves no doubt that an important iron and steel 
manufacturing district must sooner or later arise at 
that spot, which seems destined to become the source 
of provision for the Danubian principalities and the 
whole group of countries which surround the Black 


Sea. ‘The property of these mines and the concession | from their valuable inventions. 
y 
pig iron has been principall 


for the railway which is to connect the Isill valley 
with the Transylvanian main line on one side, and 
with the proposed main line to Constantinople on 
the other side, is in the hands of a company |t 
named “ Kronstiidter Berg und ‘Hiitten Verein,” in 
Vienna, and it is very probable that British enter- 
prise and eapital will shortly be looked for to assist 
the development of the great enterprise which aspires 
to become one of the most formidable rivals of British 





erected for these new lines count by hundreds, and the 
principal toolmakers of England, Scotland, and Ger- 


numerous agents and representatives. The prices of 
iron and steel have risen to an extraordinary height. 


at the blast furnace, iron rails 16/., boiler plates of 
x charcoal iron between 30/. and 35/7. At such prices 
ably free from sulphur, and yields a hard coke of | the demand cannot be supplied by the Austrian makers, 


longer, and a great outcry has been raised against the 
high protective duties. 
come into force in consequence of this state of affairs, 
which will place Austria upon a par with the most 
advanced free traders amongst Continental nations. 
At the same time the iron me steel makers in Austria 
are making the best of the stimulus which the great 
demand has given to their trade. 
works are enlarging their plant and are particularly 
vania, a hitherto neglected coal-field in the valley of | attentive to import the most modern machinery from 
this country. 
and steel tyre mills are in great demand, and several 
orders we believe to be already in hand in England for 
such machines. 
to great perfection in several works, and the Martin 
process is gaining ground very rapidly both as an 
assistant operation in the Bessemer works for working 
up all scrap and other fallings with economy and 
advantage, and as an independent process for con- 
verting wrought iron and pig iron into steel. In 
Austria the patents of the Siemens furnace and 
of the Martin process are combined in the same hands, 
and this will therefore, in all probability, be the only 
country where either Messrs. Siemens or Messrs. 
Martin will draw a reasonable amount of royalties 


Prussian pigs. 
carburised for economical puddling or refining. 


make short heats and little waste, while the grey 
British pigs réquire long heats and make much waste 
in the puddling furnace. 
percentage of carbon. 
cess of carbon, and this great quantity of carbon re- 


iron manufactures in the Oriental markets. Through- 
out the rest of Austria the mines of ironstone are 
situated at great distances from the coal-fields. The 
‘saan ironstone of Austria is the spathic ore (car- 
ronate of iron), which of all kinds of iron ore known 
at present is the best for the production of steel. 
The new railway schemes have therefore been worked 
out with the main view to connect the mines of iron- 
stone with the collieries. A great line (Rudolph Rail- 
way) is to establish a railway communication between 
the Styrian ironstone mines aud the coal-fields':in- Bo- 
hemia. Another'branch is to coinect the *Oarnythian 
mines with the:coal-field of Fiinfkirchen, and all’ these 
railways to lead to-the seaports of the: Adriatic. The 
Moravian coal-fields will shortly be connected by a line 
(Kaschau-Oderberg) with the iron’ mining district of 
Upper Hungary, and a railway‘is' to run parallel with 
the course of the Danube from Upper Hungary to the 
Turkish frontier. This enormous mileage of railways 
and a host of shorter lines, branch lines, and local 
connexions, are not on paper, but in course of actual 
execution in Austria at this present moment, to say 
nothing of a vast number of. more or less advanced 
schemes for railway lines of all kind. British engi- 
neers, contractors, capitalists, and agents are interested 
and engaged in the majority of these undertakings, 
and a lively commercial intercourse between this 
country and the Austrian empire is the natural con- 
sequence. Messrs. Fowler and Wilson, Mr. Hawk- 
shaw, Mr. Brassey, and many others of our great rail- 
way men, are named in connexion with some of these 
lines, the Anglo-Austrian Bank, and a new institute 
of similar nature (Anglo-Hungarian Bank): forming 
associations of British and Austrian capitalists, are 
very prominently taking up in the commercial busi- 
ness of the new railways. Important contracts for 
rails and orders for pig iron have been taken in the 
Cleveland district and Wales, although the largest orders 
have been hitherto secured by French and German 
ironworks. Orders for locomotives have gradually 
filled the books of all Austrian and German locomo- 
tive works, and are now gradually making their way 
to this country—not before having left a strong con- 
tingent in the French and Belgian establishments, 
however. Within a short time, according to the pre- 
sent state of affairs, a very considerable number of 
locomotives for Austria will necessarily be ordered in 
England, and many of our principal makers are already 
negotiating for such contracts. The railway work- 
shops and repairing shops which are about to be 


many are rapidly collecting orders through ‘their 


Styrian pig iron ranges between 97. and 10/. per ton 


who have all hands full for the next twelve months or 


A new tariff will very shortly 


The existing 
Steam hammers, reversing rolling mills, 


The Bessemer process is carried out 


The importation of 
confined to Swedish and 
The British marks are all too much 
Aus- 


rian puddlers are accustomed to work white iron to 


The difference’ lies in the 
The grey iron contains an ex- 


uires more time and trouble for being removed, at 
the same time losing a greater weight in the process 
of decarburisation as compared with the white iron 
which is poor in carbon. The Swedish and German 
iron imported is all white or mottled, but it is un- 
doubtedly inferior in quality to the Styrian and Caryn- 
thian iron with which it now competes for the first 
time upon its native soil. British hematite for the 
Bessemer process would at present find a suitable, 
but somewhat limited, market in Austria, since the 

reater number of Bessemer steel works are worked 
in cohnéxion with their own blast furnace, and work 
direct from the latter, ~The Bessemer works belong- 
ing to Baron Rothschild, in Witkowitz, are at present 
drawing their supply of pig iron from the Georgs- 
marienhiitte, near Hanover, the ‘well-known works 
which for a long time past have almost exclusively 
supplied the works of Krupp at Essen. An important 
resolution has beer come ‘to by the Austrian Govern- 
ment with regard to the sale of the iron mines and 
works now in Governmént hands, “Amongst the pro- 
perty are the richest mines of ironstone in Europe, 
a vast plant of ‘furnaces and ironworks, and all land, 
roads, and forests belonging to these establishments. 

The principal objects amongst these are the mines 
and furnaces of Hisenerz, the blast furnaces at Hirflau, 
and the ironworks at Maria-Zell in Styria; also the 
large iron and steel works at Neuberg, the same 
works whose exhibit of Bessemer steel in Paris has 
caused so much interest and approbation, There can 
be no doubt that the sale of so vast a property, which 
hitherto has remained almost unproductive under the 
management or mismanagement of Government ofli- 
cials, will afford an opportunity for a legitimate and very 
promising field of speculation and enterprise ; yet, 
with regard to this and to every other engineering 
undertaking in Austria, we desire to caution our 
readers to “look before they leap.” The idea, some- 
what popular in this country, that Austria is a semi- 
barbarous country, where wealth may be collected in 
the high roads, and still more certainly upon the hid- 
den backstairs of Government offices, is not correct 
at all. We admit the semibarbarous state of Austria. 
In many respects we can testify to the great sources 
of wealth in that country, which lie unoceupied and 
dormant up to this present moment, but we maintain 
that industrial establishments in Austria must be 
created and worked with great care and circumspection, 
with an extensive knowledge of the country and of its 
population, and with the full experience in technical 
matters, which is to be collected not only in this 
country, but also in Austria itself. Without these 
principal conditions the chanees of failure are infinitely 
greater than those of success, and we believe that the 
example of many a collapsed bubble of that kind will, 
before very many years, prove the truth of our as- 
sertion. 








MR. JOSEPH WHITWORTH. 

THERE are few, if any, English mechanical engineers 
whose names are more widely known than that of Mr. 
Joseph Whitworth, whose portrait we publish this week. 
Mr. Whitworth received his early training in the shops of 
Maudslay and Clement, and during his subsequent career he 
has always shown the greatest regard for that’ excellence of 
workmanship so highly esteemed by those able engineers and 
mechanics. The system of uniformity in screw threads, 
initiated by his early masters, was pertected by Mr. Whit- 
worth, who added to it a system of gauges which have been 
acknowledged as standards in all countries where mechanical 
engineering finds a place. In the paper read by him before 
the Institution of Mechanical Engineers, at their meeting in 
Glasgow in 1856, he urged his views on the advantages of 
working to standard gauges, views which have since been 
adopted to a greater or less extent in all large engineering 
factories; and at the same meeting he explained in detail 
the means to be adopted in making a true plane, and pointed 
out the advantages to be gained by the possession of such a 
plane. We considered Mr. Whitworth’s system of gauges 
somewhat fully in this journal some time ago (vide vol. uli. 
page 25), and we need not, therefore, speak further of the 
matter here. As a tool-maker of the highest class, Mr. 
Whitworth’s reputation is so well known that it is scarcely 
necessary for us to mention it here. : 
Of late years Mr. Whitworth has bestowed great attention 
upon the construction of ordnance, and his numerous and 
exhaustive experiments on rifled guns and projectiles have 
been conducted with all that minute accuracy and attention 
to detail which might have been expected of him. Of the 
experiments themselves, and of Mr. Whitworth’s system of 
ordnance, we gave an account in the third volume of this 
journal (vide p. 467), and we shall only repeat here our regret 
that the results of these experiments have not yet been appre- 
ciated as they ought to have been. In connexion with the 
manufacture of projectiles, Mr. Whitworth introduced the 
system of making compressed steel castings, a system, which 
has already been fully described in our pages, and which 
appears to be of growing importance. 

"i Ve cannot better me tery this brief notice of Mr. Whit- 
worth than by recording our ‘recognition of his recent muni- 
ficent gift to the nation. ‘The foundation, in perpetuity, of 
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thirty scholarships of the annual value of 1007. each for the 
instruction of young men, to be selected by open competition 
and examination in mechanical science aoe practice, is a 
princely act which will earn the lasting thanks of all British 
engineers. There are but comparatively few men whose com- 
mercial prosperity has been such as would enable them to 
carry out an endowment of this kind; the number of those 
who, being thus successful, would turn their prosperity to 
such good account is immeasurably less. 


THE 3 Fr. 6 I, GAUGE IN CANADA. 
To tue Eprror or ENGINEERING. 


Srr,—Since my return from Caneda, my attention has been 
ealled to certain articles upon this subject, in which, I think, 
my name has been used wit! unnecessary freedom. 

e remarks made therein are founded upon an incorrect 
report of my evidence before the Railway Committee of the 
Legislature of Ontario, where I am represented to have 
stated, “ that, whereas a given line, 3 ft. 6 in. gauge, would cost 
** $15,000 per mile, a Sft. Gin. line, similarly constructed 
“ and equipped, would cost $23,000,” 

evidence really was to the effect that, “whereas a 
* 3 ft. 6in. line would cost $15,000 a mile, a 5ft. 6in. line, 
“ suficiently strong to take the rolling stock of the main lines, 
“ would cost $23,000; but that I believed a broad gauge line 
“ of similar construction and equi >ment to the narrow gauge 
“ line proposed could be completed fur $20,000.” 

A reference to my cross examination before the committee 
by my able opponent, Mr. Cumberland, as it appears in the 
Zorente Globe, of February 26th last, would Sleaaly prove 
this. 

This statement was based, not upon theory, but upon an 
actual survey and comparative estimate; and a subsequent 


in an ordinary case, and where through traffic is important, 
although its evils are, I believe, often overstated. In the 


| ease in point nine-tenths of the produce of the distri 


inspection of the country has proved to me that sharp curves | 


of, say, five chains’ radius, the use of which affects the expen- 
diture most materially, can be adopted with even greater ad- 


rict pro- 
osed to be served will, in any case, be Gunshippet at 
Toronto and sent forward by water not to Montreal, as stated 
in one of the articles, but to Oswego, and other American 
ports, and the remaining one-tenth, judging from the ex- 
perience of the lines joining the Grand Trunk at that point, 
would also, in any case, be transhipped and sent forward in 
Grand Trunk wagons. 

1 was invited to Canada to give an account of my expe- 
rience in connexion with narrow-gauge lines, and I am pre 
pared to substantiate by the plainest proofs every statement 
made, 

I am, Sir, your obedient Servant, 
Cartes Doveras Fox. 
Spring-gardens, 8.W., May 12, 1868. 





Tue CLEVELAND Iron Travz.—The state of the Cleveland 
furnaces is as follows: In blast, 86; out of blast, 47. The 
pig iron trade of the Cleveland group is not very active, 
although the Continental demand is considered to present 
some improvement. The foundries are doing rather more as 
regards gas, water pipes, &c. Rails continue to be shipped 
from Middlesborough for America, Germany, and Russia. 

Coat tn France.—In the first two months of this year, 
France imported 1,011,843 tons of coal, as compared with 
1,004,955 tons in the corresponding period of 1867, and 
1,030,130 tons in the corresponding period of 1866. About 
half these supplies came from Belgium, and the remainder 
from Great Britain and the Zollverein. 

Tron AND Coat 1n Prrsta.—A French writer says that 
rich red hematites are found in the neighbourhood of 
Teherean, while coal bearings are also situated hardby. Yet 
Persia now imports the little iron she uses from Russia. In 


| the Mazenderan districts, a small quantity of charcoal-made 


vantage than I had anticipated, especially in a country | iron is produced by a primitive process, which presents some 


where, owing to the serious loss of adhesion in winter, steep | analo 


dients are most objectionable, and curves are therefore the 
t expedient by which to follow the undulations of the 
country, adopting, as far as possible, a contour line. 
I should certainly hesitate to recommend break of gauge 


| 





with that in use among the Catalonian forges. 
The Mazenderan iron is, however, so impure that it is in 
very limited use. Coal is found in three different provinces, 
without counting the bearings which systematic researches 
would doubtless bring to light. 





Tue Irish Rartway Commisstoy.—On Tuesday last a 
Blue-book was published containing the report of the Com- 
missioners appointed to inspect the accounts and examine 
the works of railways in Ireland made to the Lords Commis- 
sioners of the Treasury. The Commission was composed of 
Sir A. Y. Spearman, Mr. J. Mulholland, Mr. J. Fowler, C.E., 
Mr. Seymour Clark, and Mr. C. Johnston; Mr. W. N. Han- 
cock officiating as secretary. Speaking generally of Irish 
railways, these gentlemen say that the rolling stock on the 
average has been well maintained, and is now in a fair state 
of efficiency, but that the permanent. way is, on the average, 
somewhat below that condition. The authorised capital of 
the fifty railways carrying traffic over 2124 miles at the time 
these inquiries were made was 31,999,4597. The last pub- 
lished accounts show that the ordinary and preference capital 
actually raised amounted to 20,071,442/., and the borrowed 
money, including floating liabilities, less floating assets, to 
8,348,647/. The capital necessary to complete the works, in- 
cluding rolling stock, was 782,344/., making a total of 
29,202,4337. e estimated nett corrected annual revenue 
was 897,502/. The Commissioners find it difficult to say 
whether the rate of increase in the gross earnings of thirty- 
nine railways completed be more or less than what may 
attributed to the natural growth of traffic, although from the 
facts of the case they seem to think it fair to assume that the 
future nett revenue will be materially augmented. If, how- 
ever, these conditionsshould become changed by the economy 
and greater efficiency which will result from concentration of 
management and more harmonious working of the whole 
system, and by the adoption of much lower fares and rates of 
carriage, it is probable that considerable impetus might be 
given to the traffic without permanent loss; but in the pre- 
sent state of their credit and finances the companies could not 
afford to run the risk of a period of diminished profit for the 
chance of any ultimate advantage. With respect to railway 
extension to districts not hitherto accommodated, it seems to 
the Commissioners clear that the limit of unaided under- 
takings has been reached, if not passed, except in a few 
trifling cases. It may be desirable to repress the irregular 
“financing” of the past, but the necessity will still remain 
for dealing with districts of country in which railways would 
be of great local benefit, but which cannot be carried out 
without extraneous aid. The best means by which such 
assistance can be afforded is, of course, a subject that will 

uire careful consideration ; but the Commissioners do not 
believe that in a matter of such recognised necessity much 
difficulty would be found in maturing some plan for the pur- 

se, and they feel the question to too important to be 
Toft altogether unnoticed in their report. Boun up with the 
report are a variety of tables compiled by the Commniasionses, 
and various documents relating to railways and to can 
also, which came within the scope of their inquiry. e 
subject is also further elucidated by a well-executed map, 
showing each railway and canal authorised, in progress, oF 
completed. 

CONVERSAZIONE OF THE 
NEERS.—At the last meetin ution 
Engineers it was announ that the president’s ann 
conversazione would be held on Tuesday evening, May 26th, 
when the co-operation of members and visitors was requ , 
in order that a collection of models of engineering te 
tion and of works of art, worthy of the Institution, mg! t 
obtained. 


InstituTION oF Civit Exet- 
of the Institution of Civil 
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MACHINE 


FOR BORING OUT CRANK-PIN HOLES. 


DESIGNED BY MR. JAMES REID, ENGINEER, GLASGOW. 





WE give above, engravings of a convenient machine, de- 
signed and recently patented by Mr. James Reid, of the 
firm of Messrs. N F se and Co., of the Hyde Park 
Locomotive Works, Glasgow, for boring out the crank-pin 
holes in locomotive engine wheels. This machine comprises 
arrangements for accurately adjusting a pair of wheels by 
means of the journals of their axle so as to insure the crank- 
pin holes being accurately in planes at — angles to each 
other and parallel to the journal axis, and for forming these 
holes with an uniform and correct taper. The details for 
forming the taper are also applicable to the axle holes. 

The apparatus is represented as mounted ona truck frame, 
1, with wheels, 2, but it can if wished be fixed to a stationary 
foundation. Itis, however, preferred to arrange it as shown, 
so that it can be run under any convenient crane to receive 
a pair of wheels to be operated upon, and to be thence trans- 
ferred to any locality where a pair of driving belts can be 
conveniently applied to it. The pair of wheels, 3, 4, em, | 
been previously placed and keyed on their axle, 5, are pl 
horizontally in the machine with the journals, 6, in bearings, 
7, 8, provided for them and furnished with accurately formed 
wg Lance 9, adapted for different diameters of journal. 
The ings, 7, 8, are also adjustible at different distances 
apart; to Obtain which adjustment the body of the machine 
is made in two separate castings, 10, 11, and one, 10, has a 
rack, 12, fixed to its under side, having in gear with it a 

inion, 13, on a shaft, 14, carried in the truck frame, 1, and 

ormed with squared ends to receive keys or handles. 
Elongated holes are provided in the truck frame, 1, for the 


bolts, by which the adjustible body om 10, is fixed to it, |o 


and these bolts are loosened when a change is required in the 
adjustment. The provision for adjusting the bearings, 7, 8, 
more or less apart is convenient for a private establishment 
for constructing locomotives where various gauges have to 
be provided for; but when only one guage bas to be pro- 
vided for, as at the works of a railway company, the body 
of the machine may be made in a single casting. 

Between the bearings, 7, 8, the body or framing, 10, 11, is 
formed with equally inclined surfaces or seats, 15, 16, on 
opposite sides of the longitudinal centre line, and the sur- 





faces, 15, 16, on one side are made accurately at right angles 
to the corresponding surfaces, 15, 16, on the other side. On 
these inclined seats a series of bracket castings or heads are 
fixed for carrying the boring bars or tool spindles with their 
driving and feeding gear. ere are two boring bars which 
are set at diagonally opposite corners, but for the sake of 
clearness we shall describe the details connected with one 
only, those of the other being exactly similar. The boring 
bar, 17, is carried in two bearing heads formed on one cast- 
ing, 18, and has on it between these heads a worm wheel, 19, 
which turns it by means of a key and groove, and which is 
driven by a worm, 20, on a shaft, 21, carried in bearings in 
the same casting, 18. The shaft, 21, is provided with fast 
and loose pulleys, 22, to receive a driving belt from any con- 
venient shaft. The back end of the boring bar, 17, which 
end is of reduced diameter, has on it a tube, 23, screwed ex- 
ternally to work in an internally screwed bush, 24, which is 
held in a bearing head 25, and which has a spur-feed wheel, 
26, keyed on its projecting back end. The screwed tube, 23, 
is prevented from turning by means of a groove and key, 
and is held on the boring bar, 17, so as to make this bar 
move longitudinally with it by nuts, 27, screwed on the 
outer end of the bar. The feeding is effected by means of 
an eccentric formed on the side of the worm wheel, 19, the 
strap of which eccentric actuates a rocking spindle, 28. A 
lever and link at the other end of the rocking spindle, 28, 
imparts a reciprocating motion to an armed ring, 29, loose on 
a flange on the feed-spur wheel, 26, on which the armed 
—— by means of a reversible catch, 30. The front end 

f the boring bar, 17, is formed with a transverse slot, and 
in this a small block, 31, which is the tool holder, has the 
small transverse movement necessary for producing the taper 
of the crank pin hole, 32. The steel tool or cutter, 33, fits 
in a square socket in the holder, 31, and is fixed by a mogeen | 
screw. The holder, 31,is formed with flanges at one end, 
and a flange piece is fixed upon the other end after the holder 
is put into its slot. These es bear on the outside of a 
tube, 34, fitted on the boring bar, 17, so that this bar can 
move longitudinally in it. The tube is formed with longi- 
tudinal slots in which the ends of the holder move as the bar 





is fed along ; and the outside of the tube is turned concentric 
with an axis slightly inclined to the axis of its bore in a plane 
passing — the centre lines of the slots, which causes 
the edges at the slots that the holder flanges bear on to be 
slightly tapered or inclined. 

ith this arrangement, as the tube, 34, is stationary from 
bearing against the casting, 18, the longitudinal movement 
inwards of the boring bar, 17, causes the slight transverse 
movement of the tool that produces the required taper. The 
tube, 34, is kept against the casting by a lever collar clutch, 
35, which prevents it from moving outwards with the boring 
bar. The castings, 18 and 25, which carry the boring bar 
and its accessories, can be shifted in such a way that the two 
tools can be placed at either diagonal pair of corners of the 
body or frame to suit either a pair of wheels, with the right- 
hand crank pin leading, or a pair with the left-hand one lead- 
ing. When effecting a change from one diagonal disposition 
to the other, the various parts are separated, the boring bar, 
17, and the screwed tube, 23, are entered into their places the 
opposite way; and the castings, 18 and 25, are respectively 
fixed on the seats, 15 and 16, represented in the engraving as 
unoccupied. Ifthe parts are shifted to the opposite ends of 
the same sides, the larger casting, 18, has not to be turned 
about; but the smaller one, 25, has to be so turned, Dupli- 
cate lugs for carrying the rocking spindle, 28, are required 
and provided, and the worm wheel, 1b, is formed with eccen- 
trices on both sides of it, so that it can be put into its place 
either way. Provision is made for different throws or effec- 
tive lengths of crank by having gauge holes, 36, correspond- 
ing to the various throws ordinarily adopted, accurately bored 
in the inclined body surfaces or seats, 15, 16, to receive pins 
fixed in the under sides of the brackets or castings, 18, 26, or 
screw bolts, by means of which these castings are fixed to the 
seats, the holes and pins or bolts being carefully bored and 
turned to fit each other accurately. The surfaces of the seats, 
16, 16, are parallel to planes at right angles to each other, and 
passing through the centre line or axis of the journal hear- 
ings, 7, 8, and the boring bar bearings in the castings, 18, 26, 
are accurately constructed so that their centre lines are in 
the said planes in all positions of those castings. 
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LITERATURE. 
ph ae 
An Elementary Treatise on Electrical Measurement for the 
use of Telegraph Inspectors and Operators. By LaTIMER 

Coark. E, and FL N. Spon. 

In Mr. Clark’s little volume we have a work quite 
different from any book hitherto published on electrical 
subjects, and containing a, mass of useful and 
practical information relating to électrical tests as well 
as the various properties of some of the materials used 
in telegraphy. 

The work commences with some elementary chapters 
on resistance, electromotive force, tension, induction, 
and units of measurements. It then passes on to the 
description of a differential galvanometer with a 
“ shunt” (or short derived circuit) to each coil, which 
has lately been recommended by Mr. Clark to the 
Indian Government, and which he styles “ Clark’s 
double-shunt differential galvanometer.’ The mode 
of taking varioug’ tests with this instrument is given. 
Then follow some chapters on “ Shunts” and derived 
circuits, which Ought clearly to have preceded the 
description of Mr. Clark’s instrument, since the 
principle of the instrument is the application of two 
shunts to an ordinary differential Fis mnngncer A 
description of Wheatstone’s bridge or balance, and 
the mode of using it, anda chapter “On the Measure- 
ment of Gutta Pereha Cables”’—a heading which 
does not sound to us sensible—completes the body of 
the work. The appendix, which is perhaps the most 
useful portion of the work, occupies 81 pages, and is 
div ided into two parts. The first headed “ Electrical 
Formule,” the second “ Co-efficients and Tables.” 

We cannot understand what has guided Mr. Clark 
in his arrangement of the contents of his volume, and 
it does not appear to us a good one. All the tests 
most used are contained in the first portion of the 
appendix, whereas we think they might with advan- 
tage have been placed in the body of the work, and 
the more important tests, such as “the test of ordi- 
nary lengths of insulated wire,” should, in a “ Treatise 
on Electrical Measurement,” have formed important 
chapters, with full and illustrated descriptions of the 
sine galvanometer, Thomson’s galvanometer, &c. We 
believe, however, the work was originally begun simply 
as a description of Mr. Clark’s own pet instrument, and 
then enlarged so as to form the volume under review, 
and this may possibly account for the prominence 
given to Mr. Clark’s instruments and mode of testing 
over those most generally employed. 

The rationale of the whole subject is not, to our 
mind, well led up to in the elementary chapters. Thus 
the work opens with an abrupt reference to a galvano- 
meter, described on page 45, for the purpose of illus- 
trating the effect of “resistance,” instead of giving 
some brief description of the laws of electricity, and 
then illustrating them and enlarging on the sub- 
ject. Indeed, in the chapter on resistance, it is not 
mentioned that the resistances of a solid conductor 
depends on its dimensions and the nature of the 
material, and the only allusion to dimensions consists 
in the statement that a small cell of a battery gives 
“much more resistance than a large one.” . The para- 
graph in the same chapter, on page 5, in reference to 
the resistance of the insulation of a line, is liable to 
yuzzle the student who has not been previously shown 
10w the insulation of a line can be dealt with or con- 
sidered as a resistance at all—a subject which should 
have been gradually led up to, oad only mentioned 
many pages further on. 

But although as a /reatise vor the purpose of teach- 
ing, the want of method, and that step-by-step system, 
so necessary in an elementary treatise, is a serious 
objection to the work, this even is not the worst 
feature in the book. The phraseology is, in our 
opinion, very loose, whilst some of the enunciations 
are incomplete, and others are positively incorrect. 

We sail when reviewing Mr. Culley’s book, that 
Ohm’s laws had been a long time penetrating to 
the brains of even some of our .igher officials, and 


reading Mr. Clark’s book we see no reason to| 


alter our opinion, notwithstanding taat Mr. Clark has 
come very much nearer the mark ir. this treatise than 
he did in his essay in the Government report in 1861. 
We notice a marked appreciation of the writings of 
others, particularly in the production of the geometrical 
figures and the method of projection shown in Fig. 12, 
but without any graceful allusion to the source from 
whence they have been taken; yet in spite of this and 
the abandonment of the “ working tension” mare’s nest 
which we alluded to in our last, and which we see is 
reproduced in Noad’s electricity, there is still serious 
objection to Mr, Clark’s teachings on the Jaws of 
electricity. Mr. Clark holds a high professional posi- 


tion, and no doubt many foreigners are liable to take 
Mr. Clark’s writing as a standard of our knowledge 
and capacity to treat on the subject ; and as foreigners 
have numerous clear and excellent treatises on the laws 
of electricity they must, we fear, form a poor idea of 
our national knowledge on this subject. It is not fair 
to our other electricians, therefore, to let Mr. Clark’s 
writings pass unchallenged. Hence our allusions in 
our last number but one, and hence, also, what we have 
to sayin regard to the work under review. 

Mr. Clark, in his introduction, advises the student 
to regard electricity as a substance like water, and 
“to regard the earth as a vast reservoir, highly 
“charged with one kind of electricity (positive), and 
“to regard a telegraph or a battery as an arrangement 
“by which electricity is pumped out of the earth at 
“one point, and poured into it at another.” We ad- 
vise the student to do no such thing. We will not 
enter into all’ the arguments against considering the 
earth as a “ reservoir,” but will only warn the student 
against disappointment if he finds that he has adopted 
a theory which renders the earth necessary to the ex- 
planation of certain phenomena, notwithstanding that 
the earth is not necessaay for the phenomena to take 
place. For example, take the explanation of the 
charging of a cable with insulated end. According to 
Mr. Clark: “If a charge be sent into a cable” (.e., 
pumped out of the earth into the eable, we presume, 
according to Mr. Clark’s advised theory), “a precisely 
“similar quantity of electricity of the same kind 
leaves the outer surface and becomes distributed in 
* the earth.” 

Now, here we have the old condenser theory, ac- 
cording to which the earth is necessary for the ex- 
planation of the action that takes place, whereas we 
know—and Mr. Clark knows, and the student would 
soon know—that if the eable, having an outer arma- 
ture ever so thin, to which one pole of the battery is 
attached, were entirely insulated from the earth, the 
charge would take place just the same, and this with- 
out the slightest electrical sign on the outside of the 
armature. But, moreover, see how roundabout the 
explanation is! In order to bring the earth in asa 
reservoir and place of refuge for electricity that can- 
not be otherwise explained away, it is necessary to 
believe that a certain quantity of electricity is 
‘pumped out” of the earth into the cable, and also 
that a certain equal quantity is driven off the outer 
surface of the cable and distributed in the earth. 
Evidently, therefore, even according to this theory, 
the earth’s electricity is not altered, for we have a 
certain quantity “‘ pumped out,” and an equal quantity 
“ distributed” at the same instant—a rather anomalous 
sort of action difficult to imagine, yet leaving the 
inner conductor in a plus state, and the outer surface 
of the insulator in a minus state. How much more 
simple it would be, if Mr. Clark must “ pump” elec- 
tricity, to pump it direct from the outer surface to the 
inner, using the earth only as any other conductor join- 
ing the outer armature to the battery pole—an ex- 
planation ef the action which would, at any rate, 
answer where the whole system was insulated from 
the earth, the conduction being carried on then by 
|the outer armature. 

It is not with this portion, however, that we have 
;much right to find fault, because the explanation we 
}complain of is, with the exception of the “‘ pumping,” 
jan old theory which is still dragged on through our 
text-books by compilers in spite of continued challenge 
and exposure. These challenges ought, however, we 
| think, at least to be answered by those who adhere to 
and reproduce in text-books the theories in question ; 
and we might expect Mr. Clark, as an electrician of 
the present generation, to take some extra pains either 
to support or condemn theories emanating from elec- 
| tricians of the past, but which are challenged by men 
} of his own day, instead of merely reproducing the old 
|explanations without comment. But it is principally 
jas regards phraseology and enunciation in hetetlon 
|the laws of the galvanic circuit that we have to 
criticise. 

First, we have to find fault with Mr. Clark’s state- 
ment of Ohm’s fundamental law. He says, “calling 
“ the quantity Q, the electromotive force E, and the 
| “* resistances R, this is expressed by the formula, 


» 
4 





« Q=F7° 


R 


* which is known as Ohm’s law.” 


Now, quantity is no¢ proportional to it is quan- 


tity divided by time or > (or “the magnitude” or 


'“* intensity” of “ the current”) that is proportional to the 
quotient of the electromotive force divided by the 








resistance, as Mr. Clark afterwards shows by examples. 
If Mr. Clark had specified Q as standing for “ quantity 
of current,” or “ quantity passing in a given time,” it 
would have been correct, and that is what Mr. Clark 
of course means, although it is clearly stated that Q 
stands simply for quantity; but we think I for “in- 
tensity of current,” as employed by the French, or, 
still better, C for “current,” as employed by the 
British Association Committee, is far preferable, 
leaving Q for quantity, pure and simple. 

But the enunciation in words of the same law, or 
at least a consequence or portion of the same law, is 
also open to objection. We have “the electromotive 
force being constant, the guantity of electricity which 
flows through any circuit is inversely proportional to 
the resistance.” Here the omission of the words iz 
a given time after “any cireuit” is specially to be noted 
as a looseness which is again repeated on page 6, 
where it is stated that “the guantity of electricity 
“ which flows through any circuit is directly propor- 
* tional to the electromotive force.” 

But Mr. Clark seems also determined to churn up 
“quantity” of electricity and “current” in an uncom- 
fortable way. Thus, he has a ehapter “ on electrical 
quantity,” which begins: ‘The meaning of this term 
“has by this time become apparent ;it has been applied 
“to current electricity, where it has been spoken of as 
“a current of so many farads per second, and it, has 
* been spoken of as a static charge of so many farads.” 
Why apply it to current at all? Why notstate, once for 
all, that current is the quantity passing divided by time, 
or quantity passing in a given time; and then when 
speaking of current, speak of it as such, and not as 
quantity”? But Mr. Clark does not even adhere to 
one term, for we have “the quantity,” “ quantity of 
current,” and simply “ the current” at different places, 


to denote that which is proportional to m 


But it is when treating of electrical tension that the 
enunciations are peculiarly hazy. This is rendered 
still more irritating by the announcement that “ there 
‘is often much confusion in the way in which the terms 
“electromotive force’ and ‘tension’ are indiscriminately 
‘employed, and it is well to endeavour to gain a clear 
“idea of the distinction between them,” and then 
comes the following, to us extraordinary, statement : 
“We shall see, as we go on, that in a battery the 
‘electromotive force is the origin of the tension, and 
“that the sum ofall the electromotive forces is always 
“equal to the sum of all the tensions, but their distri- 
“bution is in every way different.” Now, what does 
this mean? If we take tension as synonymous with 
potential—as Mr. Clark states it is—then, as we know 
that every point in a circuit has a certain potential or 
tension, tle sum of all these tensions must be an 
infinite quantity. The expression, the “sum of all 
the tensions,” has, in fact, no sense whatever. 

The words “ the sum of all the tensions” occur in 
Ohm’s original paper, but anybody who reads that 
paper carefully will soon perceive that the word tension 
there stands simply for the sudden change or difference 
of potential which occurs at the source of electrical 
generation ; in fact tension, as employed by Ohm, stands 
simply for electromotive force. Thus Ohm says, “ The 
“ force of the current in a galvanic circuit is directly 
‘as the sum of all the tensions and inversely as the 
“entire reduced length of the cireuit,” “reduced 
length” being synonymous with resistance. This is, 
of course, perfectly correct and intelligible. If Mr. 
Clark employs tension in this sense, he ought not 
to state that it is the same as potential, but that 
it is the same as electromotive force; but he is 
then simply stating the evident truism that the 
“sum of all the electromotive forces is equal to 
“the sum of all the electromotive forces.” But 
further on we have, “In all these cases we find 


“the current conforming rigidly to the lawQ= - and 


“we find also, as first stated, that the sum of all the 
“electromotive forces is equal to the sum of all the 
“ differences of potential.” Now, here we have there- 
fore the sum of all the electromotive forces made 
equal to all the differences of potential. This is quite 
different to what was “ first stated,” since it was “ first 
stated” that the electromotive force was equal not to 
all the differences of the potentials or tensions, but to 
all the potentials or tensions themselves. 

This is equally unintelligible and senseless, however, 
because as every point in the circuit, when a current 
is flowing, has a different potential, the sum of all the 
differences of potentials must be infinite. We sup- 
pose Mr. Clark means that the sum of all the electro- 
motive forces is equal to the sum of all the differences 
of tension or potential between points situated imme- 
diately on onk side of a surface of generation. But 
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these sudden differences or changes of tension consti- 
tute the electromotive forces, and, therefore, it is not 
necessary to impress on the reader that the sum of 
these electromotive forces is equal to the sum of these 
sudden changes of tension, even if this had been stated 
in an intelligible manner. It should, however, have 
been stated that an electromotive force consisted of a 
sudden change in tension. Mr. Clark seems, in fact, 
to have dragged in the words, “the sum of all the ten- 
sions,” used by Ohm without any sense or reason. 

The change in the phraseology since Ohm wrote his 

aper, where “tension” stands for “electromotive 
orce” of present day, and ‘‘electroscopic force ” 
stands for “ tension” of present day, has been pointed 
out before in the Hlectrician, and also by Mr. Gaugain 
in his preface to the translation of Ohm’s paper ; but yet 
it seems still as if this crossing of terms (which is very 
embarrassing to the student) has had something to 
do with the confusion in Mr. Clark’s enunciations. 

The production of the diagrams, showing geo- 
Wt the tension at each point throughout the 
circuit, is a step in advance of Mr. Culley’s book. 
They are evidently suggested by the diagrams con- 
tained in the paper in the fourth volume of the Zec- 
trician, alluded to by us the week before last,as we know 
of no other where the mode of projection is the same as 
in Fig. 11. We do not see why the mode of projecting 
the complete figure, showing the line of tension 
throughout the circuit, should have been omitted in 
Fig. 12. It would have been as well also to have 
shown the distribution of the tensions in an insulated 
circuit under various conditions, also in a battery the 
cells of which have unequal electromotive force and 
unequal resistance. There are many other points open 
to criticism, but we have not space. 

Although we have found fault with Mr. Clark’s 
teaching of the laws of electricity contained in his 
elementary chapters, it should be clearly understood that 
the work contains a mass of most useful information 
in the latter portion. Amongst this is contained 
many well-known formulz and modes of taking certain 
tests; others are less known, and others that appear 
quite new. As a pocket-book for electricians it is 
very valuable, and was much wanted, and if it had 
been produced in that form and under that name, it 
would have been, in our opinion, much better. 

For a treatise to expound to the student the laws 
of electricity, we must have something less disjointed, 
more gradual, and, above all, more clear and correct 
in its enunciations and explanations, and also more 
consistent in its phraseology, each term, such as 
quantity, tension, electromotive force, resistance, and 
current, receiving something like a definition. There 
is no great difficulty in this. 

The work is very well printed, and got up with 
much taste, and the diagrams are neatly eae 

We feel sure it will run through another edition, 
when we should like to see the first chapters entirely 
re-written. 








NOTES FROM INDIA. 


Bengal—tThe new gas recently patented in Calcutta, and 
to which we have alluded in former notices, is made from oil 
cakes, and the cost of each light per night of ten hours is 
stated to be a little over half an anna, or three farthings, ex- 
clusive of outlay on the machine. The gas has been tested 
by order of Government, and the following is an extract 
from the official report made thereon : 

“All that I can now report is generally that common oil 
cake may be expected to yield from 300 to 500 cubic feet of 
gas per maund, according to the quality of the cake and the 
degree of pressure it has undergone; that the light given 
by the gas is considerably brighter and whiter than that 
given by the coal gas as supplied in Calcutta ; that there are 
no difficulties in the manufacture of the gas, nor do there 
appear to be any objections to its use as a domestic lighting 
agent.” 

By the sudden death of Mr. George Boothby from cholera, 
the East India Irrigation and Canal Company sustains a 
loss they will with difficulty replace. Mr. Boothby, it is 
believed, was on the point of leaving for Europe. 

Another lac of rupees has been advanced by the Govern- 
ment of India to the East India Irrigation and Canal Com- 
pany for expenditure on the Orissa works. 

Mr. Mark Fryer, a practical mining engineer, who had 
been engaged in early life in colliery operations in the north 
of England, and who had been recommended as one of Her 
Majesty’s Inspectors of Mines, has been appointed Mining 
Geologist for India, with a view to the tabulation of the 
statistics of minerals and the improvement of the system of 
working mines in that country. Mr. Fryer’s experience in 
mining operations has been extended by su#Vveys on the Con- 
tinent, Asia Minor, and the West Coast of Africa. His salary 
has been fixed at 500 rupees a month, with a rise of 100 
Tupees.a year until it reaches 1000 rupees a month, with 
travelling allowances and the assistance of a small field force. 
With the operations of the Geological Survey to guide him, 
Mr. Fryer’s appointment may prove of inealeulable benefit 
to mining industry in India. 

© manufacture of the exceedingly fine muslins, for which 








Dacca has so long been celebrated, is stated to be dying out, 
there being now no demand for those of the finest quality. 
It is a mistake to think that the native nobility of India 
patronise the finest sort, and there is no market for them 
elsewhere. At present there is only a single family of 
weavers in Dacca who can manufacture the very finest 
quality, and it takes them six months to make up one piece ; 
but even for this piece they get no orders. Besides, the par- 
ticular kind of cotton, kapas, supposed to be finer than the 
finest new Orleans staple, from which alone the thread was 
spun, is now never grown. 

Colonel Fytche has noticed the aptitude for drawing and 
writing which the Burmese lads trained in English schools 
display, and has addressed the Director of Public Instruction 
on the expediency of recruiting the subordinate ranks of the 
Public Works Department from them. If the lads could be 
induced to enter the Public Works Department in the lower 
ranks, the Chief Commissioner thinks that the employment 
of Europeans in the higher grades might be diminished with- 
out any risk to the State, and with a positive gain from the 
consequent reduction of charges for establishment. Euro- 
pean agency in the upper ranks of the subordinate establish- 
ment in British Burmah is of an expensive nature, and, as 
experience has proved, not altogether of a satisfactory charac- 
ter. Colonel Fytche exhibits a praiseworthy anxiety to 
establish some identity of interest between the Rangoon and 
Moulmain schools and the subordinate grades of the public 
service, and is prepared, with the concurrence of the head of 
the Educational Department, to recommend the grant of a 
sum of money, as outfit allowance, to the successiul candi- 
dates for employment. 

According to the report of Major Michael, late commis- 
sioner for Madras to the Paris Exhibition, the following 
awards were given to Indian manufacture and products : 
One grand prix to British India for the cultivation of cotton ; 
three gold medals—one, British India carpets (including 
mats); one, sugar (private growth) ; one, teas (Assam, &c.). 
Three silver medals—one, producers of Indian silks; one, 
Government of Madras, cereals; one, Captain J. Mitchell, of 
the Madras Central Museum, stuffed fishes. Nine bronze 
medals divided amongst nine exhibitors of Indian rich em- 
broidery and laces, collection of woods from Mysore, Madras 
Government arrowroot and tapioca, and the remainder for 
various growths of coffee from the Neilgherries, Sheveroys, 
Wynaad, and Coorg and Tinnevelly districts. Amongst the 
honourable mentions, of which there are 13, is Mr. Deschamps, 
for his furniture. 

There are eleven batteries of Armstrong guns in India, 
eight of them being in Bengal. There are four regiments, 
2nd 60th, 6th, 85th, and 92nd Regiments armed with Sniders. 
These have all arrived since the beginning of the year, and 
are all in Bengal. There is plenty of ammunition for them. 

Colonel Robinson, Director-General of Telegraphs in India, 
is about to proceed on a tour of inspection to Ahmedabad, 
from whence he will go on to Deesa and Bombay, returning 
to Calcutta through Central India. The object of the tour 
is to be partly with a view to the introduction of a system of 
payment for messages by stamps. 

North-West Provinces and Punjab.—The Indian Daily 
News learns that it is the intention of Government to take 
over the Nulhattee branch of the Oudh and Rohileund Rail- 
way,-and that the consulting engineer for Government has 
recommended that the line should continue to be worked 
under the same management, the East India Railway Com- 
pany making the arrangements and working the line on ac- 
count of Government. 

The first girder of the new bridge was placed over the Beas 
on the 25th March last, in the presence of Sir Donald 
Macleod and staff, who proceeded to the spot by special 
train. 

It is reported that the Maharajah of Cashmere; in order to 
attract trade from Turkistan, contemplates the opening up of 
the route by Shayak, Chang Chimmo, and the Karakaish 
river, which he proposes to bridge at some distance from his 
own frontier. Considering how closely the Maharajah always 
contrives to unite his private interest with the commercial 
prosperity of his dominions, it may be doubted whether these 
proposals are entirely disinterested. 

The total traffic of the Punjab Railway for the month of 
February last was 83,149 rupees against 69,600 rupees during 
the corresponding month of 1867. The toal traffic on the 26 
miles of the Beas section of the Delhi Railway which are open 
was 3544 rupees, and upon the 27 miles of the Meerut section 
6612 rupees. 

Madras.—The Madras Board of Revenue has authorised 
the collector of Salem to apply the remisson rules to that 
district, to prevent distress consequent upon the failure of 
the crops. Government has also sanctioned such expenditure 
upon relief works as the collector may consider necessary, in 
anticipation to a sanction to the budget of special works 
which was about to be submitted. Similar precautions have 
been taken in the Cuddapah district. 

The traffic of the south-west line of the Madras Railway, 
for the week ending 28th March last, gives a return of 
upwards of a lac of rupees. This is equivalent to about 211. 
a mile, and it is estimated that a traffic of 20/. a mile per 
week would be sufficient to cover the guarantee. 

It is reported that certain important irrigation works will 
shortly be undertaken in Mysore and Coorg, and that the 
Government of India has sanctioned the appointment of a 
superintendent of those works on a salary of 800 rupees, with 
an office establishment at a cost 300 rupees per mensem, as 
proposed by the Commissioner of the Territories of His 
Highness the Maharajah of Mysore. 

Lord Napier has sanctioned the grant of 10,000 rupees, to 
Fred the expenditure of improvements in the Harbour of 

Jochin. 

The Home Government has asked the Government of 
India to furnish it with their views on the subject of railway 
extension in India. Amongst other projects which will come 
under consideration in the ple er of this question, is the 


It is reported from Travancore, that Mr, Johnstone, the 
chief engineer to the Travancore Durbar, has taken up the 
question of irrigation, and that a scheme will soon be initiated 
which will reflect credit alike upon the promoter and the 
Native Government. Irrigation is the one great cry among 
the ryots in Travancore, and it has been long neglected, or 
only taken up by fits and starts. 

Bombay.—The delay in receiving telegraphic communica- 
tions from India is owing to the ewe uropean Telegraph 
having totally fractured, about twenty miles west of Gwadur. 
The communication has, consequently, to be maintained by 
steamers between Gwadur and Mussendom, which make the 
passage in about fifty hours. 

The result of a reference to the Secretary of State regard- 
ing the site for the terminus in Bombay of the Bombay, 
Baroda, and Central India Railway, has been that the 
original plan, by which it will be situated on or near the 
harbour side, must be adhered to. The Bombay Chamber of 
Commerce have memorialised the Government for an exten- 
sion of the Bombay and Baroda Railway from Ahmedabad 
to Veerumgaum, Kattywar. 

The construction of roads and railways through the estates 
of Holkar having necessitated some exchange of territory, 
the Maharajah is to receive in perpetual sovereignty the Per- 
gunnah of Burwai. This exchange, however, carries with it 
a condition that the Holkar shall abolish all transit duties 
through the Pergunnah. The Maharajah has, we hear, 
lowered the transit duties on goods passing from Indore to 
the Great Indian Peninsula Railway at Khundwarah. 

On the afternoon of Thursday, the 19th March last, two 
parties of the officers of H.M.S. Highflyer went out in pin- 
naces into Bombay Harbour to practise with the Armstrong 
gun, and we regret to learn that the gun in charge of one of 
the parties burst when it was being fired after two or three 
rounds, seriously injuring the second lieutenant. The part 
of the gun which gave way was the plug at the breech, 
which was blown perpendicularly into the air. 

Mr. G. Turnbull, late chief engineer of the East Indian 
Railway, is to inspect the Great Indian Peninsula line, and 
report on its defects. 








EXPANSION GEAR FOR MARINE ENGINES. 


To tHe Eprror or ENGINEERING. 
“T myself” could make a chough of as deep chat. 
SHAKESPEARE, 


Srr,—No one is more pleased than myself to see correspon- 
dents to your journal exchange opinions in a fair and impar- 
tial manner, for no doubt good results to each from a com- 
parison of notes; still I think it a pity, in some instances, 
they do not divest their communications of personalities 
which are of no practical use, except to lower the value of 
their effusions in the estimation of sensible men. 
But when they insist on arming themselves with daggers 
of personalities, I think, Sir, you will allow it is but fair they 
should be fought with weapons of their own choosing. It is 
an observed fact, simple and effective contrivances—published 
in your valuable journal for the general good of its readers— 
frequently bring in their train a species of witling, a curious 
animal, emerging (under the shadow of an anonymous signa- 
ture) from the dark oblivion of obscurity, either to gratify 
their natural propensity, or to assert the claims of some 
ancient member of their family to the credit of the arrange- 
ment. Commencing with their usual remark, “ There is 
“‘ nothing new under the sun,” they strike their key-note, and 
sophistical ae generally follows. The key-note in 
the letter of “ J. G. W.” (I myself) appears to have been ring- 
ing in his ears from commencement toend. If he had consulted 
Walker's dictionary as to the proper meaning of the word 
myself, he might have spared himself the unnecessary trouble 
to rack his brains for the invidious construction he has 
attempted to put upon it. On explaining the method of 
setting the gear in my letter, I simply’ dealt with the 
principle, not having reference to any particular arrange- 
ment; and the principle of setting is, that the eccentric 
should be placed at right angles to the crank, or, in other 
words, when the crank is on the centre the eccentric (and 
of course the valve) is at half stroke; if the eccentric rod is 
placed at.a particular angle for convenience of arrangement, 
any one with the slightest pretension to engineering know- 
ides would, I presume, carry round the eccentric in the same 

roportion, so that the effect on the valve would be unaltered. 
f am sufficiently versed in the science of metaphysics to 
believe it possible that two or more persons separated by 
miles of distance may have identical ideas either at the same 
time or at dates widely different ; and although I have not 
seen or before heard of Hawthorn’s expansion gear as applied 
to locomotives, or the expansion gear of the Icarus, | am 
quite willing to allow the respective designers the merits due 
to each. At the same time, I still maintain my claim to the 
merit due to designing in principle and arrangements the 
gear illustrated in your journal as incontrovertibly as though 
the above schemes had not existed. 

Yours truly, 


Southampton, May 11, 1868. J. WHITEHOUSE. 








Frencu Locomorives.—The Southern of France Railway 
Company completed last year, at its Bordeaux workshops, six 
locomotives with six wheels coupled. The extension of the 
system and the continued increase of traffic have rendered it 
necessary for the directors to order from private firms ten 
more engines with eight wheels coupled, and twenty engines 
with six wheels coupled. Two engines of the latter type will 
also be made at the company’s own works, in order to secure 
it a nursery of capable workmen. In the course of this year, 
ten other locomotives will probably be further ordered. 

SouTnmeRN oF France Ratway.—The Pau and 
Montrejean section on this system comprises nearly six miles 
of line, with a gradient. of 32 per 1000, or rather more than 
3 in 100. Trains are safely worked up and down this incline, 





construction of a branch to unite Hyderabad with the main 
line of railway between Madras and Bombay. 





thanks to the skilful measures devised by M. LéchAtelier, one 
of the company’s consulting engineers. 
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FORTIFICATION.—No. VII. 

Tue parapets we have in this series hitherto de- 
scribed, from the simplest to the most formidable, 
were those of fieldworks, raised for a more or less 
immediate purpose. 

Fig. 20 is the profile of the parapet of a permanent 
work, a fortress, designed to defend some vital point, 


say a city, port, dockyard, or arsenal. The dimensions | on a sudden a 
are those of “ Vauban’s first system.” The mass of | adopted the means emp 





Todleben then obtained credit, was the superior merit 
of earthworks, and that this was the principal cause 
of the prolonged defence. The remarks on this sub- 
ject of Field Marshal Sir John Burgoyne must 
necessarily be more impressive than any comment of 
ours. He says :— 

“The Russians had to raise their works of defence 
and with rapidity, and they 
oyed time out of mind, namely, 





ow avail Meane « 


the rampart and paparet is shown above the dotted 
horizontal line. This mass, as a rule, is formed of the 
earth excavated from the ditch, then termed the dedlai. 
When raised to its higher position it is termed the 
remblai. 6c is the terreplein, supported by its slope, 
a, which has a base equal to its height. It will be 
observed, by the dimensions we have given, that the 
terreplein has a slight incline to the rear. The 
object of this incline is to carry off the rainfall. On 
this platform are placed all the immediate require- 
ments of the defence. The platforms for the guns, 
the guns to fire through the embrasures, or mortars 
to fire over the parapets, guns ex darbette, and ammu- 
nition—all that is required for the active service of 
the guns. ¢d is the slope, de the tread of the 
banquette. 

In this construction a banquette is raised between 
the platforms of each adjacent gun, for musketry 
defence. Its slope is a very easy incline, the breadth 
of its base being twice its height. The tread, de, is 
4 ft. in breadth, designed for two ranks, firing 

ternate volleys. The height of the interior slope, e /, 
of the parapet is 4} ft. The incline of the superior 
slope, fg, is (y4s=¢) 1 in 6. This, like the incline of 
every parapet, is an evil. It weakens the parapet as 
a resisting mass, but it is unavoidable for the musketry 
defence, the want of which would be a much greater 
evil. As may be seen, the parapet has a command 
over the ground in front of 22 ft. If its upper surface, 
Sg, were a perfect level, the shot fired from a musket 
resting upon it would fly parallel to the ground out- 
side, at a distance from the surface of the height of 
the parapet, 22 ft., quite a safe distance for the enemy 
on this part of ¢erra firma. Every chance of such 
advantage to an assailant is provided against in this 
construction. On the exterior side of the covered 
way—a passage all round the works on the exterior 
side of the ditch—a parapet is raised from which the 
principal musketry fire of the fortress is directed, over 
the glacis and beyond it, upon every inch of the 
ground outside within range not covered by some 
accidental object. 

The exterior slope, g 4, has a base of 12ft., 
greater than its height, which is 11ft. The para- 
pet, disregarding the exterior slope, has a breadth 
of 18 ft. This was designed as a protection from 
18-pounders, whose penetration in a mass of well- 
rammed earth was 13 ft., and which were the 
heaviest guns used in siege operations when these 
dimensions were adopted. The interior and exterior 
sides of the ditch—the escarp and counterscarp—are 
supported by walls of masonry, the darker shaded 
masses in the profile, the lighter, being the counter- 
forts, placed at intervals behind the exterior walls. As 
may be seen, the escarp wall is 8 ft. higher than the 
ground on the outer side of the ditch, exposed thus far 
to artillery fire, an evil that will be obvious to all who 
have beard of the liability of masonry to splinter when 
battered with shot and shell. But this liability is 
neutralised in the design. The glacis, with its gentle 
incline of fs and crest of 8 ft. in height, forms an 
indestructib e mass that completely covers the masonry 
of the escarp from the outside gazer’s view, and 
renders a breach impossible till the besieger has 
worked his weary, dangerous way, by a system of 
parallels and approaches, to the crest of the glacis, and 

laced his artillery on the outer ~- of the ditch, A 
ief, as baseless as the fabric of a vision, widely 
spread in England during the siege of Sebastapol, was, 
that one of the many grand discoveries, for which 
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earthworks, not from choice, but for the best of all 
possible reasons, that they were the only ones open to 
them; and, in fact, the great credit which 1s un- 
doubtedly due to the Russians is not for their in- 
genuity in employing earthworks, but for their ener- 
getic defence, notwithstanding the weakness and im- 
perfections of such works. 

“The leading arguments against masonry are that, 
besides its great expense, it can be battered down 
from a distance, and that the splinters from it are 
more injurious to the defenders than the shot and 
shells ; but it must be recollected that these evils are 
not a necessary part of masonry-works, but, where 
they exist, are usually be either from occur- 
ring in fortifications of very old date, or in confined 
situations where there is not sufficient space for the 
regulated course to be pursued, namely, of sinking 
the wall below the level of the ground, leaving the 
parapet of earth alone exposed to view,” exactly as it 
is in the example we have given. The part of the 
escarp wall, which in this construction rises above the 
level of the ground, is covered, as already stated, from 
exterior view by the glacis, which, besides doing this 
great service, protects the covered way from the fire 
of the besieger, and, its gently-inclined surface being 
exposed to the full sweep of the fire of the place, 
makes it very dangerous ground for him, yet ground 
that he perforce must traverse. But we must return 
to Sir John: “If the system of earthworks is to be 
taken as a modern improvement, it must be as com- 
pared with that previously established in modern 
times by military engineers, which implies, always as 
a rule, parapets of earth, and escarp walls well covered 
from the exterior view till only the breadth of the ditch 
intervenes. This at once and entirely removes the 
two evils adverted to”—the liability to be battered 
down by distant batteries and splinters. 

“One of the principal ingredients in defensive works 
is an obstacle to the approach of the assailants, and 
the best obstacle is a wall or vertical face to be sur- 
mounted. If this exceeds 30 ft. in height, and is 
flanked, it is very formidable indeed; an escalade 
(which, while the wall is entire, is the only resource) 
is the most desperate of military undertakings, and 
never succeeds but by absolute surprise, or from great 
weakness on the side of the defenders. 

“The consequence is that it is necessary to have 
recourse to a breach ; but in such well covered works 
the breach can only be formed by batteries established 
at the edge of the ditch, and it is well known the vast 
increase of difficulty that the besieger finds in propor- 
tion as his approaches and batteries get nearer the 
place; and, after all, the breach or breaches being 
made, he has only the limited extent of these openings 
as an ingress, whereas the earthworks present one 
universal breach throughout the whole extent of the 
place. ‘The entrance into the place is, in fact, reduced 
at the breaches to what the earthen escarps were from 
the commencement everywhere.” Their exterior slope 
from the exterior crest, as at g, in Fig. 20, to the 
bottom of the ditch, has the natural incline of the 
earth, indicated by the dotted line, gj, exactly the 
slope the earth would form if the masonry wall 
were beaten down by the breaching batteries. But 
we cannot leave Sir John. He says, again: “ Apply 
this reasoning to Sebastopol. The French, by im- 
mense efforts and sacrifices, gained lodgements at 
30 yards from the ditch of the enemy’s works. It 
is stated that difficulties so multiplied upon them that 
it would have been impossible for them to have 


established themselves nearer; and yet, had the place 
been fortified by the ordinary description of permanent 
works, it would have been necessary to have placed 
and maintained breaching batteries on the edge of the 
ditch by which openings only of definite extent could 
have been made, which never could have afforded 
- ae for the heavy assulting columns by which alone 
the place was taken. The retrenchments also within 








the outer line of works would have been of the same 
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character, and their escarps would have been en- 
tire.” 

In the course of our series we hope to give a true 
measure of the defence and defences of Sebastopol. 
There were entire masonry works in many parts of the 
Sebastopol defences, exposed from top to bottom to 
the enemy’s fire, which, when battered, proved anew 
the serious defects of that class of defence works, and 
these, for the most part, were constructed where there 
was ample room for earthworks, which might have 
been constructed with far less labour, and with in- 
finitely greater advantage to the defence. At a more 
advanced period of our course we shall describe every 
part of this great stronghold, and the details of the 
attack and defence, which makes it such a memorable 
theatre of war. 

Before gunpowder gave to artillery such terrible 
dynamic force, high battlemented walle of stone with 
flanking towers were very formidable defences. ‘These 
walls, which formed the enceinte, like well con- 
structed permanent defences of the present day, were 
strengthened by a ditch. The rampart wall had, on 
its exterior edge, a light loopholed parapet to cover 
the archers. In many cases the parapet projected like 
a balcony, and was pierced with loopholes in the floor 
for the defence of the ditch, as in Fig. 21. This 
balcony was called Machiacoulis, and was a very 
picturesque object, of which many specimens may yet 
be seen on the Continent of Europe, to which artists 
never fail to give due prominence when they appear in 
their pictures. 

No impression could be made upon these walls 
when they were built but by means that required in- 
finitely more effort, and far more time than sieges, 
even the most protracted, of later days. As examples 
of the vast efforts that sieges were in earlier times, 
and the great ingenuity and energy often displayed by 
both besiegers and besieged, we shall refer, as we pro- 
ceed, to several, including the great sieges of Rhodes, 
and Syracuse, and of Tyre by Alexander the Great. 








THe Lonpon Wartser Surriy.— During the month of 
April 94,800,016 gallons, or 430,720 cubic metres of water 
(equal to about as many tuns by measure, tons by weight), 
were supplied daily by the water companies in the metropolis, 
or 957 litres, rather less than a ton by weight, to each house, 
and 138 litres (=30.3 gallons) to each person. It may be 
estimated that about 77,910,600 gallons were probably used 
for domestic purposes, or about 24.9 gallons per day for each 
inhabitant. 48,652,645 gallons of the water supplied daily 
were taken from the Thames, and 46,147,371 gallons from 
the Lea and other sources. The return for April as compared 
with that for March shows an increase of 425 houses, and an 
increase of 1,702,025 gallons of water supplied — 

TEES-8IDE.—Shipbuilding in this district shows a little more 
activity. Messrs. Backhouse and Dixon have placed an 
order for a steamer of about 700 tons for the South Bank 
Iron Company. 

?- SPANISH Marswavs—Reilways continue to make some 
progress in Spain, although the advance effected is extremely 
sluggish. The coal basin of the Asturias—supposed to be a 
very rich one—traversed by the Gijon and Avilés lines, will 
find a new outlet for its products in the continuation of rail- 
way communication to the ports of the Corogne and Ferrol. 
The termination—not yet effected, by-the-by—of the San 
Juan de las Abadesas line will bring coal to Sarragossa and 
industrious Bargelona. There still remains to complete a 
line uniting Gerona and Perpignan, and putting in con- 

uence Spain and Portugal in uninterrupted communica- 
tion with the South of France and Italy. >< 

Sourm YorKsHIRE.—Although the iron trade of South 
Yorkshire is not very active, the principal ironworks are 
fairly employed. The coal trade is in a quiet state. Some 

uantity of coke continues to be forwarded to ironworks ip 
Lincolnshire, Derbyshire, &. 
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ecceiviae aeseveul \\ 
Rock foundation from A to B. 

” ” ” C to D. 

E to F. 
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Earth foundation from B to C. 
” ” ” D to E. 


Nors.—The elevations refer to the inner bottom of pipes above high water. 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 


Ata meeting of the above Society, held on the 29th of 
January, 1868, the following paper was read by A. W. 
Craven, Civil Engineer : 

Description of a Line of large Water Mains, laid by the 
Croton Aqueduct Department of the City of New York; 
= an Inquirg into the Causes of Failure of a few of 

em. 


The failure or breaking of some Jarge cast-iron pipes on 
the Croton Aqueduct during the past season was so unex- 
pected at the time, and has given rise to so much subsequent 
speculation, that I have thought that a precise narrative of 
all the facts thus far ascertained might not be uninteresting 
to the society, and might, by leading to further discussion, 
result in a satisfactory determination of the cause of the 
failure. 

The pipes were of unusual size, and the care taken in filling 
them was thought to be all-sufficient ; and, if this failure of 
4 portion of them should lead to a better knowledge of the 
required construction and proportions of the castings them- 
selves and of the manner of laying them, the present mis- 
fortune will be of great ultimate value. It is a fact, in en- 
gineering, of very considerable importance, and I lay the 
details before you, not without misgivings as to their clear- 
ness, but still with the hope that they may result in some 
professional benefit to us all. 

By an Act of the Legislature, the Croton Aqueduct Board 
has recently been obliged to change the line of the aqueduct 
from near the point of its intersection with Ninetieth-street 
to within a short distance of the influent gate-house of the 
old receiving reservoir. 

he change of the location made necessary an alteration 
also in the grade and character of the conduit. The portion 
of the \queduct thus discontinued was, like the rest of the 
line, built of masonry, and maintained also the gently de- 
scending grade common to the whole line, so that at no 
point was there any upward pressure on the arch. 

By the change of the location, however, the aqueduct was 
= © toconform to the lines and grade surfaces of Ninetieth- 
— and Eighth-avenue ; the new aqueduct would, there- 
an be below the surface of these streets, and be throughout 
its whole length lower than at the two ends where it was 
connected with the old line, being, in fact, an inverted 
syphon. 
ast extreme vertical depression between these ends was 

a and the general depression about 13 ft. ; and it was 
ae that, under the circumstances, economy and 
a ety called for the laying down of cast-iron pipes, instead 

constructing the new work in masonry. 

6 ey of oes were laid. Their interior diameter is 
pony | _ thickness, 1gin. On the tangents these pipes 
tion of a ths of 12 ft. On the curves, at the intersec- 
76 ft. radi e with Ninetieth-street (which was a curve of 
Eigh us), and that at the corner of Ninetieth-street and 
Sit pred (radius 85 ft.), the pipes are in lengths of 
Park, to =. from the Eighth-avenue into the Central 
» “© where the pipes strike the old aqueduct again, the 


radius is 200 ft., and the lengths are each 9 ft. The pipes on 
all of these curves were straight, but to enable us to lay them 
more accurately in the line of the curves, and to make more 
perfect joints, the spigot ends were bevelled, and the interior 
of the hubs were made sufficiently elliptical to correspond 
with the ends as thus bevelled. 

The bed on which these pipes were laid was varied, com- 
prising rock excavation, earth excavation, and embankment. 

The accompanying drawings will show the position of these 
differing foundations. 

Under each pipe were two blocks of wood—one near the 
hub and the other near the spigot end, with two wedges on 
each block, to bring the pipe to an uniform bearing. 

In the process of covering the pipes care was taken, as 
usual, to have the earth well rammed under and around the 
sides below the centre, and the rest of the filling compacted 
in the ordinary manner. This covering being partially com- 
pleted, the water was let into the pipes ; and to furnish those 
unacquainted with the locality with all the data necessary to 
the question involved, it seems proper to describe here the 
exact condition of the portion of the aqueduct, including the 
new work in pipes, which was then filled. 

At a distance of 500 ft. from the commencement of the 

ipes near Ninetieth-street, there is a gate-house called the 
Saestian Gate-house, built on the line of the old conduit, 
and from which the water is now let into the old conduit, 
and also into a branch aqueduct leading to the New Reser- 
voir, each conduit being controlled by separate gates. 

From the lower end of the pipes, where they again join 
the old conduit in the Central Park, to the influent gate- 
house of the Old Reservoir, the distance is 655 ft. 

Both of these portions of the old conduit were, of course, 
empty during the time of laying the pipes, and at the time 
now spoken of—the Old Reservoir being meanwhile kept full 
by a pipe connexion from the New Reservoir. The length of 
each line of pipes is about 2560 ft., and the total distance 
between the gate-houses spoken of is, consequently, 3815 ft. 
In letting in the water, previous experience had taught us 
that great care was necessary to guard against the effects of 
the ram, or concussion, so liable to take place in filling in- 
verted syphons ; and it was thought that the requisite care 
was exercised in this case. Only one of the gates at the 
Junction Gate-house was used, and was raised but 9in. As 
the gate raised was 3 ft. wide, the sectional area of the open- 
ing was but 324in., or 2} square feet; while the area of the 
conduit of masonry is 53} ft., and the combined area of the 
two pipes 564 ft. 

The water in the Junction Gate-house, behind the gates, 
stood at the time 8 ft. 8in. above the bottom of the gate, 
giving an effective head of 8 ft. 34 in. 

Of the time taken to completely fill the pipes and old aque- 
duct, no precise note was taken, but it was about three hours. 

When the whole was filled to the level of the water in the 
Junction Gate-house, but before the influent gates of the Old 
eg were opened, the gate at the junction was shut 

own. 

In passing over the line about three-quarters of an hour 
afterwards, it was discovered that some of the pipes had given 





' way. 





The water was immediately drawn off, and on examination 
it was found that out of 480 pipes, the whole number in both 
lines, 19 had been cracked. 

Excepting two, one of which was 3 ft. 83 in., and the other 
8 ft. 9in. in length, these cracks ranged in length from 2in. 
to 2 ft. 9} in., and in width from a merely perceptible line to 
about 4th of aninch. They were invariably in or very near 
the centre of the bottom of the pipe, and continued in the 
centre quite closely for their whole length. Excepting one 
= was at the spigot, all of the cracks occurred at the hub 
ends. 

The question is, What caused this failure? It will be 
seen by the accompanying plans that the character of the 
foundation is not to considered, as the breaks occurred 
when the pipes were laid upon embankment as well as when 
laid on rock. The profile here shown is that of the interior 
bottom of the pipes ascertained by a line of levels run imme- 
diately after the water was drawn off. It will be seen by this 
profile that there was at no point where failure occurred any 
a vertical deflection, and certainly not sufficient to 

ve strained the pipes at the joints. 

Was it the superincumbent weight? Examinations and 
some experiments were made touching this theory. 

By an accurately graduated gauge, measurements were 
taken of the interior vertical and horizontal diameters of 
every fourth pipe on each line—both of these measurements 
taken at the same point, and the differences noted. In such 
pipes as were broken, these measurements were taken twice ; 
the first series while the embankment still rested on them, 
and the second after the pipes were uncovered, and thus 
freed from any load. 

By the note-book it will be seen that, exclusive of the pipe 
which was cracked for nearly its whole length, the maximum 
difference between the vertical and horizontal diameters of 
the eighteen pipes broken, taken when covered and at the hub 
ends, was 1.67in.; the minimum y%, of an inch, and the 
average 7,35 in. ; elongation of horizontal diameter was there- 
fore ¥ov57-2= 4s of an inch. 

Of the 461 pipes not broken, the maximum difference was 
145 in., the minimum nothing, and the average yb; 
elongation of horizontal diameter was consequently vs in. 

The ooaers bearing on the question of superincum- 
bent weight were made as follows: 

First.—Two lengths of new pipe, merely laid upon the open 
ground uncovered and unconnected, were measured, to ascer- 
tain the elongation of the horizontal diameter, caused by 
their own weight alone. In each pipe measurements were 
first made of the horizontal and vertical diameters, both at 
the spigot and hub end. Each pipe was then rolled over 90° 
of its circumference, so that what was before the vertical was 
how the horizontal diameter. The greatest difference in the 
hub ends shown was y$; of an inch, and in the spigot end 
vos of an inch. 

You will see by the notes that the differences in the dia- 
meters of pipe No. 23 (broken), while covered, was at the hub 
only ys of an inch, and at the spigot it was 75. 

hree joints of pipe were then put together, supported on 
blocks, the joints caulked, the earth rammed under and 
around them, and the covering filled in above them; in all 
these particulars the work being similar to that in laying the 
lines of pipes in question, but the covering, or load, was 
carried to a much greater extent. 

The centre pipe (12ft. long) was loaded in the manner 
shown in the accompanying diagram. The calculated weight 
upon it was 7.36 tons per linear foot for its entire length. 

is pipe being anneal’ before, b2ing loaded, the difference 
between its horizontal and vertical diameters was y¢v's of an 
inch ; when loaded, the difference was y%'5 (2) of an inch, or 
an elongation of the horizontal diameter of jths of an inch. 

The greatest load upon any broken pipe, calculating both 
the filling and the weight of the water, was but 4.05 tons per 
linear foot, the excess of load in the experiment was therefore 
3.31 tons, or nearly double. 

Moreover, the tendency of excessive superincumbent weight 
would (excepting in very peculiar situations) be to break the 
pipe at or near its horizontal diameter, which, taken in con- 
nexion with the results of the experiments and examinations 
made, would seem to show that this theory is not sustained 
by anything yet developed. 

It should not, however, escape observation and thought, 
that the conditions of the pipe under the experiment just 
described and those broken in the line of the work may have 
been different in regard to the load. In both cases it was in- 
tended that the earth should be rammed under and around 
the lower half of the pipes so as to ensure an uniform bearing 
for their entire length, and thus prevent any pipe from rest- 
ing its whole weight solely on two points, viz., the blocks at 
each end. It mght be, however, that this was well done 
under the pipes experimented upon, and imperfectly done 
under those broken 1n the line. 

In the absence of positive proof, I have assumed that the 
inspectors tried to do their duty in this particular, and that 
in most cases the pipes were properly supported by ramming, 

Should it have been, however, that the pipes in the experi- 
ment were perfectly supported and the others not, the weight 
on the blocks at the hubs (the point where the failure 
occurred) would be for the 9 ft. pipes 184% tons, and in the 
6 ft. pipes 1274 tons on each point of sapeest, the blocks 
being 4 ft. apart, 2 ft. on each side of the hub. 

Was it owing to previous straining of the hubs from ex- 
cessively hard caulking ? 

In our experience, pipes have been broken under the strain 
of the caulking, but it occurs so seldom that it seems un- 
reasonable to assume that in this case so many as nineteen 
instances should be afforded. Experiment was made on this 
point; but in the pipe tested it was found impossible to break 
the hub by the use of any caulking hammer in our possession. 

After the lead joint was set up as firmly as it was — 
to drive it, iron wedges were driven into the joints with heavy 
hammers, but without breaking the pipe. 

Of course there is great difference in the strength of iron 
pipes, even when e of the same metal, arising from im- 
perfections in the casting, difference in the shri e while 
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cooling, &c. But the strain put upon the hub tested was so 
far in excess of that in the ordinary caulking of pipes as to 
seriously impair the soundness of this theory. Besides, one 
was broken in the spigot end, where the caulking would 
operate to strengthen rather than to strain the pipe too near 

@ breaking point. 

Was the failure owing to the weight of water in the pipes 
acting directly upon the curves in the lines which were upon 
a descending grade, and tending to move the pipes bodily out 
of their original place? One answer to this may be found in 
the faet that the pipes on the curves or immediately next 
them would be the only ones affected by this force, whereas 
the cracks were not confined to the curves, but occurrred on 
the tangents, and even at points the most removed from the 
curves. 

Again, this force would act more powerfully as the radius 
of the curve diminished. 

Out of the 19 pipes broken, 9 were on the lower curve near 
the Old Reservoir, a curve of 200 ft. radius, and a distance of 
314 ft., while on the upper curve at Ninetieth-street, 76 ft. 
radius, and an are of 119.38 f{t., but one break occurred, and 
on the central curve, Ninetieth-street and Eighth-avenue, 
the radius being 85 ft., and the arc 133.52 ft., no break what- 
ever occurred. Nine of the breaks occurred on the tangents. 

Moreover, it seems hardly possible that the weight of water 
was sufficient to move out of place so immense a load as was 
represented by these pipes filled with water and covered with 
compacted earth. 

Was the failure caused by the ram or hammer of the water 
when its flow was suddenly checked ? 

The precise power of what is called a ram in water-pipes 
can very seldom be determined, because in all cases it is ex- 
tremely difficult, and in most cases absolutely impossible, to 
determine the velocity of the water at the moment its flow 
is checked. We know from experience that it has often 
proved sufficient to break the pipes; but how much greater 
than the necessary force existed at the time is seldom ascer- 
tained. The want of precision in data, therefore, makes this 
question one always difficult to investigate, and in the case 
before us the difficulties are by no means less than usual; but 
I think there are one or two facts which were noted at the 
time, and which help us in discussing the question whether 
the failure of these pipes are to be ascribed to the ram. 

It has been shown that the distance between the two 

ate-houses, or the length of pipe and conduit filled, was 
3716 ft. 

To fill this space it took 206,534 cubic feet of water. 
time taken in filling is assumed to be three hours. 

The average velocity, therefore, of the flow of water through 
the gate, into the conduit and pipes, must have been 8} ft. 
per second, 

It has been ascertained very positively that when the water 
was shut off, or the gate was closed at the Junction Gate- 
house, the water rose in the influent gate-house, Old Reser- 
voir (from which there was no effluent gate open at the 
time), a height of 9in. above the point to which it would be 
in a state of perfect rest. 

The space in which the water is visible in this gate-house 
sa chamber or back-bay about 10 ft. square. The whole 
surface of the water in this chamber was observed to rise 
uniformly and quietly, and without any very marked super- 
ficial disturbance, to the height stated, and then subside with 
equal uniformity below the point of rest. This rise and fall 
was repeated several times. No note was taken of the time 
occupied in each pulsation, but the motion was distinctly 
visible both when the water was rising and when receding. 
It could, therefore, not have been more than a few minutes 
in any one case, and, from what I could ascertain from the 
witness, the rise and fall did not occupy many seconds. 

Here, then, seems to be positive evidence of a recession or 
reflux of the whole body of water following immediately upon 
shutting off the inlet at the upper gate-house. 

To what distance, and with what comparative force or 
velocity this reflux was carried, we have no means of judging. 

To what extent there was any disturbance from this cause 
in the upper or Junction Gate-house, we do not know, for 
the superintendent left that building within a few minutes 
after the water was shut off, without noting any disturbance 
in the surface at that point, but that the vast body of water 
in the pipes was in motion at the lower end, and that this 
motion must have been transmitted, to a greater or less 
degree, throughout the whole length of the pipes, seems 
certain. The distance from the south Gate-house, the 
point at which the flow of the column of water was checked, 
to the lower or nearest end of the pipes or syphon, was 655 ft. ; 
the distance from this poin: to the nearest pipe broken was 
117 ft. 

The bottom of this pipe was 4.78 below the bottom of that 
part of the aqueduct just spokenof. The weight of the water 
which, at the time of its recession, was in this length of con- 
duit and pipe combined, was 1070 tons. 

It would require but very slight velocity, with such a 
weight, to bring a very great strain upon the whole length 
of the pipes. 

If there was any ram at all (as there is good reason to 
suppose), it must have been suflicient, with other causes 
which I will speak of presently, to have produced the failure. 

The fact that of the nineteen pipes broken, nine were 
within a space of 250 ft. of each other at the lower end of the 
line, where the shock of this ram would have been first felt 
and partially expended, would go to strengthen the theory 
that it was to this cause the failure was due. . 

The bottom of the furthest one of these pipes was 12 ft. 
below the grade of the aqueduct at its junction with the 
pipes, and as the interior height of the aqueduct is 2 ft. 5 in. 
greater than that of the pipes, the head upon the latter at 
this point was 14 ft. 5 in. 

The other causes to which I alluded as aiding to break the 
pipes I have not connected specially with any of the theories 
8 ested, because the ii laoes been common to all. 

t is the possibility that the pi bes broken had been strained 
too near the breaking point by shrinking at the time of cast- 
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ing, and that this strain had been further increased by the 
caulking. : ‘ 

From the shrinkage alone the pipes might have been in 
such a condition as to be unable to bear any further strain, 
and, perhaps, in the two combined may be found a solution 
of the question involved, quite as probable as any other which 
has been suggested. 

Whatever be the real cause of this failure, I am convinced 
that if large pipes must in any case be used, an alteration 
should be made in their shape and dimensions. ‘a 

If again obliged to use pipes of this calibre under similar 
circumstances, I would increase the thickness to 2in. This 


would diminish the chance of injury during the cooling of 


the metal. I think, also, that in pipes of very large size 
additional security would be pote by dispensing with the 
hub or bell ends, and using sleeves as the means of making 
the joints. 

I present herewith drawings of the hub of the pipes as 
cast, and of sleeves used in the repairs. 


THE DISPOSAL OF TOWN SEWAGE. 
* By Aveustus Hamitron Jacon, B.A. 
(Concluded from page 428.) 

MAny persons, learning the manurial value of town sewage, in- 
vented different processes for its deodorisation and precipitation, 
so as to obtain a solid substance in a more saleable form than the 
liquid. In these processes the fact was generally lost sight of ; 
that it is impossible to precipitate ammonia, the chief manurial 
constituent, except, perhaps, indirectly and expensively as the 
ammoniaco-magnesian-phosphate. The precipitate, therefore, 
was nearly effete matter, and the most valuable fertiliser lost is 
the effluent water. Between fifty and sixty patents were taken 
out for various treatments for the manufacture of solid manure, 
but they all died a natural death, from the impossibility of 
selling the material at anything like a remunerative price. The 
principal process was that of Mr. Higgs, and consists in pre- 
cipitating the solid suspended matter with lime. It was tried at 
Tottenham, Leicester, and at one of the old London outfalls. 
Very large works were erected, which had to be subsequently 
abandoned from the impossibility of obtaining sale for it; 42. per 
ton was the estimated price, and it was with difficulty sold at 
4s. Treatment with lime effects a good deal of purification, 
but it is anything but a perfect deodoriser. The presence of 
lime will endanger the fish in a stream, according to the amount 
of concentration. Sulphate of alumina, in addition to lime and 
charcoal, phosphate of magnesia, hydrochloric acid, perchloride 
of iron, &c., were also tried, but suffered commercially and col- 
lapsed. All these processes deodorise to some extent, but as 
deodorisers alone they would be too expensive to adopt. The 
best simple deodoriser is carbolic acid mixed with lime, or, as a 
carbolate of lime as Mr. M‘Dougall’s powder. The only objection 
to carbolic acid, which, after all, is a very imperfect deodoriser 
at the outfails, where it is wanted most, is its peculiar tarry 
smell which, ventilating through the smallest crevices in the 
drains, is very offensive tosome people. Simple filtration alone, 
or combined with some chemical treatment, has been repeatedly 
tried, but withont any success. At Birmingham the sewage of 
200,000 persons was discharged into a filtering tank, the filter- 
ing media being gravel. The solid matter was pumped on to 
land, where it was left to dry, when it was sold as manure if 
buyers could be obtained. 6d. per ton could not be got for it. 
At Manchester, where cesspools abound, they tried mixing the 
matter with the ashes of stone coal, a very imperfect deodoriser, 
and selling the mixture, which was done at a loss of 10,0001. a 
year to the city. It was in this neighbourhood that the “ Eureka” 
process was tried, which consists in adding sulphate of iron, 
and angus to dryness. ‘This was, of course, very expen- 
sive, and consequently failed. At Croydon, an elaborate system 
of filtering was tried, alsoevery possible deodorising process, to 
prevent the fouling of the river Wandle, but to no effect. 
With regard to all systems of filtration, the question of ad- 
vantage depends on the state the sewage arrives at the 
outfall; if it be long enough in its transit to set up 
decomposition and evolve noxious gases, there is little use 
for filtering, while, on the other hand, if it arrive in a fresh 
and undecomposed state, there will be considerable advan- 
tage in filtering; but the tanks will require constant clean- 
ing. Two processes, proposing to deal with excretal matters 
and abandon water-closets, deserve some notice, viz., the earth 
system and Captain Liernur’s pneumatic system. The former 
of these two systems depends on the great power that common 
dry earth exerts as a deodoriser, by the absorption of sulphurous 
and ammoniacal gases and assimilation of phosphoric acid and 
alkaline salts. It is only intended to deal with the excreta, 
and consequently a complete system of drains is required for 
household slops, &c. An ordinary closet is fixed with a seat 
with a reservoir for dry earth at back, and a chamber or vault 
underneath, of about 50 cubic feet in area. On the pulling of a 
handle a sufficient quantity of dry earth is discharged into the 
pit, covering any excretal matter. The commode, or portable 
closet, is similar in its arrangement, except that an iron bucket 
is substituted for the pit in the fixed closet. The process entails 
a plentiful supply of dry earth and frequent emptyings. Six 
pounds of earth ave required per head per day, or 2 cwt. per 
week for a family of six persons. It can be considered what 
difficulty would be experienced in obtaining this quantity of 
earth and drying it. The plan of drying is to have a drawer 
made to fit underneath the kitchen range, which may be filled 
one morning and left till the next. If required for a larger 
number than six persons, a portable dryer with stove will be 
necessitated. As 224 1b. of dry earth is required per week for 
Six persons, and as the excreta of each person weighs 2 lb., there 
will be a transport to each house of 224 Ib., and from of 308 lb., 
or a transit through the house of 532 lb. per week. For a town 
of 20,000 inhabitants, 266 cubic yards of earth will be required 
per week, or 13,800 per year, or about 8 ft. excavated over 
one acre. Apart from the difficulty of getting earth, then drying 
it, the necessity for separate drains, the alteration of present 
arrangements, and, worst of all, the periodical visits of the earth- 
men, it will be absolutely impossible to get the general in- 





habitants of a town, however small, to comply with all the 
necessary requirements to preserve cleanliness and avoid 
nuisance. Such a system may be adopted in special cases where 
there is: such a methodical system as to ensure due attention 
As to redrying the earth, there is little probability that such 
would be generally carried out. These different manipulations 
must of necessity be offensive to the refined minds of a house. 
hold. 

Captain Liernur’s system consists in constructing iron reser- 
voirs at the crossing of all the principal streets underneath the 
surface. These are connected by 5in. iron pipes with each 
closet of the adjoining house. Each service pipe is kept closed 
with an air-tight valve in the street, which can be opened at 
will. A steam engine and air pump are drawn through the 
streets, which stop at each reservoir and pump out all the 
collected matter into an iron tank; the house valves are opened 
and the excretal matter which has been collecting since the last 
visit is driven into the exhausted tank by the atmospheric 
pressure, and eventually removed for manuring the land. This 
arrangement would be very costly; the large service pipe would 
require a great deal of exhausting; the air-tight valve would be 
very difficult to keep air-tight; there is no provision for house- 
hold slops, and the matter which would collect in the tubes 
between each visit of the exhauster would be very offensive. 

Seeing that all the above-mentioned processes are more or 
less objectionable, there only remains one other which is practi- 
cally the most feasible and effective—that of utilising the sewage 
from the outfall by agricultural means. All the Parliamentary 
reports urge in the strongest manner the necessity for avoiding 
river pollution by means of irrigation. The latest report pub- 
lished, on the rivers Aire and Calder, says: “ Sewage intercep- 
tion is always practicable; where it can be applied fresh tq the 
land there is least nuisance and least cost to the ratepayers. 
When the solids are extracted by mechanical deposition, there 
is pecuniary loss on the operation, and ranning streams receiv- 
ing the effluent water are still polluted, the pollution being 
greater as the volume of the stream is relatively small. No 
arrangements for treating sewage are satisfactory except its 
direct application to land for agricultural purposes.” The report 
then proceeds to impress on the Government the advisability of 
legislating on this subject. 

Irrigation farms have been established at many places through- 
out the country; for instance, Croydon, Edinburgh, Carlisle, 
Cheltenham, Rugby, Worthing, &c., and all with the most suc- 
cessful results. In all cases where works have been partly un- 
successful, it was due to defective management, and where the 
farming has been conducted by private individuals. Sewage 
irrigation will not succeed if it does not receive some attention; 
it needs little, but it requires some, and it also calls for a some- 
what different method of farming. If fields be irrigated by 
gravitation and open channels, there is a certainty of direct 
money profit; if pumping be requisite, or costly means of dis- 
tribution used, though there may not be an equivalent return 
for the money expended on works, still the addition to the rates 
need not be considerable, and the real difficulty, the river pollu- 
tion, may be obviated. 

The manner by which sewage is purified by passing over land 
is not as many suppose by simple filtration, though in some 
sandy soils purification may be assisted, but is due to the power 
which clay has of absorbing ard assimilating fertilising 
matter; the direct contact of the roots of plants may assist this 

urification, but only assists, for we find the drainage water 
rom an irrigation field practically pure at a time when there is 
no growing taking place. There is no doubt that open soils 
purify large quantities of sewage better than stiff clay, but the 
reason of this is that in very retentive soils the water cannot 
find its way for any depth into the ground where it,would meet 
with fresh and more extended surfaces. But, nevertheless, 
retentive soils have been found perfectly well adapted for irriga- 
tion purposes both at Worthing and at South Norwood, near 
Croydon; at this latter place the soil is essentially brick earth, 
for there is a bricktield adjoining the former, and but a few 
yards distant. As tothe effect of irrigation in purifying sewage 
sufficiently to wy it to run into the watercourses, we have 
abundant proof. As has been alluded to above, every possible 
process of filtration and deodorisation was tried at Croydon to 
prevent the pollution of the river Wandle, but to no purpose; 
the irrigation fields were then established, and the effluent 
water discharged into the river Fisk. Fish now hover round the 
outfall, and one of the millowners, the very person who gave the 
Local Board so much trouble, has actually diverted some of the 
drainage water into his millhead. At South Norwood direct 
analysis shows that the effluent water contains only one grain 
of solid matter per gallon more than the well water supplying 
the town would contain after passing over the same area, allow- 
ing for the amount of concentration received by evaporation, 
the actual difference in impurity per gallon between the well 
water as it is pumped and the effluent water from the fields is 
43 grains. 

The different methods for applying sewage to land are the hose 
and jet, subsoil irrigation, and surface channels. The hose and 
jet system consists of underground pipes of iron laid throughout 
the farm, and connected with a high level tank or with steam or 
pump water. To these pipes at convenient distances are fixed 
hydrants, to which are connected suitable length of hose with 
nozzle attached. This method has been tried with some success by 
Alderman Mechi, at Tiptree; but there are many drawbacks to 
its use: the jet sheds the liquid over the leaves of the growing 
plants, the length of hose which is required, and which must be 
pulled over the crops, is very objectionable, there is consider- 
able labour required in distribution, and the expenditure in 
laying down all the necessary apparatus is a very serious _ 
cost. The cost of delivery on the Tiptree Lawn was 144. or 2d. 
per ton, and as the sewage, or rather liquid manure, was hardly 
jrd the value of London sewage, its manurial value could not at 
all have compensated for such an expense; however, Alderman 
Mechi attached very great importance to the use of water alone, 
and said, before a parliamentary committee, that it paid him to 

ump pure water at the rate of 2d. per ton at certain seasons 
3y this method the sewage cannot be purified at night 7. 
and also a very much greater area of land would be requies ted 
utilise a given amount of sewage. Sewage is # Very di wa 
manure, and, consequently, it will not do te encumber its valu 
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with costly means of distribution. Subsoil irrigation consists 
in laying down underneath the top soil perforated pipes, which 
can be closed’ at will at convenient distances apart. When 
toirrigate the subsoil, these pipes are closed, and the 
sewage forces its way through the holes and mixes itself with 
the soil. “With this method there will be considerable stagna- 
tion of the sewage; the crops will hardly receive the whole 
benefit of the manure, as it percolates somewhat lower than the 
roots of the growing crop. As the pipes must be at sufficient 
depth to prevent injury from tillage operations, there will be 
danger of the holes becoming stopped, and of a deposit forming 
in the pipes and choking them; this method is generally con- 
demn ag engineers. Irrigation by surface channels is now 
almost universally adopted from its simplicity, cheapness, 
effectiveness, and power of dealing with large quantities of 
sewage. It is subdivided into three methods, viz., catchwork, 
ridge and furrow, pane and gutter. The selection of the 
methods depends on the physical character of the ground. 
Catchwork irrigation is only applicable to very steep or sloping 
ground; it is perfectly essential to contour the ground very 
carefully, and on the contour line thin-formed gutters are cut 
in the ground at convenient distances from the top to the 
bottom of the field. The sewage being conducted along the 
highest point of the field discharges into the first gutter; this 
being laid, out perfectly level, is gradually filled, and, over- 
flowing equally throughout its length, trickles down the pane 
to the next gutter, which, in its turn, becomes full and over- 
flows to the next, and so on, till the sewage reaches the bottom 
of the field as pure water. Arrangements can easily be nade 
by which fresh doses may be given to the lowest parts of the 
field if it can be found that the sewage water is purified before 
reaching them. The distances between the gutters may be 
30 ft. or so, depending on the slope of the ground. If the 
ound have too great a slope there will be a difficulty from the 
increased rate of motion of the sewage in purifying it; perhaps 
1in 4 or 5 would be about the limit. This is the cheapest 
mode of irrigating, all the gutters, &c., being constructed for 
about 2/. per acre. 

The ridge and furrow method is applicable to perfectly level 

und, and consists in forming an artificial slope by excavation 
and filling. On the top of the ridge thus formed a gutter 
is cut which receives the sewage from the main carrier ; 
the pane or each side of this gutter is carefully levelled with a 
proper inclination, about 1 in 120, to the furrow or drain cut, 
which leads to the nearest watercourse. The sewage being led 
into the gutter on the ridge overflows on each side down the 
panes to the drainage gutter in the furrow. The laying out of 
the ground in this method costs from 42. or 5/. to 15. or 201. 
per acre. The width of the pane on each side of the gutter 
may vary from 30 ft. or less to 80 ft., according to the crop. 

he pane and gutter method is that used when the ground 
has naturally a slight inclination; gutters are cut, radiating 
from the main carriers, down the fields; between these gutters 
the ground is laid out perfectly level in one direction, with, of 
course, a slope in the other corresponding to that of the sub- 
sidiary carriers. At the lower part of the field a drainage 
gutter is cut to take away the purified water. The manner by 
which the sewage is distributed is as follows. The liquid flow- 
ing into the carrier runs down, and is arrested by stop-boards, 
which are simply elm boards stuck into the ground transversely 
to the carriers, these stops cause the sewage to dam up, and 
rising over the edges of the carriers or gutters, flow evenly over 
the adjoining ground. This is a very effectual method of irri- 
gating, and is largely used at Croydon. 

The opponents of the irrigation of land with sewage main- 
tain that considerable nuisance is entailed by the flowing of 
sewage through the open channels; but this objection may be 
easily met by adopting a few simple precautions, viz., a careful 
filtration, as at South Norwood, where the sewage is made to 
pass through beds of burnt earth, by covering the main carriers, 
and by keeping the gutters cleaned out and free from the black 
deposit, which is the most fruitful source of nuisance. The 
filtrate or solid matter may be sold at two shillings per ton, and 
will generally pay the expenses of filtering. As to the crops 
suitable for sewage farming purposes, many have been tried, 
and nearly all with more or less success, but the crop which has 
been found to give the best results, and require least attention, 
is grass, and of all the various grasses that are most pre- 
eminently applicable is the Italian rye grass. Sewage is a 
manure which must be constant in its application, and as it is 
its purification we have to deal with asa first consideration, it is 
necessary to select a crop which will not suffer from a continued 
application. Grass is a quick growing crop, and uses up the 
fertilising matter of manure very speedily, and bears a free 
application of water; it will also take repeated dressings with 
advantage, which other crops will not do. It is very advantage- 
ous to set apart a certain division of a farm for root and other 
crops, if there be room enough; but it is always essential to 
preserve a certain amount of grass crop, which will in itself be 
always ready to receive the sewage for purification when it 
would be inapplicable to others. Sewage has been tried with 
considerable success on serial crops, but there must be great 
care taken that it is used very sparingly, and at a particular 
season; too free a dressing will surely cause the m4 to run to 
Straw, but a limited dressing in time of draught will be of great 
advantage to the ear. At Rugby, under Mr. Lawes, sewage 
Was applied to oats at the rate of 135 tons and 510 tons per 
acre; in the former cases 51d. per ton of sewage was realised, 
and in the latter 1d. per ton, the quantity of grain being in- 
creased in the first instance and straw intheother. Other crops 
which have been successfully grown with sewage are lucerne, a 
plant allied to clover, rye crop, or ordinary rye before it reaches 
an ear, flax, mangold, beet, kolil rabi, cabbage, celery, &c. Most 
of these have been farmed at the Lodge Farm, Barking, with 
Metropolitan sewage, under the able superintendence of Mr. 

- C. Morton, one of the lately appointed commissioners on river 
pollution, and have returned most satisfactory and unlooked-for 
crops. Here, a crop of cabbages, sown in August and watered 
three or four times at fortnightly intervais, produced 10/. an 
acre, the plants being 15in. apart. A crop of mangolds sown 
in May, and among which were transplanted kohl rabi plants, in 
August, after three dressings, making #00 tons of sewage per 
acre, produced a return in October equal to 50/. an acre. This 
result was double that obtained from other plots on the farm 





undressed with sewage, but which received a heavy manur™& 
of cowhouse dung, greens, superphosphate, and salt. The only 
manure applied to a very poor gravelly soil to realise these very 
heavy crops is the ordinary London sewage. These experiments 
were chiefly carried out to show Essex market gardeners the 
value of sewage for*their gardens, more than asa means of 
purifying sewage in as economical a manner as possible. ‘The 
greater part of the farm has been sown with Italian rye grass, 
which has grown most luxuriantly. 

Very interesting experiments were conducted at Rugby by 
Mr. Lawes and Professor Way on the value of sewage for green 
crop farming. Great accuracy was observed, and the results 
are very reliable and valuable, for an ordinary sample of sewage 
such as Rugby produces. Four distinct plots were chosen in two 
adjoining fields respectively, possessing a somewhat different 
svil. These plots were laid down in meadow grass, and treated 
as follows: No. 1, without sewage; No. 2, with 3000 tons of 
sewage per annum; No. 3, with 6000 tons; No. 4, with 9000 
tons. The soil was a leas marl, and generally retentive. The 
fields were not drained. The amount of ammonia was seven 
grains per gallon, giving a theoretical value of 1jd. per ton. It 
was found that the result of applying sewage to mixed grasses 
was to shake out the finer ones and develop the particular sorts 
and to deprive the land of weeds. The results obtained®for one 
year was as follows: No. 1, unsewaged, 4 tons 18 cwt. per_acre 
per annum; No. 2, with 3000 tons of sewage, 22} tons; No. 3, 
with 6000 tons, 35 tons; and No. 4, with 9000 tons, 37 tons. 
The cutting with the 9000 tons commenced towards the end of 
April and June six cuttings, the last being on the 27th of Novem- 
ber; No. 3 was cutearly in May; No. 2 at the end of May, and 
No. 1 in the middle of July. The value obtained per acre from 
the application of sewage calculates as the amount of milk ob- 
tained from cows fed on the grass, with slight addition of oil- 
cake, was for plot No. 1, without sewage, 15/.; No. 2, 250. 7s. ; 
No. 3, 337. 6s. 10d.; No. 4, 362. 1s. 4d., realising a value for 
the sewage of .931d. per ton against 1.67d. the theoretical value. 
The drainage water from the fields generally contained two 
grains of ammonia per gallon, which would give 4d. per ton 
cash. 

With regard to the composition of the grass and milk obtained 
from sewage, it was found that, though a given weight of 
sewaged grass had not as much dry substance as a similar 
weight of unsewaged, still the dry substance of the sewage- 
grown grass contains more valuable ingredients for the produc- 
tion of milk. The composition of milk obtained from sewaged 
and unsewaged grass was almost identical; if any difference, it 
was in favour of the former. 

The quantity of sewage per acre to be applied, as giving the 
most economic results, according to Messrs. Lawes and Way, is 
5000 tons per annum. 

Though the results on meadow grass have been so successful, 
the crop least suited, as before stated, for irrigating, is the 
Italian rye grass, from its very rapid growth and its power of 
dealing with large quantities of sewage. This crop requires to 
be ploughed up every third year or so, and a root crop taken off 
the ground, when the rye grass is resown. This grass can be 
grown, and as delicately as it is possible to grow it, by means of 
sewage, by taking care that it is cut just before it begins 
forming seed. If this precaution be observed there will be no 
danger of rankness or coarseness. The results at Croydon and 
Edinburgh, where sewage irrigation has been carried on for 
200 years, have been as successful as it is possible to be. At 
both these places grass has been cut realising 50/. an acre per 
annum; but 30/. to 40/. may be considered the average. The 
amount of sewage applied per acre has varied from a few hun- 
dred tons per acre to 20,000 or 30,000 tons. At Croydon about 
6000 tons are used. Messrs. Lawes and Way give as their 
opinion that any amount of sewage up to 40,000 or 50,000 tons 
may be applied to land with satisfactory results, but that these 
amounts would not at all give the greatest value of the manurial 
constituents of the sewage. 5000 tons is the amount that gives 
the greatest economic value. With this quantity of sewage 
applied to an acre of Italian rye gruss properly laid down, 1000 
gailons of milk may be anticipated per year, which, at 8d. per 
gallon, would represent a gross money return of 33/. 6s. 8d. 
As to the estimated value of sewage, it is an unfair thing to 
seek out every grain of ammonia, and put it against its market- 
able value. A farmer uses his manure at certain seasons to 
certain soils, and in certain quantities; and even then it will 
very seldom reproduce its market value. Sewage must be 
applied at all times and at all seasons, and whatever happens, it 
must be purified. Under such circumstances it can hardly be 
supposed it will reproduce its full value throughout the year, 
though there are times in the season when it may realise con- 
siderably more. 





ALPINE RAILWAYS. 
To THE Epitor of ENGINEERING. 


Srr,—Within the last few years great and bold railwa 
schemes having been projected and carried on with moon 4 
vigour and enterprise on the Continent, and it is very satis- 
factory to find that the colossal mountain wall, clad in eternal 
snow, the Alps, forms nodonger an insurmountable barritre to 
steam intercommunication. 

In 1857, when Count Cavour’s policy advocated a close 
connexion of Sardinia with France by means of a railroad vid 
Mont Cenis, this great statesman’s idea was met by a pro- 
posal to construct a tunnel, of not less than 12,220 metres in 
length, and at an elevation of 1338 metres above sea level, 
under the Col de Fréjus, between Bardonnéche and Modane, 
thus connecting Turin with Chamberg and Culoz, from which 
‘atter point the line branches off to Lyons and Geneva. Of 
the great tunnel through the Col de Fréjus—better known by 
the name of Mont Cenis tunnel—only about 4000 metres re- 
main to be completed, which, it is calculated, will occupy 
about three years more. (The exact state of the workings 
were, at the beginning of last month, 8049 metres against 
4171 metres.) 

Previous to this, however, as your readers will be aware, 
the Alps were pierced at the Semmering by a tunnel of 
1431 metres long, and 897 metres above sea level. This route, 
which was opened for traffic on the 17th of July, 1854, con- 








nects Vienna with Trieste and Venice, and represents, properly 
speaking, the first Alpine railway, 

Only a ‘few months ago a third important connecting link 
was completed, situa 800 kilometres westwards from 
the Semmering, and connecting Italy with the traffic 
of South-Eastern Germany, viz., the Brenner line, which in- 
tersects the Alps at a height of 1336 métres above. sea level, 
and by a series of short tunnels (the longest about 600 metres) 
between Innsbruck and Botzen, the natural configuration of 
the Alps at this point making no long tunnel absolutely 
necessary. 

It happens, however, that none of these Alpine railways are 
calculated to supply Italy with what she really needs for 
political as well as mercantile reasons, viz., the most direct 
and shortest means of communication with Central Europe, 
Belgium, and Great Britain. Unlike Marseilles and Trieste, 
and all ports on the English Channel and the North Sea, 
which are all backed by railway systems, the uliar 
gogrenhied position of Italy isolates her entirely from the 
thickly populated, wealthy, and prosperous parts of Europe ; 
until the Italian ports are fed by railway channels, emerging 
direct from Central Europe, their maritime importance must 
remain stagnant. Now a glance at the railway map of 
Europe will suflice to show that the Mont Cenis and Brenner 
routes are in too close a proximity to the traffic rayons of 
Marseilles and Trieste respectively to be of material advan- 
tage to the Italian ports ; moreover, these two lines intersect 
territories, from which the dominions of Vittorio Emmanucele 
may wish for political reasons to be independent. Between 
the Mont Cenis and the Brenner there exists at present a 
break of 420 kilometres, measured in a straight line as the 
crow flies, or of 480 kilometres measured along the windings 
of the Alpine chain. 

Viewing an Alpine railway as an international highway of 

universal importance, the geometrical axiom that a straight 
line is the shortest distance between two given points should 
be adhered to as much as practicable ; any deviation from this 
line means loss to the quobucuns and consumers. The shortest 
transit line from Northern Germany, the Netherlands, 
Belgium, and the Rhine Provinces, or from Eastern France 
and Great Britain vid Italy to the East Indies and Australia, 
and vice versd, will neither touch the regions of Mont Cenis 
or the Brenner, but intersect the Alps between the two, and 
go right through Switzerland. Concerning the British com- 
merce with Ita y and the Orient, it is quite evident, however, 
that an overland transit line can only compete with the sea 
route where quick and regular expedition is essential, as, for 
instance, in the conveyance of specie, various costly products, 
and raw materials. In 1861 Great Britain imported from 
Turkey, Egypt, the East Indies, China, and Japan, raw silk 
to the value of nearly seven millions sterling, and of a weight 
of 8,300,000 Ib.; one half of this quantity was again exported 
to the Continent. Now for such like fabrics the rate of 
freight becomes much increased by the additional item of sea 
insurance, amounting from one and a half per cent. to three 
per cent. on the value of the cargo. Viewing further the close 
relations between Great Britain and her Asiatic and 
Australian Colonies, as well as the colossal dimensions of the 
Anglo-Oriental commerce, there is every reason to believe 
that with the completion of the Suez canal an Alpine railway 
through Switzerland will command more importance still in 
this direction, as being politically, commercially, and strategi- 
eally the best transit ng Intersecting neutral territory, its 
safe and regular working could always be depended upon, 
which, particularly concerning mail service, must be an im- 
portant condition. 
_ From this point of view the Swiss Alpine passes, command- 
ing great importance as international gateways, have been 
the subjects of very elaborate reports and extensive surveys ; 
the result of these has been the advancement of three distinct 
projects, viz., vid Simplon, Saint Gotthard, and Lukmanier. 
As, for obvious reasons but one of these gigantic schemes 
can be carried out, they have been the cause of exhaustive 
commercial and technical polemics which, in their turn, 
represent highly interesting documents to any one connected 
with railways and their working, either in a financial or 
technical sense.* 

With reference to an international transit line from east to 
west, as well as to the development of Swiss and Italian 
resources, there can be no two opinions, but Mount Saint 
Gotthard, favoured by its central position, standing pre- 
eminent among its rivals. This project, as it stands at pre- 
sent, involves the construction of not less than 66 tunnels of, 
together, 14,059 metres in length, while the great Alpine 
tunnel, undermining Saint Gotthard proper between Goes- 
chenen and Airolo, is to be 14,800 metres in length, and its 
summit 1162 metres above sea level. The total length of the 
project, connecting Lucerne and Zug with Camerlata (near 
Como), is 265 kilometres, or 165 English miles; the Alpine 
section, beginning at Flucleu (438 metres height) -and ter- 
minating at Biasca (300 metres height), extends over 97 kilo- 
metres. The maximum gradients are to be 1 in 40, and the 
minimum radius of curves 300 metres (considerable diffi- 
culties being experienced in working -the Semmering curves 
of 180 metres radius). According to the engineers of the Mont 
Cenis tunnel, the construction of the Saint Gotthard tunnel 
will occupy about 12 years; M. Grattoni, resident engineer 
of the Mont Cenis tunnel, calculates 10} years, and the cost 
would be rather more than 2,000,000/. sterling ; the estimate 
for the entire project (for a double line, but not’ includin 
rolling stock) is 7,000,0001. sterling, or at the rate of 42,4241. 
per mile. The yearly gross receipts are calculated at 30721. 
per mile, based upon and to be derived from the conveyance 
of 180,000 passengers and 270,000 tons of merchandise 
annually. The nett earnings (the working expenses being 
calculated at 43 per cent. of the gross receipts) are set down 
at 17511. per mile, which would, however, not suffice to secure 





* “Die Gotthardbahn in commerzieller Beziehung ;” “ Die 
Gotthardbahn in technischer Beziehung ;” “ Die Lukmanier- 
bahn in technischer, commerzieller und finanzieller Bezie- 
hung;” “Simplon St. Gotthard et Lukmanier;” “Die 
schweizerische Alpenbahn ;” “Le chemin de fer du Gotthard 
au point de vue militaire,” &c. 





| 
} 
i 





484 


ENGINEERING. 





[May 15, 1868, 











a fair return for the capital invested. The total yearly nett 
earnings would accordingly be 166 x 1751=288,916/., which 
sum represents 5 per cent. on 5,778,3001.; but since the cost 
of the project will be 7,000,000/., subventions to the amount 
of 1,221, 7001. (not counting interests during the time of con- 
struction) will be required. It is expected that such subven- 
tions wi readily be furnished by the various States and rail- 
way companies interested mostly in the scheme. If this be the 
case, there can exist no doubts whatever in financial circles 
about the rentability of the undertaking, while as to its prac- 
ticability from an engineering point of view, the projectors 
point to the very satisfactory progress of the Mont Cenis 


workings. 

But although the Saint Gotthard project is founded on a 
solid basis in every direction, yet the enormous amount of 
capital and time required for its execution form very = 
objections. These can only be avoided by making Alpine 

ways to climb still higher altitudes by means of stee 

gradients and sharp curves, and this system of Alpine rail- 
way construction was ney advocated in 1859 by M. 
Eugéne Flachat when the Mont ‘\Cenis Tunnel was begun. 
M. Flachat asserted then in his phlet, “ De la Traversée 
des Alpes,” that the lines should be carried over the mountain 
passes, which are in most cases situated in the region of 
eternal snow. The elevation of the different Swiss passes 
varies from 2000 to 2100 metres above sea level; to protect 
railway intercommunication at these heights against ava- 
lanches, snowdrifts, storms, and other characteristics of an 
Alpine climate, various expedients might be suggested ; the 
present Alpine roads, for instance, are carried through covered 
galleries, where found necessary. From the above reports— 
issued on the’ subject of mountain railways—it appears, how- 
ever, that the working expenses form the main argument of 
the advocates of long tunnels against surface lines. Thus 
the theory has been advanced that each 10 metres in height 
will involve an equivalent outlay in working expenses as the 
working of one additional kilometre on a level line. Based 
on this theory, the various projects have been compared with 
each other, as to their real length against virtual length, 
which latter expression means real length plus additional 
length (parcours additionnels). Although it is difficult to 
see how an abstract mathematical formula, having as basis 
only the rate of gradient, can be applied to estimate the 
difference in the working expenses—com of so many 
distinct factors—yet it is manifest that with the present 
system of engines and rolling stock the economical working 
of Alpine surface lines would be an impossibility. 

As solutions of this problem many plans, embodying dis- 
tinct principles, have been suggested. While M. Flachat would 
apply cylinders and machinery to each individual carriage, 
but supply them all with steam from one boiler only, M. 
Thouvenot pro to transmit power from the engine to all 
the wheels of the train by means of driving belts, chains, or 
connecting rods. Then we have Vignoles’ mid-rail, as worked 
out by Mr. Fell, and applied over Mont Cenis. M. Riggen- 
bach, locomotive superintendent Central Railway of Switzer- 
land, proposes a modification of Blenkinsopp’s rack rail. 
Further on different plans of rope traction have been sug- 

ested, among which the locomoteur-funiculaire of M 
{ udio claims to be non plus ultra. A plan has also been 
albania’ by M. Seiler, a Swiss engineer, which proposal has 
one cardinal point in its favour, viz., that of taking advan- 
tage of the latent power of the Alpine waters. According 
to his “ Balance aérohydrostatique,” a balance would be 
lifted, much in the same manner as a canal boat, and the 
working of the locomotive would be limited to the level sec- 
tions of the line. 

Your very able pen has already ventilated these systems of 
Alpine locomotion, which, although they lack the sanction of 
experience, command attention as representing the thoughts 
oud measuschan of men of advanced opinions. 

But, to work steep gradients economically, the question of 
proportion of dead weight to useful load surpasses all others 
in importance. With a view of reducing the former to a 
minimum nothing can equal the plain, practicable, and effec- 
tive mode put forth by Mr. Robert F. Fairlie, C.E. His 
principle of creating additional adhesion simply by the pay- 
ing load is worked out in the steam omnibus system in a 
manner which may justly be termed a very rational attempt 
to take the Alps, not by a long and exhaustive siege, but by a 
determinate, well-directed assault. 

But if the former course will be decided upon and the long 
tunnel line carried out, the adoption of tho double-bogie 
system—among many other advantages—would allow the 
working of smaller curves (even to 60 metres radius) thereby 
facilitating the construction and reducing the cost of the pro- 
jected line very considerably. On the principal Swiss lines 
the long American carriages, mounted on two six-wheeled 
bogies, are found to give excellent results. Now, if the prin- 
ciple is sound and efficient in one case, why should it not be 
in the other, too, and be applied to engines as well ? 


Yours faithfully, 
London, April 29, 1868. 


ApoLPH BRUNNER. 

Rartroap “ TickiERs.”— Many of the overhead bridges on 
the Pennsylvania Railway are constructed so low as barely 
to clear the locomotive smoke stacks, and several fatal 
accidents have occurred to brakesmen wu that line in con- 
sequence. A device, aptly called a “tickler,” has, however, 
been schemed for the prevention of these casualties, and 
since the time of its adoption, some two years ago, no 
lives have been lost from the above cause. It consists of a 
horizontal bar placed over the track, and having a greater 
clearance than the bridge above the rails, supported at each 
end by a vertical timber. Pending from the horizontal bar 
are pieces of india-rubber hose, some 2 ft. long and spaced 
6 in. apart. An erection of this kind is placed on both sides 
of the bridge, and about 60 ft. from it, the pendant hose 
hanging over the up and down tracks respectively. The 
brakesmen have exercised much caution since the introduc- 





tion of this apparatus, and the forcible hint the ticklers are 
able to convey, especially in cold weather, seldom requires to 
be repeated. 





JOINTS OF SURFACE CONDENSER 
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In the course of an interesting paper on “Surface Con- 
densers,” lately read by Mr. James Howden before the In- 
stitution of Engineers in Scotland, the author described the 
various methods of fixing condenser tubes at present in use. 
As the subject is one of considerable interest to many of our 
readers, we have in the above engraving reproduced the 
diagrams illustrating Mr. Howden’s paper, and we have 
abtracted from that paper the following description of the 
several joints : : 

The joints represented in the engravings are: Ist, that of 
the late Mr. Hall ; 2nd, Mr. Spencer’s; 3rd, Mr. Sewell’s, of 
New York; 4th, the plan of Mr. Horatio Allen, also of New 
York, patented in this country in the name of Mr. William 
Horn; 5th, a plan of Mr. Howden’s, which has, as yet, only 
been used by him. 

With respect to these Mr. Howden says: “The examina- 
tion of each of these plans will be rendered more complete by 
bringing them separately to the test of the following condi- 
tions, all more or less essential, and which it is believed 
exhaust all the points required in any good plan for fixing the 
tubes. They are, Ist, the material employed must be free 
from injurious properties ; 2nd, the plan should be simple and 
inexpensive, both in the first cost of construction, and main- 
tenance afterwards. 3rd, while allowing amply for the neces- 
op d expansion or contraction of the tube, or condenser case, 
it should hold the tubes firmly in the tube plates; 4th, the 
plan should allow of the condenser being made either of the 
‘outside’ or ‘inside’ kind; 5th, the material employed 
should be easily obtained anywhere; 6th, the plan should 
permit of the tubes being placed at the minimum distance 
apart; 7th, it should allow of the tubes being treated sepa- 
rately, and easily taken out and put in when required, and 
jointed with sufficient rapidity. 

“ Hall’s plan, which is represented by Fig. 1, consists in 
recessing the tube plate round each tube about 4th of an inch 
in width, and about jin. or {ths in depth, these recesses 
being screwed for the greater part of their depth. Into these 
recesses cotton or flax tapes or cords are put, and held suffi- 
ciently firm about the tube by a short brass gland, which is 
screwed in on the top of them. 

“ These glands are simply made from a piece of longer tube, 
having their inside diameter equal to the outside diameter of 
the condenser tubes. They are screwed first in long lengths, 
and then cut down into the short pieces required. Each of 
these glands has a cross slot at one end for the purpose of 
ype! up or unscrewing. On examination we shall find 
all the conditions enumerated admirably fulfilled by this plan. 
The first, the most important of all, and one in which most 
all others fail, is completely fulfilled by it. The material 
cotton or flax is perfectly innocuous, and has never been 
known to injure brass or copper tubes. The seeond condi- 
tion is also well satisfied in this plan. The tube plates do 
not require to be more than }ths of an inch in thickness, and 
they may be cast with the holes for the tubes cored out with 
sufficient exactness to very nearly their finished sizes. This 
will save, in an ordinary sized plate, about one-third of its 
weight. The screwing can be performed at the rate of from 
15 to 20 per hour by an ordinary machine, and at the cost of 
about 6s. per 100 holes. The cost of the ferrules, screwed 
and slot in the head ready for use, is about 12s. per 
100. The packing tape or cord is very inexpensive, one 
shilling’s worth being sufficient for 130 tube ends. The third 
condition specified is also fulfilled by this plan in the highest 
a 7 ith the glands properly screwed up, the tubes are 
held firmly, and prevented from shaking and wearing them- 
selves in the tube plates, or against each other inside, so that 
supporting plates are not required except when the tubes are 
horizontal, and so long or so small in diameter as not to be 
able to support their own weight without bending consider- 
ably. It allows amply for any degree of expansion or 
contraction that may take place. 

“That this plan fulfils the fourth condition in being equally 
suitable for either the ‘outside’ or ‘inside’ arrangement of 
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condenser is so obvious as to require no further comment on 
this point. The fifth condition is also fully met. The mate- 
rial is easily obtained in its most suitable form, and anywhere 
at sea or abroad, so long as a rope exists on board there is 
sufficient material always available for jointing the tubes on 
this plan. 

“6 The sixth condition is also fully sustained, no other plan 
I know of, with one exception, permits the tubes to approach 
so closely. They may be brought within th of an inch, or 
even less, of coh other. The seventh and last of the enu- 
merated conditions is also well fulfilled by this plan. It is at 
once seen that any tube can be taken out and »ut in separately 
without disturbing any of the others. It also allows of the 
tubes being removed easily. 

“The next plan, that of Mr. Spencer's, is represented in 
Fig. 2. It consists in recessing the tube plates round each 
tube from }th to :4ths of an inch in width, and about } in. in 
depth. Into this recess india-rubber rings (generally two) 
are pressed suffiicently tight to prevent leakage when the pres- 
sure is on the outside of the tube plate. This plan is neat in 
appearance, and is also simple in construction. Testing it by 
the several conditions enumerated, it cannot be said to satisf 
the first well. The material, india-rubber, in connexion wit 
warm salt water acts injuriously on the brass tubes, and 
cases are well known to some of the members where the ends 
of the tubes have been destroyed by these india-rubber rings. 

“ On the second condition this plan shows favourably as far 
as the first cost of construction isconcerned. The tube plates 
may be cast with the holes cored in, and the boring is easily 
oe sn As the tubes cannot be placed so closely as in 

all’s plan, the weight of tube plates for same size of con- 
denser will be somewhat more than Hall’s, and the condenser 
also larger in consequence. The cost of the rubber rings is 
somewhere about 7s. or 8s. for 500 tube ends. In expense of 
maintenance, however, this plan may not compare well, as it 
is obvious if the rubber rings destroy the ends of the tubes 
the expense of keeping them in repair or supplying new tubes 
will be very great The third condition is well met in this 
plan, the che rings allowing amply for any expansion; 
they also hold the tubes firmly, though not quite e ual to 
Hall’s in this respect. The fourth condition is not fulfilled at 
all by this plan, as it cannot, when under steam, stand the 
pressure from the inside, and besides the heat and grease from 
the cylinders, which acts as a solvent on india-rubber, would 
soon destroy the rings with the ‘inside’ arrangement of con- 
denser. The fifth point is also not well satisfied by this plan. 
The rings must be made to order of the exact dimensions, 
and the want of them in a vessel abroad or where a supply 
could not be obtained would practically render the condenser 
useless. It may be noticed, however, that in such a case 
some other material may be caulked into the recesses round 
the tubes though these are too wide to hold the material 
securely. The sixth requirement is tolerably well fulfilled 
by this plan, though not so well as in Hall’s. Three-eighths 
would be about the minimum distance of the tubes apart in this 

lan, and in practice they are generally somewhat wider. 

he first part of the seventh requirement is fully met, the 
tubes being quite independent of each other. They are - 
however, so easily taken out on account of the tendency © 
the india-rubber to adhere to the tubes and tube plate, ren- 
dering it difficult to get the rubber rings picked out from the 
recesses. 

“ The next in order is Sewell’s, shownin Fig.3, where & sheet 
of india-rubber held between two tube plates of about equal 
thickness is employed for jointing the tubes. The tubes - 
ject about } in. at each end through the inner plates, — - 
plates proper. The sheet of rubber, which must be o “th 

iece, and the whole size of the tube plate is punched = : 
oles of the same number and pitch as the tube plate a 
smaller in diameter than the tubes, and is passed oo 
aor yee _ one 3 — the rubber turning © wards 
roun ike a cup leather. Pe lt . 
“ The outer or ating plate about # in. in thickness, with 
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ber of holes as the inner plate and exactly the same 
wah, bes the holes recessed to a pl a width and depth, so 
as to pass over the ends of the tubes and embracing rubber 
and leave room for the expansion of the tubes when screwed 
ightly against the rubber on the face of the inner plate. 
up tightly ag - 
T Taster of the holes in the outer end of the covering 
plates is about the same as the inside of the tubes, so that 
this plate serves the double purpose of errnay the rubber 
sheet on the ends of the tubes, and preventing the tubes from 
working out of the tube plates. — ‘ 

“On the first point this plan, like the last, has the disad- 
vantage of using & bad material. On the second point, 
this plan is far from comparing favourably with either 
of the two plans previously noticed, as it requires not 
only double the weight of brass in tube plates, but also a 
much greater amount of labour in construction, arising from 
the double tube plates, and the great care and nicety with 
which the ad work must be got up. In the third 

icular this plan also comes far short. It allows sufficiently 
for the expansion of the tubes if they are kept quite free of 
the covering plates, but it does not hold the tubes of itself 
with sufficient firmness. 

“The fourth condition—that of being suitable for either form 
of condenser—is not fulfilled at all by this plan, it being quite 
unfit to bear the least pressure from the inside, so much so 
that it will not keep a tight joint if the pressure on the inside 
in the least exceeds that on the outside or face of the tube 

lates, which is often the case when starting the engines and 
Pefore the vacuum is formed, and a leak is the consequence. 
The fifth condition is also not well met by this plan. The 
material, which is specially prepared for the purpose, cannot 
be easily obtained anywhere; and as the whole sheet may be 
rendered useless by being torn or injured at one of the holes, 
it will be seen that in the event of a sheet being injured and 
none on board to replace it, the condenser would be helpless. 
This plan fulfils the sixth condition so far, that the tubes can 
be brought to within {ths of an inch of each other, or about 
}th more than in Hall’s plan. Under the seventh head it 
can scarcely be said that this plan allows of the tubes being 
treated separately, as before one tube can be taken out the 
covering plates have to be taken off. 

“The next plan in our list is Allen’s, which is represented 
in Fig. 4, where a wood ferrule is driven into an annular space 
between the tube and tube plates tight enough to make a 
sufficient joint. In bringing this plan to the test of the 
several enumerated conditions, we find that it does not meet 
the first well, the wood having proved itself to have an in- 
jurious effect on the brass tubes, tending to destroy them at 
the ends where it is in contact with them. The second con- 
dition is so far well met by this plan, the tube plates being 
simple and capable of being cast with the holes cored in 
nearly of their finished size, though from the tube plates 
being necessarily thicker, and the tubes further apart than in 
Hall’s, a greater weight of brass is required. The cost of 
maintenance in this plan will depend very much upon the 
effect of the ferrules upon the tubes. The ferrules do not cost 
much of themselves—about 4s. 6d. or 5s. per gross. This 
plan fulfils the third condition well, as it holds the tubes 
firmly in the tube plates, and allows sufficiently for expan- 
sion or contraction. It also fulfils the fourth condition, as it 
ean be used cither with the ‘inside’ or ‘outside’ arrange- 
ment of condenser. The fifth requirement is not, however, 
well met, as the material must be specially prepared, and 
cannot be obtained except where there is special machinery 
for the purpose. It will be evident, also, that the condenser 
could not be worked should a supply of the ferrules run short 
at sea. This plan is also somewhat deficient in fulfilling the 
sixth point, as the tubes could not well be brought closer 
together than ,,ths of an inch, which is considerably more 
than in Hall’s plan. The seventh condition is, however, 
fairly fulfilled. The tubes can be treated separately. They 
can also be taken out easily, however foul, when the ferrules 
are split up and removed, which is generally and most 
quickly done by pushing them into the condenser. The tubes 
can also be replaced and the ferrules driven in with sufficient 
rapidity. Immediately before putting in the ferrules it is 
necessary, however, to squeeze them through a compressing 
machine ; and the taking out of the broken ferrrules from the 
inside of the condenser, together with the time required to 
split up the ferrules and clear them from the tube plate, is 
also a considerable disadvantage attending this plan in con- 
uexion with this point. 

‘The next plan, shown in Fig. 5, and by the models, is one 
that I designed and patented along with other things in 1860. 
It consists simply of a plaited cord run in tightly into s 
recess round the tube, barely 7th of an inch in width, by a 
suitable tool. In 1859, when working with steam of 100 Ib. 

ressure in a marine engine, the water was kept fresh in the 
an by using a refrigerator, in which the injection water 
res harged by the air pump was cooled and again returned to 
condenser. In that refrigerator and several others I 
made at the time, and which were in construction almost 
exactly like a surface condenser, I tried india-rubber for 
jointing the holes, both in the sheet and in rings. Not find- 
ae them satisfactory, and having a very imperfect idea at 
ae time of Hall’s pian, I devised the plan of jointing with 
br —_ made several models, and proved the sufficiency 

‘he plan under a high pressure of water. From the ex- 
Periments I then made, I found that a twisted cord put in in 
the o: manner did not make a perfectly tight joint, 
- water came through the spiral twhete, The pleiied end, 

ener, I found, when run into the recess to the depth of 

» Was quite tight under a water pressure of 50 1b. per 
eruare — This cord jointing I have used in every con- 
found any aes: amc ag time, and have never 

“The first condition it fulfils in the hi, 
material, a flax cord, is rfectly po po ye San 

: , ocuous, an 
neither the tubes nor tube my however long it may remain 
m contact with them. The second i i 
filled in the hi sae ond requirement is also ful- 

: . legree. It 7 erand costs less in in 

capable of lasting -? plan. The cord appears to be 
uname ony. years, and it can be taken out 

again, shilling’s worth of new cord wil 


joint 100 tube ends. The third condition is also fully met 

t holds the tubes very firmly, as will be found by examining 
the models; it also provides freely for the n expan- 
sion. I may observe here that the holes in the tu Ioies 
and bottom of the recesses being always larger than the tubes, 
and the cords being very uniform in diameter, when they are 
run in the tubes do not bear on the tube plates at all, but 
entirely on the packing cord. The fourth condition is also 
fulfilled, the packing being as well adapted for the ‘inside’ 
condenser as for the ‘outside’ form. The model on the 
table, with the proving pump, shows that filling the recesses 
to the depth of yths of an inch, and applying a water 
pressure inside of 50]b. per square inch, it 4 no effect on 
the packing the jointing keeping quite tight. I have, in 
fact, never been able to apply a pressure that could force out 
the packings or disturb vad in the slightest degree. The 
fifth yee ah 7 well met. ae the sally oe in the 
most suitable form for jointing rapidly is specia Ly op 
it can be made on so i as ine of rope can be ob- 
tained; and a condenser could be wholly packed in this 
manner without difficulty. The sixth condition is fulfilled 
by this planin a higher degree than in any other plan I 
know of. The holes can be brought within ;ths of an inch 
of each other, or even less, without any difficulty. -The 
seventh condition is also fulfilled perhaps more completely 
than in any other plan. It is evident that the tubes can be 
treated separately. They are also easily taken out. The 
holes in the tube plates at the bottom of the recesses are only 
about ths of an inch in depth, and as they are made easy 
for the tubes, there is not much difficulty in drawing out the 
tubes even when dirty. The poans cords themselves could 
be wholly taken out of a large condenser in an hour’s time, 
and the tubes can be driven out if required without removing 
the packings. In jointing the tubes the cords are all cut to an 
uniform length, and put in by one end to the bottom of the 
recess by a gouge-shaped tool, about one turn being given to 
the cord. After several hundreds are thus fixed by the ends, 
pow J are run up by a similar gouge tool in an ordinary brace, 
and no further operation is required. One man or lad can 
put them easily in by the hand tool at the rate of foura 
minute, and run them in with the brace without difficulty at 
about ten a minute; so that with a few hands a large con- 
denser could be completely jointed upon this plan in one 
day.” 
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Navire en fer—iron vessel. 

Navire 4 vapeur—steamer. 

Navire mirte—steaming and 
sailing ship. 

Navigation a4 vapeur—steam 
navigation. 

Nervure—tib, feather, ledge. 

Niveau—level. 

Niveau de magon — plumb 
level. 


Objets en fonte coulée—cast- 
ings. 


a 

@il—boss, eye. 

Mil de Varbre—axle boss. 

(iil de bouton de la manivelle 

—crank pin boss. 

Onde solitaire—dead water. 
let—scarf. 

Ordonnées—ordinates. 

Oreille—ear, lug. 

Organeau—iron ring. 

Orifice Wintroduction — n- 
uction port, steam port. 

Orifice d éductio uction 


port. 
Orifice de nettoyage — mud 
hole. 


Paille—blister. 
Pailleux—brittle, containing 


flaws. 

Palan—tackle. 

Palan en fer—iron tackle. 

Paliers — pedestals, pillow 
block. 

Pan—side. 

Papier émeri—emery paper. 

Papillon—throttle we 

Paquebot & vapeur—steam 
packet. 

Paquet—faggot. 

Parquet—flooring. 

Parquet supérieur — engine 
stage. 

Parquet dans la machine— 
flooring of a steam engine. 

Parquet des chauffeurs — 
stoke hole. 

Parer—to flatten. 

Parallélogramme — parallel 
motion. 

Pas—pitch. 

Pas de vis—pitch of a screw 

propeller. 

Pas croissant — expanding 





pitch. 





Niveau de V eau dans les chau- 
digres—level of water in the 
boilers. 

Noud—hitch, knot. 

Noix de détente—cam. 

Noix de robinet—plug of a 
cock. 

Noyau—core. 

Noyau de robinet—bore of a 
cock. 


oO 


Orifice—port, mouth. 

Orifice oblique—skew port. 

Orificeinférieur—lower steam 
rt. 


po 

Orifice supérieur — upper 
steam port. 

Orifice d’évacuation — educ- 
tion port. 

Oscillation—oscillation, vi- 
brating. 

Outil—tool. 

Outil & mater — caulking 
tool. 

Outil machine — machine 


tool. 
Outil pour arrondir les tétes 
de rivet—sna) 
Owverture—oritice. 


s 


Passage—port. 

Patte d’araignée—cruciform 
groove, oil track. 

Pedale—treadle. 

Peigne—chasing tool, comb. 

Pelle—shovel. 

Pelle & charbon—coal shovel. 

Pendule conique — conical 
pendulum. 

Pergoir—piercer. 

Percer—to bore. 

Percer & Vemporte pidce—to 
punch. 

Perceur—borer. 

Pergage—boring. 

Perche de tour—pole. 

Pese sel—saline detector, salt 
gauge. 

Pése liqueur—areometer. 

Petit cheval—donkey. 

Petite colonne—pillar. 

Piroche—chipping hammer. 

Pied de la cheminée—throat 
of chimney. 

Pidce de liaison—strengthen- 
ing pieces, sleepers. 

Piece de cordage—piece of 
cordage. 


Pidces de tour—planks with 

a curve. — 
‘ignon—pinion. 

Pignon @angle—bevel pinion. 

Pigoulitre—pitch boat. 

Pilastre—pilaster. 

Pince—crowbar, pinch. 

Pinceau en fil de fer—wire 
brush. 

Pipe—pipe. 

Piston—piston. 

Piston plongeur — plunger, 
piston ram. 

Piston de pompe @ air—air 
pump bucket. 

Piston de pompe & clapet— 
valve piston. 

Piston métallique — metallic 
piston. 

Piston annulaire— annular 
piston. 

Piston & clapet—bucket. 

Piston & vapeur — steam 
piston. 

Piston @une pompe—pump 
piston, or bucket. 

Piton—eye bolt. 

Sane dl apt 
lace de cam, e@ way. 

ite ae an, pn. aay 

an. 

Plan incliné—slope. 

Plan ineliné de tiroir — 
— shape of packing 


x. 
Planchette pour enveloppe— 


lagging. 
Planer—to plane. 
Pl h. ; ] 1h. 





Plate forme — stage, plat- 
form. 
Plat @une pidce—web. 
—— de parquet — base 
ate. 


Plaque & tube—tube plate. 
—— frottante — sliding 
ace, 


Plaque de jonction décart 
de tole—butt plate. 

Plaque de fondation — bed 
late, foundation plate. 
Plaque carrée — square 

washer. 
Plaque de trou de charbon— 
coal-bunker door. 
Plomb—lead. 
Pointe & tracer—draw point, 


scriber. 

Point mort—dead point, line 
of the centre. 

Poingon—punch. 

Poids—weight. 

Poignée—handle. 

Polissoir—emery stick. 

Pompe—pump. 

Pompe alimentaire — feed 
pump. y 

Pompe alimentaire (froide)— 
cold water pump. 

Pompe (la) est engorgée—the 
pump is pr athens ‘ 

Pompe de cale—bilge pump. 

Pompe aspirante — lifting 


pump. 

Pompe & bras—(pont)—deck 
feed pump. 

Pompe a air—air pump. 

Pompe & eau chaude — hot 
water pump. 

Pompe d’épuisement — brine 
pump. 


Quantité de travail—effective 
power. 
Quartier maitre — quarter- 


master. 
Queu ed’aronde (lime)—dove- 
tail. 


Pompe de saumure — brine 
pump. 
Pompe @arrosoir — rose 


head. 
Pompe aspirante et foulante 
~aouble-aoting pump. 
Pompe foulante — forcing 


pump. 

Pompe royale—hand pump. 

Pompe (la) est haute, franche 
—the pump sucks. 

Pompe a double piston — 
double piston pump. 

Pompe pour futaille—small 
hand pump. 

Pompe a chapelet — chain 
pump. 

Pomper—to pump. 

Pont des tambours — bridge 
between the paddle boxes. 

Porte—door. 

Porte de cendrier—ash pit 
door. 

Porte de soute—coal bunker 
door. 

Porte de fourneau—fire door. 

Porte coussinet—pedestal. 

Porte de boite & fumée— 
smokebox door. 

Porte de vidange — sludge 
hole. 

Portage—bearing. 

Porte & faux—outside bear- 
ing, overflow shoot, over- 
hung. 

Portée — journal, fulcrum, 
bearing, veck. 

Poste des mécaniciens—en- 
gineer’s berth. 

Poste des chauffewrs—stoker’s 
berth 


Potée d’étain—pewter. 

Poulie—block, pulley. 

Poulie de conduit—leading 
block. 

Poulie & fouet—tail block. 

Poulie coupée—snatch block. 

Poulie, corps dune poulie— 
the shell. 

Poulie les joues—the cheeks. 

Poulie le cul—the breech. 

Poupée de la roue — fixed 
head 


Pouisser—coal dust. 

Poupe—stern. 

Presse étowpe—gland, stuff- 
ing bo 


ing box. 
Presse étoupe & lanterne— 
lantern stuffing box. 
Presse hydraulique—hydrau- 
lic press. ) 
Prélat, Prélart—tarpauling 
or aulin. 
Fes Re 
récipité—precipitate. 
Prictntorte tud, set bolt. 
Profil—outside line. 
Profiler—to trace out. 
Profondeur dun navire — 
depth of a vessel. 





roject PEwy _ 
Propulseur—propeller. 
Puddler—to puddle. ‘ 
Puissance nominale—nomi- 

nal horse power. 
Pulsation—pulsation. 
Purger—to blow through. 
Purger dair — blowing 

through. 
Pyrite—pyrites. 
Pyroscaphe—steam vessel. 


Queue de rat — rat’s tail, 
round file. 

Quille en fer—iron keel. 

Quote ou cote—figured di- 
mension. 


(To be continued.) 








Treaty. Is it to 
masters of France now owe 


French transactions the un 


the commercial stagna 
last 12 or 16 months, is not 





Tae Frexcu Iron Manvracturz.— The Paris cor- 
respondent of the Times writes as follows, respecting the 
present condition of the French iron trade. He says :—“ It 
is undeniable that certain branches of industry are suffering 
—ironworks for instance. The complaints heard from some 
quarters are not unfounded in truth ; but it would be unjust 
to attribute their ing embarrassments to the Comme: 

the free importation of metals that the iron- 


the precious advantage of 


furnishing to the foreigner from 120 to 130 millions’ worth 
of machinery, materials for railroads, bridges, 
competition with England and Belgium? Is it not a Com- 
mercial Treaty which down to 18 A assuredly gave to all 


, ships, &e., in 


expansion which has 


‘ust been indicated ? Moreover, is it not well known that 
the - tion, so much complained of for the 
confined to France, and that the 
critical situation of French industry, and i 
the iron trade, exists in England, Ya the United States, and 
everywhere on the Continent of Europe.” 
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ON THE FLIGHT OF BIRDS, OF BATS, AND 
OF INSECTS, IN REFERENCE TO THE 
SUBJECT OF AERIAL LOCOMOTION.* 

By M. Dz Lucy, Paris. 


(Translated by Cornelius B. For, M.D., M.R.C.P., 
Scarborough.) 


Ip there is one natural fact worthy of the highest degree 
of attention on our part, and capable of exciting the scrutinis- 
ing curiosity of the savant and of the observer, it is, with- 
out doubt, the phenomenon of flight. 

How is it that such a striking and wonderful phenomenon 
has never been studied nor investigated by the learned ? The 
cause of the omission is, I believe, readily divined. Learned 
men very frequently allow themselves to be influenced, un- 
consciously, in their labours by the most pressing require- 
ments of communities and industries, and especially devote 
themselves in their researches to the observation of the great 
natural facts, the study of which may furnish them with rules 
and laws directly applicable to those wants. 

But every one knows that, even up to the present day, the 
application of the laws which regulate flight to the purposes 
of industry has been considered impossible, not only by the 
ignorant or indifferent masses which form the majority of 
communities, but by the learned themselves, whose opinions 
necessarily influence those of other men. 

Hence it follows, that the study of this phenomenon has 
been completely neglected, and the investigation of aérial 
navigation abandoned from century to century to some ex- 
traordinary minds, thoroughly convinced and zealous, but in- 
sufficiently endowed with the requisite knowledge, has 
therefore only produced, even to the present day, inadequate 
and imperfect results, attempts more or less fruitless, of which 
the failures have the more conduced to the rejection into the 
region of Utopia and of Lunacy of the idea of aérial naviga- 
tion. 

The study of flight is, then, still to be carried out. Already 
in our times some first rate savants, MM. Barral, Babinet, 
E. Liais, Jourdan (of Lyons), &c., have not only admitted in 
principle the possibility of a man mechanically elevating him- 
self in the air, but also occupy themselves, with their well- 
known sagacity, in a profound analysis of the great laws of 
flight. It is, then, to these eminent men—my masters—that 
I naturally submit my labours and the fruit of my long and 
patient researches. 

If. 

If we plunge our thoughts into this boundless atmosphere 
which encompasses us, we perceive that the air is tenanted by 
a multitude of creatures of every form and size, which move 
and direct themselves with marvellous ease and skill. 

All these creatures, so different in their nature, so varied 
in their forms and in their construction, from the eagle and 
the vulture even to the lowest in the scale of the class of in- 
sects ; all these beings resemble one another in the possession 
of three important capacities, the association and equal adjust- 
ment of which constitute in these animals the property and 
power of flight. These three great properties, these three in- 
separable terms, without which flight is impossible, are the 
weight, the surface, and the force. 

We will begin by analysing in succession these three funda- 
mental bases of aviation}, but it will be necessary for us first 
to study briefly and rapidly the medium in which the phe- 
nomenon is produced, that is to say, the air which envelopes us. 


III. 

Every one knows that the air is an invisible, impalpable 
fluid, and, roughly speaking, imponderable. Its density, 
which is very low, is 781 times less than that of water, taken 
as unity, whence it follows that a volume of air of 781 litres 
—47662.168 cubic inches (1 eubic yd. 1007 in.)}—is necessary 
in order to yield the weight of a litre (1 pt. 15 oz. 2 dr. 11m.) 
of water. 

Nevertheless, if the air be agitated ever so little, we dis- 
cover that it not only becomes palpable, but, in addition, that 
it is often capable of exerting considerable pressure. The 
gentlest breeze stirs the foliage of plants, and makes the 
young branches yield; a stronger wind bends trees and 
resists our progress ; and the tempestuous wind, which travels 
as fast as 132 ft. per second, overturns houses, roots up the 
most sturdy trees, and transports them to enormous dis- 
tances. 

This phenomenon of resistance, of which, in its various 
degrees, we have undeniable proofs, as the air travels in the 
same space of time distances more or less great; this same 
phenomenon is reproduced in a manner identical if, when the 
air is perfectly still, we make a surface, however thin, move 
with different degrees of velocity in a plane perpendicular to 
the line of progression. 

Numerous experiments have shown that the resistance of 
the air to a body in motion is in the ratio of the surface of 
that body, and as the square of the velocity with which it is 
set in motion. 

This law, discovered by Newton, and verified since by a 
great number of observers, p'ays an important part in the act 
of flight, not only by its direct influence, but also by the 
numerous resultants which flew from its constant antagonism 
with the law of gravity. ; 

These two forces are, in truth, always in antagonism during 
the act of flight; and it may be said that the flying bird is 
not prone to fall in the vertical direction taken by all heavy 
bodies, but that it has a tendency to follow an oblique line, 
the inclination of which being very variable, may approach 
the horizontal, and even pass beyond it, according to the in- 

* This paper was translated by Dr. Fox for the Aéronautical 
Society, but, om account of its great length, it was not read 
at the recent meeting. 

+ The word aviation (avis-agere) is employed by the French 
to designate the system of aérial locomotion applied by man 
in imitation of the bird. 





tensity of the different forces, which we shall have to examine 
in the sequel. 

There is no necessity for me to expatiate here on the law of 
gravity. Every one has known, since the time of Galileo, 
that gravity acts on all bodies with an intensity equal to 
their mass, and with a velocity which increases with the 
square of the time. This law, perfectly true in the case of a 
vacuum, theoretically true as regards the air, ceases never- 
theless to be so, practically, in this last medium. 

We know, in fact, what an influence the volume exercises 
on the fall of masses. We know that two bodies of equal 
weight will fall with a velocity different according to the 
difference in their volume. A sheet of paper, weighing as 
much as a grain of lead, will fall much more slowly; but if 
we squeeze the paper close together, in such a manner as to 
make a tight compact ball, and flatten out the grain of lead 
into a broad and thin sheet, the inverse phenomenon will be 
produced, and the ball of paper will reach the ground before 
the sheet of lead. This phenomenon is due to the law of the 
resistance of the air, the force of which is, as we have seen, in 
relation to the surfaces of bodies and as the square of their 
velocity. 

According to this law it may be said that, if all bodies are 
heavy in a vacuum, in the air they are all light in proportion 
to their surface ; and we may add that every body, whatever 
its absolute weight or bulk is, may become in the air as light 
as a feather by a simple alteration of form. 

The law of the resistance of the air, which we shall often 
have to recur to in the course of these observations, helps to 
explain to us, in the simplest and most natural manner, the 
descending course of a flat surface set at liberty in the air. 

If, after having placed a sheet of paper in a horizontal 
position, we allow it to fall from a certain height, whilst the 
air is very still, we see it at first assume a position slightly 
oblique. This movement arises simply from the fact that 
the paste of the paper is not perfectly even and homogeneous, 
and, as the air is the most accurate and sensitive balance 
obtainable, the heaviest extremity of the sheet is first drawn 
away, and gives an inclined position to the whole of the plane 
surface.. In this state the plane surface, obedient to the law 
of gravity, has a tendency to fall vertically ; but the resistance 
of the air beneath opposes its descent in the vertical direction, 
and then the paper, following the direction of its inclination, 
glides iieedy upon the stratum of air which supports it. 

This gliding motion, that we shall recognise amongst 
the birds, and the oblique direction of which is a result of 
the two forces, gravity and resistance of the air, is accele- 
rated in proportion to the square of the time; thus we see 
the plane descend with a velocity increasing more and more 
up to the moment when the resistance of the air, augmenting 
on its part in proportion to the square of this velocity, acquires 
a force sufficient to balance the force of gravity. At the same 
instant the two forces destroy one another, and the sheet of 
paper remains stationary. Then, the velocity ceasing, the 
resistance of the air immediately diminishes, and the plane 
resumes its course, to pass through the same changes until it 
touches the ground. This phenomenon is well known, and 
has been long explained, but I dwell on it because it presents 
a fact which has not received sufficient consideration, and in 
which the whole secret of flight is, in my opinion, founded. 

This fact is the regulation of the gravity, and, if I may so 
~~~ myself, the infinitesimal distribution of its force. 

n truth, it is no more that ever-increasing force which, 
starting from zero, augments in velocity from second to 
second without intermission, and acquires in a short time the 
rapidity of the thunderbolt. It is a force more gentle, which 
stillindeed increases, but only during some fractions of a second, 
to be soon arrested under-the multiplied resistance of a force 
antagonistic and always in requisition. The accelerated 
velocity does not here continue to act in proportion to the 
square of the succeeding seconds, but at most as the square of 
each fraction of the first second; and the succeeding seconds 
all become first seconds, each one commencing at zero, and 
terminating with a velocity which, far from attaining to the 
4métres 50 centimetres (4 yd. 2ft. 9.16in.) required by the 
primitive law, is so much the less, as the surface is more ex- 
tended and presents the greater resistance to the air. 

Here would be the place to speak of the parachute ; but 
the theory of this apparatus is the same as that which we have 
just been giving in reference to a sheet of paper, and I fear 
that I have been already too wearisome with these preliminary 
details. 

Up to the present time we have seen in competition two 
opposite forces—gravity and the resistance of the air. Their 
combined actions necessarily produce a resultant, the effect of 
which, if we call it to mind, is no longer the same as that of 
the original gravity, and permits of the retardation and regu- 
lation in a mathematical manner of the fall of any body what- 
ever provided with a determined surface. 

We proceed now to introduce a third foree which, com- 
bining with the two former, will produce novel resulants, 
whose direction, represented with facility by a certain num- 
ber of parallelograms and diagonals, will give, without an 
addition, the regular and normal progress of the bird in his 
flight. I wish to speak of the force of projection. 

if by any power whatsoever we throw a stone into space, 
this more or less heavy body, acquiring by the impulse a 
certain velocity, will describe a curve, more or less elongated, 
in order to reach the ground at a considerable distance from 
its point of departure. What occurs here? The stone, 
thrown by a force greater than that which gravity normally 
exercises on its mass, is obedient to that force, and ascends 
more or less obliquely, following the rectilinear direction 
which the force of propulsion originally communicated to it ; 
but the resistance of the air, exerting on the anterior walls.of 
the moving body a pressure which is as the square of its 
velocity, destroys little by little the impetus stored up in the 
bedy in motion. In proportion as thts impulse diminishes, 
the action of gravity makes itself more and more felt, and the 
moving body, describing an ascending curve at its departure, 
falls away and regains the ground at a distance always pro- 
portioned to the original intensity of the impulse. this 
experiment we demonstrate : 





1. That the body in motion, influenced by two forces of 
different intensity—gravity and the force of propulsion—ijg 
obedient to the resultant of these two forces, and tends to 
ascend in a rectilinear direction. 

2. That the resistance of the air is interposed from the 
moment of departure to deaden in an insensible manner the 
impulse given to the body moved. 

3. That the velocity of this body in motion diminishin 
insensibly with each infinitisimal fraction of a second, the 
action of gravity has operated in the same increasing pro- 
portions, and the body in motion, attracted by degrees 
towards the earth, has deviated from the straight line of 
ascent, in order to describe a curve. 

4. That the summit of the curve represents precisely the 
instant when the two initial forces, gravity and the force of 
projection, arrive at an equal intensity. 

5. That in the remainder of the course, the action of 
gravity insensibly augmenting in proportion as that of the 
projective force diminishes, the body in motion descends in 
obedience to a resultant whose diagonal (representing the 
gravity which predominates and increases without intermis. 
sion) approaches more and more the vertical position with 
which it terminates by blending itself. 

This is the moment when the force of propulsion becomes 
extinct, this is the instant when the body in motion reaches 
the ground. 

These three forces—the principal effects of which we have 
just hastily examined, and the results of which, as we have 
now seen, may be represented by a number of little diagonals 
placed on every point of the segment of a circle—correspond 
precisely with the three great characters common to all 
winged animals—the weight (gravity), the surface (resistance 
of the air), and the force (projection). 


IV. Of the Weight of Winged Animals. 


It will be a matter, perhaps, of astonishment that I should 
bring forward in this place, as one of the essential characters 
of the winged animals, the weight, which is encountered 
everywhere, amongst all animals, and in all matter placed on 
the surface of the earth. We should, however, consider 
that the idea of a weight, even very light, suspended and 
moving itself in the air without any apparent support, with- 
out the least supporting material, seems so little in accord- 
ance with the daily expenence of men, that we do not wil- 
lingly admit the fact of the bird possessing weight. It 
appears, at first sight, more reasonable to suppose that the 
weight, whatever it may be, of a winged animal is destroyed 
or balanced by a certain volume of air rarified by the heat, 
and confined within its lungs, its muscles, its bones, its 
feathers. 

According to this idea, the winged animal, sustained like a 
balloon by the atmospheric air, has no more force to exert 
than is sufficient to move itself, direct itself, and swim, if we 
may so speak, in a medium the density of which it possesses. 

This very simple explanation of a shesmhenes as complex 
as flight, and which seems to resolve in a single word one of 
the greatest problems which can present itself to the mind of 
man, this explanation, I say, has been universally admitted, 
not only by superficial minds, but by men the most earnest. 
The anatomical study of the bird appeared to support this 
view, as we, in truth, find in all the organs of these animals 
a quantity of air much greater than that which we observe 
in the organs of the other vertebrate. 

But this explanation falls to pieces before the least reflec- 
tion. The density of the air being 781 times less than that 
of water, a bird weighing a kilogramme (2 Ib. 8 oz. 3 dwt. 2 gr., 
2 Ib. 3 oz. 4.428 dr. avoirdupois), cubing with its wings about 
4 decimatres (15.748in.), obviously only displaces 4 deci- 
métres of air, the total weight of which is 5 grammes 20 centi- 
grammes (80.251 gr.). There remains, then, to the bird 
an excess of weight of 994 grammes 60 mae ey = 
(15349.661 gr.), which it would only be able to balance by 
again displacing a volume of air of 777 litres (27 cubic feet 
763 cubic inches), that is to say, almost a cubic métre (35 ft. 
547 cubic inches). Hence it follows that a bird weighing 
a kilogramme (2 Ib. 8 oz. 3 dwt. 2 gr., 2.2046 kb. avoirdupois, 
or 2 lb. 8 oz. 4.428 dr. avoirdupois), as, for example, a raven 
ought, in order to move itself in the air and be as light as 
it, to have a volume of about a cubic métre. Is it in 
way that the laws of nature have operated? Is it thus that 
she should have acted? Experience proves the contrary. 

If, in truth, we take light substances, that is to say, those 
which displace a volume of air of a weight equal to them- 
selves, or nearly equal, such as feathers, down, paper, &., 
and project them with force, in order to dart them to 
a distance, we see these bodies immediately arrested, or even 
suddenly return to the arm which has thrown them. _ Itis the 
same with a balloon of any size whatever, inflated with air or 
with hydrogen; the resistance of the air, acting on the whole 
surface of the projected body, instantaneously arrests 1ts 
advance, and repels it frequently with a force so much the 
greater as the body is the more voluminous relatively to its 
mass or to its weight, and as the force of projection has been 
the more considerable. 3 

If, on the contrary, we project a heavy body—that is to say, 
one the bulk or weight of which is very great in relation to 
its volume—the opposite result occurs; the body ~~ 
within its molecules the foree of propulsion which has beet 
transmitted to it, traces in the air a very long line, 


due to the 
acquired force that it carries within its mass, an which 


enables it to combat for a long time the resistance of the ar. 
Of two bodies of the same me bee and of different weights, 
the heaviest will go the farthest; of two bodies of equal 
weight and of different volume, the one of greatest volume 
will stop the soonest. ; 
This phenomenon is one of the results derived from the 
law of the resistance of the air in the ratio of the surface and 
of the square of the velocity, and Nature, the authoress 
this law, has not been enabled, in creating these | ‘0 
animals and giving to them the force of propulsicsy 
place them in the anomalous circumstances of employing 


their force whilst refusing to them weight—that is to say, © 
mass of malogules enpeble of storing up this force and of 
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successfully araggls against the resistance of the medium, 
in which they should live and move themselves. Nature, 
the authoress of everything, who has given to us in her crea- 
tions the example of every mechanical idea, shows us, in a 
very striking manner, the application of the two modes of 
progression in the air—by propulsion through the aid of 
apparatus heavier, and conveyance by means of organs 
lighter than the air. Who has not seen flying about during 
a calm day the seeds of the thistle, of the dandelion, and of a 
thousand other plants? These seeds—little imperceptible 
nuts—are furnished with exceedingly light hairs, long and 
crowded together, which radiate from them, and give to 
them a volume seyen or eight hundred times greater without 
a sensible increase of weight. 

These seeds, as light as the air that they displace, are 
carried hither and thither by the breeze. The least wind 
raises them, and. makes them whirl away into space; they 
are a helpless plaything as the breeze tosses and earries them 
about at its will. Hardly in a calm moment have they 
touched the earth than it is necessary to set forth again 
without truce or mercy, until a stormy shower, encountering 
in the air these thousands of millions of seeds, gives them at 
length peace and repose by moistering their hairy tufts and 
precipitating them on the ground, wet, soiled, and for ever 
fixed. 

Such, evidently, would be the fate of the bird, if, listening 
to the advice of counsellors, Nature had conferred on this 
animal the specific buoyancy of the air and of the grain, 
because its muscular force would be powerless, as we have 
previously seen, not only in advancing it against the wind, 
but even in making it progress in calm weather. 

Nature in her wisdom has, then, given to the winged 
animals a body of weight, and one eapable of accumulating 
and storing up in its molecular mass the force of projection, 

roduced by the flapping of the wings, in order to avail 
itself of this force afterwards, and expend it under the form 
of springs or acquired velocity. 

The winged animal, whatever it may be, is not the seed or 
the passive balloon: it is the stone, the ball traversing a 
given direction of space more or less great, according to the 
original intensity of the propulsive force, only it is an in- 
telligent ball carrying with it its own force, which it renews 
without cessation, and the direction of which it can change 
at anymoment. The weight is, then, one of the three funda- 
mental conditions of the act of flight; it is the first of the 
three terms which form by their uniformity and harmony the 
wonderful phenomena that we at present study. 

V. 

The surface, or the considerable extension of the locomo- 
tive organs, is the second of the three properties common to 
winged creatures, and which we observe in all these animals, 
whatever the other characters may be besides that distin- 
guish and divide them. 

All animate beings, and even inert bodies destined to 
move themselves or to be moved in any medium whatever, 
possess locomotive organs more or less developed, whose 
surfaces are always in inverse proportion to the density of 
the medium which affords them a point of support. Amongst 
animals which move themselves on the earth, the foot having 
to rest upon a hard and resisting body possesses a superficies 
generally limited, and always very small in relation to the 
volume and to the weight of the animal, and we may, en 
passant, remark that the creatures which live in wet and 
swampy places have the foot larger and flatter than those 
inhabiting elevated and dry districts. In the water, the fins 
expand themselves, and assume a surface much more con- 
— and, in relation to the density of this medium, more 
eeble. 

Lastly, the air having a density still less than that of 
water, it is especially amongst the animals destined to live 
and move themselves in this fluid that we can observe the 
largest surfaces and the most expanded organs of locomotion. 
_ We will not stop to describe here the form and the par- 
ticular construction of the wings in the different animals 
which occupy our attention. We observe merely that if 
these organs resemble one another in the expansion and de- 
velopment of their surfaces, they very frequently differ in 
their form, construction, number, and the matter which com- 
poses them. 

We will neither examine here into the active part which 
the wing takes in the locomotion of the bird. ot having 
yet studied the force which is destined to make it move, we 
can only now regard the wing as a simple surface, fixed and 
immovable, stretched on each side of the body of the winged 
animal and playing the part of a simple parachute. That 
which we have said regarding the fall of a flat surface in the 
air is applicable in the strictest manner to a bird which (the 
wings being sim ly expanded and immovable) is about to 
fall from a great eight. Its weight being situated below its 
oan of suspension, it finds itself in a state of stable equili- 
prium, and cannot fall head over heels; the heavy portion of 
its body or the mass, attracted by the constant action of 
gravity, tends to fall with a velocity continually increasing. 

ut a moment arrives when, this velocity inducing under- 
neath the wings a resistance capable of counteracting the 
force of gravity, the winged animal is arrested in its fall, 
and does not recommence its descent until, the resistance of 
the air ceasing, the force of gravity begins again to act. 

Thave stopped to describe here the descent of a winged 
animal maintaining its wings in an immovable state, although 

in a living creature this phenomenon may only occur for a 
short time, because I attach great importance to the com- 
prehension of the fact, that in this simply passive position 
ad winged animal may be likened to a real parachute de- 
owning with a diminished, uninterrupted velocity and over- 
fore oF by the action of its fixed surfaces, the accelerated 
eens avity.. I wish still to make it apparent that the 
nea the winged animal, like that of the parachute, 
P in the centre of the apparatus underneath the planes 


to fall, to induce beneath its planes a much greater resistance 
of the air. 

We have supposed in this example that the winged animal 
descended vertically, that is to say, that it yielded itself to gra- 
vity whilst maintaining its wings in a pos:tion perfectly hori- 
zontal and perpendicular to the action of that force. But 
if it inclines its wings, and makes them assume with the 
horizon an angle more or less acute, the animal will glide 
along on the air as on an inclined plane ; the swiftness of its 
progression will be much greater in the same space of time, 
but the vertical space travelled over will be the same as in 
the first case, because the oblique line described by the 
winged animal represents only the diagonal of a parallelo- 
gram, one of the sides of which would form the line of ver- 
tical descent. Here we observe that the resisting action of 
the air is the same as in the first case, and, as soon as it 
arrives at its maximum of intensity, and reaches the point at 
which it counterbalances the force of gravity, the winged 
creature, repelled by the pressure of the air below, instead of 
suddenly stopping, as in mer case, describes an ascend- 
ing curve before recommencing a new diagonal. This ex- 
ample, much more common than the first, is frequently 
presented to us in the case of particular birds, whose mode of 
progression we shall have hereafter to study. 


VE 

It would, perhaps, be a matter of some interest to the 
reader, if a statement were made of the general relations, 
that nature has established between the weight and the sur- 
faces of winged creatures. These relations, which we should 
be disposed, at first sight, to consider as being necessarily 
constant amongst all the animals destined to sustain them- 
selves and move in the air, follow, on the contrary, a de- 
creasing scale ; and it will be possible to prove, not without 
some surprise to the reader, that the extent of the surface is 
always in an inverse’ ratio to the weight of the winged 
animal. 

This unchangeable law, to which I have never found any 
exception amongst the considerable number of birds and 
insects, whose weights and measures I have taken, this law is 
found to be opposed to the views generally admitted on all 
the aérial phenomena, and especially on the flight of birds. 
But is it necessary to remember that the greater part of 
these views are erroneous, and that we have still everything 
to learn on this obscure subject ? 

I take indiscriminately from all the gradations of the long 
series of winged animals that I have measured, and I make 
achoice amongst the best known animals. The numbers which 
I am going to give indicate the surface, which would be ne- 
cessary for an animal weighing a kilogramme (2 lb. 8 oz. 
3dwt. 2 gr.)\—(2Ib. 30z. 4.428 dr. avoirdupois), taking as 
a term of comparison and point of departure the exact pro- 
portion between the weight and the horizontal surface of 
each of the winged animals whose names follow. 

We shall see that the smaller and the lighter the winged 
animal is the greater is the surface referred to the kilo- 
gramme. We shall endeavour to give a little further on the 
explanation of this fact, from which we shall have afterwards 
to draw important deductions. 
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It is easy by the aid of this Table to follow the order, 
always decreasing of the surfaces, in proportion as the winged 
animal increases in size and weight. Thus, in comparing the 
insects with one another, we find that the gnat which weighs 
460 times less than the stag beetle has 14 times more of sur- 
face. The ladybird weighs 150 times less than the stag- 
beetle, and possesses 5 times more of surface, &c. It is the same 
with the birds. The sparrow weighs about 10 times less than 
the pigeon and has twice as much surface. The pigeon 
weighs about eight times less than the stork and has twice as 
much surface. The sparrow weighs 339 times less than,the 
Australian crane, and posseses seven times more surface, &c. 
If now we compare the insects and the birds, the. gradation 
will become even much more striking. The gnat, for ex- 





of suspension, not onl intai ilibri 
» Y maintains the equilibrium of the 
whole, but contributes also, in consequence of its tendency 


ample, weighs 97,000 times less than the pigeon, and has 


40 times more surface; it weighs three millions of times 
less than the crane of Australia, and possesses 140 times more 
of surface than this latter, the weight of which is about 
9 kilogrammes 500 grammes (25 lb. 502. 9dwt. troy), 20 Ib. 
16 oz. 2}.dr., avoirdupois). 

The Australian crane is the heaviest bird that I have 
weighed ; it is that which has the smallest amount of surface, 
for referred to the kilogramme, it does not give us a surface of 
more than 899 square centimétres (139 sq. in.), that isto say, 
about an eleventh part of a square metre, But every one 
knows that these Grallatorial animals are excellent birds of 
flight. Of all travelling birds they undertake the longest 
and most remote, journeys; they are, in addition, the eagle 
excepted, the birds which elevate themselves the highest, and 
the flight of which is the longest maintained. 

Readers who are astonished at the results that I have 
just shown will doubtless seek for explanations of this 
apparent anomaly. Their first thought will be, to recognise in 
this superabundance of surface that Nature has given to the 
smallest winged animals a compensation for the want of 
force which we are generally disposed to attribute to them ; 
but we shall see in the following paragraph, that the insect 
is relatively much stronger than the bird; and, moreover, if 
we ponder on the fact, that the depressor muscles of the 
wings are attached qwite at the origin and close to the articu- 
lation of those wings, we are obliged to admit that force is 
necessary for these muscles of so much the greater intensity, 
as the wing presents to the resistance of the air the more ex- 
panded surface. 


VII. 


Up to the present time we have supposed a bird suspended 
in space by the aid of his wings simply extended and de- 
prived of all movement; we have seen that even in this 
passive condition, similar also to that of the man who 
descends in a parachute, the winged animal can only fall 
in accordance with certain conditions and in obedience to the 
resultant of the two opposed forces, gravity and resistance of 
the air; we have already seen that, without any muscular 
effort on its part, it cannot fall as a stone falls, that is to 
say, in obedience to the accelerated force of gravity, but that 
it descends with a velocity constant, regular, considerably 
abated, and which, if we take the second as the unit of time, 
will present during every second occupied in its descent the 
same uniformity of space traversed. 

As we have seen already, the accelerative action of 
gravity does not occur as the square of the succeedin, 
time, but as the square of each fraction of each second, 
and this on account of the resistance of the air which is inter- 
posed and begins to arrest suddenly the apparatus, so soon 
as its velocity of descent acquires an intensity sufficient to 
excite that resistance. 

This incontestable physical principle being given, is it 
necessary now to suppose that winged animals are possessed 
of a very considerable force to overcome gravity and raise 
themselves in the air? 

Is it necessary to attribute to the minutest insect, to the 
smallest bird an immense force, the statement of which would 
make the reader smile, as was formerly done, and as so many 
distinguished mathematicians even now do? Borelli con- 
sidered that a bird weighing a kilogramme had a power of 
133 horses. According to this mathematician a goose. of 
3 kilogrammes cannot fly without the possession of a force 
of 400 horse power. 

Navier is less unreasonable. According to his calculations 
a force of five horses would be sufficient tor a bird weighing 
one kilogramme. 

Coulomb (1780) had calculated that, in order to support a 
man, it would be necessary to have a surface 12,789 ft. 2 in. 
in length by 191 ft. 10in. in breadth, which brought into 
métres, gives a surface of 240,000 méatres (287,037 square 
yards O ft. 48in.). But we now know that a man can easily 
descend from a very great elevation under a surface of 
25 square métres (29 square yards 8 ft. 14in.). 

We already see, to stop at this small number of opinions, 
that these mathematicians, all being in harmony as to the 
necessity of supposing a bird to possess a prodigious force, 
are far from agreeing in the results of their calculations, and 
it could not be otherwise. 

If the reader will recall to his memory what we have said 
of the law of the surface in inverse ratio to the weight, he 
will easily understand the cause of all the errors which have 
been committed, and which will be committed on this 
subject. 
Such a mathematician, taking as the type of his calcula- 
tions an excellent animal of flight, as, for — the 
swallow, will ascertain its weight and surface, and finding: 
W 165 grammes (231.495 gr. troy)=S8 149 cent. car. ( 
square inches) will reduce the whole to the kilogramme, 
which will give him nearly a métre of surface (1 yd. 1 ft. 
110in. sq.), and eénsequently 75 métres for a man of 76 kilo- 
grammes. If, on the other hand, he takes as a type another 
excellent animal of flight, such as the pigeon, he will arrive 
at a result quite different, because the pigeon, being heavier 
than the swallow, has a surface realtively smaller ; in fact, if 
we take the weight and the surface of the pigeon, we shall 
find: weight, 290 grammes (4476.57 gr. troy, or 10 oz. 
3.66 dr. avoirdupois) ; surface, 750 cent. car. (116 uare 
inches), which gives for the kilogramme (2 1b. 3 oz. 4.428 dr. 
avoirdupois), 2586 cent. car. (2 ft. 113 in. sq.); in the case of 
a man of 75 kilogrammes (165 lb. 5 oz. 12 dr. avoirdupois), 
only 20 métres of surface (23 yd. 8 ft. 40 in. sq.). 
With regard to the crane of Australia, which weighs 
9 kilogrammes 500 grammes (201b, 15 oz. 2$ dr. avoirdupois, 
or 25 lb. 5 oz. 9 dwt. troy), and which has only a surface of 
8543 cent. car. (1 yd. O ft. 28 in. sq.), this third example 
would give to a man no more than abont 7 métres of surface 
(8 yd. 3 ft. 50 in. sq.). If, on the contrary, we wish to seek 
for a type amongst insects, and should take, for example, the 
blue dragon-fly, whose flight is so rapid, we shall diseover 
the weight to be 4 centigrammes (.6173 gr. troy, or rather 
inches, 
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or nearly gth of a square inch), referred to the kilogramme, 
6 métres, 760 cent. car. (7 yd. 2 ft. 56 in. square), and for a 
man 456 méatres (546 yd. 3 ft. 48 in. sq.). What would be 
the result if we descended still lower the scale of winged 
animals, and took as types some butterflies, the surfaces of 
which are prodigiously expanded relatively to their weight? 
The law of surface in inverse ratio to weight would naturally 
tend to lead us to this conclusion, viz., that the heaviest 
winged animal, having the least surface, ought in return to 
possess the greatest force. This would be a very great error, 
and a few remarks will suffice in order to prove this state- 
ment. Of all animals the insects are relatively the strongest. 
A stag-beetle (Lucanus cervus) can sustain between its 
mandibles, whilst elevating and depressing alternately its 
head and its corcelet, a steel ruler of 11.811 in. in length (30 
centimétres), and weighing 400 grammes (14 oz. 1.75 dr. 
avoirdupois, or 1 Ib. 0 oz. 17 dwt. 6 gr. troy). The stag- 
beetle only weighs 2 grammes (30.866 gr. troy). It 1s 
known that crickets leap 80 times the length of their bodies, 
and the flea jumps through a space which may be estimated 
at 200 times its length. All these facts prove the existence 
of a muscular force in the insect, which is not encountered in 
any other animal. The bird, the extremity of whose wings 
are cut, can no longer raise itself; the insect flies very well 
with its wings reduced to more than a half. I will mention, 
in a = of the experiments that I have made on this 
subject, because, besides demonstrating the very _ 
strength of insects, this experiment clears up a fact hitherto 
left in doubt regarding the history of these animals. I have 
frequently taken those large bluish-black flies, that we gene- 
rally know under the name of meat-flies, and I have cut 
away little by little their two wings in bands of a millimétre 
(.03937 in.) at a time, releasing them in a room, in order to 
recover them afterwards and recommence the operation, 
until the moment when their wings, too much diminished, no 
longer permit them to elevate themselves. The meat-fly has 
each of its wings 34 millimétres (1.338 in.) in length; and I 
have been able to remove 20 millimétres (.7874 in.) from it, 
thus leaving only 14 millimétres (.65118 in.) without taking 
away the power of flight. With a wing of 14 millimétres it 
flies a ego or reaches the ground whilst still vigorously 
supporting itself. If we allow the fly more than 14 milli- 
métres, it still flies very well, and rapidly makes a survey of 
the room. What do we think of the considerable strength 
that it must develop, and of the velocity with which it must 
work its wings in order to make amends for the surface 
which is deficient ? During these experiments, very frequently 
repeated, I remarked that the well-known buzzing noise of 
this fly became more and more shrill in proportion as I 
diminished its wings. My attention being once attracted to 
this subject, I was enabled to show, by the aid of a musical 
instrument, that the original buzzing sound of the fly cor- 
sr neg | to Sol, one could, by gradually diminishing the 
wings, make the sound pass through all the notes of the scale, 
even to Fa natural. This is the point at which the fly can 
no longer raise itself, and flies in a horizontal direction. 

This experiment, which is sufficiently decisive, shows, as 
we see, that those naturalists are wrong who, in general, 
attribute the production of sound amongst the flies and 
diptere not indeed to the wing, but to the balancers or 
halteres with which all these insects are furnished. 


I could still cite a multitude of examples to prove the exist- 
ence in the insects of a muscular force relatively enormous ; but 
what I have said suffices, I think, to make clear that the sur- 
face, which we have always seen to be in inverse ratio to the 
weight, is not, as we should have thought, in an inverse ratio 
to the strength, since the insects are, in relation to their size, 
admitted to be the strongest animals in creation, and they 
are precisely those animals endowed by nature with the 
largest surfaces for flight. 

The cause of this apparent anomaly might be sought for in 
some phenomenon, still unknown, exhibiting itself in the air 
during the flapping of the wings and acting upon them as 
the square of the surface. But without creating gratuitous 
hypotheses, and without in this case interposing unknown 
forces which may exist, but which philosophy has not yet 
established, it will be possible for us, F think. to explain in a 
very simple manner the law of the surface in inverse ratio 
to the weight, and here is the explanation which I think I 
ean give of it. 


The animals of least weight being always the smallest, if 
Nature had given to them, in relation to their size, a strength 
simply proportioned to that of the largest animals, we can 
easily understand what would happen. A mouse, for 
example, formed precisely like a horse, or any other animal 
of this size, would simply have reproduced in miniature the 
gait of its great model; it would have made, consequently, 
about two steps in the second, but its steps, proportioned to 
the length of its legs, would only have permitted it to run 
over two or three centimétres (centimétre = .393708 in.) 
during this time, from which it follows that all the small 
animals, as well as the insects, the birds, and all the other 
created beings, would have been veritable tortoises, aban- 
doned, without defence, to their enemies. 

Nature has, then, here established a compensation to make 
amends for the diminutiveness of organs by rapidity of 
movement, and has, consequently, furnished the animal with 
the necessary force to produce this rapidity. We may add 
that generally, both amongst the quadrupeds and the winged 
animals, the locomotive organs are, in relation to the body, 
more developed in the small kinds than in the large; the 
rodents, such as the hare, have the hinder limbs almost as 
long as the body; the dog, which steps faster than the 
horse, has also the limbs more lengthened than it; and if 
this law is not universal amongst the walking and swimming 
animals, which I cannot affirm, it is in a manner unques- 
tionable amongst the winged animals, possessing, as they do, 
a strength relatively more considerable than the mammitere, 
they can act with greater facility on the arms of a lever more 


elongated. 
(To be continued.) 





FIRE HYDRANT. 


Destexep By Mr. Dewitt C. Crecrer, Cuicaco. 
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Tats hydrant is designed so that it may be removed or 
repaired when required without the necessity of shutting off 
the water in the district where it may be located. Its dis- 
connexion from the street main is effected by removing the 
top, A, which is held only by four bolts. e guide, B, is 
detached, which allows the valve rod, D, to revolve. The 
screw, P, which operates the main valve, B, is connected to 
the valve rod by the union, C, but revolves independently of 
it. The valve rod, D, is square at the lower end, and enters 
a corresponding hole in valve I, arranged at the base of the 
waterway. By aid of a rod of proper size to enter the 
holes, C C, in the union, the valve rod, D, is revolved, and the 
supplementary valve, I, rises to the seat, E, and is held in 
the position, shown by the dotted lines, by means of the 
serew-thread on the stem. The water being shut off, the 
bolts, through the flanges at E, are unscrewed, and the hy- 
drant may be removed. A small waste valve, F, is also pro- 
vided for draining the hydrant of its contents. It is located 
within the waterway, and is opened and closed by the opening 
and closing of the main valve,G. The base ring, R, by which 
the hydrant is kept in position, is not secured to it in any way ; 
it is bolted to the pavement, and any disturbance or up- 
heavwal from frost, or other causes, does not disturb the 


hydrant itself. The whole of Chicago is supplied with these 
hydrants, and they have given great satisfaction for some 
years. 








PALMER’S LUBRICATOR. 


Tuts arrangement, designed for the economical lubricating 
of crank pins, and other moving journals, is largely used in 
America for locomotive and statio engines. Its action 
which is entirely dependent upon the motion of the jou: : 
is as follows :—It is screwed into the oil passage, at the foot 
of the cup, in the place ordinarily occupied by the lubricating 
wick, a the pin, a, which fits the hole, b, loosely, is thrown 
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to and fro with each oscillation of the part to which the oil 
- is attached, the head being struck forcibly against the 
side of the screw, carrying with it, and sending through the 
hole, a drop of oil, which runs down the hollow in the screw, 
upon the journal below. Of course, when motion ceases, the 
action of the lubricator stops. This lubricator is entirely 
self-acting, and is found in practice to effect a considerable 
saving in the quantity of oil employed. 
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WAGON STAPLE LOCK. 


THE accompanying sketch shows the construction of an 
efficient and simple lock, used on most American railway 
wagons. The main staple passes over one or two smaller 
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staples, through which a loose bolt, hanging from a chain 
fastened to the wagon, is passed into a box lock, the key hole 
of which is coven by a spring shield, shown elevated in the 
drawing. 








PILE SINKING. 
P To THE Eprtor oF ENGINEERING. 
1R,—In the concluding paragraph of your interesting 
account, in the number o Eworsaxere for May 1, of Mr. 
Brunlees’ process of sinking piles in sand by the use of a 
water jet, you say, “ that as piles may be so rapidly sunk by 
“ this means, and so effective a foundation sec , it might 
“be possible, by catching a few moderately calm hours for a 
“start, to erect a platform on the Goodwins themselves, on 
“which a lighthouse would be fixed, and beneath which a 
“ steam lifeboat might be slung.” 

In all probability ee | of your readers have long ago for- 
gotten, owing to the failure of the work, that, twenty-three 
years ago, tubes were actually sank on the Goodwins; the 
following fact may therefore interest them : J 

In J + 1845, the engineers of the Trinity Board, having 
previously made some experiments, erected a beacon on the 
south caliper of the Goodwin Sands by sinking cast-iron 
piles by Dr. Pott’s pneumatic process. A cast-iron tube, 
2 ft. 6 in. diameter, was sunk 32 ft. deep into the sand, and 
four tubes, 165 in. diameter, were sunk round it ; and then the 
whole were braced together and supported a cage on the top, 
56 ft. above the level of the sand. 

Unfortunately, however, in the October of the same year, 
the whole thing was destroyed during a violent storm. 

But as you truly say, it might be quite possible, by Mr. 
Brunlees’ process, which has everywhere been so eminently 
successful—on the treacherous sands of Morecombe Bay, on 
the shore at Southport, in the river Mersey, and numberless 
other places—to sink a pile foundation for a lighthouse on 
the Goodwins, which would defy all storm and tempest, and 
stand for years, and your suggestion to Mr. Brunlees and 
Mr. Dixon be the means of saving many lives. 
Yours, o; 


Euston Station, May 6, 1868. J.C. D. 








Worxrye Inctrxep Prayes.—Within the last few years 
barrels of rolled hoop iron have been substituted for ropes on 
some of the inclined planes in America, and have been found 
to work well, presenting more durability and being less ex- 
pensive than ropes. 

Tue Enews anp Frexca Navres—In the House of 
Commons on Monday night last Mr. Corry stated that in 
the French Budget for 1869 the cost of the French ~~ 4 18 
given as 6.35 per cent. on the value of the trade carried on 
under the French ; and that he hada similar calculation 
made in respect of England, and he found the cost of oss 
navy to be only 2.73 per cent. on the value of the 
carried on under the English flag. 
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LIVERPOOL NOTES. 


Lrverroot, Thursday. 
Trade in the Hardware and Iron Districts —The accounts 
from Birmingham and Wolverhampton are far from cheer- 
ing. In Birmingham there is no change for the better. 
Orders lately given by factors have been on a more limited 
scale than in the -—s of last year, and even then they were 
smaller than they had been for a year or two previously. 
There is more doing in the foreign than in the home trade. 
The military gun trade—more especially the barrel makers— 
are kept well employed; but in nearly every other business 
there is great dulness. The demand for iron in the Wolver- 
hampton district, which was noticeable at the commencement 
of the quarter, is now said to be only moderate; and even 
the puddlers’ strike has not caused much inconvenience by 
the accumulation of orders. There are afew railway contracts 
in the market, but the South Staffordshire makers have not 
participated toa great extent in the orders lately given out. 
Some of the puddlers on strike have returned to work within 
the last week, and it is said that unless liberal aid is 
forthcoming from other districts, the struggle will soon be 
given up. fj Dipl 
The Humber Ironworks.—The official liquidator of the 
Humber Ironworks and Shipbuilding Company (Limited) 
applied to the Master of the Rolls on Saturday for leave to 
ay a further dividend of 2s. 6d. in the pound to the creditors. 
The application was opposed by the assignees of Samuelson’s 
estate, who claimed to be creditors for 70,000/.,on the ground 
that a sufficient sum should be set aside to meet the dividends 
on their claim. The Master of the Rolls disallowed the plea 
of Samuelson’s assignees, and the dividend of 2s. 6d. is now 
payable to the creditors at the office of Messrs. Chatteris. 
Launches on the Mersey and Wear.—On Saturday Messrs. 
Bowdler, Chaffer, and Co. launched from their building-yard 
at Seacombe, a very fine iron sailing vessel of 900 tons, for 
Messrs. W. J. Myers, Son, and Co., Liverpool. The vessel 
was named the Alcatraz, and after being launched was placed 
in the Birkenhead docks for the purpose of receiving her out- 
fit. Messrs Short, Brothers, of Pallion, have launched on 
the Wear a barque, to class nine years A 1, for Messrs. W. H. 
Watson and Sons, of Sunderland. She received the name of 
Magdala. There have also been launched on the Wear the 
following vessels: From the yard of Mr. Joseph Thompson, 
at the North Sands, a barque named the Mary, classed nine 
years A 1, andintended for the Mediterranean trade. Sheis 
of the following dimensions: length 120ft., breadth 273 ft., 
depth of hold 17} ft., and —— tonnage 337 tons. From 
the yard of Mr. Hodgson, Hylton, the Acorn, a nine years’ 
barque, of 400 tons register, built for Mr. George Longridge, 
of Sunderland. From the yard of Mr. Pickersgill, Southwick, 
the Sea Foam, a barque of 330 tons register, built for Mr. W. 
Thomson, of Sentecend ; and from the yard of Mr. T. R. 
Oswald, Pallion, a sixteen years’ screw steamer, of 1100 tons 
register. Shipbuilding is still being very actively carried on, 
and there is still a tolerably brisk demand for ships in the 
freight market; but, as the New York Shipping List points 
out, the release of upwards of 200 merchant ships, by the 
termination of the war in Abyssinia, cannot fail to have an 
important bearing upon freights to and from India and 
hina. 


The Deepening of Galveston Harbour.—The Liverpool 
Chamber of Commerce have received a communication from 
the Chamber of Commerce of Galveston, Texas, stating that 
an arrangement had been made with the proprietors of 
Bishop’s Submarine Excavator to deepen the inner harbour 
of that port, so as to render it available for ships which can- 
not enter it at present, the condition of the inner bar con- 
tinually threatening the complete closing of the harbour. 
To reimburse the parties who propose to deepen the harbour, 
the Chamber have agreed that such tolls shall be charged by 
the contractors as shall not exceed one-half of the present 
lighterage rates. The Galveston Chamber suggest that ship- 
owners and chambers of commerce in America and abroad 
should endorse and encourage the proposed enterprise. 

The Hammermen of the Mersey Steel and Ironworks.— 
Part of the evidence of Colonel Clay, managing director of 
the Mersey Steel and Ironworks Company, before the 
Trades’ Union Commission, is worth quoting, as showing the 
superior class of men employed as hammermen at the Mersey 
forge, and the handsome emolument attached to the position 
they held: “Our two chief hammermen have from 7001. to 
900/.a year each. One of them has 12/. 10s. a week, the 
other 117. 10s. standing wages. Then they have perquisites 
for teaching apprentices. They get all the benefit from teach- 
ing them. It is our interest to have young men brought up 
to this valuable business, and we pay them an ordinary 
man's wages while they are apprentices; and these hammer- 
men get the difference between, about 1/. a week, and 60s. 
or 70s. a week, which would be their wages if they were 
journeymen. We pay the head hammerman all the wages, 
and he pays those under him. Our chief workman finished 
& piece of work last week worth 2500/.; by the slightest care- 
lessness on his part it would not be worth as many pence. I 
refer to a piece I am supplying for the main crank shaft for a 
war vessel of the Austrian navy of 1000 horse power. I also 
supplied Mr. Penn with the main shaft for the Hercules, 
which was 34 tons 11 ewt. I think the invgice for that was 
3500/., and the slightest carelessness on the part of the head 
workman would have made it valueless.” Colonel Clay also 
stated, in reply to Lord Elcho, that the men had had no 
scientific education. ‘They are men of extraordinary tact 
and common sense. One man, who was in a similar position 
with us, is now the owner and head of a large works employ- 
ing 1500 or 2000 men. I think that my two hammermen 
—_ find between them a good round sum of money.” Sir 
bt ep Erle inquired as to the antecedents of the men, and 
thet mel Clay rep: ied that “they began as apprentices under 

ir father, receiving only pocket money, and, when they 
cmp their twenty-first year, teaslvel: one 31. 10s., the 
I t 4l.a week. They are men peculiarly gifted by nature. 
cnn, know where to get two other pw | men. I consider 

best hammermen in England. They never do any 


manual labour; it is never necessary. They take their coats 
off, and work in their shirt-sleeves, because it would look 
strange in a workman to be going about with his black coat 
on; but otherwise they do not handle or lift anything ; they 
—7 direct other men.” Mr. Harrison inquired whether 
a civil engineer, who had devoted some years to this particular 
work, could not take the place of one of these men. Colonel 
Clay said that he doubted it, and that no theoretical man 
could do it. 

Freight between Manchester and Dundee.—It is stated on 
the authority of the London correspondent of the Dundee 
Advertiser, that an arrangement has been concluded between 
the Londonand North-Western and the North British Railway 
Companies, by which the latter is to be admitted to every 
facility over the lines of the former, which has hitherto been 
exclusively enjoyed by the Caledonian Company. The Dun- 
dee manutacturers will now. have the advantage of through 
rates to Manchester and Liverpool, which they have not had 
hitherto, unless either at a disadvantage through the Lanca- 
shire and Yorkshire, or at still greater disadvantage by 
steamer from Silloth to Liverpool. may now be 
booked from Dundee at through rates by the North British 
to every place in the north and west of England, the same as 
by the Caledonian. 

Improvements in Sheathing Metal—A new sheathing 
outa tas been recently introduced by Messrs. Mell and Co., 
of London, which seems not unlikely to supersede the other 
metals ordinarily used for sheathing p s. This metal 
has been applied to the ship Margaret, at present lying in 
the Canning graving dock; and those who have examined it 
speak favourably of the invention. The “patent union 
metal,” a8 the patentees have called it, is only about one-half 
the price of yellow metal, and it is said to be very durable 
and pliable, and to possess singular non-fouling properties. 
The last-named characteristic can only be settled by experi- 
ence; but Mr. David Forbes, the metallurgist, has submitted 
the metal to most severe tests, and speaks favourably of it. 
He says: “The results of numerous experiments still in 
operation have, as far as they have gone, proved highly satis- 
factory, as showing not only that this metal possesses a de- 
cided superiority over zinc, but also that it may compete with 
copper or yellow metal sheathing in regard to durability, and 
that in some cases it may be even superior to these metals in 
resisting the corrosive action of some very foul water in the 
tropics and vther places. Among other tests, it has been 
subjected to the prolonged action of salt water at various 
temperatures, the water being used in a state of purity, as 
well as contaminated with compounds known to be eminently 
destructive to the sheathing of ships, and in both cases the 
results were most satisfactory.” 








ON THE TRANSMISSION OF FORCE BY 
BELTS AND PULLEYS. 
(From the Journal of the Franklin Institute.) 

THERE are few mechanical engineers who have not been 
frequently in want of tabular information or readily applicable 
formuls, upon which they could place reliance, giving the power 
which, under given conditions and velocity, is transmitted b 
belts without unusual strain or wear. ‘The formula of the belt 
or brake is well known and simple, and it is only necessary to 
acknowledge and adopt a value for the co-efficient of friction (or 
of adhesion, which is perhaps the better term), to allow this 
formula to be applied in daily use. And this co-efficient of 
friction has been carefully established by the experiments of 
General Morin and M. Prony, and has been made available to 
English and American engineers, by the translation of Bennett.* 

It must be remarked that there are some mistakes in the text 
of Bennett’s translation, which will lead to serious errors, unless 
read by a careful investigator. 

With every point needed, therefore, at the command of the 
engineer, it is somewhat surprising that a more extensive pub- 
lication and general use of the data has not followed. 

But notwithstanding the existence of this correct mathe- 
matical and experimental information, the numerous tables 
which have been given by mechanical engineers appear to have 
had only that kind of practical basis which has come from 
guessing that an engine or a machine, either the driving or the 
driven, with a belt of given width, was producing or requiring 
some quantity of power which might be expressed in terms 
(foot-pounds) generally without any stated arc of contact. 
Three rules given by practical mechanics, vary so much as to 
give as bases for estimate (without regard to arc of contact) 
0.76 horse power, 0.93 horse power, and 1.75 horse power, re- 
spectively, tor the power of a belt lin. wide running 1000 ft. 
per minute. 

It was the requirement to know the exact useful effect of a 
novel disposition involving an unusual small arc of contact of 
the belt upon the pulley, where much embarrassment would 
result if the application proved itself unsatisfactory that led to 
the present inquiry. As the writer was not able to give the 
time demanded for making such experiments as would establish 
the practical co-efficient of adhesion, he suggested what was 
desired to Mr. H. R. Towne, and the numerous experiments, of 
which he gives the accompanying report, are the result of his 
labour and care. 

It was not until after the experiments were completed that 
either Mr. Towne or the writer knew of the publication of M. 
Prony or General Morin, although Bennett’s translation rested 
upon the shelves of the writer's library; but aside from the 
gratification which we feel at the corroboration, we think the 
reader of this article will be pleased to know that our data is 
founded upon the ordinary pulleys and belts of the workshop, 
and our experiments were not impaired by any niceties which 
common workmen would not apply. 

Even the crudeness of our experimental apparatus and the 
general not over exact method adopted, will serve to demonstrate 
to the minds of practical men the ibility of relying upon 
figures ‘which have been established so nearly in accordance 
with the customs of the workshop. 

We take from Rankine’s Applied Mechanics the following 





* Bennett’s Morin’s Mechanics, New York, 1860. 





the strains upon the two sides of a belt ( 


formula of a belt, onl changing the words in the hope to make 
it comprehensible to the general reader in an elementary way. 

Let A be a pulley upon which the belt ming from T, to T,. 
Let r=the length of radius of the pulley, A. Let 1,—the 
tension of the belt od the strain) on the tight side. Let T,= 
the tension of the belt (or the resistance on the loose side). 
Then the pull on the belt by which it transmits power—P= 
T,—T,, and this difference represents the adhesion or friction 
resulting from the contact between the belt and the pulley. 

If we — the tension on a unit of width of belt at b=T,, 
then it follows that the normal pressure per unit of surface at 
the point b— 12. 

r 
superficial, may be inches and square inches, feet and square 
feet, metres and metres square, or‘any other units of relative 
value. Thus we may say the normal pressure upon a square 
inch of surface at 6, equals the tension on an inch-wide belt, T,, 
divided by the length in inches of the radius, r. 

We will endeavour to make this understood by comparing the 
case with the well-known instance of the relation of pressure to 
tension in the shell of a cylindrical boiler. If we take an example 
of a boiler having 10 in. radius (or 20 in. diameter), and with an 
internal uniform pressure of 100 lb. per square inch, it will be 
recognised that the tangential strain per inch of length of shell 
will be equal to the pressure multiplied by the radius, or 
1000 1b.; and this tangential strain is uniform at all points of 
the circumference. 

The tension T,, in like manner, corresponds to the tangen- 
tial strain just stated, and the resulting normal pressure corre- 
sponds to the internal uniform pressure. And as in the instance 
of the boiler the tangential strain is exerted at all points of the 
circumference, so the normal pressure proceeding from the ten- 
sion in the case of a belt, is independent of the length of arc of 
contact on the belt, and refers to the point of contact, b, wher- 
ever that point may be taken on the pulley. 


The units of dimension, either linear or 


Admitting, therefore, that the pressure at the point <b 
we have the friction resulting from the contact of the belt on a 
unit of surface=f - (when f is the co-efficient of friction of 
the leather of the belt on the pulley. This gives a new value 
for the tension of the belt at some point, c (very near 5), (or 


tangential strain at that point), =T.+f — =T.Q1+/; ). 


Ts 1 

And it follows that the pressure at c=— (sy =) » and 
the friction resulting from the contact of the belt on a unit of 

: A 1 
surface= f | m4 (4/5 
oes the tension of the belt at some point, d (very near c)=T,+f 

i 1 1>\2 

[> (4/5) ] = T, (4) - On taking further 


points in succession until we take 7 points and reach the 
point m on the figure, we have for the tension at m=T,, 


(uty ~) =T, wee(t4y =} ‘ 


This equation is the well-known one of the hyperbolic loga- 


U 
s 8 i 
* . . by T, r 
rithm. Where hyperbolic logarithm 7 =f 7 or pF =e 
2 
where ¢ is the base of apace logarithms. We can further 
transform this equation by substituting the ratio of the angle in 
degrees, for the length of contact on the arc, compared to the 
radius. 


This again gives a new value 


23 
f a 


860 ~ B60 
and taking the numerical values of e, «r, and dividing out the 360, 
oe ge = 2719017456 fa 
T, 
.*. log. (=) =0.434s (0.017456fa), . (1) 
-*. log. T,—log. T,=0.00758 fa 


2 2 > a 
Thus aan anaes of 1°, let =a ) i, [= 








. ts 0.00758 
Sane oe ee 
T, 
7s log. T, x 
oSf= O007iBa.° .° .° (8) 


As we assumed before, P=T,—T,. .*,T,=T,—P, which in- 
serting in equation 2. 
se Tpat0 0.00758 fa 
."P(10 son ye) =T, (10 0.00758 fa) _ T, 
“P=T,( 1—10 rn : ner" 


The third equation is the one to which we would now call 





attention. By it, for any given values for the ratio - » we 
2 


can determine the co-efficient of friction, when, by experiment, 
we have fixed the greatest difference of the two strains without 
slipping on a pulley with a given arc (measured by &) of contact. 


e would here make a very important observation, which 


forms the key of the whole system of transmission of ferce by 
belts. In practice, all belts are worked at the maximum co- 
efficient of friction. A belt may, when new or newly tightened, 
work under heavy strain, and with a small co-efficient of fric- 
tion called into action; but in process of time it becomes loose, 
and it is never tightened — until the effort to perform its 
task is greater than the va 

tension of belt, and the belt slips. We run our belts as slack as 
possible, so long as they continue to drive. 


ue of the co-efficient with a given 


It has been shown* that the value of Tj+T., * on of 
‘oose and tight), isa 











* Bennett’s Morin, page 303, and following | 252. 
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constant quantity—that is, when a belt is performing work, it 
‘sill become loose on the one side to the exact amount that it is 
strained on the other, and when at rest, not transmitting force, 
the tensions will become equal, and their sum be the same as 


Power transmitted by belts on pulleys 





Taste II. 
per feta pon pale 
revolution per minute. Arcs of contact upon 

ing to the angles. 























before. It is manifest that the limit of the strength of a belt | - petnemeeiant — 
is found in the maximum tension, T,, and that this strength | Inches of | | | 
being known, the effective pull (P) is further limited with any] Width | 90° |100°|110°|120°|185° |150° }180° |210° 240° }270° 
ote arc of contact by value, f, of the co-efficient of | of Belt, | 
iction. 2A —E EEE _— a 
The disenssion has so far been limited to the pull exerted A foot-|foot- |foot- foot-| foot-| foot-|foot-'foot-'foot-| foot- 
abeit. When we would include the power which belts wi Yb. | Ib. | Ib. | Ib. } db. Ib. | Ib. | Ib. | Ib. 
transmit, we have only to multiply the pull by some given or 1 102/ 109] 116] 123! 132] 140] 154) 165) 174) 181 
assumed velocity to transform our equations into work per- 2 208| 219) 233) 246| 264) 280) 308] 330) 348} 861 
a 8 805| 828! 349) 869! 396) 420) 462, 495) 521) 542 
By means of the third equation we will now deduce a value 4 406) 437| 466) 492| 528! 560) 616) 660) 695) 723 
for the co-efficient of friction as given by the experiments. 5 508) 547 582} 615! 660| 701] 770) 825) 869} 904 
All the experiments were with the arc of coutact=180°=a, 6 | 609! 656 699) 738) 792| 841| 924! 990 1043/1084 
lor. 2 7 | 711) 766 815) 861) 924) 982|1078 1155/1217 1265 
or 8 | 813) 875 932) 985/1056/1122|1282 1820 1391 1446 
—— 9 | 914 984 1048/1108)/1188/1262| 1886 1485 1564/1626 


hich, substituting f= 
which, substituting /: (eda 
and the result of 168 separate experiments has given, under 
tensions of T from 7 to 110 Ib. per inch of width of belt, 


1016 1094 1165/1281/1321 1402] 1540/1650)1738'1807 


The application of Table II. to any given cases of known angle 


= 
> 


of the are of contact, width of belt in inches, diameter of pulley 


Ts 6,294. in feet, and number of revolutions, is simply to take the figures 
fe from the Table for the first two, and multiply by the two suc- 
7.6.29 ceeding conditions, to obtain the foot-pounds of power trans- 
° fa 3.26 4_» 5833.* ‘ttede 
0, 0S a mitted. 
1.3644 We have taken the following examples: First. Mr Schenck 


In this case T, has in all cases been so much in excess of T, 
as to slip the belt at a defined, slow, but not accelerating, 
motion. . I 

From an examination of the report of the experiments, we 
think the reader will coincide with our conclusion that ,*,ths of 


this value of 7omn be taken as a suitable basis for the work- 


s 
ing friction or adhesion which will cover the contingencies of 
condition of the atmosphere as regards temperature and mois- 
ture; or ra =3.7764 (maximum practical value) 
"ss plow: 8.776 
1.3644 
The experiments further show that 200lb. per inch of 
width of belt is the maximum strength of the weakest part— 
that is, of the lace holes. Taking this, with a factor of safety 
at one-third, we have the working strength of the belt, or the 
practical value for T,—66$ lb.{ ‘The case when belts are 
spliced instead of laced, a great increase of strength has been 
own, the eee giving 3801b, per inch of width, or | ’ 
125 lb. safe working strength. ‘ 
If we insert these values of f and T, in (4), 


” P=663(1 —10 — 0.0078 x 0.42292 . 


§ P= 663(1 _ 19 —9-008206 a 
— 1.71146. 


=0,42292.+ 


(5) 
This term thus becomes 10 mens cpus 
only the notation for anti-logarithm — 1.71146, or, in words, 
the number for which — 1.71146 is the logarithm. Logarithmic 
tables give this number=0.51505, and the equation, P=66§ 


(i— 10 ~ 9-008206 x ) 604 (2 — 197) 1148) 064 


(1—0.51505) = 664 x 0.48495, 
oe’. P=82.83 

The largest possible angle for an open belt, without a carrier 
or tightener, is 180°, as upon either the driving or the driven 
pulley this cannot be exceeded; but for crossed, or carried, or 
a belts, the angle may be as large as 27)". 

Ve give the following table of results for different arcs of 
contact (corresponding to a°) within the usual limits of practice 


Taste I. 
Strain transmitted by belts of lin. width, upon pulleys when 
the arcs of contact vary as the angles of 
90° 110° 120° 135° 150° 180° 210° 240° 270° 
Ib. \. Ib. Ib. lb. = Ib. » bh bw b. 
$2.83 34.80 87.07 39,18 42.06 44.64 49.01 52.52 55,33 57.5 


If we suppose the pulley to be 1 ft. in diameter, and to run 
some number, N, of revolution per minute, we have the power 
transmitted = NP. 

And we give the following Table for different arcs of contact 
(comupending to a°) within the usual limits of practice. 


100° 





* Bennett’s Morin, page 806, | 258, gives f—0.573. 

+ It should be that the experiments were made without 
any appreciable velocity of belt, and throughout this paper no 
regard has been paid to the effect of velocity or of the dimen- 
sions of the pulleys upon the value of the co-efficient of friction. 
For pulleys less than 12in. diameter (with the belts of the 
ordinary thickness of about ,4ths in.), and for velocities ex- 
ceeding about 1000 ft. per minute, allowance must be made for 
the rigidity of the belt in the one case, and for the interposition 
of air between the pulley and the belt in the other. At high 
speeds, say 3000 ft. velocity uf belt per minute, the want of 
contact can be seen sometimes to the extent of one-third the arc 
encompassed by the belt. The writer has proposed to place a 
deflector or stripper near the belt to take off the stratum of air 
moving with it, but has never tried the experiment, although 
-. little + of its giving some advantage. 

Bennett’s Morin, 306, J 258, gives 55.1 lb. per inch 
of width as ctu 1 ° - 
ant This equation (5) is the really important one in practice, 

by means of logarithms can be solved for any values of a° 
readily ; but as some of those who _ 


wish to use itamay not 
be at once prepared to use the logarithmic notation from want 
of use or practice, we give an example. Suppose we take an 
angle of 90°, the negative exponent then becomes —(.008206 x 


90= = 0.28804; subtracting this from 1, we have 1.71146. 





942 ft. per minute, gave 8 horse 
180° angle, we take 49.01 x7 x 942—823,172 foot-pounds= 


49,000 Sone we have only 1} horse 
r. 


inches=N 


(of New York) found an 18in. wide belt running 2000 ft. per 
minute, the pulleys being 16 ft. to 6ft., would give 40 horse 


yower, With ample margin (one-fourth). (Sic.) 
If we take the distance from centre of the 16 ft. pulley to that 


of the 6 ft. to be 25 ft. (about the usual way of placing the fly- 
wheel pulley of an engine in regard to the main line of —e 
we have the arc of contact subtending about 153°, 

I, the strain transmissible is 45.1 lb. x 18 x 2000=1,623,600 
foot-pounds=49.2 horse 


From Table 


en 
Second. Mr. William B. Le Van (of Philadelphia) found by 


indicator that a 7 in. wide belt running 1800 revolutions per 
minute, the pulleys being 16 ft. and 5 ft. respectively, trans- 
mitted 43 horse power, with maximum power transmissible un- 
known. If we take the centre’s distance, as before, at 25 ft., we 
have the arc of contact subtending about 150° 


From Table I. we derive 44.64 lb. as the strain transmissible 


X 18x 1800 = 1,446,336 foot-pounds=43.83 horse power. The 
same authority found by indicator that a 7 in. wide 


It over two 
2 ft. Gin, pulleys, 11 ft. centre to centre (horizontal) moving 
ower. From Table I. for 
).79 horse power. This belt was stated to be very tight. 
Third. Mr. A. Alexander (London Engineer, March 30, 


1860) gives a rule that a Lin. belt will, at 1000 ft. velocity, 
transmit 12 horse power. 


If we take the contact at 180° from Table I., 49.01 x 1000= 
wer. 


Fourth. William Barbour (same journal, March 23, 1860) 


gives as the power a 1 in. belt will transmit with 1000 ft. velocity 
= 0.927 horse power, when we derive with 180° angle from our 
tables = 14 horse power. 


Fifth. A. B. Ex (same journal, April 6, 1860) gives a rule 


diameter in inches revolutions per minute breadth in inches 


5000 
N H.P. ratio of pulleys not to exceed 5 to 1. Changing this rule to 


diameter in feetxrevolutions per minutexwidth in inches 








~ §000212=33,000 
=N foot-pounds. 

Diameter in feetxrevolutions per minute x width in inches 
— 





=N toot-pounds. 

*, 79.2x diameter in feetxrevolutions per minute x width in 
foot-pounds. 
From Table II. the angle of 120° gives 123 in place of 79.2, 


and it would appear this authority adopts about #rds the effect 
we take. 


Sixth. Dr. Fairbairn gives (Mills and Mill Work, Part II., 


page 4) a table of approximate width of leather straps in inches 
necessary to transmit any number of horses’ power, the velocit 


of the belt being taken at 25 to 30 ft. per second (1500 to 1800 
per minute), 1 ft. pulley, 3.6 in. wide, gives 1 horse power. 
Assume 1650 ft. per minute, contact 180°, we have from 
Table I, 1650 x 49.01 x3,6x1=29,112 foot-pounds=0.87 horse 
wer. 
Get. Rankine gives (Rules and Tables, page 241) 0.15 as 
the co-efficient of friction, probably applicable to the adhesion 
of belts on pulleys to be aul with his formula in estimating the 
power transmitted. Neither experiments nor practice give so 
small a co-efficient as this. 
We could multiply authorities on these points, but think the 
corroboration of those we quote with our Tables sufficient to 
establish our experimental and estimated co-efficient of friction, 


f=0.423, as a proper practical basis. 


We give the two following cases, not only to show the appli- 
cation of the formula 5, but as matters of some interest. 

In the construction of one of the forms of centrifugal machines 
for removing water from saturated substances, the main or 
basket spindle is driven by cone-formed pulleys, one of which, 
being covered with leather, impels the other by simple contact. 

In the particular instance taken, the iron pulley on the spindle 
was 6 in. eget diameter, and the leather-covered driving pulley 
was 12 in. largest diameter; the length of cones on the face was 
4in., this last dimension corresponding to width of belt in other 
eases. By covering the leathered pulley with red lead, we were 
able to procure an impression on the iron pulley, showing the 
width of the surfaces of contact when the pulleys were com- 
pressed together with the force generally applied when the 
machine was at work. This width was, at the largest diameters, 
almost exactly } an inch. From the nature of the two convex 
surfaces compressing the leather between them, the actua! sur- 
face of efficient contact connot be taken at over half this width 
(the slight error in estimating this contact as straight lines in 
place of circular arcs may be neglected). This gives the angle 





subtended by the arc of contact on the iron pulley=2}°, taki 
equation (5). P=663(1— 1908206 a) _ 4, 


= 664 (1—0.98171)= 663% (0.01829) =1.3717. 

Now, the average diameter of the iron pulley in the middle of 
its 4in. face is 4.708 in.=0.3923 ft., with a circumference of 
1,2326 ft., and it is usual to ran, at the least velocity, 10099 
revolutiens per minute; whence the power given by these pulleys 
= 1.8717 lb. x4in. x 1.2326 a“ — Ba = 6757 foot- 

ds=? horse power. As the wor! formed by one of t 
sarees eaiieds is the acquirement of velocity ander = 
sistance of the friction of the machine and of the air, and the work 
of expelling the moisture is so insignificant in comparison that 
it may be neglected in estimating, it can be taken as probable 
that the real power demanded to keep the machine in motion js 
very nearly that given by calculation. It should be stated that 
the basket belonging to this particular machine is 29 in. diameter 
and 12 in. deep. 

The second special case we instance at present, consists in a 
proposed arrangement for driving a fan which had previously 
been found to demand an 8 in. belt on a 10in. pulley to run it 
1275 revolutions per minute. (The are of contact here wag 
162°, so that the apparent power, with a very tight belt, was 373 
horse power; but about 4rd of this was defective adhesion from 
running a rigid belt over so small a pulley.) It was thought 
desirable to avoid the fast-running countershafts, and drive this 
direct from an engine-pulley fly-wheel, by impingement, so to 
speak, of the belt on its tight side between the fan-pulley and 
another larger carrier pulley, against a portion of the periphery 
of the fly-whee). 

If we suppose the force demanded measured on the fan pulley 
as before, to be 40 horse power= 1,320,000, and the fan pulley to 
be 10 in. diameter x 16 in. wide, and to ran 1250 revolutions per 

: 1,820,000 
minute; .°.1950x3¢x16xm = * the pull, P, on each inch 
of width of the belt as it comes from the 10in. pulley. By 
substituting this value for P in equation (5), and then reducing 
the equation to find the value for a*, we have a°=65°, which ig 
the angle of contact demanded to give the necessary adhesion. 

It will be noticed that this angle is independent of the diameter 
of the fly-wheel pulley, it being only requisite that that diameter 
should be such as, with the given or assumed number of revo- 
lutions, will produce the given velocity. In the case taken, for 
example, the fly-wheel pulley was 16 ft. diameter x 16 in. wide, 
with 70 revolutions per minute velocity. 

As we have before remarked, the sum of the two tensions on 
the belt is constant, whether the belt is performing work or not: 
that is, S=T,+T,; but P=T,—T,. .°.T,=Ti=—P. .°S= 
2T,—P. As we assumed in equation (5) T to equal 663 Ib, 
we can substitute the value of P as in Table I. in the equation, 
S=2 (663)—P=133}—P, from which it is evident that the 
sum of the tensions will vary with P, or with the angle of con- 
tact. It is evident, also, that the load upon the shaft proceed- 
ing from the tensions T, and T, will be the resultant of what- 
ever angle the belt makes with a line joining the centres of the 
two pulleys, or as the cosine of that angle. 

By constructing on paper a pair of pulleys, it will be readily 
discerned that the angle in question for small pulleys= 


3 — 90°, we can 


90° =, and for large and crossed ones, = 
consequently form the following Table: 


Taste III. 

STRENGTH OF LACING OF JOINT 66% LB. PER IN. WIDE, 
Showing, first, the sum of tensions on both sides of a belt, per 

inch of width, whether in motion or at rest, when strained 

to transmit the maximum quantity of power in general 

practice; and showing, second, the load carried by the 

shafts, and swpported constantly by the journals per inch 

of width of belt, when the arcs of contact vary as the angles of 


90° 100° 110° 120° 135° 

Ib. Ib. Ib. Ib. Ib. 
Ist, 101. 98.53 96.26 94.15 91.27 
2nd, 71.42 75.47 78.85 81.53 84.32 
150° 180° 210° 240° 270° 

Ib. Ib. Ib. Ib. Ib. 
Ist, 88.69 84.382 80.81 78. 75.75 
2nd, 85.67 84.32 78.05 67.59 53.56 


When machinery is driven by gearing, the shafts only carry 
the running wheels and the weight, aud when the machines are 
thrown on, the friction of the lines increases with the work; 
but with belts and pulleys the load on the line and its frictional 
resistance is constant, whether the machinery works or lies idle. 

Of course it is not proper to assume that the load ptoduced 
by the belt on the shaft is exactly that given by the second line 
in Table III.; but we can be safe in taking those weights as 
rarely exceeded, because belts begin to fail when they are; and 
as rarely much less, because few of our machines are not worked 
up to their belt capacity. 

The advantages shown by the figures on all the Tables, but 
especially on the last, in those arcs of contact over 180° where 
crossed belts are used, have the substantial ground of practice, 
although many mechanics are unaware of the facts. The writer 
will instance a case of several heavy grindstones having from 
main to counter“lines 8 in. crossed belts on pulleys 3 ft. diameter, 
running 120 revolutions, only 8 ft. centre to centre, where belts 
have already lasted, day and night use, three and a half years. 
For the same purpose, 6 in. open belts were formerly used with 
an average duration of a few weeks only. ’ 

Another use of a crossed belt is for long belts, the crossing 
effectually preventing those waves which generally impair, 
they do not destroy, such belts when open. m¢: 

Besides the actual power transmitted by belts, which it bas 
here been attempted to embrace in a general law, the app’ 
tion of belting, both the manner and the purpose, opens a fi 
for discussion far beyond the limits of the present article, 4 
writer hoping that others will take up the subject, so that the 
published data of the mechanic may more fully include 





practice of the workshop and factory. 
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THE GREEK IRON-CLAD “KING 


CONSTRUCTED BY THE THAMES IRON AND SHIPBUILDING COMPANY, FROM TH 





Ar the recent meeting of the Institution of Naval Archi- 
tects, a paper was read by Mr. George C. Mackrow, of the 
Thames Ironworks, “On the Position of the Centre of 
Gravity of the Greek Armour-clad King George,” and this 
paper we published in our number for April 10th last (vide 
page 354). As we then stated, the paper was illustrated by 
drawings of the vessel, and engravings prepared from these 

lans we publish this week. In our two-page illustration 
Fig. 1 is a longitudinal section of the vessel ; Fig. 2 is a plan 
of the upper deck; Fig. 3, a plan of the lower deck; and 
Fig. 4, a plan of the hold. We also give on page 498 a trans- 
verse section through the central battery, and on the pre- 
sent page a general view of the vessel. These various views 
explain the arrangement and construction of the King 
George so fully that but little explanation of them will be 
necessary. The principal dimensions are as follows: 


ft 


Length... sen ove ose 200 
Beam ... eae eee ees 33 
Depth moulded ... ose aes 20 


The armour-plating on the central battery is 6in. thick, 
whilst the thickness of that on the water line is also 6 in. for 
the main part of the length, increased under the battery and 
throughout the length of the engine and boiler rooms to 7 in. 
in thickness. The vessel is provided with twin-screws driven 
by engines arranged on the patented plans of Mr. Turner, of 
the Thames Ironworks, these engines being of 300 horse 
power nominal, and being intended to work up to 2400 horse 
power indicated. Of the construction of these engines, it is 
probable that we may give a description on some future occa- 
sion. The general arrangement of the engines and boilers 
will be seen from Fizs. 1 and 3 of our two-page engraving. 
The total displacement of the vessel is given by Mr. Mac- 
krow as 1774 tons, the weights of the different parts being 
as follow : 


Tons. 
Tron hull and woodwork ait ons «. 558 
Battery complete, with armour and backing... 110 
Armour on ship ... pan a ads ee 390 
Backing ... hee me sis is oo “SS 
Accessories and outfit ... eos ese a Je 
Engines ... ee ae ae ii ww. 273 
Coals, 4} days’ full steaming ... ose eo. 210 
Water, stores, men, and effects ae ue «6D 


Guns and ammunition, 300 rounds ... os’ 


1774 


The main feature in the King George is the construction 
of the central fixed battery. This battery, which is provided 
with two 300-pounder guns, is of the form in plan shown by 
Fig. 2 of our two-page engraving, which figure also shows 
the arrangement of the grooved racers, on which the gun 
carriages traverse. It will be seen from this plan that the 
ports are so disposed as to enable the two guns to be trained 
to give a converging fire ahead or on either broadside. Mr. 
Mackrow has not considered it necessary to provide for a fire 
in the line of the keel from the after ports, as, had he done 
80, the after deck would have had to have been contracted. 
The guns, when pointed through the forward ports, can be 
trained through an angle of 93°, and they can be shunted 
from port to port with great readiness. The gun carriages 
and traversing gear, we should state, are arranged on Captain 
Scott's system. Of the advantages attendant upon the use 
of this form of central battery, we need not speak here, as 
they were very fairly stated by Mr. Mackrow in the paper 
to which we have already referred ; and they are, moreover, 
very evident from an inspection of the plans. In the con- 
ee of the King George, Mr. Mackrow had, from the 
umits placed upon the dimensions by the Greek Government, 
many difficulties to contend with, and he appears to have 
surmounted them in an able manner. We look forward with 
some interest to the results of the trials of the vessel, 





GEORGE.” 


E DESIGNS OF MR. GEORGE C. MACKROW. 
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Errect oF Exposure on Coat.—Professor Rockwell has 
called attention to the deterioration which coal suffers from 
exposure to the weather, and to the importance of keeping 
it as dry as possible. Anthracite suffers the least; bitumin- 
ous the most. According to the experiments of Grundmann, 
in Germany, coal exposed to the weather in heaps lost durin 
a period of nine months 50 per cent. of its value as fuel, an 


about as much as a gas-making material; it undergoes a 
process of slow combustion, taking up oxygen and giving off 
the volatile products of oxidation, air and moisture playing 
the principal part, and warmth promoting it. The valuable 
combustible ingredients are lost, and the injurious ones, as sul- 
phur, oxygen, and ash, are relatively increased. Coke from 
weathered coal is of inferior quality, losing its coherence. 








MALT 


MILL. 


CONSTRUCTED BY MESSRS. E. A. PONTIFEX AND WOOD, ENGINEERS, LONDON. 
(See Article on “‘ Brewing and Breweries” on Page 494.) 


THE STRENGTH OF BEAMS.—No. XIV. 
On THE TRANSVERSE STRENGTH OF STEEL Rais 
AND OTHER ANALOGOUS BEaMs, 

We may now pass on to the consideration of the 
elasticity of wrought iron and steel. Numerous and 
careful experiments have been carried out with the 
view of ascertaining the rate of extension of wrought 
iron under tensile strains. Long bars are essential to 
a correct conclusion, even a length of 10 ft. is rather 
small, but experiments on bars much shorter than 


—<———— 


—————— 
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that should pe carefully excluded from any complete 
generalisation. Mr. Hodgkinson tested two oars, 
50 ft. long, the one being about $in., and the other 
about #in. diameter, and found the extension per ton 
strain per square inch, in terms of the length, to 
average .0000804 for the first, and .0000809 for the 
anal bar, the rate of extension being tolerably 
uniform up to half the breaking weight of the 
specimen. 

Mr. Edwin Clerk gives the following results of an 





experiment on a bar 10 ft. long and 1 in. square : 
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Strain. Extensivn iv verins of It is proved by the preceding experiments that the! seen, where it is most influential in producing deflec- 
Ton per sq. ia. tue length. effective extension of wrought iron per ton apparent | tion—the amount of the ultimate deflection of the bar 
1 oe 000069 strain is the same in a solid beam as it is in a simple! will be very much greater than that due to the mean 
: oo bar; it only remains, therefore, to ascertain whether ultimate elongation of the iron. This condition ex. 
4 319 this conclusion will hold good with respect to other} plains why it is that small bars and plates of tough 
5 399 sections of beams. ‘The following results deduced | iron may be folded close without fracture. 
6 480 from Professor Barlow’s experiments on iron rails B. B. 
8 = - - et iy 4 pe an = ee 
m9 ouble e . rail, 44 in. deep. Moment o ‘ x ; 
10 500 resistance of cross section M==6.7. Tested at 33in.] NEW YORK CITY STEAM FERRIES. 
11 890 bearings. Three experiments : Nyy - a — _— ——— pone, Sank 
lz -001020 —e — with its suburbs o rooklyn, Jersey City, and the 
18 1280 . | Deflection for each Ton. smaller townships of Greenpoint, Williamsburg, 
. a an chee Ro) eas Hoboken, and Westchester. The various companies are 
16 4430 + oy | proprietors, collectively, of eighty-five boats, most of 
17 010150 2 004 | 005 | 006 them of great tonnage, the largest having a capacity of 
18 012120 3 005 | 005 | 004 1190 tons, whilst many of 1000 tons are running on the 
19 eo el .020170 4 003; 905 | 005 stds principal ferries. During the year 1866 eighty millions 
20 Jeo one ,021460 5 005 | 005 | 004 S*w -  |of people were conveyed to and fro across the river 
21 oe cco 024720 6 004 | 003 | 003 hence forty milli f thi ber having been trans ; 
22 - ” “984250 > oa | @o4 | 004 E—.0001. y millions of this number having been transported 
Professor Barlow tested a number of bars about 8 005° | 005 | 004 upon the Brooklyn Union ferries alone. This com- 
100 in. long, and of various sectional areas. The re- y 006 | 006 | 005 pany average 1250 trips daily ; and on many occasions 
duced results are exhibited in the following Table : 10 007 | 005 | 006 more than 100,000 people have crossed Fulton ferry 
ne Sa ntti =: dimanche: sintsoncd ll 007 | 007 | 008 (between Fulton-street, New York, and Fulton- 
gi] 2 } ae e3 s¢ 2 3 Neschge perstin 00s} 005 | Gols avenue, Brooklyn) in twenty-four hours. When it is 
£3) os . Lat i Fis fated’ that the Union: Ferry Company, during the 
a} é. Yi dbl, dens aie = * Double-headed 75 lb. rail, 5 in. deep, tested at thirty years which they Save been in active operation, 
£ | g Fe 3 $3 3 & | 4 ft. 6 in. bearings: have had only two fatal accidents on board their boats, 
> as = = = s ; — = — peg ap me “oes of the 
zg nF . . De . |" a great water traffic of New York, and of the care with 
a S*| Gross Load. /Deflection for each Ton. M=8.05. : . 
rs ae : which the boats are handled crossing the Hudson 
s ja¢| 338 $3333 8/8 ~ ea and the East rivers, incessantly crowded as they are 
ga les sunsinn® - sis Tons. | : | with sailing and steaming vessels, dropping down into 
ge oe | Mi ora haga I = : | yo = - bay, or —— up ye pated oe O 
acl 2 @ 2 3 —reerunery * 5 -| coz | coa8 _ 4Maea ast river especially, the skill displayed is remarkable ; 
42 /ati ss z 2s23 > 6 a 015 | 017 E= ——s for, in addition to a crowded stream, a tide rate, 
E: 7S Bat tte s F.4d Mb 4 O19 Rist averaging six miles an hour, has to be contended with, 
gs ~ s S 8 | 020 | 015 Hence, E=.000102. | and the ferries are compelled to head up and down 
ef g:| 2 2&e92¢e32823923983 s!le 9 +} 028 017 stream with the ebb and flow. These huge craft, 
tee (FSi § FS Fases sas sls ‘ = many of them over 200 ft. in length, and having less 
7 8} $ S | Mean deflection per ton _..._-0165| ===‘ the appearance of boats than of floating houses, con- 
(«Ss —__.__.!=] No further evidence is required to prove the value | vey a greater sense of novelty to a stranger than any- 
g ae 28s 338s = {S$ | of E, is constant for all cross sections, and that the {thing else he encounters m entering New York 
& ios : 3 “ = = | extension of fibres under similar unit strains is un-| harbour. All are built upon the same model, with 
a ; S | affected by the agency exciting those strains. We | semicircular ends, alike fore and aft, sides slightly 
ge e2@eoen g9a Sis have, therefore, for the deflection of any wrought-iron | convex, a platform deck, nearly double the width of 
“5 SSS = & & & S| | beam, within the elastic limit, under a tress applied |the light draught hull beneath, the sides flush, 
ERs s s ‘Oh tie 3 = SFE. icin Matias Wadi as and carried up to a height of 16 ft. or 18 ft., 
d 2 uo 6a ’ i » W | hiding the paddle-wheels which propel the boat, and 
ry have: perforated with windows the whole length, excepting 
2.2 : eS oe a on a ae s?F im the centre, which form the sheaths of the side 
Sig = é=.0000166 — wheels. An arched roof covers the deck, and upon it 
a ee aterminatt © ths alttente Qifeall P > ey tee each — — pilot house, from 
; = e determination of the udéwmate dellection Of a/ which the boat is steered, and the open-trussed over- 
Very pe Tg tang ory A bet wrought-iron Ne is a mage the conditions of head beam, peculiar to American marine engines, is 
it is unnecessary to Ne ditin here. By general — woene drone ae de nite ee ye possibly visible between them. The Pavonia Ferry, owned by 
consent, the extension of wrought iron Within the given. Lherateofelongationof themetal understrains | the Erie Railway Company, and employed principally 
for conveying passengers to and from New York, to 


elastic limit, whith ranges from some 8 to 12' tons 
per square inch, i§ taken at .0001 i 
véoo of the length per each ton 
direct tensile strain. 

It is now necessary to deduce its value from experi- 
ments on transverse stress to enable ws, to ascertain 
the laws of deflection affecting wrought-iron beams, 

It has been shown that the deflection of § beam of 
uniform section, under a stress applied at the centre 


of the bearings, is = SFE since r-5 # 

so ee +A aM 

we have p=, whieh, for a rectangular cross 
w 

section, becomes g=t gs We can, therefore, at 

once deduce the value of Bthat'is the ive rate 

of extension per ton per “inch # strain 


from the wimg experiments: on the transverse 


























strength of ‘various sized bars: 
La per 
Span. | Depth.| Breadth. Weight. | Deflection. ton per square 
(S) | &! @ I (@®) '@ £E): 
pe ‘uns. B 
2/42 . 7 v tes 000109 
33 ” a 1 04 .000072 
” ” ” ” -044 79 
” ” ”» ” 05 89 
” »” » ” 051 . 91 
” ” ” ” 060 -000107 
” » » ” -046 -000082 
” ” ” ” .064 .000114 
» ” ” ” 055 .000098 
” ” ” ” 048 86 
” ” ” ” -049 RS 
” 3 1} .022 .000100 
” ” ” 026 119 
” % ” ” o4 100 
Mean value of E= .000095 














proaching the ultimate limit is so irregular, even in 
the same bar, that no other conclusion could with pro- 
priéty be arrived at. It may be advantageous, how- 
ever, 6 consider briefly some of the conditions of the 


The ultimate deflection of a wrought-iron beam will 
obviously be governed toa great extent by the ulti- 





. =| amount upwards of 6 


mate elongation of the material composing it; and we 
hhave already pommted .out that-element, in various 
makes of iron, varies from some 5 to 30 per cent. of 
the length. That the same percentage of elongation 
does not obtain in bars of varying lengths, the con- 
ditions being the same, was evidenced im the experi- 
‘ments of Mr. Fairbairn on some rivet iron, when it was 
found to from 21.6 per cent. in 104t. bars to 42 
per cent. in 10 im. ones, and when, generally, the ulti- 
mate elongation (¢) ‘per unit of length (L) was found 


= 18+—. 
to be f B8+F 


Kirkaldy sbows this apparent anomaly is due to the 
drawing oyt of the metal at the. point of fracture. 
"Thas, 5 ultimate elongation ofa piece of Govan bar, 
‘tested by him, was 20 per cent. of the length, of which 
cent. occurred at the point 
lof fracture; thé remainder, sore 14 per cent., it is 
‘urged, would be constant for all lengths of bars if of 
uniform quality. Another specimen of Bowling iron, 
with the same ultimate elongation, drew out nearly 
8 per cent., whilst a bar of Bradley iron, with 29 per 
cent. ultimate elongation, drew out 13 per cent. at the 
point of fracture. Other bars, in which the drawing 
out was insignifieant, gave tolerably uniform rates of 
elongation for all lengths. 

These considerations are of very great weight in any 
attempted approximation to the ultimate deflection of 
a bar of wrought iron; because, if the iron be of a 








| the centre of the bar—the very position, as we have 


nature to draw out at the point of fracture, that is, at 


the terminal station in Jersey City (although it is 
used also for general traffic), runs three large boats, 
the Pavonia, the Susquehanna, and the Delaware. 
The capacity of each of these is about 1000 tons; 
and the latter, only just completed, is the finest vessel 
of its class for elegance of finish and costliness of 
equipment, albeit, somewhat too showy for English 
tastes. It was designed by Mr. Charles McIntosh, 
the ferry superintendent of the Erie Railway, and 
built by John Inglish and Co., of New York, Messrs. 
John Roach and Sons, of the Morgan Ironworks, in 
the same: city, supplying the engines. The boat is 
213 ft. 6 in. in length over all, 35 ft. beam, and 65 ft. 
wide on main deck. She draws 7 ft. 6 in. of water, 
has a total depth from deck to keel of 11 ft. 6in. 
amidships, where there is a headway of 9ft. in the 
lower deck, and 5 ft. headway at the ends. The two 
cabins, one on each side, occupy nearly the whole 
length of the boat, but are practically divided into 
four compartments by the space taken up in the 
centre, for the side wheels, a narrow passage commu- 
nicating -between the forward and after cabins. Each 
of these saloons is 65 ft. long, 16 ft. 6 in. high, and 
about 15 ft. wide. The central space between the 
cabins is divided into two gangways for horses and 
vehicles, and a middle compartment, boarded up to the 
roof, which spans the whole width of the boat: this 
forms the engine-room, and contains the general offices 
necessary for the accommodation of the officers, the 
companions to the boiler-room, on the lower deck, and 
to the sleeping berths and pilot houses above. Its 
length is only about 6v ft., and, as it occupies a central 
position, a considerable additional space, fore and aft, 
is left clear for the heavy traffic. The pilot houses 
are 12 ft. in diameter, covered with domed roofs. The 
engines are of 720 indicated horse power, of the us 





American type, with an overhead beam, mounted on 
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a gallows frame; the cylinder is 50 in. in diameter, 
with a 10-ft. stroke, cutting off at from threg-eighths 
to one-half, and working with from 20 lb. to 60 Ib. 
steam. ‘The number of revolutions average 14 
per minute, making a speed at the periphery of the 
wheels of 3000ft. Steam is supplied from a snate 
boiler 30 ft. long, and 11 ft. diameter, mote : 
and with an uptake 25 ft. high and 5 ft. i ueter. 
A gasholder, which, requiring to be filled every second 
day in winter, and every third or. fourth: day in 
summer, supplies the needful illammation:.to the 
cabins. Its capacity is 1100 cubie feet. 

Like all other vessels of her Glass, the Delaware is 
double ended, the stem andstern being semicireubary 
for the American ferry béats do not make for’ the 
landing stages broadsidé, but end-on, the main deck 
fitting exactly into curved recesses in the quays, u 
which are placed capstan and mooring chains fgg se- 
curing the boat while she discharges her cargo¢ The 
central gangway, reserved for the heavy c, is 
separated from the side gangways, whichélead to the 
lie by a raised kerb about 6 in. high, gnd further by 
cast-iron posts, which in the Delawagé are decorated 
with sharp foliage, and other pointed. ornaments calcu- 
lated to produce discomfort to#he American back, 
which, as a rule, is fond of extemporised supports. 
The same idea is carried on#'to a somewhat further 
extent in the spikes which, surmount the handrail .on 
the outer side of the gasigway. The general appear- 
ance and equipment of the boat, as seen from the 
quay, are worth noting. Flagstatts ad libitum of 
various lengths bristle up from the cabin roofs, the most 
prominent being surmounted with a gilded eagle, his 
wings extended as he balances himself upon a golden 
ball. On gala days, or when there are regattas on the 
Hudson, these staffs, which are common to all the 
better-appointed ferry boats, are gay with flags; at 
other seasons they are suggestive of awning poles. 
The gable ends of the central portion of the roof are 
tastefully painted in delicate colours, heightened vin 
a profusion of gilding. A clock, which is illumm 
at night, occupies the centre of the gable, and»imme- 
diately above it stands what, in other vessels, would: be 
a figure head, well carved, and painted by @ lavish hand 
with many hues. Right and left are the cabins, the 
gable end also enriched with scroll-work done.in green 
and gold, the legend to the right of “ gents’ cabin,” 
to the left, that of “ ladies’ cabin,” denoting the sexual 
appropriation. The cabins are approached through an 
ante-room on each side, with a lower roof, and with a 
few seats, but without doors. A large thermometer, 
mounted in a handsomely-carved oak frame, hangs 
against the wall. The cabins are closed by folding 
doors, which are protected from pedal violence by 
brass strips about 9 in. high running: their whole 
width. This precaution is observed in the ladies’ as 
wellas the “gents’” cabin, because the distinction 
amounts, in reality, only to a prohibition of smoking 
in the former apartment. -The Peantiful execution and 
arrangement of these rooms cannot be too highly 
praised, the effect being marred only by the somewhat 
florid decoration before alluded to. Each cabin, as 
already mentioned, is practically divided by the bulk- 
heads which enclose the side wheels, a narrow passage, 
some 3ft. wide, forming a through communication. 
The floor, the seats, and the sides up toa height of about 
6 ft. above the deck, are fixed with a care and finish 
little short of cabinet work. All are alike formed of 
narrow strips of ash and walnut alternating, the strakes 
being about 24in. wide, beautifully laid together, in 
the case of the floor, over a close pine planking. ‘The 
curves of the seats, which are designed with a view to 
comfort, and the rounded corners at the ends of the 
cabins, are excellently completed; 2 ft. 9 in. is the 
liberal lineal space allotted to each passenger, bronzed 
arms dividing the individual seats. Above the level of 
the black and white panelling the sides are coloured 
with a delicate shade of mauve and white; the roof, 
and foliated iron brackets which at intervals support 
it, as well as the wooden rafters, being painted 
similarly. The heating arrangements in the Delaware 
are new. In all other boats pipes which keep up a 
high temperature pass from the steam boiler along 
both sides of the eabins beneath the seats; a good ar- 
rangement for the sitters, as they absorb caloric under 
most enventageens circumstances, but unsatisfactory 
to others. This boat is heated with eight of Nason’s 
radiators, an arrangement largely adopted in America 
for warming buildings. It consists of groups of pipes 
communicating with a steam chamber at the bottom, 
and closed at top. A curved diaphragm of sheet iron 
divides each pipe down the centre of its interior from 
the bottom nearly to the top, and an upward and 
downward steam current is produced by this means, 
displacing all air in the pipes, and forming a most 
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efficient apparatus for warming purposes. These 
radiators stand>in the centre of the cabin, and form 
pedestals about 2 ft. diameter and 4 ft. high, sur- 
mounted with white marble caps and surrounded with 
light bronze handrails. Upon each of them is placed 
fsronze statue supporting a two-light gaselier, the 

‘im the ladies’ room being symbolical of the seasons 
(Autatan holds a large pear), while the “ gents,” more 
fortunate, have opportunities for studying the feminine 
antique. BN large and.ba irror is hung against 
the paddle wheel bulkhead; the effect of this is, how- 
ever, Somewhat marred fact that the maker’s 
name’ and’ excellences,,agé advertised in large letters 
on. its surface. Two hwnadred and fifty seats, 2 ft. 9 in. 
wide, aré contained in| the cabins, and, in addition, a 
central row of stools can be fixed, giving extra accom- 
modation, for two hundred more. An enterprising 
manufacturer of spring-chairs, of the Paris Exhibition 
pattern, has supplied these gratis. But above all 
schemes and “ dodizes” in this boat, is to be noted and 
admired one by which still an additional sitting ac- 
commodation can be provided for two hundred and 
fifty. The iron arm which divides each seat is widened 
out in frontand split,so as to form a narrow pair of 
jaws, within which is placed a small bracket made of 
two leaves hinged together, and turning upon a pin 
within the jaws. When hanging down, the bracket 
has the appearance of forming a part of the arm itself, 
but when turned round upon its pin the leaves fall 
open and rest upon the top of the arm, presenting a 
velvet-covered seat about 6in. wide and 1 ft. long. 
By this notable contrivance double the number of 
persons ean be providéd for. ‘The gentlemen’s cabin 
differs im no respect save in the matter of spittoons 
and match igniters, an earnest entreaty to use both of 
which being exposed in a conspicuous place. The former 
are rather ingenious in their way; they are provided 
with a sliding cover, which on being opened closes the 
bottom of the vessel, and vice versd, so that the act of 
elosing the spittoon discharges its contents into the 
The entire area between the two cabins, 
less a central space about 60 ft. long and 8 ft. wide, 
devoted to the engine-room and offices, accommodates 
the horse and wagon traffic; at the euds of the boat 
chain guards pass {row post to post, which are thrown 
down at landing. In the Delaware the chain is long 
enough to pass the wholé widtlr of the boat, and protects 
both foot and horse gangways, a second chain, counter- 
weighted, — hold of the main one in the centre of 
one of the smaller hays, aud passes through an open- 
ing in the deck over a pulley beneath the level of the 
When the: chain is cast off on the other side, 
the balance weight in ory | down opens the three 
gangways at one operation, the ordinary plan bein 
to cast off three claims from as many hooks. Fore an 
aft the boat. is Gpreres with an-anchor of Admiral 
Farragut’s design, with folding. flukes, that are free to 
turn either way for about three quarters of a revolution 
around the pi upon which they are hinged. The 
readiness with which these anchors adapt themselves 
to the nature of the ground on to which they fall, 
and the ease with which they can be withdrawn from 
mooritigs, hayé caused them to be largely adopted in 
the Ameriean’ war and mercantile marine; the weight 
of iron in them can also be considerably reduced, a 
250 lb. anchor of this pattern being as effective as a 
600 lb. anchor with fixed flukes, : 

Ample precautions against the contingencies of 
water and fire aretaken. A life belt and cord are hung 
in an accessible place fore and aff, and beside each is 
a ladder for lowering into the water, to enable any 

rson to recover the deck; in case of accident, and 


in cases of extreme emergency arising from collision, { 


explosion, or foundering, two hundred life belts are 
kept on board, in boxes placed on top of the anti- 
room roof leading to the main saloons. All ferry boats 
are equipped with these, but a recent investigation in 
New York has shown that too many of them are in- 
sufficiently provided, either as regards numbers or effi- 
ciency of belt, or are deficient in both respects. 
Hydrants placed in convenient places, and communi- 
cating by pipe with a donkey engine, convey water all 
round the boat, and an ample supply of hose is carried 
on board. The larger part of the space’enclosed by 
the central bulkhead is devoted to the accommodation 
of stores, ropes, oil, chains, canvas, and so forth. The 
rest is occupied by the engine and engine-room, both 
of which are beautifully appointed, the latter to Eng- 
lish notions, rather too much so. 
nearly 8 ft. wide, and about 10 ft. long, paved with 
encaustic tiles, and wainscoted with ash and waluut- 
streaked panelling; cupboards for light stores and 
clothes presses are recessed into the wall. One easy 
chair and one steel spring stool accommodate the 
engineer, whose apartment is likewise embellished by 
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d‘handsome mirror ; nor {is the national spittoon lack- 
ing, quite a structural affair, a foot in diameter; and 
many inches high. Wash-hand basins, with hot and 
cald water, are not forgotten’; and brass receptacles for 
clean and soiled cotton waste are fastened to brackets 
at the right hand of the engineer. Speaking tubes 
pass below into the boiler-room, so that the engineer 
can be in constant communication with the fireman, 
whilst a gong overhead, struck from the pilot house 
forward or aft, enables, him to anise ke engines 
according to circumstances. .A trumpet mouth is 
placed immediately over the gong, the object of which 
is not apparent, fill it is seen that it is employed to 
collect the sound, and transmit it through a tube ter- 
minating in the side of the pilot house, back to the 
officer steering the boat, in order that he may always 
know whether the, gong had .been fairly struck, and 
the engineer made acquainted with the directions he 
yaad to convey. The. engine; is of the, ordinary 

merican marine type, with single vertical, cylinder, 
and top and bottom steam and exhaust valves, all four 
worked independently, each being a poppet valve, 
actuated by the toe-and-heel levers, worked on the 
rocking shaft by the side eccentrics. The cylinder is 
carefully and beautifully cleaded,'and the whole ma- 
chinery is of excellent finish and first-class, workman- 
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The hull below, the main deck is open from end to 
end, the clear sweep being obstructed only by the 
bojler, coal bunkers, engine frames, and gasholder. The 
firing-room is well appointed, floored also.with en- 
causti¢ tiles, and designed in every way for the com- 
fort of the man in charge. The boiler is open. on 
every side, except at the ends, where it rests upon the 
deck. It is of the ordinary multitubular type, with 
large flue tubes below and small return flues above. 
The side wheels are 22 ft. diameter, 8 ft. 6in. wide, 
with buckets strongly braced and covered with iron, 
to shield them from the action of the ice... These 
wheels in winter seldom last, two months, and. broken 
buckets are matter of daily occurrence. The accumu- 
lations of ice in the rivers, which remain.from Decem- 
ber to March, constantly delay aud often stop the 
communication between New York and the suburbs. 

The hull is very strongly framed, especially at the 
ends, built of fine Ohio oak throughout, with 3 in. 
planking on transverse ribs 7 in. by 10in., placed 2 ft. 
apart centres, except for 40 ft. fore and aft, where the 
cross framing is continuous of ribs with similar 
scantling. This excessive strength is necessary, for 
during the winter season these boats are hourly sub- 
jected to severe shocks from masses of ice, which 
would destroy any but the strongest framing. 

' Passing, by the way, the sleéping berths of the men in 
charge of the boats, iu which gas and hot and cold water 
are laid on, and the apartment rendered comfortable 
in all respects, the pilot house is reached. It is acir- 
cular room, 12 ft. diameter, with a domed roof, hand- 
somely painted, and wainscoted up to the roof spring- 
ing, with the same;ash and walnut panelling, The 
floor is coyered with oil-cloth, and a pendant gaselier 
swings from the centre of the roof; the wheel, the 
-binnacle, the signal Jevers, connected with the gong 
in, the engine-room, and the, trumpet mouths returnin 
}the sound to him, are all ready to the pilot’s hand. 
Of course the after rudder is steered from the forward 
,wheel, and the reverse; the ropes around the wheel 
drums being connected with chains passing over pulleys, 
,and fastened to rods running the whole length of the 
boat to the rudder at the opposite end. The forward 
rudder is always locked, as is usual in every double- 
jended boat. =” g nese, 

Whilst on the roof of the cabin, one notices that the 
damper bearings in the smoke stack are four anti- 
friction wheels, also that the lever by. which the 
whistle is actuated is fixed with a'cap working teles- 
copically over a socket, so as to prevent water from 
rainy and rusting the guide. ‘Such are the 
leading features and ——— of the’ Payonia ferry 
boat, Delaware, which, pe 3 she isso excellently 
finished and appointed, cost less by 20;000 dol. than 
most of her class. This is explained by the fact, that 
shé was’ built last summer when work was’slack and 
‘labour plentiful, for the United States Government had 
discharged their skilled workmen, whom they, had 
absorbed from every place during the war. So the 
Delaware was built and yr eae for 15,000/., which, to 
our notions, is, after all, a large sum for a ferry boat. 








Raruway Drawseipes.—Mr. Roebling, the engineer of 
the Cincitinatti suspension bridge, thnks the railroad draw- 
bridgés are a nuisance, which can readily be done away with. 
He would substitute high pry even with steep eap- 
proaches, a stationary engine a wire being i 

to assist the trains over the rise. In Giher wenke tnaeh the 





bridge like an inclined plane, and draws will be unnecessary. 
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BREWING AND BREWERIES.—No. X. 
Tue Preparation or Matt ror Masninc—Matr 
Measvurenrs, Matt Screens, anp Matt Mus. 

Ir ordinary dry malt is thrown into water, it will 
float on the surface for a very considerable time 
without absorbing sufficient moisture to sink it. This 
being the case, it becomes necessary, in order that the 
process of mashing should be completed within a 
reasonable time, tat the malt should be ground or 
crushed, so that the water may have thorough access 
to the internal portions of the grains. Formerly, the 
malt was ground between stones; but it is now the 
practice to crush it between rollers, the excise regula- 
tions providing that these rollers shall have smooth 
surfaces, in order that they may not be employed for 
crushing unmalted barley. 

The crushing of the malt should be performed in 
such a manner that whilst all parts of each grain are 
thoroughly exposed to the action of the water, the 
various parts are not completely separated. If the 
grains are not thoroughly opened * by the crushing 
process, the soluble matter cannot be extracted from 
the malt without a considerable and undesirable ex- 
penditure of time, whilst if, on the other hand, the 
malt is ground too fine, it is apt to form a pasty 
mass in the mash tun, and it is, moreover, impossible 
to drain it properly, as it retains an undue proportion 
of liquor by capillary attraction. When the malt is 
so crushed that the parts forming each grain, although 
opened out, are yet not entirely separated, the shell 
aan grain forms, as it were, a kind of filter, which 
to a certain extent retains within it the soluble 
particles, and thus enables the wort or extract to be 
drawn off clear. 

Before passing the malt through the malt mill it 
is customary to measure or weigh out the — 
required for the mash that is to be made. The ordi- 
nary way of doing this is to weigh out the malt 
from the bins into sacks, which sacks are then either 
emptied direct into the malt mill hopper or into the 
hopper of an elevator, or Jacob’s ladder, by which 
the malt is raised to the mill. In a large brewery 
this method of proceeding involves a considerable 
amount of manual labour, and to lessen this several 

lans have been adopted. At Messrs. Charrington’s 
rewery, at Mile-end, a tramway is laid along the front 
of the malt bins, and on this tramway a small truck 
runs, the tramway being so placed that the truck can 
be brought directly under the shoot from any of the 
bins. This truck carries a kind of hopper, or 
measure, holding exactly one quarter of malt, the 
bottom of this hopper being made so that it can be 
opened to discharge the contents. At one point in 
the line of the tramway there ., between the rails, an 
opening communicating with the hopper of an elevator, 
and near this opening tappets are paced, which act 
on the valve at the bottom of the measuring hopper 
on the truck, aud open or close it according to the 
way the truck is passing over them. ‘The manner in 
which this measuring truck is used is as follows: The 
valve at the bottom of the measuring hopper being 
closed, the truck is run under the shoot from one of 
bins, and the hopper filled. The truck is then run 
over the opening already mentioned, and, on reaching 
this, the tappets open the valve at the bottom of the 
measuring hopper, and discharge the contents of the 
latter into the hopper of the elevator. The truck is 
then run back to the bins to be refilled, the valve at 
the bottom being re-closed as the truck is moved away 
from the opening. The elevator, which receives the 
measured malt, raises the latter tothe top of a tower, 
from which it is conveyed, down an inclined pipe, to 
the hoppers of the malt mills. We have here merely 
explained the apparatus used for measuring the malt 
at Messrs. Charrington’s; but we shall, in a future 
article, when treating of the arrangement of breweries, 
describe in detuil the construction of the malt bins and 
the various appliauces for stormg and moving the malt 
at that brewery. 

Although the arrangement employed at Messrs. 
Charrington’s considerably lessens the amount of 
manual labour to be perfo-med in measuring the 
malt, yet it does not do away with it altogether. A 
more perfect apparatus for measuring malt, and the 
best that has yet been brought forward, is that designed 
by Mr. King, the engineer of Messrs. Truman’s 
brewery. This malt measurer, which we illustrate on 
the present page, is in regular use at Messrs. Tru- 
man’s and other breweries, and it is found to answer 
its purpose admirably, and to save a vast amount of 
time and manual labour. According to the arrange- 
ment shown in our engraving, the malt is raised to the 
top of the apparatus by the elevator, A, this elevator 
discharging the malt into the shoot, B. At the bottom 


of this shoot is a casing, D, within which there re- 
volves the measuring drum, C. This drum is divided 
into eight compartments, each capable of holding a 
quarter of malt, and its sides fit closely against the 
easing, D. At one end of the axle carrying the drum 
there is a worm-wheel, into which gears a worm placed 
on a shaft provided with fast and loose belt pulleys. 
The other end of the drum shaft is connected with a 
counter, which registers the number of revolutions 
made by the drum. 

The action of the apparatus is very simple. The 
malt falling down the in. B, fills the compartments 
of the measuring drum, and the latter, as it revolves, 
delivers its contents into the lower shoot, by which 
the malt is conducted to the malt mills. In order to 
ensure that the compartments of the measuring drum 
are completely filled, there is placed in the shoot, B, a 
valve connected with a weighted lever, E. This lever 
carries a fork embracing the belt by which the machine 
is driven, and is arranged so that the tendency of the 
weight is always to close the valve and throw the strap 
on to the loose pulley. So long as the supply of malt 
to the shoot, B, is kept up, its weight, resting on the 
valve, keeps the latter open, and, consequently, main- 
tains the belt on the fast pulley; if the supply fails, 
however, so that the compartments woul not be 
properly filled, the valve closes, and the belt is at the 
same time thrown upon the loose pulley and the ma- 
chine stopped. We have, in our illustration, shown Mr. 
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King’s measurer as arranged to be driven from a line 








KING’S GRAIN MEASURER. 


CONSTRUCTED BY MESSRS. FREDERICK COLYER AND CO., ENGINEERS, LONDON, 


of shafting; in small breweries, however, or in other 
places where grain has to be measured, but where 
steam power is not available, it may be arranged to be 
driven by hand. In such cases a slight modification 
is made, the valve and weighted lever, E, being 
arranged so that when the valve closes from a defi- 
ciency of malt in the shoot, B, a pawl is dropped into 
gear with a ratchet wheel on the driving shaft, and the 
machine thus stopped. The power required to work 
the apparatus is very small, and besides saving a good 
deal of manual labour, it prevents the escape of dust 
and ensures accuracy of measurement. 

As we stated, when treating of the process of malt- 
ing, it is the practice to dress or screen the malt before 
it leaves the maltster’s hands. During the transport 
of the malt from the maltings to the brewery, however, 
the rubbing of the grains together causes a good many 
small particles to be separated, particularly if the malt 
is transported any great distance; and it is desirable 
that these and all other dust, &c., should be screened 
from the malt before it is passed through the rolls. 
At Messrs. Charrington’s, and some other breweries, 
the malt is screened immediately on its being emptied 
from the sacks on its way to the bins, this screening 
being in addition to that to which it is subjected just 
before being crushed. We shall, as we have stated, 
describe the arrangement of the malt screens at 
Messrs. Charrington’s on a future occasion. 

A very useful malt screen for brewers, and one that 
is much used, is the double malt screen made by Mr. 
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MALT DRESSING MACHINE AT THE DREHER-SCHEN BREWERY, SCHWACHAT. 


CONSTRUCTED BY MR. NEMELKA, ENGINEER, SIMERING, RANE VIENNA. 
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Robert Boby, of Bury St. Edmunds. In this machine: | and is delivered into the mill hopper, whilst the thin} ©The German and Austrian brewers are particularly 
of which we give an engraving on the present page, | malt and dust pass through and are received on an | careful to render the malt used by them as clean as 
there are two inclined screens placed one above the | inclined plane, which conducts them to the head of the | possible before crushing it ; and we give on the pre- 
other, each screen having a rapid reciprocating motion | lower screen. By this screen the dust is separated | sent page an engraving of a malt rey machjne, 
; which has been much used in Austrian breweries ; 

—-— NS but which is, we believe, unknown in this country. 

= . This apparatus has been designed by Mr. Nemelka, 

: of Simering, near Vienna, and the particular ma- 
chine represented in our illustrations is one made by 
him for the Dreher-schen brewery, at Schwichat, near 
Vienna. In our engravings Fig. 1 is a general front 
elevation of the machine; Fig. 2 is a longitudinal 
view, partly in section ; Fig. 3 is a horizontal section 
through the casing of the dressing cones: Fig. 4 isa 
section of one of the fixed cones; Fig. 5 is an 
elevation of a cone showing the ribbed surface; and 
Fig. 6 is a section through the set of revolving cones. 
be this machine the malt is fed in at the top of 
a cylindrical casing containing three fixed inverted 
cones or funnel-shaped hoppers having ribbed surfaces. 
Down the centre of the casing passes a vertical shaft, 
and on this are fixed three other inverted cones, 
these cones being so placed that their surfaces, 
which are also ribbed, work in close proximity to 
those of the fixed cones already mentioned. The 
three cones on the central axis are placed some- 
what wider apart than the fixed cones, and the sur- 
faces of the lower pair of cones are thus closer to- 
gether than those of the cones above them. The 
distances between the surfaces of the fixed and re- 
volving cones can be adjusted by raising or lower- 
ing the central shaft, this latter resting at its lower 
end upon a movable bearing which can be elevated 
or depressed by means of the lever and hand-wheel 
and screw shown in the engraving. The distances 
apart to which the cones are generally adjusted for 
ordinary work are as follows ae the upper 
pair of cones din.; between the middle pair ¥, in. ; 
and between the surfaces of the lower pair 4% in. 
The central shaft is driven at a speed of from 280 to 
300 revolutions per minute, and the revolving cones 
are 30 in. in diameter at the larger ends by 8 in. deep. 
The malt is brought to the top of the machine by an 

| Archimedean screw, which is 1] in. in diameter, 8 in. 
pitch, and makes about from 40 to 45 revolutions per 
sr minute. ‘The malt first falls on the plate which closes 
®) | the upper end of the upper revolving cone, and from 
this it is thrown off and caused to pass between the 
> surfaces of the top pair of cones. From them it is 
imparted to it. The malt to be screened is delivered | from the thin malt, and this latter can thus be collected | delivered on to the plate at the top of the second 
from the hopper at the upper end of the top screen, a| and stored until a sufficient quantity has accumulated, | revolving cone, which throws it outwards to the cir- 
slide being provided for regulating the quantity so | when it can be passed through the mill and crushed, | cumference of the casing and feeds it to the second 
delivered. The best malt passes over the top screen, | the rolls being set closer for the purpose. pair of cones, whence it is delivered to the top plate 
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surfaces of the lowest pair of cones of the series. 

The rubbing action of the cones causes the roots, 
&c., to be thoroughly parted from the grains of malt, 
and the next part of the process is to separate these 
latter from the dust and combings. For this purpose 
the malt after leaving the rubbing cones is delivered 
into an inclined revolving screen ; this screen, which 
is of hexagonal section, being 7 ft, long, and mea- 
suring 2 ft. 4in. across the sides. This sereen sepa- 
rates the dust and finer particles from the malt, and 
from ‘it the latter is delivered down a short shoot to an 
arrangement by which it is sorted out according to its 
quality. This arrangement consists of a series of 
hoppers’ placed side by side and enclosed in a case, 
with one ‘end of the top of which the short shoot 
already mentioned communicates. At the end of the 
case,’ immediately below ‘the opening of the shoot, 
is a nozzle, through Which a blast of air, supplied by 
a fan, is adivitféd; this blast being capable of being 
regulated by th@°arrangement of slide shown. The 
falling malt is separated by the blast, the heaviest 
graivs being deposited in the first hopper, and those 
which are lighter: in the next; whilst any remaining 
dust and light particles are carried to the end of the 
casing and blown.out of an opening provided. there. 
The proportionate qualities of the malt deposited in 
the hoppers ¢an he varied both by altering the force of 
the blast and: by, deflecting the tops of the partitions 
hetween the hoppers. ‘These last are hinged so that 
they can be deflected either way ; if deflected towards 
the blast noggle they cause the proportionate quantity 
of malt deposited in the first hopper to be decreased, 
whilst, at the same time, the quality of the malt so 
deposited will be improved. If these partitions are 
ieflected in the opposite direction the reverse effect is 
of course produced. If the force of the blast is varied 
& proportionale alteration is simultaneously effected in 
the quality of the malt deposited in all the hoppers. 
Thus an inerease in the strength of the blast causes 
a greater propertion of heavy malt to be carried over 
into the second Hopper, and so on, the effect, so far, 
being the same as that obtained by deflecting the first 
enter towards the blast nozzle; but, on the other 
and, a portion of the malt which would, with a more 
moderate blast, have been deposited in the second 
hopper is carried on to the third, whilst if, instead of 
varying the blast, the first partition only is moved, the 
quality of the malt received by the third hopper will 
remain unaltered. The movable — thus give 
the power of varying independently the quality of the 
malt received by each hopper, whilst by altering the 
blast the character of the samples received by the 
hoppers is altered throughout the series simultaneously. 

Ihe arrangement of a malt mill, such as is in 
ordinary use, is clearly shown by our engraving on 
page 491 of the present number, which represents such 
a mill as made by Messrs. E. A. Pontifex and Wood, 
of the Suataetns Works, Shoe-lane. This mill is, 
throughout, of very simple construction. The malt 
to be ground is fed into a wooden hopper furnished 
on one side with an adjustible slide for regulating the 
quantity of malt admitted to the rolls. These latter 
are of cast iron, and they are both 19 in. in diameter, 
their shafts being connected by equal spur gearing. 
One of the roll shafts also carries a pinion with 
thirteen teeth, which gears into a wheel with forty-six 
teeth placed on the feed roll shaft. The feed roll is a 
wooden cylinder fitted with radial ribs or fins of sheet 
iron, these working in a recess formed in the project- 
ing bottom of the hopper, which is continued past the 
slide. ‘The bottom of the hopper, we should mention, 
is faced with sheet iron, this sheet iron being bent 
down into the recess just mentioned, so as to form a 
smooth face opposed to the ribs of the feed roll. The 
office of the feed roll is to distribute the malt evenly 
to the crushing rolls. It is 10 in. in diameter outside 
the ribs, and from the proportions of the gearing by 
which it is driven, it makes one revolution for about 
every three aad a half revolutions of the crushing 
rolls. The shaft of one of the crushing rolls—that 
from which the feed roll is driven—revolves in fixed 
bearings ; but the bearings in which the shaft of the 
other roll works are capable of sliding horizontally in 
suitable guides, as shown by the dotted lines, and 
screws are provided for setting them up so as to ad- 
just the distance between the rolls to suit the size of 
the malt to be crushed. 

In the malt-mill which we have just described, the 
shafts of the crushing rolls are as we have stated 
connected by gearing. In many mills, however, this 
connecting gearing is not employed, one of the rolls 
being driven by friction; and we ourselves consider 
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gearing is used one roll can be made slightly larger 
than the other, and this is a decided advantage, as 
it tends to produce greater uniformity of wear, the 
ee surfaces of the two rolls being continually 
changing. ‘The difference in the diameters of the two 
rolls should be prime to those: diameters, or, in other 
words, the diameters should not be divisible by it 
without a remainder. By attending to this point it 
will be ensured that any particular pair of points on 
the two rolls will only come into contact once in a large 
number of revolutions. © Thus if one roll be made 16 in. 
and the other 16,7, in. in diameter, any particular pair 
of points on the two rolls will only come into contact 
once for every 256 revolutions of the larger or 263 
revolutions of the smaller roll; whilst if the rolls were 
16 in. and 16}in. in diameter, the same two points 
would be brought together every 32 revolutions of 
the larger roll. 
Theoretically, geared rolls) can also be made of 
different diameters, the gearing being proportioned 
accordingly ; but practically there is a difficulty in the 
way, namely, the care required in turning the rolls 
when soughentl by wear. }. We can perhaps best ex- 
plain this by an example. Let us suppose a pair of 
rolls 174 in. and 18in. in diameter respectively, geared 
together so that the larger makes 35 revolutions to 
every 36 revolutions of the smaller roll; and let us 
further suppose that:these have become so roughened 
by wear that the smaller roll requires to be turned 
down gin. When thus turned its diameter would be 
reduced to 17}in., and in order that the larger roll 
should work. properly with it, i¢s diameter should be 
made 17.61428in., an‘uneven dimension. Of eourse, 
practically, if the larger roll was turned down to 
17% in., the slip which would.take place when the rolls 
were set to work would not be of very great import- 
ance; but still it would be better to be without it, as 
it would cause increased power to be required to drive 
the mill, and would not improve the quality of the 
grist. Moreover, when the rolls were again re-turned, 
the amount of slip would most likely be increased ; 
and eventually the fact that the rolls ought to differ in 
diameter to the extent of », of the diameter of the 
smaller roll would most probably be lost sight of, the 
rolls being turned down just sufficiently to remove 
the roughness, and any question of slip between 
them being neglected. The greater the difference 
between the diameters of the two rolls, the greater, 
evidently, is the objection to connecting them by gear- 
ing, and, in fact, we consider that the gearing, if used 
at all, should be restricted to those mills having rolls 
of equal size. 
As regards the quality of the grist produced by 
geared and ungeared mills, some difference of opinion 
exists ; but the majority of the evidence is in favour 
of ungeared mills. So long as a mill is in perfect 
order, it cannot matter greatly whether the rolls are 
geared or not ; but not only is an ungeared mill likely 
to keep in good order longer than a geared one, but 
it is also less affected by any inequality in the wear of 
the rolls, and it also, probably, requires somewhat less 
power to drive it. As bearing on the question of 
geared or ungeared rolls, we may relate here an anec- 
dote which we lately heard. Some years ago an at- 
tempt was made to introduce a form of malt mill 
having rolls of equal size, connected by unequal gear- 
ing, the object proposed being to subject the malt toa 
combined rubbing and crushing action. One of these 
mills was set up at a brewery where the brewer was a 
strong advocate for geared rolls; and it was reported, 
after a trial, to turn out even better grist than the 
ordinary geared mill previously used. Shortly after 
the new mill was set to work, the brewery was visited 
by a well-known brewer’s engineer, who in his own 
practice always manufactures ungeared rolls, and 
who heard, with considerable surprise, of the good 
performance of the mill with unequal gearing. Much 
puzzled, he sought out the engine-driver, and inquired 
if the new mill did not require a good deal of power to 
work it. ‘ Well,” said the man, “it did pull up the 
* engine a good bit at first ; but I’ve cured that, and 
* it’s all right now.” “ Indeed!” remarked the engi- 
“ neer, “and how did you manage it?” “Oh, easy 
“enough,” replied the driver. ‘1 just took the key 
“* ont of the small wheel, and the mill's gone ail right 
“ever since.” This explanation perfectly satistied 
the engineer, whose faith in ungeared mills has thus 
remained unshaken. 
Until recently the crushing rolls of malt mills have 
been always made of cast iron, good hard, close-grained, 
metal being chosen for the purpose. Now, however, 
some rolls are being made of stee!, whichis, undoubtedly, 
a better material than cast iron, although it is more 


worn. Messrs. Charrington have now a pair of steel 
rolls at work, and, so far, their appearance indicates 
that they will, in all probability, be very durable, 
Messrs. James Horn and Co., of Whitechapel, the 
makers of the malt mill at the City of London 
Brewery, which we illustrated last week, have used a 
number of chilled cast-iron rolls, both for malt mills 
and for mills for crushing mustard-seed, and similar 
purposes, and they have found them to answer ad- 
mirably. They have a harder surface than can be 
conveniently given to the steel rolls, and have the 
advantage of being cheaper in first cost than the 
latter. 

As to the time that malt rolls will ran without turn- 
ing up nothing definite can be stated. The durability 
of the rolls depends greatly upon the thoroughness 
with which the malt is screened before being crushed, 
the principal injury to the rolls being caused by stones 
and other extraneous matters accidentally fed in with 
tlle malt. Moreover, although by the excise regulations 
the rolls are required to be smooth to commence with, 
yet there is no restriction on the amount of rough- 
ness caused by wear, and some brewers, consequently, 
allow their rolls.to run until they are ina much worse 
condition than would be tolerated in other breweries, 
In some breweries it is the rule to turn up the rolls 
once every twelve months, and the practice of re-turn- 
ing the rolls at stated periods is certainly a good one. 
It is one of the advantages possessed by ungeared rolls 
that when turned.up they need each only be reduced 
in diameter to just the extent required to remove the 
inequalities, it not being necessary to finish either roll 
to any exact dimensions. 

The rolls of malt mills are generally driven at a sur- 
face speed of from about 260 to 300 ft. per minute; 
and at these speeds they will crush about one quarter 
of malt per hour for every 1} in. in length of the rolls. 
Thus rolls 24 in. long will grind about 16 quarters per 
hour, rolls 27 in. wide 18 quarters per hour, and so on. 
Most frequently the malt rolls are driven from the 
main shafting of the brewery ; but in large establish- 
ments it is probably better to work them by an inde- 
pendent engine. At Messrs. Truman’s brewery the 
four malt mills employed are driven by an oscillating 
engine running at 90 revolutions per minute. ‘The 
rolls themselves, which are 18 in. in diameter, are 
worked at 60 revolutions per minute, giving a surface 
speed of about 283 ft. per minute. The whole arrange- 
ment of the malt mills at Messrs. Truman’s is particu- 
larly neat, and reflects great credit on Mr. King, the 
engineer of the brewery, by whom it was planned and 
carried out.* 








Divine AppaRATvs.—Some interesting experiments have 
been made at Chatham, under official direction, to test the 
merits of a new application of the diving apparatus, invented 
by Mr. Siebe, submarine engineer, by which two divers can 
be sent down in any depth of water, and supplied with air 
from the same pump. The steamer having the party of divers 
on board steamed out of the harbour to pee 4 the required 
depth of water, when the Admiralty diver employed at 
Chatham dockyard descended, by means of the apparatus, to 
a depth of 60 ft., followed immediately after by Siete 
Fraser, R.E., who made his descent for the first time. Air was 
supplied to both the divers by means of one cylinder, and after 
walking a considerable distance and remaining under water 
some time, the divers returned to the surface, both stating 
that they were furnished with abundance of air, while neither 
suffered the slightest inconvenience. Not the least of the 
advantages of Mr. Siebe’s invention is the fitting of the diving 
apparatus with a self-acting pressure gauge, which registers 
the pressure in pounds, while the invention can also be used 
as a submarine co , by which means the diver can be assisted 
by a steady light when a in exploring the interior of 
a vessel, or descended to any depth to which the light of day 
does not penetrate. The Admiralty diver subsequently de- 
scended to the great depth of 108 ft. with the two cylinders 
of the air-pump connected, followed to the same depth by 
Sergeant Baker, of the Royal Engineers, when even at the 
depth and under the conditions stated not the least incon- 
venience was experienced by either of the divers, who re- 
mained down for some time, the valves, gauge register, and 
other parts of the apparatus all working most satisfactorily. 
The officers and men at the Royal Engineer establishment 
will commence their summer course of practice in diving 
operations with Mr. Siebe’s apparatus and the improved air- 
pump. : 
Tire ARGENTINE Rervsiic.—Immigration into the terri- 
tories of this Republic appears to be increasing. In 1859 
the number of immigrants who landed at Buenos Ayres was 
4735 ; in 1860, 56656 ; in 1861, 6301; in 1862, 6716; in 1863, 
10,408; in 1864, 11,682; in 1865, 11,767; and in 1866, 
13,959. Italians form the greater part of the European im- 
migration at Buenos Ayres. In the second rank come the 
French, then Spaniards, and then English. 
* We are compelled, from the demands upon our space, to 
leave over until next week the description of the malt mills 
at Messrs. Miller’s Brewery, St. Petersburg, and that at the 
City of London Brewery, ot which we gave engravings In our 
last number. 
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RECENT PATENTS. 

Tur following specifications of completed patents 
are all dated with the year 1867; and that year 
should be given in ordering them, at the annexed 
prices, from the Great Seal Patent Office, Chancery- 
lane. 

(No. 2515, 10d.) John Ford, of Reading, patents 
a method of fastening railway wheels on their axles, 
&e. According to this plan a recess is bored on the 
outer facé around tlie axle, and, the key by which the 
wheel is fixed being driven in until its end is flush 
with the bottom of this recess, a ring is then shrunk 
on the axle to prevent the key from working out. A 
slight recess is turned in the axle to receive the ring, 
the latter being situated within the recess in the wheel 
boss. The plan of securing a key by a'ring shrunk 
on the axle is not new, whilst, if the ring was applied 
in the manner proposed in this patent, it would have 
the defect of decreasing the length of the wheel seat. 

(No. 2519, 1s. 4d.) James Baird Handyside, of 
Glasgow, patents a form of railway buffer in which 
the resisting power consists of a number of small 
spiral steel springs having cores of compressed wool. 
‘The piston of the buffer is so constructed as to dis- 
tribute the pressure fairly on the different springs. 

(No. 2520, ls. 4d.) Alfred Vincent Newton, of 
66, Chancery-lane, patents, as the agent of George 
William Richardson, of Troy, U.S., arrangements of 
safety valves, which it would require drawings to de- 
scribe clearly. 

(No. 2526, 8d.) William Gandly Creamer, of 
Woburn-place, Russell-square, patents the application 
to the windows of railway carriages of a particular 
form of wire-gauge blinds or screens, these being used 
in conjunction with the ventilators described by us 
on page 77 of our last volume. 

(No. 2528, 8d.) Alexander Melville Clark, of 53, 
Chancery-lane, patents, as the agent of Amand 
Grancher, of 29, Boulevard St. Martin, Paris, a system 
of constructing ships with two hulls of different di- 
mensions placed one above the other, the lower and 
smaller hull being completely submerged when the 
ship is freighted. We fail to see the advantages of 
the plan. 

(No. 2541, 1s. 4d.) James Whitham, of the Per- 
severance Ironworks, Kirkstall-road, Leeds, patents 
machinery and furnaces for puddling furnaces, which 
it would require drawings to describe clearly. 

(No. 2544, 10d.) Edward John Cowling Welch, of 
Harrow, patents apparatus for producing artificial ice, 
&e. In this apparatus the refrigerating effect is 
obtained by the evaporation of ether or some other 
volatile hydrocarbon, the vapour from the liquid 
evaporated being pumped into an arrangement where 
it is recondensed. ‘The various peculiarities in the 
construction of the apparatus would require more 
space to describe than we can give to them here. 

(No. 2548, 4d.) Clinton Edgeumbe Brooman, of 
166, Fleet-street, patents, as the agent of Cyprien 
Marie Tessié du Motay and Charles Raphael Marechal, 
fils, of Metz, producing hydrogen gas, by subjecting 
to a red heat alkaline or alkalme-tetrous hydrates, 
mixed in a certain proportion with charcoal, coke, or 
similar substances. 

(No. 2558, 1s. 4d.) Jacob Eichhorn, of 7, Delahay- 
street, Westminster, patents, partly as a communica- 
tion from Heinrich Krigar, of Hanover, a method of 
constructing furnaces for melting iron or smelting 
ores. According to this plan, the furnace is made 
with an upright body or shaft carried on some of its 
sides by arches through which the fuel is able to issue 
from the shaft and form a heap in an enlarged outer 
chamber or hearth. ‘The air is admitted so that it is 
free to play over the surface of this incandescent heap 
before ascending the shaft of the furnace. 

(No. 2555, 8d.) John Medhurst, of 14, Drummond- 
road, Bermondsey, patents methods of mounting ships’ 
rudders, so that they can be readily shipped or un- 
shipped at sea. According to this plan, the “ braces” 
which receive the pintels of the rudder are placed in 
guides, so that the rudder can be lifted up to the deck 
of the vessel through a trunk. 

(No. 2564, 10d.) James Rae, of Lower Sydenham, 
patents an arrangement of portable filter for army use 
and other purposes. This apparatus consists of a tank 
mounted on wheels and fitted with a pair of filters 
through which the water is caused to pass upwards 
when being drawn off by the delivery pipe. 

(No. 2565, 1s. 4d.) James Whittome, of Wal- 
worth, patents constructing baling presses in such a 
manner that the cotton or other substance to be 
formed into bales is first subjected to the pressure of 
a ram or follower connected to a steam piston, and is 
afterwards finally compressed by the application of 


hydraulic power. It would require the aid of draw- 
ings to describe fully the arrangements proposed. 
(No. 2568, 8d.) Colin Mather, of the Salford Iron- 
works, Manchester, patents machinery for washing 
ores, wool, grain, &e. This machinery consists of a 
hollow cylinder open at both ends and placed in a 
slanting position, the interior of the cylinder being 
provided with a worm and buckets or lifters. The 
ore or other substance to be washed is fed in at the 
lower end, and a stream of water at the higher end of 
the cylinder, and a slow rotary motion being given to 
the latter the action of the worm carries the ore from 
the lower to the higher end, where it is discharged, 
the buckets, or lifters, at the same time agitating it 
and subjecting it to the action of the water. 

(No. 2572, 8d.) Alexander’ Melville Clark, of 53, 
Chancery-lane, patents, as, the agent of Stinson 
Hagaman, of Weisfort, U.S., .macliinery, ‘which it 
would require drawings to describe, for grinding and 
polishing slate and marble. 

(No. 2575,.10d.) Joseph , Davies, of Bowdon, 
patents machinery for raking salt in salt pans of 
rectangular form. In this machinery the rakes are 
attached, in rows, to bars which reach acrdss the pan 
from side to side, the ends of these bars being attached 
to endless chains which have a continuous or inter- 
mittent motion imparted to them. For withdrawing 
salt from the pan, rakes are also employed, the pan 
being made with an inclined plane at the end where 
the salt is to be withdrawn, and the rakes being 
arranged so as to draw the salt up this incline out of 
the water. 





THE HAVRE MARITIME EXHIBITION. 
To THE Epiror or ENGINEERING. 

Srr,—May I solicit the favour of the insertion in your 
journal of the despatch I received from the director of the 
“‘Havre International Maritime Exhibition,” which will 
open on the 1st of June under the patronage of H.I.M. the 
Emperor of the French and H.I.H. the Prince Imperial ? 

Havre, May 11, 1868, 

To M. A. de Lavigerie. 

Sir,—The jury will be elected immediately, after the 
opening... A list of candidates will be handed to the ex- 
hibiters, who will have the right to choose their own jurors 
and add to the list. 

Be kind enough to form a list of gentlemen willing to co- 
operate with us, and propound themselves as candidates, 

The jury will commence their meetings early in June. 

Besides the annual Havre regatta, it is proposed to have, 
in August, international regattas. 

(Signed) Nicoxsz, Director. 

I shall therefore be glad to receive applications from 
gentlemen willing to volunteer as jurors, also from persons 
interested in regattas, and add that a maritime and medical 
congress will take place during the exhibition, and the com- 
mittee of Havre desired me to make an appeal to all persons 
willing to assist in promoting the same and desirous of 
making suggestions. 

Tam also desired by the Chief Committee to thank the 
English press for the liberal assistance they have given to 
the Havre International Maritime Exhibition. 

I am, Sir, yours, 
Ar. D. pz LAvIGERIE, 
Commissioner Delegate. 
5, Crosby Hall Chambers, Bishopsgate, 
ndon, May 11, 1868. 








Rartway Extension 1x FRraycx.—In..1867 the Paris, 
Lyons, and Mediterranean Railway Company opened, upon 
its new concessions alone, 155 miles of line. Various works 
were also prosecuted upon the old concessions, and upon 
that portion of the system the ewpenditure on capital account 
in 1867 was 1,448,288/., whilesppon the new network the 
corresponding outlay was 2,457/763/. 

PETROLEUM.—4,911,285 gallons of oils, coal, and petroleum, 
and 4,416,579 gallons of refined petroleum were exported 
from the United States in the month of January last, if the 
official accounts are correctly reported in the Zimes. 

Tue Houses of ParuiAMENtT.—In the course.of a speech 
the other evening in the House of Commons, Colonel French 
said that the original estimate for’ the Houses was abvut 
750,000/., and the sum of 2,250,000/. had already been voted, 
the result being that you could not in the whole House find 
one good room. 

Tue Mrpianp Ratnway.—Of the 5,000,0001. of additional 
capital authorised by the shareholders, 2,160,000/, is required 
for the completion of the Bedford and London line and 
stations, 1,350,000/. for a junction with the Manchester, 
Sheffield, and Lincolnshire Railway, the Cudwerth and 
Barnsley line, and several smaller works, and the remainder, 
or 1,500,0007., is required to replace the rolling stock of the 
company. 

Tur Royan AcricutturaL Socrery.—The annual show 
of the Royal Agricultural Society is this year tobe held at 
Leicester, and there is every prospect of its being well sup- 
ported. The show will take place in July as usual, and 
although there will be no engine trials this year, there will, 
doubtless, be many things exhibited of interest to engineers, 
and of these we shall give an account in due course. 

Sewine Macnines.—2604 sewing machines were exported 
from the United States in the month of January last, or at 
the rate of more than 31,000 yearly. 

Gotp.—There are now 46,370,000. of “cash” in the Bank 
of France and its branches, 





AMERICAN MARINE ENGINES. 


We copy, below, an able article from the New York 
Army, and Navy Journal, criticising the performance 
of a new American sloop of war called the Contoo- 
cook, fitted with engines of the type which we illus- 
trated in September, 1866, as designed for the 
Hassalo. These engines have 60 in, cylinders and 3 ft. 
stroke. She has four water-tube boilers with twenty- 
eight furnaces, besides two “ superheating. boilers.” 
There are 9548 water tubes, each 2 it,” extérnal 
diameter, and 30 in. long, presenting 12,498” Square 
feet of surface. ‘The performance would appear to 
have been anything but satisfactory, considering the 
great weight of the machinery. 


We observe that in one of the daily. papers great wonder 
and admiration are expressed at the tact that the Contoocook, 
one of our “new Alabamas,” has achieved a s of thirteen 
knots. Thirteen knots! extraordinary velocity! But now 
let us see exactly what this means. We will first observe 
what the Contoocook is ; and then we shall be better qualified 
to judge how fast her machinery should drive her: 
he Contoocook, as appears from her dimensions, is a 
splendid model, almost as sharp as the Wampanoag. Every- 
thing has been sacrificed to speed, as is evident from the fact 
that she carries a puny battery, quite insufficient to cope with 
that she may expect to meet in hostile vessels of the same 
class. She is a ship of about 3000 tons displacement; she 1s 
820 ft. long, has 41 ft. breadth of beam; her greatest im- 
mersed midship section is 543 square feet. She has a fixed 
four-bladed screw, 17 ft. in diameter, and of an expanding 
pitch, with (according to the specitications: furnished to the 
builders) a mean of 28 ft. Her steam machinery is a dupli- 
cate of that of the Piscataqua and Guerriere, which have 
given resultsso unsatisfactory. This machinery was planned, 
even to minute detail, by the Nayy Department, and is 
known as the Hassalo class of machinery, whereof some 
dozens of sets are now being piled away in the navy yards, 
like Mrs. Toodles’s doorplates, “ handy to have in the house.” 
The Contoocook’s boilers are, of course, Martin’s patent, the 
condensers Sewell’s patent, and the superheaters are Mr. 
Isherwood’s. She has thirty furnaces and 585 square feet of 
grate surface. The weight of this machinery is between 
650 and 675 tons, . 
From this schedule of dimensions, it becomes evident, at a 
glance, that the wonder is, not that the Contootook is driven 
thirteen knots per hour, but that she fails to be driven sixteen 
knots. She certainly has a sufficient weight of machinery, 
and a sufficient quantity of boiler and grate surface (if of the 
— character) to  gpraret that speed. Now, the difference 
etween thirteen and sixteen knots is very great. It not 
only means three knots, but it represents nearly double the 
performance—the cube of thirteen being 2196, and that of 
sixteen being 4096. 
It is plain enough, from hundreds of examples, that not 
over 2000 horse power is required to drive the sharp Contoo- 
cook at the rate of thirteen knots; and it is equally plain 
that the amount of machinery in her, constructed on the 
most ordinary, the simplest, and most economical plans, would 
have developed power enough to have driven her sixteen 
knots. 

To show that this calculation is not exaggerated, we shall 
cite a single recent case in point. At the recent trial at sea 
made with H. B. M. frigate. Minotaur, her machinery 
averaged 6170 horse power during the trial, that is within a 
fraction of seven horse power to every ton of machinery. 
Contrast this with the three horse’ power per ton obtained 
from the machinery of the Contoocook. Nor is the Con- 
toocook an exceptionally bad specimen of Mr. Isherwood’s 
handiwork, but rather an average instance of what the steam 
blue-book system of machinery has produced. ‘The Minotaur 
has but forty furnaces to the Contoocook’s thirty (and 890 ft. 
yrate surface to the Contoocook’s 585), and yet the power 
Lreslenel is as 6170 to about 2000. Instead of being a 
triumph, therefore, the Contoocook adds one more to a list 
of failures. We see, once more, the spectacle of a four- 
bladed fixed screw, with the “ expanding pitch,” which, when 
the ship is under sail, will have to be dragged five or six 
knots before it can turn around. But it is the old story, of 
which each new vessel is only a fresh repetition. 





Messrs Howarn’s Sarety Borters.—Messrs. Howard's 
safety boiler, which we fully described in ENGINEERING some 
time ago, appears to be rapidly gaining in favour, quite a 
number of them being now at work. In describing this 
boiler we stated that we considered that its construction gave 
great safety, combined with a good circulation of the water 
and facility for the execution of repairs; dnd our anticipa- 
tions appear to have been fully borne out by the results ob- 
tained in practice. 

Tue Institution or MrcnanicaL Encinrers.—It has 
been arranged that the annual meeting of this institution 
for the present year shall be held in Leeds on Tuesday 
28th July and following days, during the time of the National 
Art Exhibition at Leeds. All proposal forms for the election 
of new members to be in time tor the Leeds meeting are 
required to be sent in, complete with the requisite signatures, 
&c., not later than Monday, 6th July. 

A Synopsis or British Gas Ligutrne.—A work is 
about to be published by Mr. D. Van Nostrand, of New York, 
comprising the essence of the London Journal of Gas 
Lighting, trom February 10, 1849, to December 31, 1867, and 
aflording a succinet resumé of the entire practice of British 
gas engineering between these dates. The excerpts will, as 


far as possible, be symmetrically arranged under the heads of 
coals, distillation, purification, volumetry, and photometry. 
repared by James RK. Smedberg, C.E., 


The work is being 
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THE FLYING MAN. 

Ar the recent meeting of the Aéronautical Society, it was 
announced by Mr. Wenham, that one of the members of the 
society, Mr. Spencer, had already constructed an apparatus 
by the aid of which he had accomplished the feat of raising 
himself from the. ground level and performing a horizontal 
flight of 60ft.; and it was further stated by Mr. Wenham, | 
that Mr. Spencer expected to fly the length of the Crystal | 
Palace during the meeting of the Aéronautical Society to be | 
held there next month. Since the above announcement 
was made, we have received irom Mr. Spencer some 
particulars of the apparatus employed by him. It consists 
of a pair of wings of rather small size, arranged so that 
they can be worked by the arms; and a large fan-shaped 
tail of very light construction connected to the body by 
basket work, so that it stands at an angle of about 3° 
with the horizontal. Mr. Spencer does not profess to fly 
in the ordinary sense of the term. He uses bis apparatus 
by taking a short quick run, this run being continued 
until by pressure of the air against the under surface of the | 
tail he is raised from the ground. He then, by using the | 
wings, maintains the momentum which he has acquired as 
long as possible, and is thus enabled to skim along at a short 
distance above the ground. Mr. Spencer commenced his | 
operations by practising long jumps without the aid of | 
apparatus, and he then commenced using the wings, and 
finally added the tail. By continued practice, and from time 
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to time making alterations in his apparatus, Mr. Spencer has 
been enabled to extend considerably his early flights or 
“skims,” and we were informed by him a few days ago that 
he had lately accomplished a flight of 180 ft., starting and 
alighting at the ground level. Mr. Spencer is now engaged 
in completing a new apparatus, which he hopes to finish in 
time for the exhibition of the Aéronautical Society at the 
Crystal Palace, and we look forward with some interest to 
witnessing his performan¢ 
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Tue Patext Orrice.—In the House of Commons on the 
evening of Thursday week, Mr. Layard asked the First Com- 
missioner of Works whether the Government intended to 
carry out the recommendation of the Select Committee on 
the Patent Office of 1864, and of the Commissioners of 
Patents made at various periods with regard to the library 
and museum of the Patent Office, and to find proper accom- 
modation for them; and, if not, why not. Lord J. Manners 
replied that a room had been provided for the library, and he 
understood that there were no complaints of its insufficiency. 
If it should turn out that the accommodation was not 
sufficient there would be no difficulty in increasing it to a 
With regard to the museum, the re- 
commendations of the committee were not so clear and pre- 
cise ; but the Government had considered the question, and 
were not prepared to make any recommendation to Parlia- 
ment on the subject. 








Tae Mont Cents Rattway.—The Duke of Sutherland 
went over the Mont Cenis Railway, last week, in a train con- 
sisting of twelve carriages. The time occupied between St. 
Michel and Susa—a distance of 48 miles—was 4 hours 6 
minutes, after deducting the time in stoppages for — 
tion. The solid steel rocking shafts of the engines, which 


| twisted when 5 in. in diameter, have been enlarged to 7 in., 
| and are now likely to stand. 


Tue StarrorpsHtrE Iron Trapg.—There is a decided 
improvement perceptible in the demand for North Stafford- 
shire iron, and the prospects of the trade are fair for the 
summer. The puddlers are on strike in South Staffordshire. 

A Spanisu Irnonctap.—An ironclad made by the Thames 
Ironworks for the Spanish Government has again shown 
what was proved by the Bellerophon, that a comparatively 
short, broad, handy, plated ship may attain a good rate of 
speed when properly engined, and, in the case now in point, 
the engines, of 1000 horse power, were by Messrs. John Penn 
and Son, and of the identical type of those of the Bellerophon. 
The dimensions of the ship are :—Length, 316 ft.; breadth, 
57 ft.; depth, 38ft.; burden, 4862tons. She is com letely 
armour-plated from stem to stern with 54 in. plates and 10in. 
teak. On the Maplin the mean of four runs was 14.1 knots ; 
revolutions of engines, 65; pressure of steam, 23 Ib. The 
engines worked in a most satisfactory manner, ‘indicatin 
4500 horse power. The weather was all that'tould be wish 
but the tide being half ebb was unfavourable tothe trial: 
is 
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STURGEON’S SELF-ACTING “DEAD BLOW” STEAM HAMMER. 


CONSTRUCTED BY MESSRS. HENRY BAYLEY, SON, AND CO., ENGINEERS, MANCHESTER, 
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‘Tue immediate object of self-acting mechanism is to sub- 
stitute undeviating and untiring mechanical force for the 
desultory, uncertain, and never to be depended upon tact and 
dexterity ofa workman. In this respect most self-acting valve 
motions for steam hammers have accomplished absolutely 
worse than nothing, inasmuch as they demand from the work- 
man more intelligent attention and more skill and dexterity 
in their management than the hand motions. In a hand 
motion the noise of the blow itself gives warning to the man 
to reverse the valve, and the blow is delivered with its full 

oree. The reversing is here a simple straightforward matter, 
requiring no mental exertion and very little manual dexterit 
from the man. Ina self-acting motion the man has to meee 4 
the lump of metal under operation, and as fast as its form 
and position change he must set his valve gear to suit, 
indging and comparing the distances by his eye. This is a 
fect common to all valve motions, whether worked by steam 





=i 
UA | 
A nS 








499 





\ 


4 
oo" 


y | 
Ee coon 


xp tl 1@) i] 
©; wait 








SSS 


fi 





iy a an cae: 
SANE on, 
-— aT I 4 


TTITNNTETTY 


ih 


or by levers and tappets, and of equal amount in all of them. 
Another great objection to them has generally been that the 
very nature of the valve motion necessitated that the valve 
should be reversed a moment before the blow was actually 
struck, and the consequences of this were that not only was 
the hammer deprived of the pressure of the steam on the top 
of the piston, but its fall was also slowed down, so that it 
lost the power that it might have derived both from the 
steam pressure and the velocity of the fall just at the moment 
when it was about to strikethe blow, and consequently needed 
it most. The reduction in velocity alone resulting from 
these causes, even under the most favourable circumstances, 
reduces the useful effect of the blow very considerably. 
This will appear clear from the following considerations :— 
Since the measure of the force of a blow struck by a falling 
body is its weight multiplied by the square of the velocity 
the body has attained at the moment of contact, it follows 
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that by increasing the velocity we “1g a far greater advan- 
tage than we would by increasing the weight, and it is also 
evident that any loss in velocity must affect most seriously the 
force of the blow. : : 

It is clear that a hand-worked hammer will strike a heavier 
blow than,a self-acting hammer of the same size and of any 
of the ordinarysconstructions, since in the hand hammer the 
blow can: be delivered with the full velocity of the fall, backed 
up by the full pressure of the steam; but the hand hammer 
cannot be worked as rapidly as the self-acting hammer. 

We are, therefore, led to the following conclusions:' 1, 
that the motion, to be self-acting in the full and true sense, 
must be independent of the workman as regards the adjust- 
ing of the gear to suit the different thicknesses of metal on the 
anvil; 2, that in order to obtain the full force of the blow, it 
must reverse simultaneously with, or immediately after, the 
striking of the blow. And since the striking takes place at 
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varying: distance’ from the anvil, according to the thickness 
of the piece operated upon, therefore, 3, it must be such that 
it will cause the reversing to take place at whatever point in 
the stroke the blow takes place. ¥4 

Mr. Sturgeon accomplishes all these points in a very simple 
and satisfactory manner by making use of the blow itself'as 
the agent by which to work the valve. The shock of the blow 
is made to act on the valve by means of the arrangement of 
mechanism shown in the engravings om the previous page, 
which will be understood by the following description : 

Upon the tup or hammer block, a, is fixed the fulcrum, }, 
upon which works the small dropping lever, c, the other end 
of which is attached to the link, d. Another link, e, is 
attached to the tup by means of the pin, f, the other ends of 
these links being attached to the plate, g. This plate is 
swung from the centre, h, by means of the bar, i, to which it 
is attached by means of the pin, &, so as to allow it to move 
forward when the hammer rises. 

The plate, g, is connected to the valve spindle, 7, by means 
of the link, m, and the lever, . It will thus be seen that 
the plate, g, forms a lever working on the fulcrum, k, one 
arm of this lever being commanded by the dropping lever, c, 
and the other one acting on the valve so as to raise or lower 
it in obedience to the movement of the dropping lever, c. 

The figure shows the different levers in the position they 
assume just after a blow has been struck, and when the 
bottom steam port is consequently open, and the hammer 
about to rise. As the hammer rises, the relative positions of | 
the levers and links gradually change, the links, d and’e, 
drawing the plate, g, forward in the direction of the are, o 0, 
thereby causing the link, /, to raise the end of the valve lever, 
and so reverse the valve. The positions of the levers when 
the hammer has reached the top of its stroke are shown by 
the dotted lines, the top steam port being then fully open. 
The hammer then descends; and if the link, d, were attached 
direct to the tup, it is evident that the motion imparted to 
the valve would be exactly the reverse of what takes place in 
the up stroke—that is to say, the valve would be gradually 
reversed. But the link, d, is connected, as above described, 
to the dropping lever, ec, and the rapidity of the descent of 
the hammer holds back the dropping lever so as to keep it 
in the position, 5 4', and thus prevents the plate, g, from act- 
ing on the valve until the blow is actually struck. Immedi- 
ately upon the blow being struck, and the motion of the 
hammer consequently stopped, the dropping lever is thrown 
forward, thus causing the lever plate, g, to work round its 
fulcrum, k, so as to lower the valve lever, and thus reverse 
the valve for the up stroke, and it is evident that this ma 
take place, no matter at what point in the stroke the blow 1s 
deadh. The thickness of the metal under operation, there- 
fore, will not affect the action, as the motion regulates itself, 
and does not require any adjustment whatever by hand. It 
will also be evident that, with this valve motion, the valve 
cannot be reversed until after the blow has been actually 
struck. The introduction of the spring, p, renders the motion 
very quick, easy, and smooth in action. The handle, g, ma 
be used when it is required to work the hammer by hand. 
The cylinder is furnished with separate steam and exhaust 
ports, the valve being a piston valve. 





Havre Inrernationan Maritime Exnutsrrioy.—The 
town of Havre is essentially a purely commercial city, and so 
entirely are the interests, and even the amusements, of its 
inhabitants bound up in the changes and fluctuations of 
cotton and other produce, that, despite its many natural 
advantages, it was an ungenial soil on which to sow, in 1866, 
the idea of an International Maritime Exhibition. After 
having been compelled to make additions to the original plan, 
the administration have finally been obliged to refuse appli- 
eations for space, and the number of exhibitors amounts to 
about 3500. The building, with all its adjuncts, garden, &c., 
is fast approaching completion, but there is an unfortunate 
delay on the part of exhibitors—and particularly of those | 
from Great Britain—in sending forward their goods, and, | 
unless they are quick in so doing, they will be liable to be 
put to great inconvenience through their own neglect. The 
exhibition will be opened on the 1st of June, by the Minister | 
of Commerce and Agriculture; and, as there is no central 
space in the building sufficiently large to hold the persons | 
who will be invited to attend, the inauguration ceremony will | 
be held in a large hall belonging to the Dock Company, | 
which is capable of holding 8000 persons. It was at one time | 
hoped the j mamta would come tolthe opening, but, although | 
he has promised to visit it, it will be at a later period. The 
price of admission to the Exhibition is fixed at 11., and 25f. a 
season ticket. Families can als@ subscribe at reduced rates. | 
The original scheme of an Fxhibition exclusively mr 

| 
| 





has little by little expanded, eo that now, under the head of 
importation and exportation, there will be many things ex- 
hibited which, if not strictly appertaining to ships and ship- 
ping, will, at least, be more attractive to that large portion 
of the public who are not partiodlarly or personally interested | 
in purely nautical matters. Tho large salt water aquarium | 
wil in itself be worth a visitjand, in addition to its attrac- 
tions and those of the Exhibition in general, there will be | 
races on the 19th and 20th, a regatta on the 26th and 27th of | 
July, and all the various outside amusements which invari- 
ably spring up on such occasions. Among these latter will | 
be bull fights, for which the permis:ion of the authorities has 
been obtained, and a bullring is being constructed behind the 
Exhibition large enough to hold 14,000 persons. 

Mr. E. J. Reep.—At a dinner at the hall of the Cloth- 
worker's Company on Wednesday evening, Mr. Reed, the 
Chief Constructor of the Navy, in responding on behalf of 
the navy, expressed regret that a military officer of that 
service had not been selected to fulfil the task, because he, as 
a mere civil officer of the Admiralty, was not entitled to share 
the labours or the honours of the navy. He sometimes, how- | 


ever, found it necessary to armour plate himself in order to 
resist. newspaper and Parliamentary fire to which he was 
unable to = y; 

out being able to 


and in this way he served his country with- 
defend his own acts. 





THE CORN WAREHOUSES AT LIVERPOOL 
AND BIRKENHEAD. 

Tre following is an abstract of a report recently submitted by 
Mr. George Fosbery Lyster, Engineer, to the Works Committee 
of the Liverpool Dock Board. 

The Liverpool Corn Warehouses are what are termed fireproof, 
and consist of three blo¢ks, built on the margin of the Corn 
Warehouse Dock. They‘are of the following dimensions, viz. : 


Eastibldek 650 ft. in length. 
hae ot - ” ” 
or 


” 185 he” 
Total length, 1485 ft. by70 ft. in width, and they occupy an 
area of 11,550 square yards. : 
The aggregate clear ifternal urea, exclusive of the quay, is 
48,918 square yards. or, Meluding the quay floor, 11} acres. 
Over the fifth floor, ‘aiid rating the entire length of the 
buildings, there is 4 platform specially appropriated for the 
machinery, 24 ft. in wir 
The clear heights of the floors are as follows: 


. in. 
From the quay to the underside of girder above 15 3 
First story from surface to ” ” °9 3 
Second Stdry ,, a ts - 93 
Third story _,, *” 9° we 9 3 
Fourth story 93 
> 


” ” ” ” 
Fifth Ft Aad the underside of the machinery floor 9 ¢ 


| Height of Building from the quay to the top of the stone cornice 


is 82ft. There are four staircases in each of the east and west 
blocks, and two in the Borth block. The quantity of bricks 
used in their constructidt{ is over 13} millions, combined with 
1,100,000 eubic feet of stone. 

‘The total weight of cast.and wrought iron of all descriptions 
used in the warehéuses ig”6380 tons, and of this quantity the 
floor beams alone amotated to 2884 tons. 

The breaking strain girders to support the floors is 173 
tons of equally,distributed, weight, or three times the load that 
they are intended to carty. The floor beams are braced together 
by wrought iron tie-bars 1fin. diameter. Each beam has been 
subjected to a test of 42 tons applied on its centre, the deflection 
ranging from 60-1000th'to 80-100th 6f an inch. The area of 
floor surface sustained ‘by one girder'is 37 square yards. The 
dead weight of the beam and brick arching and floor of one bay 
is 27} tons, or equal to 149 cwt. per square yard. 

By the agreement the Grain Warehousing Company are 
allowed to load the floors after the rate of four quarters of 
wheat to the square yard—four quarters of wheat weigh 
17 cwt. The aggregate amount of dead weight and grain upon 
the floor when fully loaded will be 58} tons upon each girder, 
or 66 per cent. less than its ascertained breaking strain. The 
total weight of grain and floors, assuming each floor to be loaded 
up to its maximam of four quarters of grain, or 17 cwt. per 
square yard, would amount to not less than 77,660 tons. The 
clear aggregate storage area of all the floors, except quay and 
silo spaces, is 48,918 square+yards, and, at four quarters per 
yard, would give @ storage capacity for, say, 196,000 quarters 
of grain. Rails‘ate laid within the warehouse forming a com- 
munication with the main dock line. 

The whole of ‘the machinery is worked by hydraulic power, 
and consists of crathes for lifting the grain ont of the vessel and 
landing it in the warehouse. 

Of these there are five which raise the grain in tubs from the 
hold of the ship and discharge it into receiving hoppers (each 
holding eight tons0f grain), on to the machinery floor at the top 
of the warehouse: Each crane is capable of raising a ton of 
grain at a time at'the rate of 50 tons per hour, through an ex- 
treme distance of 186 ft. When at work the crane will have an 
extreme projection of 24 ft. beyond the quay. 

From the receiving hopper the grain falls on to the travelling 
bands, from which, after being freed from dust, it is delivered 
into hoppers, weighing one ton at each operation; it is then 
delivered into « distributing hopper, from which it is poured on 
to the transmitting bands, of which there are two, running 
the entire length of the three stacks of warehouses; and they 
are so arranged that the grain can be conveyed to any part of 
the acre, 5 

The total length of the bands is 11,800 ft., and they will 
travel at a speed of about 500 ft. per minute, and transmit the 
grain atthe. rate of 50 tons per hour. ‘There are fifty-six 
shoots, or one to about 175 yards of storage area, for passing 
grain from ‘one floor to another, each having an area of 72} 
square inches, 

For the delivery of grain from the warehouses, shoots are 
built in the walls on the dock side, in connexion with the 
several floors, by means of which the grain can be delivered 
into the holds‘of vessels below, or by central shoots into a wagon 
standing on the line of railway on the quay. 

Provision has also been made for transferring the grain from 
one floor to another, when necessary, for the purpose of ventila- 
tion. There are alsoveleven hoists for barrels and sacks, each 
capable of lowering nine barrels of flour at a time, or a weight 
of oue ton, toor from any of the floors, and through an extreme 
distance of 66 ft. 

In the upper floor of the warehouse are fixed twenty jigzers, 
fourteen of which are for lowering purposes only, and six upon 
the dock side are adapted for raising as well as lowering goods. 

The engine power for working the machinery is placed in the 
centre of the north block, and consists of two horizontal high 
pressure steam pumping engines, of a combined power of 370 
horse power, of which 
223 horse power will be necessary for the warehouses, 

70 » bridges, gates, 


” ” 
&e., 
Leaving 77 _ available for any future increase of 
machinery. 


Total... 370 

The length of piping for conveying the water pressure to the 
machinery is 2800 yards, exclusive of that for working the 
dock gates, bridges, and other dock appliances. 

The Birkenhead corn warehouses have a total external area 
of 10,961 square yards, and are five stories in height. They 
are divided into three blocks, one on the north side of the corn 








warehouse canal, 735 ft. in length by 70ft. in width, and two 
on the south side of the canal, each 330 ft. in length by 70 ft. 
in width. Each block is divided into three compartments, the 
division walls being carried through the roof. 

The aggregate amount of clear storage area, including the 
quay floor, but exclusive of the compartments appropriated te 
the silos, is 53,199 square yards, or a storage capacity for 
212,800 quarters of grain. The machinery is similar to that 
already described for Liverpool. The heights of floors are as 


follows: 

ft. 
Groundgor quay floor, clear height, 16 
First floor % 10 
Second ,, ” 10 
Third ,, * 10 
Fourth ,, o 10 
Fifth 


” ” 10 

The height of the building to the top of the brick cornice is 
83 ft. 9 in., and to the highest point of the towers, 128 ft. 

The canal, or small craft basin, in connexion with the ware- 
houses, is 730 ft. in length by 55 ft. in width, and the bottom 
laid at the level of Old Dock Sill; its area is 5293 square yards, 
and quayage, 1665 ft. In the construction of the canal, and 
the foundations of the warehouses, there were used 32,000 cubic 
feet of timber for piling, 2145 cubic yards of concrete, and 
51,000 tons of stone, and in the superstructure of the ware- 
houses, 94 millions of ricks and 3300 tons of stone were used. 

The warehouses are not “fire-proof,” the floors being entirely 
of wood, supported on cast-iron columus. The beams are of 
yellow pine, 15in.+14 in. ‘The joists are of the same descrip- 
tion of timber, 9in.4+3in. The floor boarding is, for the most 
part, of Baltic red timber, 1} in. in thickness. 

The ultimate strength of the floor was tested by experiment, 
and it was found that one beam, carrying 19 square yards of 
floor, was 61 tons equally distributed weight, which is nearly 
34 times the maximum load the beam is intended to carry. The 
quantity of timber used in the floor is 137,000 cubic feet. 
The total amount of cast and wrought ironwork of all descrip- 
tions is 2316 tons. 

There are four cranes for lifting the grain out of vessels, and 
landing it in the warehouse. There are also four bucket 
elevators for lifting the grain, after it has passed into the wells, 
in the course of transmission to the several floors. Eleven 
hoists are provided for lifting or lowering barrels and sacks, 
each hoist capable of carrying six barrels at 4 time, and having 
an extreme range of 66ft. Central hatchways have also been 
formed in the floor for fourteen other hoists if required. There 
will also be 38 lowering jiggers. The total length of the trans- 
mitting bands is 8800 ft. ‘he vertical shoots tor depositing the 
grain on the warehouse floors are 48 in number, or one to about 
185 yards of floor area. 

Receiving hoppers, weighing hoppers, spouts, and all sub- 
sidiary appliances are fitted up as at Liverpool. 

The silo arrangements consist of 46 sheet-iron chambers, each 
6 ft. square and 42 ft. in height, and capable of holding 6230 
quarters of grain. ‘They are constructed so as to admit of their 
height being increased if necessary to 60 ft., in which case they 
would contain 9040 quarters. In connexion with the silos there 
will be an elevator arrangement capable of raising 124 tons per 
hour, from the bands under the quay to those over the chambers ; 
and also a powerful blast engine for the purpose of elevating, 
cooling, and conditioning the grain. 

Two accumulators for assisting the supply of the hydraulic 

wer are placed in the same building which contain the silos. 
The engine and boiler for producing the hydraulic pressure to 
work the machinery is contained in the tower buildings, at the 
head of the low water basin. The length of pipe within the 
warehouses, for conveying the water pressure and return water 
after use, in connexion with the machinery, is 2440 yards. 








Froatine Dock at CartaGena.—The largest ship in the 
Spanish navy, the Numancia, was lately lifted on the floating 
dock at Cartagena, a dock made by Messrs. Rennie, at Green- 
wich. The Numancia is built entirely of iron, with the ex- 
ception of the teak backing for the armour plating; she is 
316 ft. long, 57 ft. beam, draught of water, 27 ft. 4 in. ; with a 
displacement of 7420 tons (her displacement on leaving for 
the Pacific was 8200 tons), but she was lightened before 
docking to 5600 tons; ‘she is completely encased by 6 in. 
armour of 1500 tons weight, and pierced for forty 68 pounders. 
The port cills, with provisions for 600 men and 1000 tons of 
coal on board, are 7 ft. 6in. out of water ; her full speed, 13 
knots ; her engines are 1000 horse power, developing nearly 
4000. The Cartagena dock was the first introduction of iron 
floating docks ; the length is 324 ft.; breadth outsive, 105 ft., 
and inside, 78 ft. The actual lifting occupied 8 hours 13 
minutes, but it is said that it could be done in four hours on 
another occasion, now that the strength of the dock is known. 
Two days after the Numancia was on the dock a thorough ex- 
amination was made by the Spanish Engineer-in-Chiet, Don 
Thomas Thalieric, when there was no perceptible alteration 
found in any of the internal bulkheads or bracing, and all 
seemed as true as when originally made. This speaks well 
for English workmanship, material, and the good principles 
on which the work was designed. 

Tue Smoke or Locomorives.—By the Railway Clauses 
Act of 1845 Igeomotive engines were “to be so constructed 
as to burn their own smoke.” The object of the clause was 
clear enough, but it opened the door to a broad field for legal 
and technical sparring, and it has seldom been enforced. It 
was generally easy to show to a bench of county magistrates 
that a smoking engine was really constructed so as to burn 
its smoke, and that no smoke could escape but through the 
carelessness of the driver. The defence in many, if not in 
most cases was just, for no human power can prevent loco- 
motives from smoking when carelessly fed with smoky coal. 
An amended clause has passed the House of Lords this week 
whereby railway companies will in any case be fined 5. for 
each instance of any of their engines smoking, in addition to 
the original fine of 6/. for improper “construction.” If the 
clause passes the Commons, railway companies will assuredly 
attach this penalty to their drivers, who will therefore find it 
necessary to be more careful than ever. 
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Nortice.—A certificate has been given by a firm of 
aceguntants to the proprietors of The Engineer, stating 
that the circulation of that jourual has largely increased 
within the last few years. The number of copies printed 
when Mr. Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 ix 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and to 5000 in June 1862. Its present 
weekly issue is 5300. An untruthful paragraph con- 
linues to appear weekly in the same journal, stating 
that its circulation exceeds, by many thousands, that 
of all the other engineering journals combined. The 
circulation of ENGINEERING zow exceeds that of 
The Engineer axd Mechanics’ Magazine combined, and 
it is very rapidly increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau TENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NoUVEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the souE 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. Subscription ' price, ten dollars yearly in 
currency. 

ENGINEERING may be obtained in Russia, by sub- 
scribing for it at any of the Post-offices in the Empire. 
The price is 10 silver roubles per annum in St. Petersburg, 
and 12 silver roubles in other parts of Russia. 


MEETINGS NEXT WEEE. 


Tae Institution or Civit Encinrers—Twesday, May 
26,at9 P.M. The Presidents Annual Conversazione. ; 

Roya Untrep Service Inst1TUTION.—Monday Evening, 
Hay 25, at 83 p.m. “On Circular Ships of War with Im- 
mersed Motive Power.” By John Elder, Esq. 
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THE DESTINY OF ENGINEERING. 

Ir is hardly more than thirty years since the pro- 
spectus of the London and Birmingham Railway Com- 
pany, with its estimate of the cost of their proposed 
undertaking as 1,800,000/., took, not only the general 
public, but even Lombard-street by surprise. Yet 
with the example of success afforded by the Liverpool 
and Manchester Railway capital was soon found, not 
only for the London and Birmingham, but for still 
more costly lines, and that, notwithstanding the esti- 
mate just referred to proved to have been but about 
one-third of the ultimate outlay, as ascertained within 
eighteen months after the line was opened for traffic. 
Since that time nearly five hundred millions of money 
have been found for British railways alone; and only 
this week the Midland shareholders sanctioned the 
raising of five millions of additional capital, in shares 
and debentures, as readily as the Stockton and Darling- 
ton directors, in the olden time of 1825, would have 
voted °0,000/. A dissenting shareholder who asked 
that a poll might be taken, was nearly put down with 
cries of “Shame,” and when the poll was taken it was 
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and the improved industry and more secure enterprise 
that has attended them, that has created the capital 
for additional works of like character but of far 
grander proportions. For the hundreds of millions 
spent upon public works in Great Britain, and by 
English capitalists abroad, since 1838, were hardly in 
existence at that time. More, probably, than nine- 
tenths of these vast sums have, since then, been ab- 
solutely created from the hidden resources of nature 
and the latent energies of man. And, important as 
are the works of the present generation, who can 
suppose that others or ec important are not yet 
to be undertaken, and that within a comparatively 
early period? ‘There are good reasons for believing 
that engineering, which is the great aid to civilisation, 
if it be not civilisation itself, is literally but yet in its 
infancy. Great as is the drain of engineering works 
upon capital, and great as are the sums paid by the 
trading and other interests of the country as a return 
upon this capital, together with the cost of working— 
sums which amount to 75,000,000/. a year in this 
kingdom alone, and therefore nearly equal to the whole 
national expenditure—it is certain that more capital 
can only be created by such works, and certain also 
that it would cost at least ten times as much to carry 
on the present trade of the country without them as 
with them, supposing even that it could then be carried 
on at all. 

In a country so covered with engineering works 
as this, it is difficult to predict what further large 
undertakings will be carried out at home; but the 
bridging of the Severn, the Humber, and the Forth, 
the tunnelling of the Mersey, the construction of a 
great direct coal line from the west, and of an exten- 
sive system of cheap agricultural railways must be 
among them. It is not at all uncertain that some 
mode of crossing the English Channel other than by 
steamers or vessels of any kind may not yet be carried 
out. It is even more probable that, as engineers look 
abroad and learn how to influence capital there, they 
will carry a great line of water and railway commu- 
nication across British North America, complete a 
grand ship canal to connect the great American lakes 
through Canada, a railway down the valley of the 
Euphrates, another from the sea of Azof to Pekin 
(and London is no further from Pekin than from 
Panama), a line 140 miles long across the Mexi- 
can isthmus of Tehuantepec, connecting the two 
oceans, with a saving of more than a thousand 
miles of distance as compared with the routes 
to the south, lines across South America, and the 
thousands of concomitant works of public and general 
improvement which such vast undertakings, once car- 
ried out, would involve. It is not visionary to have 
great faith in the future, so long as the energies of 
nations are not exhausted, and who will undertake to 
say that they are ? Wherein are such works as we have 
hinted at more unlikely of execution within the next 
twenty or thirty years than was the Suez Canal the 
same length of time ago? This great work, now be- 
ginning to inspire faith in its success, was then scouted 
as the idlest whim of a political or engineering visionary. 
Even were it certain that the cutting would keep open, 
there were a hundred million cubic yards of excava- 
tion, and yet we actually find this more than one-half 
removed already, and the work proceeding at the rate 
of nearly a million and a half yards a month! There 
were nearly 350,000 cubic yards of concrete blocks to 
be sunk at Port Said, and yet three-fourths of them 
are already down. The world is only beginning to 
learn what engineers can do. More engineers are 
needed in Parliament, and a more vigorous and en- 
lightened foreign policy is required to carry the bless- 
ings of engineering, which are those of civilisation, 
over the whole habitable face of the globe. 


DECIMAL AND METRICAL SYSTEMS. 


Tuer convenience of a system of decimal notation 
is undeniable as respects the arithmetic of science 
and of art, but it is wholly opposed to the natural 
binary divisions of general commerce, of which the 
smaller transactions of tradesmen, shopmen, market- 











or by proxy at the meeting, were | 
much additional money as the | they are naturally disposed to halve it, quarter it, and 


men and farmers make up the great aggregate. 
Whatever may be the standard measure of length, 
surface, or capacity, and whatever the standard 
weight, none who buy want one-tenth, one-fifth, or 
thirthy-five-hundredths of it. Whatever the standard, 


go on halving and quartering till the required sub- 
division is reached. Multiplying the standard is an- 
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not expect within the next| 221 yards, 46 yards, and 1049 yard dil h 
thirty or forty years? It has been engineering works, | ier nati hank aa ver the nucatitee’ oe 


while few would have any notion of the quantities or 





sum of 0.221 yard, 0.046 yard, and 1.049 yards, these 
subdivisions following no natural order of thought and 
conveying no clear idea to the mind. It is thus that 
the French, when hardly out of a revolution, adopted 
minute standards of weight and coinage, although their 
standard of length is even longer than our own. 

But while all who deal with figures can admire the 
decimal system of arithmetic, it would be hardly less 
reasonable to compel every person in the kingdom to 
learn and speak the French Reamsae: and to no longer 
speak English, than it would to compel them to learn 
and employ the metrical system of weights and mea- 
sures and to give up their own. In fact this would 
be nearly as impossible as the first. Only the will of 
the people could compel it, and their will is wholly 
against it. Were it even possible to carry a bill through 
Parliament, making the adoption of the metrical sys- 
tem compulsory, the law would remain a dead letter 
to which nothing could give life or effect. 





IRRIGATION WORKS IN INDIA. 


Sivce the appointment by the Government of India 
of an Inspector-General of [rrigation, now more than 
fifteen months ago, we have been looking anxiously for 
some sign of action which should make itself felt 
throughout the whole Empire, contributing alike to the 
benefit of the people and the increase of the Imperial 
revenues. The above appointment was accompanied 
by a great flourish of trumpets; loans were to be at 
once invited for the express purpose of aiding the 
Imperial funds in the execution of irrigation works, 
special appointments were made under each local 
government in order to assist the Inspector-General 
in his duties, and expedite the carrying out of 
sanctioned works, no more concessions were to be 
given, or encouragement offered to private enterprise 
for carrying out these pyro works, which could 
not only be constructed more expeditiously and 
cheaper by the Government agency of the Public 
Works Department, but the difficulties inseparable 
from the employment of private companies for that 
purpose, owing, in a measure, to the land revenue 
assessment, and which had been already experienced, 
would thereby be entirely obviated. Nothing ap- 
peared to be wanting in all this arrangement to render 
its success complete, and the Government of India was 
given all due credit for having at last awakened to a 
sense of its responsibilities, and of having firmly 
resolved to obliterate all recollections of past inactivit 
by the inauguration of a vigorous course of proceed- 
ings for the future. It may fairly be assumed that 
upon thus entering upon what may almost be termed 
a new line of policy, the public would not have been 
over-exacting for its fulfilment to theletter. The new 
course laid down by the Government for its own pro- 
ceedings, in connexion with the construction of irriga- 
tion works on a very enlarged scale throughout the 
Empire, necessarily involved, in the first place, the 
formation of a special branch of the Public Works 
Department ; and, secondly, the proper investigation 
of numerous projects for new works, and the prepara- 
tion of detailed designs and estimates before their 
construction could be properly commenced upon. All 
this, of course, occupied a certain amount of time, 
during which it was not to be expected any great addi- 
tion would be made in the extent of new work, but it 
need not, therefore, have prevented the more vigorous 
prosecution of works already in hand, It is, however, 
difficult to believe that there were not, in each presi- 
dency, many projects already fully matured, for new 
and useful works which might at once have been com- 
menced upon, and the only excusable cause of delay 
in carrying them out would be an inefliciency in 
the strength of the Government engineering staff. ‘That 
there has been great delay we shall presently proceed to — 
show, and, taking it for granted that the Public 
Works Establishment was of insufficient numerical 
strength to enter at once upon the proposed en- 
larged scale of operations—for it is to be feared that 
it has,long been far too weak for the proper perform- 
ance Of even its ordinary duties—it remains to be 
seen what steps have been taken for giving it such 
increased proportions as should enable it fully and 
fairly to cope with the greatly increased amount of 
work with which it was to be entrusted. Now it . 
must be admitted that the demand for a large increase 
in the scientific branch of the Public Works Depart- 
ment, for the execution of large and important works 
upon which the prosperity of the Empire may be 
said to largely depend, and the construction of which 
involves often extremely difficult and delicate engi- 
neering operations, can never be fairly met by an 
immediate, or even an annual, increase to the number 
of: junior engineers sent out from this country. 
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These young men who are selected at the com- 
petitive examinations periodically held in this country, 
or the “Stanley engineers” as they are called in 
India, consist almost exclusively of engineering 
students, very few of them having ever enjoyed much, 
if any, experience of a practical nature before going 
out to India; on their arrival, they have really to 
learn their profession, the rudiments of which they are 
supposed already to have conquered in this country. 
Such additions to the engineer establishments in 
India are, of course, necessary in order to keep up 
their numerical proportions, but the result of throw- 
a greatly increased number of students into the Public 
Works Department can only have the result of increas- 
ing the number of its members at a sacrifice of its 
standard of efficiency. The second competitive ex- 
amination held last year would have, to a certain ex- 
tent, led to such a result, had not the judicious step 
been taken of at the same time sending out thirty 
highly qualified engineers for temporary service, whose 
professional experience will help to maintain the 
general standard of the department. Fully admitting 
tuat the vested interests of all who receive appoint- 
ments in the Indian Public Works Department are, to 
a certain extent, interfered with by the creation of 
new appointments to the higher grades of the depart- 
ment, should the numbers in each grade be maintained 
only at their former proportion, as that would be vir- 
tually to stop promotion altogether; yet, by making 
all such appointments actual increases of the esta- 
blished numbers in the grades to which they may be 
posted, would have the contrary effect, and tend to 
stimulate promotion rather than to retard it. Under 
these circumstances, and provided that the latter 
course be invariably adopted in all cases of extra- 
ordinary appointments to the Public Works Depuart- 
ment, all interests affected demand that the establish- 
ments of the department should be again augmented 
by new appointments to the higher grades. 

Last year the sum of 700,000/. was entered in the 
Estimates as the amount to be spent on works of irri- 
ga'ion; but it appears that not much more than halt 
that sum was likely to have been sp nt during the 
period. This diminished expenditure, it is contended, 
has not heen in the smallest degree due to any action 
of the Government of India in restricting the grants, 
but wholly to the want of ability of the local Public 
Works officers to spend the money assigned for irri- 
gation works to the extent that had been anticipated 
at the commencement of the year. Here, then, is 
divulged the only apparent cause why irrigation works 
have not been pushed forward in the manner, and to 
the extent the world has been led to expect from the 
past promises of Government. The blind policy of 
cutting down establishmen's, so that their cost shall 
represent the smallest possible percentage on the ex- 
penditure meurred in the Department, has really 
caused an irreparable lo-s to the country of the bene- 
fiis whieh the expenditure of several hundred thousand 
pounds upon the construction of irrization works 
woul have conferred upon it, for at least one year, 
the actual value of which it is impossible to estimate, 
and which might have been saved had the real posi- 
tion of things been duly appreciated in time. The 
demands of the several local governments and 
administrations for money to be expended upon 


similar works during the current year amounted 
to 1,852,500/.; but upon the consideration that 
it was doubtful whether the whole of that sum 


could be profitably spent on such works during the 
year, the sum of 1,400,000/. only has been allotted, of 
which 950,000/.,, has been sanctioned for extraordinary 
or new works, and 450,000/. for ordinary works ; at 
the same time, however, it has been notified that these 
grants for extraordinary works are not final, and that 
if, in the course of the year, it is shown that more 
funds can be expended upon them, the Government of 
India will be prepared to consider any application that 
may be made to that effect—a very sate promise, in- 
deed, considering that the establishment by which the 
expenditure has to be superintend:d has been at very 
slightly enlarged since last year, when it was found 
impossible to spend much more than one-third of that 
amount on similar works. As we have before shown, 
it will be impossible for the Government to utilise 
large annual grants for outlay on-irrigation works, 
unless the establishment at their disposal for construct- 
ing such works be also increased in a similar ratio. 
It is proposed to augment the Imperial revenues from 
loans in order to meet the contemplated increased ex- 
penditure on this class of work, and it will be found 
that a similar plan must be had recourse to for execu- 
tive engineers—that is by making temporary appoint- 
ments—if it is deemed unadvisable to increase the 
permanent establishments. 











CENTRIFUGAL PUMPS. 

In os. up the comparatively high, and some- 
times very high, speed of centrifugal pumps, from 
engines of the more usual construction and working 
at moderate speeds, gearing or belting is required. 
Messrs. Gwynne and Co. were, we believe, the first 
to couple a short stroke, quick working engine direct 
to the pump shaft, and their large pump in the Inter- 
national Exhibition of 1862, was driven by a pair of 
engines having 18in. cylinders and 14in. stroke, 
working to 200 revolutions per minute, and sometimes, 
when running light, to 240. The same firm have 
since made smaller pumps driven direct at about 700 
revolutions per minute, and we lately gave a brief ac- 
count of one of these which had worked at this great 
speed, night and day, for two years with perfect satis- 
faction to its owners. 

Messrs. John and Henry Gwynne, who were for 
several years engaged under Messrs. Gwynne and Co., 
but who are now the proprietors of the Hammersmith 
Ironworks, have brought out an extremely neat design 
for a high lift pump, driven by a small high-speed 
engine, not direct, but through frictional gearing in 
the proportion of about 2 to 1. One of these, which 
has been made for the Havre Maritime Exhibition, was 
tried early this week with very satisfactory results. 
The engine, which is horizontal and high pressure, has 
a single cylinder 5 in. in diameter, with 44 in. stroke, 
and with steam greatly throttled from the boiler it was 
driven at 414 revolutions per minute, as shown by a 
mechanical counter, and threw upwards of 500 gal- 
lons of water per minute to a height of about 30ft., 
the pump being designed, however, when in full 
work, at a higher speed, to raise this quantity 465 ft. 
Richards’s admirable indicator was employed for 
tuking diagrams at this great speed, and excellent 
cards were obtained, showing that the engine, pur- 
posely throttled, was working to but about half power. 

The design of the engine and pump is particularly 
neat and compact, and at the highest speed the bed 
plate was as firm to the touch as when the engine was 
at rest. The piston and rod are in a single piece, and 
of steel ; the crank shaft, crank, and crank pin are also 
in a single piece, made from Bessemer steel by the 
Bolton roa and Steel Company. Tne crosshead is of 
steel, and has a neat arrangement for wiping aud oiling 
the single broad guide at each stroke. The oil cups 
on the connecting rod and crosshead are so made that 
the oil is evenly and slowly fed without the chance of 
throwing out any oil at even the highest speed, and 
the engine has been run, light, at 800 revolutions per 
minute, or 600 ft. of piston for a 44 in. stroke. ‘The 
stuffing-box glands, which in most other designs have 
an oileup cast upon them, and which cannot, there- 
fore, be finished in a lathe, have the oileup cored out 
within the flange, and covered by a flush lip, jointed 
to a hinge, and which may be called the cat’s claw 
cover, as it opens much in the manner of a cat’s claw, 
althouzh flush with tue curved surface of the flange 
when cown. 

Messrs. J. and H. Gwynne are engaged upon a 
pair of very large pumps, among the largest yet made, 
and intended for Denmark. The cases of these pumps 
stand 8 ft. 6 in. high, the “fans” are 4 ft. Gin. im 
diameter, and the inlet and outlet pipes 3 ft. 6 in. in 
diameter. They are guaranteed to thrown 50,000 
gallons per minute to a height of 6 ft., but will, it is 
contideutly counted upon, throw, together, nearly twice 
that quantity, or, say, 90,000 gallons, or upwards of 
400 tons of water per minute. 








Mryerats ry TasMANIA.—A mineral discovery, which 
romises to be important, has recently been made on the 
anks of the River Don, Tasmania. A lode has been found, 

yielding cobalt, silver, copper, and antimony. A few stones 
broken from the lode were, a short time since, forwarded to 
an assayer at the Wallaroo Smelting Works, for analysis. 
The result was as follows :—Cobalt, 4 oz. in the ton; silver, 
100 oz.; copper, 14 per cent., and a quantity of antimony. 
The ore is estimated at worth 85/. per ton. A specimen of 
lead, as taken from the same locality, has also been analysed, 
and found to contain 82 per cent. of pure galena, besides 
several ounces of silver to the ton. 

Rattways 1v Rouman1a.—Mr. G. Ridley, C.E., has re- 
ceived an engagement from the Government of Roumania to 
superintend certain railways in the Principalities, which 
have benefited largely from the very large shipments of coal 
which they have been enabled to make this year to Western 
Europe. 

Frencu Locomotives.—That enormous undertaking, the 
Paris, Lyons, and Mediterranean Railway, does not appear 
to have made any material addition to its stock of engines 
last year, although 468 passenger carriages, and 3461 goods 
wagons were acquired trom various sources during 1867. 
A very considerable number of locomotives are, however, now 
being built for the company, viz., 15 passenger engines, 75 
goods engines, and 20 station engines. Orders have also been 
given out for five new passenger carriages, and 2760 more 
goods trucks, 

. 





THE LATE MR. ALEXANDER GORDON, 


TueEreE died last week, in the Isle of Wight, at the age of 
sixty-six, a member of our profession, who was at one time 
familiarly known among his compeers as “ Lighthouse” 
Gordon. He had not recently been very actively engaged in 
business, and his latest ostensible employment was in con- 
nexion with the warming and ventilation of the Houses of 
Parliament, of which he for a year or two had charge 
during the leave of absence granted to his friend Sir Go} : 
worthy Gurney. 

At the commencement of his career Mr. Alexander Gordon 
was the engineer to several —_ gas establishments, his 
relative, Mr. David Gordon, having introduced improvements 
in the My me forcing pumps, reservoirs, &c., whereby the 
requisite degree of compression was thought to have been ob- 
tained for rendering gas portable for the purposes of illumina- 
tion ; and arrangements were made for the adoption of the 
system in London, Edinburgh, Manchester, Paris, and other 
cities and places. Subsequently he became interested in the 
endeavours to apply steam power on common roads, being no 
doubt induced to turn his attention to this branch of practice 
by his intimate associations with the late Sir (then Mr.) 
Goldsworthy Gurney and Colonel Macirone. He wrote 
several treatises and pamphlets on Elemental Locomotion, 
with a view to show the fitness of ordinary highways for ex- 
peditious and economical internal communication by means 
of steam carriages. 

In the year 1840 he, in an elaborate essay on “ Photo- 
graphy, as applicable to Engineering,” directed attention to 
the advantages that might be expected to result “from the 
discoveries of M. Daguerre and others, in enabling copies of 
drawings or views of buildings, works, or even of machinery 
when not in motion, to be taken with perfect accuracy in a 
very short space of time, and with comparatively small ex- 
pense.” Mr. Gordon also made experiments with what he 
termed a “ Fumific Impeller,” to propel a small boat weigh- 
ing about two tons; for this purpose he discharged the hot 
products of combustion from a close furnace, under and 
against the water, without the intervention of any machinery. 

It is said that the first great sea light on an iron tower was 
that erected by Mr. Gordon in the year 1841 on Morant 
Point, Jamaica, at the extremity of the low swamps which 
form the eastern end of that island. In the following year 
he designed, for the Home Government, a similar structure 
for Bermuda, which was erected on Gibb’s Hill in 1845. This 
lighthouse was very lofty; it exhibited a light of the most 
powerful kind, and its total cost was less than 8000/. In the 
year 1847 he addresed a letter to Mr. Joseph Hume, M.P., 
on the subject of the “ Lighthouses of the British Colonies 
and Possessions Abroad,” in which he urged the establishment 
of a regular system of management, the collection of 
statistical facts connected with lighthouses, and that they 
should be placed under the control of some particular depart- 
ment of the public service. For many years afterwards Mr. 
Gordon was employed in lighthouse work; and in 1861 he 
again returned to the subject of their administration, pointing 
out in a letter to the then President of the Board ot Trade, 
what in his opinion was necessary to place them on a 
satisfactory footing. 

Intelligent, well-informed, and clear, it is a matter of sur- 
prise to some why the subject of this sketch never took a 
more prominent position. A popular author has furnished 
the public with brief biographical notices of self-made men, 
or rather, it may be said, of successful men. An equally in- 
teresting volume, and possibly quite as useful a one, might 
be written of the lives of clever, talented men who have been 
unsuccessful, pointing out the causes which contributed to 
their failure in_life. 

Mr. Alexander Gordon was elected an Associate of the 
Institution of Civil Engineers in the year 1827, before the 
Royal Charter of Incorporation was obtained, and he was 
transferred to the class of Members in 1835. . 


Britisn Cotumpra.—According to a recent official state- 
ment the colony of British Columbia, with which Vancouver's 
Island was last year incorporated, continues to confirm the 
impression entertained by the earlier settlers as to its mineral 
richness. Although the white population of the mainland 
was only 6000, and the native about 40,000, the yield of gold 
was 600,0007. the year before last, and is now believed to be 
increasing. To obtain this return only 3000 miners were 
engaged, and the average earning was therefore 2007. per 
man a year, which far exceeds any average ever reached 
either in California or Australia. Great hopes, it is said, are 
also entertained of the prospects of silver mining in the colony, 
some specimens from the Cherry Cheek Mines having, upon 
assay, shown 1300 oz. per ton. Meanwhile great advance 
has been made in agriculture, especially as regards the 
growth of cereals and the manufacture of flour from home- 
grown wheat. In early days the colony was described as a 
barren wilderness, the only resource of which was the gold 
hidden in its inaccessible on and _—_ only —s 
the year 1866 that its agricultural capabilities were con- 
chastochy established. ‘1 hei facilities for travel afforded by the 
completion of the wagon roads and other communications 
tended gradually to remove the misconception. Settlers _ 
taken up farms throughout the whole course of the “4 
and large tracts of land have been cultivated and sown with 
wheat and other cereals with most satisfactory results. a 
and water power grist mills, according to the yo « 
particular districts, have sprung into existence ; and _ 
manufactured flour of a superior quality is already taking 
the place of imported flour. Stock raising has also been 
taken up vigorously and with great success. t 

Great Eastern Ratuway.—tThe new general manager 0 
this system (Mr. S. Swarbrick) has greatly reduced the train 
service on the branch lines, and considerable advances yond 
been made in the fares and goods rates in some parts - the 
very extensive but sluggish district accommodated y, - 
network. It is hoped by this means that a small e 
will be forthcoming next vear upon the ordinary stock. 
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FORTIFICATION.—No. VIII. 


THouGH walls of masonry are now seldom raised as 
the only cover in defence works, as temporary de- 
fences, obstructions, and cover when they are found 
in the way of an assailant where he may be obstructed 
or repelled with advantage to the defence, they are 
never neglected. Our readers will remember how ex- 
tensively stone walls were utilised in the defence at 
Gettysburg. Park, garden walls, and houses may be 
fashioned into very formidable defences where a post 
is to be held, or the chance offers of doing decided 
damage to the enemy. The opportunities in England 
afforded by stone walls and hedges, of giving a warm 
welcome, more hot than wholesome, to an enemy, with 
small expenditure on our own part, are many and im- 
portant. Let us hope that our volunteers, who in 
other respects have given so much proof of energy 
and zeal, will not neglect to learn how this may be 
done; that they will turn with their wonted zeal to 
this vital part of the acquirements which will enable 
them in the day and hour of danger, should they ever 
see it, to take full advantage of every means of 
utilising every species of cover and obstruction where 
they exist or may be raised. If this be neglected, by 
far the greatest factor of their defensive power will be 
lost. ‘Io any man of ordinary capacity, who will give 


A trench is required for those who fire through the 
lower tier. Care should be taken to prevent the 
chance of an enemy coming to the foot of the wall 
and —_ the lower loop-holes for his own selfish pur- 
pose. With a view to prevent this perversion of their 
original intention we have a ditch, abattis, and pali- 
sades in front of the wall in Fig. 23. This is a very 





a moment’s thought to the subject, this wiil be 2 


abundantly clear. Let any volunteer who has learned 
the complete use of his muzzle-loading rifle, think 
what damage he could do to a body of assailants 
coming in the direction of where he stood, completely 
covered, hefore they could come up to him, even if 
their road were without obstructions, and, the extra 
damage resulting from the delavs caused by well 
placed barriers, and he will surely not neglect. the 
easily acquired knowledge that will enable him to 
secure the full fruits of these advantages. ‘To every 
one in the ranks this knowledge, even from its moral 
effects, is most important. But neglect of this ac- 
quirement on the part of an officer, whose duty it is 
to utilise to the utmost degree of effectiveness the 
forces he commands, and one of whose most important 
duties is, as far as possible, the preservation of the 
valuable lives of those who, without question, must 
obey the orders he may give, is what he should blush 
to own. But this is far too mild. The neglect is 
criminal, and should be regarded as such with a feeling 
so =’ aud pronounced, that it could no longer be 
endured. 
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Fig. 22 is the elevation of a wall 10 or 12 ft. high, 
which, being prepared for defence, is pierced with 
two tiers of leoptales, The upper is formed by 
opening narrow fissures in the wall from the top to a 
depth, say, of 2 ft., and, like the lower, at intervals of 
about 3 ft., this being the distance men firing over or 
through a parapet should be placed apart to enable 
them to use their rifles freely and effectively. These 
loop-holes are rendered quite safe for the defenders to 
fire through by placing a stone in each, filling the 
upper part of the openings as we have here shown. 


They might be secured in this way by logs of wood or 


sand bags. These loop-holes, either the upper or 
lower, are not of the precise form they would be if 
the wall had been originally constructed for defence. 
Their degree of approach to a regular form will de- 
pend on the time that can be given to their formation. 
If this be not reduced to a narrow limit they should 
be made 3 in. wide on the outside; on the inside the 
width should be the thickness of the wall. The tools 
for making loop-holes in walls are crowbars, pickaxes, 
short iron bars steeled at the point, termed hand 
rers, masou’s hammers and chisels. 
_ Fig. 23 is the profile of a wall which affords two 
tiers of loop-holes. The riflemen who fire through 
the upper tier stand on a platform supported by casks. 








readily improvised defence. Yet supposing it to be 
well manned, and to cover, say, half a mile or even a 
quarter of a mile of the front of a position which an 
enemy, being unable to seize or pass by a flank move- 
ment had determined to{force with masses of infantry, 
it is easy to see that the shattering they would endure 
must be terrific. 

‘The front of the Confederate position at Fredericks- 
burg was in many parts ‘oooh wih stone walls, and 
the formidableness of that entire front is recorded in 
one of the bloodiest pages of the history of this deso- 
lating war. In the words of Colonel Chesney, “ It 
was a slaughter rather than a battle... . . Meagher 
led his brave Celts, the remnant of the Irish brigade, 
which had fought so well at Gain’s Hill, and shared 
the hot struggle with Jackson at Antietam, nearly to 
the muzzles of the guns, but only to fall in such heaps 
as to give the spot the gloomy name of the slaughter 
pen.” Here there is a lesson that should, by every 
possible moral force, be impressed upon all our 
ollicers, and still more upon all those who are, or 
should be, respcnsible for their efficiency, which teaches 
the absolute necessity for them of the knowledge, and 
a clear and comprehensive knowledge, of works of 
defence. If General Burnside had had this knowledge 
—unless he is strongly at heart a reckless savage— 
he would not have driven his troops, like sheep into 
a slaughter-house, as he did at Fredericksburg. To 
give, as far as possible, this lesson all the force it 
should have, we return again to our unfailing source, 
Colonel Chesney. Referring to Burnside’s resolution, 
he says, “There was a general misgiving as to the 
result of the experiment. Hooker expressed his feel- 
ings with characteristic vehemence; nor can it be 
doubted that had the rest of the generals known the 
full difficulties they had before them, and that the 
attack was really to be against a strongly entrenched 
camp, guarded by eighty thousand men, and mounted 
with the heaviest guns, their remonstrances would 
have been so loud as to have changed the purpose of 
their chief. But Burnside, in the belief of the enemy’s 
dispersal along the river, argued that the assault being 
made with numbers so superior, upon a line of such 
great extent, some single point would certainly be 
carried, and the rest of the defences thus made use- 


less. With the true obstinacy of a narrow mind, he 
clung to this idea, thus misapplying a rule good in 
itself. He forgot”—we should rather say did not 


know—“ that to take a continous line of works it is 
necessary, not only to enter somewhere, but to keep 
the point thus gained within the exceinte. Many are 
the instances in war where part of the defensive posi- 
tion of an army, ranged on a long line, has been for a 
moment carried, but the success not being properly 
followed by support, or the defenders having brought 
up their reserves more quickly than the assailants, the 
latter have been driven out again, perhaps with heavy 
loss. Such was the fate of Junot’s corps at Busaco, 
after it had fairly penetrated the English position on 
the crest of the hill. No less unfortunate was the 
issue of the bold attack made by the centre of the 
allies upon Napoleon’s works at Dresden, though it 
succeeded for a time.” But as striking an instance of 
the uselessness of this kind of temporary advantage 











occurred more recently on the hill held by the allies at 
Inkerman. There a Russian battalion, having crowned 
the heights ae at an unguarded point, de- 
ployed, halted, and melted away again down the slope, 
without any pressure, timid and distrustful of their 
advantage for the want of support.” 

Far more striking than any of these incidents are 
the results which we have related of the penetration of 
the enemy’s line by the Confederates at Gettysburg on 
the second, and also on the third day of the battle. 
A parallel incident is related by General Todleben of 
the siege of Silistria. On the 28th May, 1854, two 
Russian battalions, aiding in repelling a sortie, in the 
ardour of pursuit followed the Turks into the Arab 
Tabia, and, being left without support, were driven 
out with a loss of 700 men. But one that should 
touch the hearts, and thence more directly and more 
effectively appeal to the understandings of English- 
men than any of these, is related by Sir William 
Napier in his account of the first British siege of 
Badajoz; in the attempt to reduce San Christoval, a 
fort on the right bank .of the Guadiana, which com- 
manded the ground on which the besiegers intended 
to construct batteries for a reverse attack upon the 
castle. The day after the English engineer, Captain 
Squires, broke prey the French made a sortie, 
with their wonted e/an, and carried the battery, but 
they were immediately driven back by the reserves, 
who, in their fury, drove them too far, and, being taken 
in front and flank, as in the other instance we bave 
cited, they quickly retreated with aloss of 400 men. 
This was paying the penalty of ignorance, such as we 
have often paid. Had the officers leading these re- 
serves known the simplest outlines of the principles of 
fortification they pone not have led them to such a 
bloody and bootless sacrifice. But the blind monster 
Ignorance did not here terminate his cruel game. 
Referring again to Sir William Napier: “ At this 
time five engineers had fallen, and seven hundred 
officers and soldiers of the line had been inscribed 
upon the bloody list offered to this Moloch”—of 
Ignorance—“ and only one small battery against an 
outwork was completed! On the 10th it opened, 
and before sunset the fire of the enemy had disabled 
four of its five guns, and killed many more of the 
besiegers. Nor could any other result be expected, 
because the concert essential to success in double 
operations, whether in sieges or in the field, was 
totally neglected by Beresford”—the general in com- 
mand, ‘‘Squire’s single work was exposed to the 
undivided fire of the fortress before the approaches 
against the castle were even commenced ; two distant 
batteries, constructed at the false attack, scarcely 
attracted the notice of the enemy. ‘To check future 
sallies a second battery was erected against the bridge- 
head; but this was soon over-matched, and then 
Beresford, having received intelligence that the French 
army was in movement, arrested the progress of the 
snow Be The most charitable view we can take of the 
conduct of General Beresford is that he acted from 
ignorance, and even then it merits a place among the 
“crimes crying to Heaven for vengeance.” It is a 
crime with few compeers, for a man with the lives of 
so many performing the highest duties that can devolve 
upon defenders of their country’s dearest rights, at his 
disposal, to remain so ignorant of the most essential 
knowledge of his profession that he sacrifices them in 
the wild and useless manner we have described. If 
we could hope that this, and the examples we have 
shown, and the multitudes that might be added, would 
tend to the eradication of the evil we might rejoice ; 
but hard is the crust and formidable is the resistance 
of the vis inertia of ignorance. 








THE “FRANKLIN” ENGINE. 


Tue single-acting non-condensing engine, lately re- 
vived, by a youth of thirteen, under the name of the 
Franklin” engine, and which is being most decep- 
tively advertised as one which saves half the fuel, is 
not likely to die for want of interested support. The 
“inventor” (?) finds full scope for his claims in the 
columns of a paper in which the now defunct “ donkey 
injector” was for a long time puffed ad nauseum, and 
we should be in no way surprised to find the »same 
flattering discrimination yet extended to the “ Frank- 
lin” engine. So far the lad Franklin, who is more 
than precocious in his powers of self-assertion, is per- 
mitted to conduct the puffing himself in the journal 
in question, but the puff editorial can hardly fail to 
follow, and one has already appeared in the Daily 
Telegraph. 

In the so-called Franklin engine, the sole peculiarity 
is that for which Newcomen’s engine of a hundred 
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years ago is still known, The cylinder is open at one 
end, but as, unlike Newcomen’s, the engine has no 
condenser, the piston thus performs, at the utmost 
but half the work which it would if double acting. 
Newcomen’s condensed the steam after it had done its 
work in one end of the cylinder, and the piston was 
then driven back again by the pressure of the atmo- 
sphere. ‘The same plan was long employed on two or 
three steamboats plying between Southampton and 
Havre, and each of which had three cylinders with 
their upper ends open to the air. With steam of 
15 lb. above the atmosphere, one-half of its force was 
of course expended in forcing the air out of the 
cylinder, or, in other words, there was an atmosphere 
of back pressure against the steam stroke of the 
piston. But as the air pressure performed the whole 
of the work on the return stroke there was theoreti- 
cally no loss as compared with a double-acting engine, 
supposing neither to work expansively. With expan- 
sion the steam might be cut off at any point, however 
early in the stroke, in the case of the double-acting 
engine, whereas the single-acting engine would not 
work at all, because of the back air pressure, if the 
steam was expanded much below the atmosphere. 
But there would in any case be a large loss of steam 
by the cooling of the cylinder, open at every stroke, 
and for the whole length of the stroke to the air. 
This is the fatal defect of all engines having cylinders 
open at one end. 

In the “ Franklin” engine, the air in the open-ended 
cylinder does no work on the return stroke, inasmuch 
as the steam from the steam stroke is not condensed at 
all. Thus, except with two cylinders, with the steam 
acting alternately in opposite directions in each, or 
except with a heavy flywheel once got into motion, the 
engine would net work at all. The only engine upon 
this plan which we have seen has two cylinders, with 
all the usual working parts to each, these doing the 
work of only one ordinary cylinder, having double- 
acting working parts. In no possible case can the 
double number of parts have any advantage over those 
of the ordinary single cylinder double-acting engine, 
but in one most important respect the former work at 
a very great disadvantage. In an ordinary non-con- 
densing engine the temperature within the cylinder 
can at no time be Jess than 212°, for there is always 
one atmosphere of exhaust steam on that side of the 
viston from which the steam’ is escaping into the air. 
Tn other words, no air, and nothing of less tempera- 
ture than steam of atmospheric pressure, is. at any 
time present within either end of the cylinder. But 
in the “ Franklin” engine, as soon as tle steam stroke 
is made, the bore of the cylinder is thrown open to the 
air, of perhaps 50° or 70°, or whatever it may be in the 
engine room. Every engineer knows what the re- 
frigerating effect of such an exposure must be, and 
that a considerable quantity of steam would be wasted 
in condensation. But we have ourselves had ocular 
proof of what this loss really is. In the “ Franklin” 
engine shown to us at Islington, and which was work- 
ing “ light,” or without the load of any machinery, it 
required 40 1b. steam to start the engine, and 30 lb. to 
keep it working, or five times what any other good 
engine would require. When the cylinder cocks were 
opened, a considerable time after the engine had been 
at work, the escaping steam was mixed with a great 
deal of water, representing, of course, a great waste of 
fuel. All this is no more than every engineer would 
expect, and he would naturally resent any attempt to 

“ off such a wasteful engine as one which will save 


ya 
falf the fuel. This attempt is being made, however, 


but more particularly upon bankers, city men, specu- | 


lators, and others, having little or no knowledge of the 
steam engine. 
as they certainly will be, if they have anything to do 
with this hopeless scheme—they will have only them- 
selves to thank. 


NOTES FROM INDIA. 
Bengal.—Government has lately ordered a set of instruc- 
tions to be prepared for the for nation of a standing com- 
mittee charged with the duty of experimentally investigating 
the subject of torpedoes as a mears of aiding in the defence 


of rivers and harbours. 
considerable discretion; the main point insisted upon being 
that, with a view to effective application in time of war, delli- 


cacy and complexity of arrangement shall be as much as | : : 
. : | by them ‘to superintend the repairs. 


possible avoided. The instructions are said to have in view 


a systematic preparation for the employment, in case of | : : +R - - 
. _—s | proportions, without admitting any claim to priority on ac- 


necessity, of this method of rendering enterprises against 
harbours and rivers dangerous to hostile squadrons. 
Hooghly, with the available means that the Government 
dockyard and arsenal can afford, presents many advantages 
for such experiments ; and whatever succeeds in that difficult 
river can hardly fail to be applicable to such rivers as the 
Mutlah, the Salween, or the 
useful in the case of some of the harbours on the Indian 
coasts. 





| and with him Mr. Harrison and Colonel Hyde have con- 
| curred. 





If they find themselves disappointed— | 


| improvements the ryots will have to provide the whole, or a 


The committee@re to be given a} - 
ced ee ee te | for the last eight years, should be deducted trom the revenue 


The | 


rrawaddy, and may also be | 


The committee of weights and measures have at length 
finished their labours. They do not report in favour of the 
introduction of the metrical system, neither do they recom- 
mend the unmodified introduction of the English system. A 
seer of 2 lb. avoirdupois is adopted as the unit, with a series 
of multiples containing 100 lb., 200 Ib., and 2000 Ib. weight. 
The unit of length is the yard with the mile, cubit or half 
yard, foot and inch; nodivisions being proposed between the 
mile and the yard. The sole result of their deliberations on 
land measures seems to be the recommendation that Govern- 
ment should adopt the acre. The unit for measures of 
capacity is to be the English quart, which contains 23 lb. of 
water, and about one seer of rice or mixed grain. From the 
resolution of the committee Colonel Strachey has dissented, 


The contract for the Calcutta Waterworks is being rapidly 
proceeded with, and the concrete is already laid over a con- 
siderable portion of the area of the bank in Wellington- 
square. The contractor's engineer has been obliged to pro- 
ceed to Europe from bad health, and another engineer, Mr. 
Aird, has arrived, who is pushing on the works rapidly. 

In consequence of the suggestion of Mr. Rendell, the work- 
ing of the Kurhurbalee coal mines is to be resumed by the 
East Indian Railway Company with the approval of the 
Governor-General. 

The total revenue of the Government of India from the 
Ist April to 3lst December, 1867, was 31,078,641/. against 
34,886,115/. for the corresponding period of 1866. The ex- 
penditure during the same period was 28,963,931/. against 
33,208,030. 

Madras.—The Madras Government has passed an order, 
on the authority received from the Supreme Government, for 
the commencement of the New University-buildings, that the 
works shall be carried on without delay. The buildings are 
now progressing well, and will, it is expected, be finished by 
the close of the year. 

From a recent memorandum by Dr. Oldham on the alleged 
discovery of coal on the Kistnah by Colonel Applegarth, it 
appears that the doctor found no traces either of beds of coal, 
or burnt shale in a large or small bed, and did not see any 
such rocks anywhere in the field. Colonel Applegarth in 
1868, it is said, found nothing whatever that would support 
combustion to any extent excepting some old sticks and 
roots. Dr. Oldham reiterates his denial of coal on the 
Godavery, and says the coal alluded to as large “beds of 
indisputable coal on the Godavery,” is near Chanda, on the 
Wurdah, 80 miles (120 miles by river) from the nearest point 
of the Godavery. 

Colonel R. Strachey has recently prepared a long and 
elaborate memorandum on points calling for attention in the 
Revenue Survey of Mysore, with reference to the require- 
ments of irrigation works, present and prospective. He first 
suggests that the distinction made by the Survey of “ wet 
and garden” land should be altered into that of “ one crop” 
and “ two crop” land, as the charge for water should not be 
regulated by the crop grown, but by the quantity of water 
used. This would do away with the idea that the Govern- 
ment demand on the land in a great measure depends upon 
the nature of the crop grown. He also suggest that the rate 
due for the land as dry, and the rate due on the water, should 
be always distinguished, so that the irrigation might be at 
any time extended without disturbing the settlement. The 
water-rate should be calculated by a comparison of the value 
of well-irrigated land with that of dry land of an equally 
good quality and situation. The rates which Colonel Strachey 
considers as reasonable are for one-crop land 4 rupees per 
acre for tank, and 5 rupees per acre for river irrigation, 
doubling these rates for a second crop. The higher rates 
should be charged for water from tanks fed from rivers, as 
the supply is more certain. No remissions would be allowed 
in consequence of any deficiency of supply caused by the 
fluctuations of the rain-fall, unless the supply of water was 
not sufficient to keep the crops flourishing, but the rates 
should be made uniform, as far as possible for the same dis- 
trict. As irrigation extends the increased production from 
irrigated lands would tend to lower the rates of produce, con- 
sequently the maintenance of very high rates could not last 
for any long time. The liability of the Government in 
respect of the maintenance of the works should be clearly 
laid down, which liability, Colonel Strachey recommends, 
should consist in maintaining the river bunds and masonry 
works; the whole cost of the distributory channels and of the 
distribution and control of the water being borne by the cul- 
tivators, with the aid of any village allowances at present in 
existence. If the channels are maintained by Government, 
a higher rate should be charged. Powers should in all cases 
be reserved for taking up the control of the channels by 
Government, as such work might become necessary for the 
introduction of a thoroughly efficient system. The rates 
should not be’fixed for any long term, certainly not more than 
five years, in the case of all larger works. The small tanks 
will remain under the present system, but in case of any 


portion, of the expense and labour. If the ryots provide the 
whole expense only half a water-rate should be charged, but 
if only a part of it, then a proportionate reduction only 
should be made. To induce the ryots to keep these small 
tanks in good order, the average annual expense, calculated 


assessment. ‘the works would all have to be done under the 
superintendence of the irrigation officers, or the ryot named 
The supply of water 
available for irrigation is to be applicable to all lands in equal 


count of position or otherwise, the intention being to extend 
the benefits of irrigation to the largest possible area of land. 
Bombay.—It is stated that the boon of the new weekly 
overland mail is to be enhanced by improved arrangements 
for transmission across India. The express, leaving Calcutta 
every Tuesday evening, will be reforwarded from the Nainee 
junction, 4 miles below Allahabad, on the following Thursday 
morning by special train to Jubbulpore; the intermediate 





distance occupying 9 hours, at the rate of 30 miles an hour 
right through. Allowing 32 hours between Nainee junction 
and Calcutta, and 46 for the journey from Tubbulpare to 
Bombay, the whole distance from port to port will thus be 
accomplished in 86 hours. 

A correspondent of the Times of India, writing from 
Kurrachee, states that the Home Government have recog- 
nised at last the importance of establishing an unbroken 
communication between that port and the Punjab, by con- 
necting the Sind and Punjab lines by a railway of similar 
weight and gauge. Information of a reliable character, he 
says, has been received from England to the effect that the 
Secretary of State for India will issue instructions for the 
construction of the “missing link,” as the line between 
Kotree and Mooltan is termed, so soon as he receives the re- 
port and opinion thereon of His Excellency the Governor of 
Bombay. 

The continuous stream of passengers, which has been flow- 
ing down towards Bombay for the last two months, shows 
pretty conclusively that the general verdict as to the pre- 
ference which would sooner or later be given to that part as 
a homeward route, is justified already, the missing railway 
link, and the terrors of the Great Indian Peninsula and its 
crazy bridges, notwithstanding. Travellers are beginning to 
learn that both these drawbacks have been absurdly magnitied. 
The arrangements for the road between Jubhulpore and 
Nagpore, particnlarly in respect of sound and roomy 
carriages, do great credit, it is said, to Messrs. Howard, 
Brothers, whose conveyances, though recently doubled in 
number, are even now hardly sufficient for the needs of the 
public. As for the railway bridges on the Great Indian 
Peninsula, an occasional divergence from the main line 
carries the unconscious traveller round instead of over them, 
and the uninitiated would fail to observe the danger escaped 
if not pointed out to him. 








AVELING AND PORTER’S TRACTION 
ENGINES. 

Translation of Report by M. Tresca, Sub-Director of the 
Conservatoire Impérial des Arts-et-Métiers, on a Series 
of Trials made with a Traction Engine constructed by 
Messrs. Aveling and Porter, Rochester. 

Messrs. AVELING AND Porter, who have applied them- 
selves to the construction of traction engines, have already 
made a great number for business purposes; so, as it was im- 
possible for us to make sufliciently prolonged trials of these 
machines at the Exposition, we gladly availed ourselves of an 
occasion offered at the Sugar Manufactory of MM. Lallouette 
and Cie., of Beaurain, near Senlis, to witness a traction experi- 
ment with a very heavy load; and we took the necessary steps 
to register all the mechanical elements of the question. 

These experiments were, moreover, made in concert with 
Professor Fleeming Jenkin, Fellow of the Royal Society of 
London, who went into all details, and whose presence gives to 
the results arrived at a character of security that increases their 
importance. 

The Exposition trials were made with the engine “ Pioneer,” 
and these we were able to appreciate during the jury operations. 
The one used at Beaurain was called * La Ville de Senlis.” It 
had been taken beforelrand to the works, and it will be enough 
to give a summary description of it. 

The motive power consists of a single cylinder 0.280 m. 
(i1in.) diameter, with a piston stroke of 0.356 m. (14 in.). 
Lhe section of the cylinder, according to these figures, mea- 
sures 0.0613 mq. (95.0334 square inches), and the volume 
0.0218 me. (1330.46 cubic inches.) 

The piston rod acts by means of the connecting-rod and crank 
upon a horizontal shaft, which we will designate the first 
driving shaft, and that one, through the medium of geared 
wheels, upon a second shaft, relatively parallel, by means of a 
chain, with the axle of the driving wheels, which can thus work 
at two different speeds with the same speed of piston. 

For the slow speed the pinions in work have respectively 12 
and 61 teeth, the chain wheels 6 and 24, which reduces the 
number of revolutions of the driving shaft in the ratio of 

12 6 1 
— —_ 
61 24 20.33 

For the quick speed the wheels have 16 and 57 teeth, which 
reduces this ratio to 

16 


57 


Ries eae 
24 14.25 

But in our trials, with full loads, we have not had to make use 
of this second mode of transmission. 

The diameter of the driving wheels being 1 m. 95 (6.50 ft-) 
the ground gone over by every turn of the wheels should be 6m. 
12 (20.07 ft.) ; and we shall see, in fact, by the numbers shown 
on the wheel indicator, that the actual ground passed over 
differs very little from this number. The width of face of the 
driving wheels is 0 m. 457 (18 ing) They each form a veritable 
roller, bearing upon a great surface, and preventing the de- 
struction that might be found from the passage over them of so 
great a weight of macadamised roads. 

These wheels work free upon the axle, and are only keyed to 
it by means of a strong pin of 0m. 06 (2.36 in.) diameter at the 
projecting end, which it is necessary to draw out a few centi- 
metres, to unlock the wheels when going round curves. This 
mode of connexion, as simple as it is strong, is exceedingly con- 
venient, and appeared entirely to answer the purpose intended. 
The two front wheels are only 1 m. 12 (3 ft. 8 in.) in diameter, 
and 0m. 304 (12 in.) wide on the face, but when the engine 18 
on a level road they only carry 7-29ths of the total weight; 
those on the driving axle accounting thus, for 22-29ths of this 
weight. , 

The locomotive is, besides, provided with a fifth, steering, 
wheel in front, or rather a thin disc of 0 m. 762 (24 ft.) diameter, 
which acts on the road by its own weight and by that of a 
triangular frame, fixed, by means of a horizontal joint, on the 
front part of the engine, The weight of all this apparatus 18 
325 kilog. (6ewt. 1 qr. 161b.) only. This fifth wheel cannot 
exercise auy injurious action upon the ground; but slight as 
the friction is, it is sufficient for moving the fore carriage wh? 
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carries it, guided by the hand of the steerer, and by a very 
slight effort, in any required direction. — 
This entirely effectual arrangement is not one of the least 
interesting features of the engine in question. is 
The engine is strongly built, and to answer its intended 
urpose, it is connected with a powerful boiler, which, however, 
kes nothing otherwise remarkable about it. It is a simple 
tubular boiler without return flue, similar to that of a locomotive, 
and the principal dimensions of which are as follows: 


Sq. metres.| Sq. ft. 











Grate surface... ese ove el 0.7209 74 
Heating surface of firebox 4,2501 454 


Tube surface in 79 tubes, each 1m.- 
6764 (54 ft.) leng, internal diame- eae . 
ter 0m. 0.443 (1}in.), exernal dia- 21.1347 2274 
meter U m. 0.0508 (2 in.) 











Total heating surface «| 25.3848 278} 
This heating surface of 273} square feet can, when necessary, 
produce a considerable amount of steam, and it will be observed 
that it represents more than thirty-five times the grate surface. 





Kilog. |ewt. qr. lb. 


The weight of the locomotive without 





water and fuelis ... on | 14,910 |293 1 26 
The tanks contain 400 gallons, or 
1817 litres... ose ose | 1,817 | 35 2 18 
The boiler holds 218 gallons (990 


litres) ous ose eae ove 
Lastly, the firebox when fully charged 
contains 60 kilog. of coal ... oe 


990 }19 1 2% 
60 1 6 @ 














Kilog. ee es+| 17,777 [849 3 5 


Thus, the weight of the engine when loaded, but without in- 
cluding a supply of coals, should be estimated at 17,800 kilog. 
(174 tons), and only at 16,000 kilog. (15% tons) when the ten- 
ders areempty; or 16,900 kilog (163 tons) on an average. 

The wagons that the engine had to draw had been constructed 
in France, with the exception of one built in England, from the 
drawings of, and with the ironwork supplied by, Messrs. Aveling 
and Porter. 

The wagon built in England weighed 3320 kilog. (3} tons); 
those made for MM. Lallouette and Cie., in France, were rather 
heavier; they weighed 3370 kilog. (33 tons). Each wagon was 
4m, 95 (16.23 ft.) long and 2 m. 25 (7.38 tt.) wide; the height 
of the bottom of the body from the ground was 1 m. 19 (3.90 ft.), 
the distance between each wagon was 1 m, 38 (4.52 ft.) and the 
coupling at the height of 0m. 95 ar ft.) and 1 m. 20 (3.93 ft.) ; 
the line of draught rising a little from one wagon to another. 
They are each carried by four wheels, of the respective diame- 
ters of 1m. 23 and 1 m. 04 (4 ft. and 3 ft. 4in.); the width on 
face is in every case 0 m. 225 (9 in.). 

In order to form a load six such wagons were filled with coal, 
two of them were weighed on the weighbridge of the estab- 
lishment. The weight of the four others was estimated ac- 
cording to the height of the coal compared with the two which 
were weighed. 


Particulars of the Load Drawn. 


























F ‘. 0 Average| _. i 

% | Weight of Wagons Height of| Weight of Wagons 

g, | Loaded. Load Loaded. 

ef from the 

as [Kgrmes.| T. c. q. lb.| Top. |Kgrmes.|T. c. q. Ib. 

No. 

1 |10,773 | 1012 0 0] Om 50] 3,370 |8 6 1 9 

2 110,043 | 917 218] 0,, 55 | 3370 |38 6 1 9 

3 |10481] 10 6 118] 0,, 52 | 3,370 |3 6 1 9 

4 |10,043 | 917 218] 0,, 55 | 3370 |3 6 1 9 

9 |}10,627 | 10 9 020] O,, 51 | 3,370 |}8 6 1 9 

6 | 8730) 811 310] 0,, 64 | 3,320 |3 5 111 
|60,697 | 5914 8 0 20,170 11917 0 0 


The wagons Nos, 4 and 6 are those which were weighed, and 
which served for determining the weight of the rest. 

It results from these figures that, taking the mean weight of 
the engine at om oe pre aie « 16,900 kilog. 
and adding to it the total weight of thesix wagous 60,697 _,, 


we arrive at aloadof ... eee eee ws 77,597 kilog. 
(76 tons 7 cwt. 1 qr. 17 lb.), which is apportioned as follows :— 
— kilog. tons per cent. 
Weight of moving apparatus ... 16,900 = 1633 = 0.219 
Dead weight of wagons ve 20,170 = 193% = 0.261 
Nett load (cargo)... ave. 40,527 = 3938 = 0,520 








E 77,597 = 763, = 1.000 
‘ The paying load does not represent much more than half the 
_ load ; and the load drawn represents 3.59 times the weight 
: the motive power. We shall see how this enormous load has 
een enabled to be drawn on level roads and up inclines. 


: Plan of Trial. 

The weight of the various portions of the load having thus 
r en determined, the trial consisted in drawing this load in the 
irst place from Beaurain to Senlis, then from Senlis to Beau- 
rain, upon the departmental road, No. 4, from Senlis to Crespy, 
hen alois, a distance of 12 kilom. (7.45 miles), presenting in- 
re and descents, which will be indicated further on, but 
jon iM No instance greater than 0 m. 033 (1 in 80). The 
— = were noted by posts placed along the route every 
aumeel ree ee say 2183 yards apart, and a revolution 
oe a . placed upon one of the driving wheels, indicated 
of th _ of the road traversed the number of revolutions 

© eriving axle. Another revolution counter B, placed 





upon the intermediate shaft, enabled us to find the number of 
revolutions of the main shaft, by multiplying the direct result of 
the observation by the factor 61.12, which expresses the ratio 
of the number of teeth in the two spur pinions of the slow speed 
gear. A large six-plate registering dynamometer, previously 
constructed from the designs of General Morin, was fixed 
between the locomotive and the first wagon. In order to econo- 
mise the paper this instrument was only used: from time to 
time to measure the resistance on the level, or on an incline. 

Lastly, a steam-pressure indicator, of Richards’s principle, 
was fitted to the cylinder of the engine, and it was proposed to 
take sufficient diagrams during the journey to obtain the mean 
value of the indicated work. 

The water and fuel had to be, besides, weighed on the de- 
parture and on arrival! of the train, so as to check the consump- 
tion of each, the one by the other. 


Table of Observations. 


During a first journey, on the 27th of September, 1867, all 
the details of the trial were prepared, the wagons weighed, each 
one drawn into a line so as to form a train, and the engine was 
taken to test the instruments from Beaurain to the Barbery- 
road, a distance of 7 kilom. (4.35 miles). Night prevented it 
going into Senlis, where the train only arrived the following 
morning. All care was then taken to insure each instrument 
recording exact indications. The engine was watered from the 
town reservoir. 

At 11 a.m. the train was attached, the engine in front, 20 
metres (65.6 ft.) below the post 9k. 8h., with a good fire, the 
state of which was noted in order to compare it with the state 
on arrival; and at 11.15 a.m. we started, drawing the six wagons 
loaded the day before. 


Conditions ascertained on Departure. 

Fuel on the locomotive, 255 kilog. (5 cwt.); water in the 
tenders, 1705 litres (375.47 gallons); level of the water in the 
boiler, 1 centimetre (0.39 in.) below the brass case of the glass 
tube. 

Steam pressure on starting, 97 lb. per square inch, equal to 
7.60 atmospheres (French measure). 

Indicator A marking 0 

a. a 


Observations During the Run. 











. Indication [Dynamo-| Bound- | 

ee SB of Incline or Soiled ary (Counter 
5 Descent. Tracings.| Posts. 

aM & | | 
11 15 0 Incline D.No. 1 oo. | 18,206 

Counter B/failed to act durling some) revolutio|ns. 
11 18 55 oe ose eee ‘ 
mw $ one Finished ese ace 
11 21 20 Descent D. No. 2 oe 13,400 
1L 23 45 i a w» | 18,500 
11 24 25 Incline ove 10 eee 
11 25 30 eee Finished eee eee 
11 26 0 Des. 0.009 ooo ooo 13,600 
11 28 10 ose ove oe 13,700 
11 30 0 » 0.009 oe 10.4 13,790 
11 32 20 pe ose on 13,900 
11 33 48 Inc. 0.005 ooo 10.6 ee 
11 34 52 +e eos one 14,000 
11 386 3 9 0.005 oe 10.8 ose 
11 36 30 ove D. No. 3 eee oe 
11 387 40 ee ots 14,100 


11 39 10 | ,, 0.015 8 ii | 14,169 


























11 40 25 ee eee eco 14.200 
11 41 30 Top of hill | Finished ae = 

11 42 30 Inc. 0.0025 ooo 11.2 eee 

11 45 8 ose ose ove 14,400 
lL 45 15 » 9.0025 oes 11.4 ose 

mn. 6 6T oes oe oe 14,500 
11 48 0 » 0.0025 | 11.6 | 14,540 
11 49 35 eve D. No. 4 eee 14,600 
11 51 25 » 0.008 | Finished! 11.8 14,671 
11 53 15 Level ese ose eee 

11 54 14 Des. 0.007 eee 12 14,803 
11 56 15 one oe tb 14,900 
11 58 30 a pee ae 15,000 
11 58 50 Ine. 0.0007 si 12.4 15,066 

Stoppagejon account of a) startled |horse. 

12 8 0O Inc, 0.0007 ove 12.6 15,196 
12 4 0 Descent ose age eee 

12 6§& 59 Des. 0.007 eee 12.8 | 15,325 
12 8 55 Inc. 0.0016 on 13 | 15,460 
12 11 40 » 0.0016 ies 13.2 | 15,580 
12 14 14 » 0.0016 eee 13.4 15,719 
12 17 59 | ,, 0.0016 ne 13.6 | 15,853 
12 21 27 » 0.0016 eee 13.8 15,980 
12 24 10 Des. 0.01 ose 14 16,110 
12 26 52 os. Ot we 14.2 | 16,240 
12 80 0 Incline ae bes sos 

12 32 36 Inc. 0.007 se 14.6 16,500 
12 35 45 Des. 0.0006 sé 14.8 16,636 
12 86 20 pe oss 16,666 








A stoppage was now made to take in water and to breakfast 
at the corner of the Barbery-road. 

The pressure on arrival was 78 lb. per square inch; the water 
in the tender had sunk to the division marked 250 gallons, or 
1135.25 litres, which gives a consumption of 569.75 litres 
(125.47 gallons). 

The indicator A of the wheel registered 894 revolutions. 

At 1,15 p.m. the men are at their posts, the dynamometer 
paper is replaced, and all ready for departure. 


Ascertained Conditions on Departure. 
Water in the tender 403.78 gallons, or 1833.56 litres. 
Pressure, 106.5 1b. per square inch, corresponding to 8.24 
SS (French measure), counter A marking 894, counter 
: 666. 
? 














Time of | Indication | Dynamo- Bound C 
Observa- | of Incline meter Pos any al 
tion. or Descent. | Tracings. wets, ; 

SM 2 | 
1 20 0} Descent. oe eco 16, 666 


Instant stoppage to replace the paper of the dynamometer, 
which is torn. 


























1 24 15) Des. 0.0006 | D No. 5 ai 16,716 
1 25 15] ,, 0.0006 os 15.0 16,772 
1 28 10) Inc. 0.01 oe 15.2 16,904 
181 S| , oot ss 15.4 17,040 
1 34 13| |) 001 asi 15.6 17,170 
1 36 0} Top of hill. 

1 388 | Inc. 0.0028 | D No.6 

1 89 33) ...,, 0.0028 oka 16.0 17,443 
1 42 40). Level. 

1 44 465! Ife. 0.0028 eas 16.4 17,708 
1 47 12! Ineline. 

The indicator counts double for some revolutions, owing to 

vibrations. 

1 50 0! Ine. 0.033 | 

1 51 14) ,, 0.019 bs | 16.8 18,008 
1 53 25) Level. Finished. 

1 54 15] Descent. 

1 57 0} Des, 0.02 ais 17.2 18,282 
1 59 35) ,, 0.02 ms 17.4 18,414 
2 2 15 ,, 0.014 is 17.6 18,550 
2 5 5| |, 0.009 a 17.8 18,668 
2 6 30) ,, 0.014 | DNo7 

2 8 8 Ine. 0.03 sin 18.0 18,827 
2 9 40 os Finished. 

2 11 50) Des. 0.001 “~ 18,2 18,962 
2 16 59 Level. 

2 17 138) Des. 0.008 ose 18.6 19,228 
2 19 48] ,, 0.008 os 18.8 19,369 
22 oO Level. 

2 22 25) Des. 0.01 D No. 8 19.0 19,512 
2 24 0} Ine. 0.0025 

2 25 8 ,, 0.0025 eee 19.2 19,641 
2 27 52) 4, 0.0025 Bi 19.4 19,780 
2 30 25) |,,. 0.002 oes 19.6 19,923 
2 34 5 , 0,002 eno 19.8 20,062 
2 84 15 Level. Finished. 

2 36 58) Inc, 0.0026 eee 20.0 20,195 
2 39 40] ,, 0.0026 ee 20.2 20,226 
2 41 25) ,, 0.0026 ose 20.4 20,470 
2 44 39) 4, 0.001 ae 20.6 20,609 
2 27 20) ,,. 0.0001 ee 20.8 20,743 
2 49 44] 4, 0.0001 vi 21.0 20,893 
2 52 20) 4, 0.0001 | DNo.9 21.2 21,025 
2 55 15) », 0.01 * 21.4 21,157 
2 58 0 sup Finished. 

8 2 0 Level. 

3 2 5 Des.0.064 Stop. 21.8 21,454 











Conditions ascertained on Arrival. 
Fuel remaining on the engine 71 kilog. == 1c. 1q. 16 Jb. 
Ashes and cinders. ... 57.50 kilog. = 1c. 0g. 14 1b. 

Water in the tender after having refilled the boiler to the 
level at starting, 125 gallons or 567.62 litres, which gives a con- 
sumption of 1265.94 litres (278.78 gallons). ; 

Pressure on arrival 90 1b. per square inch, corresponding to 
7.12 atmospheres (French measure). 

Indicator A marking 2037, counter B marking 21,454, 

The facility with which this journey of 12 kilom. (7.45 miles) 
was coonained, led us to suppose that the limit of traction 
power had not been sufficiently attained. It was believed that 
the two additional wagons might still be attached, which Mr. 
Aveling had gone to fetch with the locomotive, from the sugar 
factory at Beaurain. He set out at 3.25 p.m. and returned at 
4.15 p.m. with a fresh load, which was yoked behind the 
principal train, and the estimate of which is as follows: 




















= Average i= 

& | Weight of Wagons | height | Weight of Wagons 

4 loaded. of the empty. 

Se load 

S| | from | —__—_ 

S Kilog.| Tons ewt. qr. Ib.| the top.) Kilog. | Tons ewi. qr. Ib. 

7 |10,278| 10 2 1 6(\0m.575| 3,370 3 6 1 9 

8 |10,278| 10 2 1 6 Om: 576} 8,370; 3 6 1 9 
\20,556] 20.4 2 12 | |-6 12 218 





In consequence of this addition, the total weight of the train 
was raised to 98,153 kilog. (96 tons 12 c. 0 q. 1b.) of which the 
load drawn comprises 81,253 kilog. (79 tons 19c. 1 q,,42 lb.), 
and is thereby raised to 4.81 times that of the locomotive. 
The adherent weight consisting of only 22-29ths that of the 
locomotive, we may call the total load equal to 7.66 times the 
adherent weight. & : 

In spite of these unfavourable conditions the engine started 
very weil, apd hauled her load on Jevel ground and up slight 
inclines with a fall of Om. 004 (1 in 250). 

The dynamometer had been detached prior to the commence- 
ment of this trial, for which the co-efficient of traction cannot, 
in consequence, be measured. r 

Every circumstaute of the trial having thus been recorded, 
we will now study the results, making as much use as possible 
of the observations obtained. 

(To be continued.) 








From tnx Nortu.—A contract for the Team Valley Rail- 
way was expected to be let to-day (Friday), The Tyne Im- 
provement Commissioners are also about to proceed with 
certain bridge works at Newcastle. There are now 86 furnaces 
in blast in the Cleveland district, while there are 47 out of 
blast. The quantity of pig made in Cleveland in the first 


four months of this year was 341,069 tons, being at the rate * 


of 1,023,207 tons per annum, 
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COUPLING JOINTS FOR CAST-IRON PILES. 


Upon the line of the Bombay, Baroda, and Central India 
Railway there is a total length of about six miles of double 
line iron bridges, all of them formed of Warren’s girders in 
60 ft. spans. These girders are supported upon large cast- 
iron screw piles, of which immense numbers are thus em- 
ployed. These piles, 30 in. in diameter and 1 in. thick, are 
cast in 9 ft. lengths; and the lengths which enter into the 
river beds are cast flush at their upper ends, and have internal 
end flanges, with holes in each for ten 1} in. bolts for fasten- 
ing the piles together, end to end. Above the water exter- 
| flanges are employed. After the piles are screwed down 


the London Engineering and Iron Shipbuilding Company, 
whose extensive works are on the Isle of Dogs, near Poplar, 
were the principal makers*of the girders (about two thou- 
sand in senbeibapen the Baroda line. These gentlemen have 
lately introduced a coupling joint, for cast-iron piles, which 
has no bolts, and in which, therefore, the evil of corrosion, to 
which wrought iron in water is always liable, is avoided, as 
well also as the difficulty and delay of making the ordinary 
bolt fastening. Their invention is a peculiar form of socket 
joint, the socket being of but little depth in proportion to the 
diameter, and the parts are so arranged that by entering the | 
plug end (or nearly plain end) of one pile into the socket of 
the other, and then turning the former, around its own axis, 
a little to the right or left, it locks perfectly, so that the two 
= ean neither be pulled apart longitudinally, slided apart 
aterally, nor further moved upon each other in the direction 
of their circumference. The idea is much the same as that 
embodied in a well-known form of air-tight stopper employed 
for closing bottles of preserved fruit and other articles of food 
— to be protected from the air. 

he illustrations will convey a good idea of the joint, 








into the river bed, they are filled -vith concrete, and this effee- 
tually protects the bolts from corrosion ; but the bolts through 
the external flanges have been sometimes found to be so cor- 
roded, after only four years’ exposure, as to be wholly useless. 
Apart even from this consideration, the work of putting in 
the bolts, and screwing home the nuts at each of the internal 
joints, the workmem descending through a 22 in. opening, 
and working within a tube of only 28 in. internal diameter, 
is not altogether easy, nor is the result always satisfactory ; 
for no work, except under the closest oversight, stands a 
better chance of being “scamped.” Yet the security of no 
other work in the bridge is of more importance, for the lateral 
strength of the entire structure depends upon the proper 
fastening of these bolts, and so, too, does the resistance of the 
coupled lengths of every pile to torsion in screwing down 


swelling around the end of each pi 
surfaces flush. The onl 
castings moulded for t 
lathe, and in this respect it is cheaper than the flange joint, 
and it involves also somewhat less weight. 
jointed in this manner the work is, of course, greatly expedited 
as compared with flange joints, since there is hardly more 
to do than to place the separate lengths one upon the other. 


joint, the flanges being external and strengthened by stout 


showing as they do the series of external equidistant dove- 
tailed projections on the end of one pile, which are entered 
between the corresponding internal projections (also equi- 
distant and dovetailed) of the socket of its adjoining pile. 
Once entered, by merely dropping the upper upon the lower 
length of the pile, the upper length has only to be turned 
round, to the right or left, through a distance equal only to 
the breadth of one of the projections in question, and it is 
locked beyond any chance of pulling the two lengths apart. 
But as the upper length might be turned too far, so as to 
bring it where it would again unlock, two stops are placed in 
the socket, and two curved slots are so formed in the upper 
length that, once fully locked, either to the right or left, the 
upper length can be turned round no further. 
The illustrations show two short lengths of a pile in which 
the internal surface is flush throughout, the joint being 
formed in an external enlargement of both lengths; the 
socket of the lower length being moulded with a bead or 
ornament of any desired form. But the joint can be as 
readily, cheaply, and pe peerage formed by an internal 
e, thus leaving the outer 
finishing required upon the rough 
s joint is cheaply performed in a 


hi 


In erecting piles 


As each length goes upon the one below it it receives a slight 
turn to the right or the left and the fastening is complete. 
The direction of this turn, whether to the right or the left, 
depends, in the case of screw piles, only,upon whether the 
screw thread is right or left handed. 

A very important advantage of this joint over flanges and 
bolts is its power to resist torsion in screwing down piles, in 
which respect it is greatly superior to the old form, as the 
results of the following experiment conclusively showed. 
Recently at the yard of the London Engineering and Iron 
Shipbuilding Company, four 9 ft. lengths of 30 in. piles, cach 
Lin. thick, were secured end to end, in one 36 ft. length, the 
end lengths having the usual Mitchell screw. There were 
thus three joints. The middle one was a flange and bolt 


brackets. To one side was an internal flange joint made with 
ten 1} in. bolts, while to the other sidé was the new locking 
socket joint. The object being to see which joint would first 
give way under great torsional strain, such as might be applied 
im screwing down a pile, a girder, 56 ft. long, 3 ft. deep, and 
weighing about 6} tons, was fastened, by one end, and at 
right angles to, each of the outer lengths of the pile, one 
girder lying to the right of the length to which it was fastened 
and the other to the left, like the opposite arms of a rocking 
shaft. As both girders were of the same length and weight, 
and were fastened to the pile in the same manner by means 
of a half hoop of § in. plate iron 24 ft. wide, and secured by a 
number of strong bolts, one girder could only descend by 
raising the other, and the strain upon all the joints was alike. 
Hardly one-half of the weight, with its long leverage, of each 
girder had been applied (by lowering from a tripod) to the 
pile before the internal flange and bolt joint gave way, and 
the outer length on that side was cracked along two lines of 
fracture, for nearly its whole length. The coahet joint and 
its corresponding length were uninjured, and on separating 
the two adjoining lengths at this joint, hardly the least evi- 
dence of pressure was visible upon the two stops by which 
the whole resistance to torsion was afforded. We subjoin an 
official account of this trial. 


Particulars of the Test of Westwood and Baillie’s Patent 
Joint for Screw or other Piles against the Screw Piles in 
use on the Bombay, Baroda, and Central India Railway, 
at London-yard, Poplar, on Tuesday, April 28th, 1868, 
in the presence of Colonel Kennedy, engineer of the rail- 
way, G. Preston White, C.E., W. Galwey, Esq., C.E., 
Messrs. Westwood and Baillie, and other gentlemen. 


The test was as follows:—The screw end and next length 
of the Bombay pile, with an external flange at one end, were 
connected by means of ten ldin. bolts through the internal 
flanges. Two corresponding lengths of pile of the same 
dimensions as above find been cast, but with Westwood and 
Baillie’s patent joint in place of the internal flanges and 
bolts. The lengths of Bombay pile and the patent pile were 
arranged in one row, being connected to each other by the 
external flanges with ten l}in. bolts. After being thus 
united, they were carefully levelled on a strong bed of timber, 
and at each end next their screws a lever 56 ft. long, and 
weighing 64 tons, was fixed at right angles, but in opposite 
directions, by means of a band of iron 2 ft. 6 in. wide by { in. 
thick, secured through the body of the pile by a number of 
bolts. The other ends of the levers were douuan by a derrick, 
and on lowering the ends a twisting or torsion strain was 


| if I had any drawings of the apparatus introduce 


internal flange of the Bombay pile, and immediately upon 
their breaking the pile split up in two parts of its circum. 
ference, commencing from the two bolt holes and terminating 
a few inches from its screw ends, the distance being about 
8 ft. The calculated strain to cause this fracture was about 
250 tons. Upon taking apart the patent joint no marks were 
visible on the stops ; the fracture in the Bombay pile did not 
show any weakness in the metal, which was of a very good 
colour and tough. 





LIQUID FUEL. 

Mr. Ayprew Lams, the engineer of the Peninsular and 
Oriental Steamship Company, has addressed the following 
letter and annexed copy to the Editor of the Hampshire Ad. 
vertiser : 

To the Editor of the Hampshire Advertiser. 
P. and O. Offices, Southampton, April 28, 1868. 

Sir, —In a late number of the Advertiser I noticed an 
article on liquid fuel for steamship boilers, which was brought 
forward as something quite new, but in order to show you 
that it is not anew application, I send you a copy of a letter 
from John Bourne, Esq., C.E., author of the “ Catechism of 
the Steam Engine,” and other standard works. By this you 
will see that he was the inventor of the liquid fuel, although 
he never followed the subject up. I can testify to all that is 
stated by Mr. Bourne, as the trial of his invention was con- 
ducted under my personal supervision. 

I am, Sir, yours obediently, 
A. Lams. 


(Copy.) 
Berkeley-villa, Regent’s-park-road, April 18, 1868. 

My dear Sir,—I have been looking through my eee to see 
i into the 
City of Londonderry steamer—I think in 1834—when you were 
engineer of that vessel, for burning liquid fuel in the furnaces 
in lieu of coal, but I have not been able to find any drawings of 
the arrangements adopted, which, however, I very distinctly 
remember. On each side of the steam chest there was a large 
tank introduced for holding coal tar, which being a refuse 
material was the cheapest tuel that could then be obtained. 
Pipes communicating with the steam chest enabled the steam 
to press upon the top of the tar, and force it through a pipe 
running across the front of the boiler above the furnace 
doors, and short vertical pipes, with cocks, led from the hori- 
zontal pipe into each furnace through a notch cut in the top 
of the door, so formed as to be made tight by the pipe when 
the door was shut. A similar vertical pipe and cock con- 
ducted a small jet of boiling water from the boiler into 
the furnace, and the two converging liquid jets were vaporised 
in the fore part of the furnace and ignited at the after part, 
a sufficiency of hot air being made to pass through the 
fire-bars to accomplish this ignition. In this case it was 
a jet of tar and a jet of water that were introduced to- 
ether into the furnace, whereas in the arrangement men- 
tioned by Mr. Selwyn, I understand that a jet of tar or 
petroleum is used with a jet of steam; but the effect is the 
same, whether the steam is generated in the boiler or in 
the furnace, as it is the vapour of both liquids that is 
ultimately dealt with. I made a great number of experi- 
ments on this subject at Lynnbury in 1834, 1835, and 1836, 
as you will no doubt remember, and I had a boiler constructed 
for testing the evaporation and generating steam, and 
also a boiler-plate retort for rising the tar into vapour, 
the hydrocarbon vapour being conducted through hollow 
furnace bars, and emitted through holes at the sides. The 
fire was, in some cases, made without coal, of pieces of fire- 
brick, which were kept in an incandescent state by the ascent 
through them of the inflammable vapour, mixed with a 
roper proportion of air. A great number of experiments 
were made by me, the result of which showed that gas tar 
might be made an efficient fuel; but though then a waste 
material I did not see then, nor do I see now, how it could 
cease to be a waste material so soon as a mode of burning it 
was introduced, and the conclusion arrived at by me was that 
in the end it would not be more economical than coal, and 

would be somewhat more dangerous from fire. 

Certainly we now have petroleum springs which we had 
not then, yet it is not, I believe, asserted that a ton of petro- 
leum is cheaper than a ton of coal, and I distrust all state- 
ments which make it much more powerful in evaporative 
effect. I did not arrive at any such result. 


Yours truly, 
Andrew Lamb, Esq., C.E. J. Bourne. 








SHIPBUILDING aT SovuTHAMPTON.—Messrs. Day and Co., 
of the Northam Ironworks, have received an order from the 
Peninsular and Oriental Steam Navigation Company to build 
an iron screw steamer of about 3000 tons, builders’ measure- 
ment, and to be fitted with direct-acting engines of 600 horse 

wer. Her dimensions will be, length between perpendicu- 

ars, 345ft.; breadth, 42 ft.; and depth of hold, 34 ft. The 
Peninsular and Oriental Company’s screw steamer Northam, 
which was built at Messrs. Day’s, and which recently re- 
turned home from the India station, where she has been 
employed for several years, is undergoing a thorough refit in 
the Northam yard, including entirely new engines and 
machinery. = ’ 

SHEFFIELD.—The state of business affairs has, if anything, 
something improved during the past week. There isa pretty 
good demand for railway materié/, and a better inquiry has 
also been experienced for steel. c 

Rartways in ArgEeRta.—The Paris, Lyons, and Mediter- 
ranean Railway Company appears to be pushing forward 
with energy the works of the lines which it has on hand m 
Algeria. The works of a line from Algiers to Oran are now 
in progress throughout; and one section, from Relizane > 
Oran, is expected to be opened for traffic in July. A secon¢ 
line, from Philippeville to Constantine, is expected to be com- 
pleted for traffic in the course of 1869. No less a sum than 
1,004,7407. was expended upon these Algerian lines in 1867, 








into the river bed. 
Messrs. Westwood and Baillie, the managing directors of 





produced on the piles, which broke two of the bolts in the 


and they have now absor altogether 2,744,947/. 
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Tue bridge now in course of construction over the river 
Ohio, at Louisville, is the longest iron bridge yet erected or 
commenced in the United States, and it will include amongst 
its openings two of the largest spanned by trussed girders as 
yet constructed in America. It will, when completed, carry 
across the Ohio a line connecting the Louisville and Nash- 
ville with the Jeffersonville and Indianopolis railroad, the 
line, as shown in the general plan, forming a connecting link 
between two immense railway systems, the northern and the 
southern, at present divided by the river. The bridge will 
consist in all of twenty-seven spans, twenty-six over the river 
and one over the New Albany and Jeffersonville Railroad ; 
and these spans, witg the abutments, will make up a length of 
5280 ft., or just one mile. The length of the various spans, 
measured from centre to centre of piers, are as follows : 





ft. 
Kentucky abutment ... eco ee oo «900 
2 Spans of 50ft. ... ove ove +. 100.0 
1 Pivot draw of 264 ft., over canal... «. 264.0 
4 Spans of 149.6 ft. ... ose ave - 698.4 
2 Spans of 180ft. ... ose . . 360.0 
2Spansof210ft. ... se ove ene 420.0 
2 Spans of 227 ft. ... ase oo =e 454.0 
1 Span of 370 ft. over Middle Chute ° 370.0 
6 Spans of 245.5 ft. ... ove ose 1473.0 
1 Span of 870ft. ... = ace ane See Ss «870.0 
1 Span of 210ft. ... eve ove «. 210.0 


2 Spans of 180ft. ... ove oe +» 860.0 


ef abutment ws . Pe . ~— 20.0 
riage over ew any ani ellerson- 
=e.” } 61.0 


eee 








Total length oe soe = eve: 280.0 
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The bridge will carry a single line of railway at the centre 
of its width, and two street tracks, one on each side, these being 
arranged so that they are each formed by one rail of the 
railway line and an additional rail laid outside. This arrange- 
ment, together with other details, is shown by the transverse 
section, Fig. 3, which we give on the preceding page. It, of 
course, follows that when a locomotive and train 1s crossing 
the bridge no street cars or other vehicles will be able to 
cross at the same time ; but when the bridge is not occupied 
by a railway train, ordinary street cars and carriages can pass 
each other on it at any point. The time occupied in cross- 
ing the bridge by a locomotive and train running at twelve 
miles per hour will be five minutes; and as at present the 
Jeffersonville Railway Company run but six trains daily each 
way over their line, the bridge would be occupied by them but 
one hour in the twenty-four. Of the twelve trains above 
mentioned, seven will cross over the bridge during the fourteen 
hours, from 6 a.m. to8 p.m., and occupy the bridge thirty-five 
minutes during that time of the day during which the traffic 
is the heaviest, leaving the remaining time free for the cross- 
ing of the street cars and wagons. 

As will be seen by the Table which we have given above, 
the bridge will ladede two spans of the great length of 
370 ft., and a pivot bridge 264 ft. in length, this bridge giving 
two clear openings of 114 ft. Gin., one on each side of the 
— pier. The line will not cross the bridge on the level. 

n the Kentucky side the line approaches the bridge with a 
rising gradient of 82 ft. per mile, or 1 in 644, and on reach- 
ing the first _~ it is 61 ft. above the low-water level. Tho 
gradient we have mentioned is continued until pier No. 13 
on the south side of the middle chute is reached, at an eleva- 
tion of 95 ft. above low water in the middle chute, and at a 
distance of 2500 ft. from High-street, and 2196 ft. from the 
face of the southern abutment. From this point the bridge 
is level for a distance of 2213 ft., until pier No. 21 on the 
north side of the Indiana chute is reached, crossing the 
Indiana chute at a level of 1014 ft. above low water. From 
this point the grade descends at the rate of 78%; ft. per mile, 
reaching the northern abutment at a distance of 805 ft. from 
pier No. 21, and at an elevation of 35 ft. above the surface of 
the ground. 

The grade of the approaches continues to descend until it 
strikes the surface of the ground, at the crossing of the 
Jeffersonville and New Albany Di © lowest point 
of the superstructure over the middle chute is 904 ft. above 
low water, and over the Indiana chute 96} ft.—the low water 
in the Indiana chute being 64 ft. lower than in the middle 
chute. The extreme rise of the river at Louisville, above low 
water, is, we may mention, 404 ft. 

The general character of the superstructure will be seen 
from the outline diagrams Figs. 1 and 2, the former compris- 
-ng the five spans nearest the northern bank of the river, and 
the latter showing the two small spans on the southern side, 
together with the pivot span dually mentioned. As will be 
seen by these figures the rails are, except in the case of the 
870 ft. spans, carried at the level of the tops of the girders, 
these being of the class known as the Fink truss. As this 
truss is comparatively little known in this country, we have 
given an enlarged half elevation of a span of this kind, and 
we may quote hess a description of it given in a paper on 
“ American Iron Bridges” read by Mr. Colburn before the 
Institution of Civil Engineers some time ago: “In this 
bridge a pair of diagonal tension bars connects the foot of the 
principal strut, or ‘ king post,’ in each truss, with the ends of 
the top chord. This pair of diagonal bars supports one-half 
of the whole weight of the truss and its load. Each half 
span is subdivided by a strut, and two diagonal tension bars 
extend, one to the nearest end of the top chord, and the other 
to the top of the centre post. Each quarter span is again 
subdivided into eighths, and these again, for spans greater 
than 100 ft., into sixteenths. In a truss of this Kind, having 
sixteen panels, the weight at the bottom of the strut nearest 
to either of the piers is distributed as follows: Calling the 
weight one, one-half is transferred directly through a tension 
rod te the nearest end of the top chord, and thus upon the 

ier. The other half is carried up to the top of the second 
strut from the pier, and is received at the bottom of that strut 
Lya pair of tension rods, which subdivide this half between 
them, one-fourth being taken directly to the nearest pier, 
whilethe other fourth is transferred to the top of the strut 
atthe quarter span. This fourth is again subdivided at the 
foot of this strut, one-eighth being transmitted through a 
tension rod to the nearest pier, while the other eighth passes 
to the top of the middle strut of the whole span, and is re- 
ceived at the foot of this strut by the main tension rods, 
which thus transmit, each one-sixteenth of the original load, 
to each pier. Thus the weight at the foot of the first strut 
from the end of the truss is distributed as follows: One-halt, 
one-fourth, one-eighth, and one-sixteenth, or, in all, fifteen- 
sixteenths of that weight reach the top of the nearest pier, 
through four converging sets of tension rods, while the re- 
maining sixteenth reaches the opposite pier, after having 
been first brought to the foot of the @ntre strut, through the 
intervention of three separate systems of tension bars. With 
the exception of the load at the foot of the centre strut, which 
load is transmitted directly to the piers, the loads at the 
bottoms of the vertical struts are more or less subdivided, in 
the manner just described, before reaching the ends of the 
truss. It may be mentioned that a few years after Mr. Fink 
had executed bridges upon this system, it was introduced to 
the notice of English engineers by Mr. Pittar.” 

The bridge over the Ohio, of whith we have, above, given 
some particulars, is being constructed for the Louisville 
Bridge Company, the chief engineer to the work being Mr. 
Albert Fink, and the assistant engineer Mr. F. W. Vaughan. 
The contract for the masonry was let to Messrs. Nash, 
Flannery, and Co. on the 20th of April last year, and, after 
some delay in making preparations, the work was com- 
menced, and the first stone laid on the Ist of August follow- 
ing: Since that time the work has progressed favourably. 
Although it was contemplated that a larger quantity of ma- 
sonry would be executed during the past year than has actually 


been laid, yet, owing to the extraordinary season of low water, 
the most difficult foundations for the piers were put in at.a 
less expense of time and money than there was any reason to 
expect. With the proper efforts on the part of Messrs. Nash, 
Flannery, and Co., which no doubt will be made by these 
gentlemen during the coming year, the completion of their 
work may be expected, as agreed upon, by the Ist of 
September, 1869, and perhaps at an earlier day, as in that 
case the Bridge Company have agreed to pay a liberal bonus. 
The cost of the bridge and approaches, including the three 
and seven-tenths miles of connecting line, has been estimated 
as follows: 
Masonry, including foundations $476,962 00 
Graduation and macadamising 56,000 00 
Superstructure ... eos ove ose 776,090 00 
Track on bridge and connecting road 70,000 00 
Toll-houses and fences ... ee aes 15,000 00 
General expenses and engineering 50,000 00 
Contingencies ... ose 55,948 00 


Total aii 
Right of way and depét grounds 


Total hee 


1,500,000 00 
100,000 00 


we 1,600,000 00 








ON THE FLIGHT OF BIRDS, OF BATS, AND 
OF INSECTS, IN REFERENCE TO THE 
SUBJECT OF AERIAL LOCOMOTION. 

By M. Dr Lucy, Paris. 
(Translated.by Cornelius B. Fox, M.D., M.R.C.P., 
Scarborough.) 

(Continued from page 488.) 

Vil. 


Arter what we have said of the prodigious force of insects, 
must we conclude that the force necessary to raise oneself 
in the air ought to be considerable, and should we, relying 
on this fact, decide in favour of the calculations of Navier 
and Borelli? Although it may be very difficult, not to say 
impossible, to estimate experimentally the muscular force of 
the winged animals, the observation, the rationality, and the 
theory of flight which I have endeavoured to develop in the 
course of this essay, will suffice, I hope, to guide us in the 
investigation and appreciation (if not perfectly exact, at least 
a good approximation) of the maximum of force that a bird 
must develop in order to move itself in the air. 

If the reader will recall to his mind the fact that the bird, 
in extending its wings, finds itself by this single action fur- 
nished with a natural parachute, which, owing to the resist- 
ance of the air, counteracts the direct action of gravity ; so 
that the bird does not fall, as the law of gravity would re- 
quire nearly 17 ft. in the first second, and during the other 
seconds this number multiplied by the square of the time : 
but that, on the contrary, it traverses during the first second 
& space much less on the one hand, and on the other hand, this 
space passed through does not increase with the square of the 
time, remaining always equal to what it was during that first 
second. Hence we must naturally conclude, Ist, that a 
winged animal has not, as Borelli and Navier thought, to 
develop foree in order to prevent itself from falling about 
17 ft., because this fall cannot occur; 2nd, that a force neces- 
sary to stop the fall during only a fraction of a second is quite 
sufficient for it. Now, what is the space traversed during 
one-tenth of a second by a body left to itself? This space is 
(19.29) in.; and if the body is supplied with a large surface 
of suspension, we can understand that it will no longer be 
19.29 in., but a space much less, and which we may estimate, 
if we will, at a moiety only of this amount, it may be 25 centi- 
métres (9.84in.) It isnecessary, then, in this case, for a bird 
weighing 1 kilogramme (2 lb. 3 0z. 4.428 dr. ayoirdupois, or, 
2lb. 8 oz. 3dwt. 2gr.) to possess a force necessary to raise 
itself 25 centimétres (9.84 in.) at each flapping of the wing, 
which would produce, if we suppose ten strokes of the wing 
during the second, a force of 2 to 3 kilogrammétres.* ,Butif 
we reflect that between each stroke of the wing there is one- 
tenth of asecond during which the bird does not fall, but 
elevates itself under the impulsion that is given to it, we shall 
see that there will be no more ten strokes of the wing, but 
five only, which the bird will have to make during a second, 
and the foree which will be requisite for this work will not be 
more than 1 or 1} kilogrammétres. 

I have said requisite, because it is unquestionable that the 
intrinsic force of this bird is greater, and may be estimated at 
3 kilogrammétres, for it must not be forgotten in what 
element and in the midst of what dangers and perils.the 
winged animals pass their lives. Sometimes they are rocked 
by the wind which sustains them without, their making the 
least effort to support themselves ; now, on the contrary, they 
have.to struggle against. this wind, in order to advance and 
reach their destination, and, in such a case, the work that 
they have to endure far exceeds that which is sufficient in 
ordinary calm weather. In addition to this, the winged 
animal lives in a state of perpetual warfare, in pursuit or 
pursued: from the powerful eagle even to the minutest insect, 
it is always on the alert, always.on the look out, and prepared 
to attack an enemy or flee from. it, to exert at a given 
moment all the strength that. nature has given to it in store. 

We have been studying successively the three component 
elements of flight—the weight, the surface, and the force: in 
a succeeding article we shall follow the winged animal into 
space; we shall examine the manner in which he employs 
his maryellous powers, and perhaps we may happen to con- 
vince ourselves of the possibility of 8 man applying. the laws 
of flight to industrial purposes, in the same manner. as he has 


° 2 kilogrammatre is the force nec to raise a kilo- 
gramme (2 Ib. 8 oz, 3 dwt. 2 gr., or, 2b. 3 oz. 4.428 dr. avoir- 


time, 


dupois) to the height of a méatre. (39.371 in.) in.a second of | digi 


been able in these days to apply all the grand physical laws 
that he has taken the trouble to study and fathom. 


IX. 

The shape of the wings, their texture, their number, the 
matter of which they are composed—all these elements, which 
of course form a part of the phenomenon of flight, can only 
have, in my opinion, a very secondary importance. 

Nature, in varying, so to speak, infinitely the construction 
and material of the wings of all flying beings, seems intent 
on making us understand that, in our researches, we must 
not take into account the differences between one winged 
animal and another, but only the great common characters, 
the great general properties, which are invariably the same 
amongst all, and which we constantly find through all the 
modifications of details. 

These great general characters of the wings are two in 
number; the first, which we have already mentioned, and 
the chief importance of which we have seen, is the extension 
of surface. The second of these characters resides in the 
articulation of the wing at its point of attachment, relatively 
to the body, that is to say, to the moving body, which it is 
designed to sustain and transport. 

We shall have to study carefully that mechanical fact 
which plays in aviation a part of the first order, but it is 
necessary, first, to examine rapidly the external form and 
construction of the winged animals. 

In the chapter which treats of the surface, we have mo- 
mentarily looked upon the wing as a fixed surface playing 
the part of a parachute, in order to sustain the bird in its 
descent, and overcome, through the resistance of the air, the 
increasing influence of gravity. We have seen the bird 
descend pny ee ar glide away obliquely, according to the 
horizontal or inclined position of its wings, and support itself 
thus on the stratum of air beneath it, which sustains it like 
an ever tense spring. Such is not, we know, the usual action 
of the wings. Armed with a muscles, which depress 
them with great force, they beat the air violently, and excite 
in that fluid a reaction increasing as the square of the 
velocity with which they move themselves. But when, after 
several flappings, the bird has acquired, by the weight of its 
body, a certain velocity of propulsion, the wing resumes 
from time to time its horizontal and fixed position to glide as 
a —_ on the air, and thus avail itself of the acquired 
velocity. Besides, the wing is not the only organ in the 
winged animal that plays the part of a fixed plane. The 
ab body, the head, the abdomen, the tail, and often even 
the beak and the feet amongst the great wading birds; 
amongst the bats, besides the body, the ears, which are in 
some of them considerably developed; and in ‘the class of 
insects, the head, the corcelet, the belly, frequently the legs, 
when of great length, the antenna, the elytras of the Cole. 
optere, of the Orthoptere, and Hemipter@; in short, ina 
winged animal, the whole body, and all the horizontal organs, 
become, after the spring has been given, true gliding surtaces. 

All these parts, working together with the wing, co- 
operate, then, in the production of flight, and even the back 
itself, during the shock of the wing, supports itself on the 
superior stratum of the air, to change the ascending vertical 
movement into an ascending oblique or progressive movement. 
If this is the case, the whole winged animal may be con- 
sidered as a gliding plane, a part of which is fixed and the 
other mobile, the whole maintained in a stable equilibrium 
by a mass, more or less heavy, placed a little below the point 
ot suspension, and exactly at the centre of the surface. This 
heavy part, which is requisite for the total equilibrium, and 
which, moreover, plays the important part of the fly-wheel, 
by storing up the acquired force to dispense it during the 
transit of the winged animal, Nature ke disposed in the 
most ingenious and economical manner, in turning to account 
for that purpose the vital organs of the animal, its heart, its 
intestines, and its lungs, as well as the large muscles of the 
wings and thighs. 

As to the point of attachment of the wings and depressor 
tendons, we have seen that, amongst all winged animals, 
Nature has taken care to place them above and ¢lose to the 
eentre of gravity, and we see that, in consequence of that 
disposition, nothing can alter the equilibrium; neither feeble 
and soft movements; nor violent efforts, as would inevitably 
have occurred with any other arrangement. Besides, the 
point of attachment of the wing, or plane of traction, corre- 
sponds in an identical manner in the winged animal with the 
point of attachment of the cord of traction in the kite; this 
fact, being moreover perfectly natural and logical, deserves 
to be noted, for we shall have hereafter to make use of it. 

We have said that, after some flappings of the wing, the 
winged animal avails itself of the aequired velocity to glide 
softly on the air without effort, without fatigue. This glid- 
ing movement is found generally amongst all birds, and 
amongst most insects, but in very variable degrees. Some 
glide for a long time, either in directing themselves straight 
to their destination, or in describing in the air very extensive 
curves. The swallow, the falcon, and the frigate bird, possess 
to a very great degree this sort of flight. Others, on the 
contrary, enjoy but little of this power, and their flight con- 
sists chiefly of regular and steady flappings. Amongst the 
little birds, the Fringillide, the Granivore, the fight 1s 
jerked; it consists of six rapid ascending flappings of the 
wings, followed by a descending gliding motion ; this kind of 
flight recals to one’s mind the teeth of a saw, or the zigzage of 
a festoon. It is observable that, amongst the birds w ich 
glide best, the wing is. terminated by a tapering point, 
and presents an almost completely flat surface, whilst amongys 
other birds the wing is rounded at its extremity, and hollowe: 
out in the shape of a spoon. It is elear to all that the latter 
form is somewhat unfavourable to gliding. Almost every 
one knows the external conformation of the bats. _ 

strange mammifer@, covered with hair like all the 
animals of their class, fly by the aid of a vast membrane 
which covers the whole space between their arms and legs, 
as well as the entire space between their excessively long 
igits. This membrane, which is very supple, but ah 
very gteat strength, is formed of the skin of the an 
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superimposed and doubled, enclosing between the two epi- 
dermes, a great number of blood vessels and nervous fila- 
ments, the bones and the muscles of the arms and legs, as 
well as the long phalanges of the digits. Very frequently 
this membrane is continued between the legs enveloping the 
tail as far as its extremity. Moreover, these animals possess 
very large ears, and amongst some kinds this organ is so 
much developed that their surface is equal to a fourth of 
that of the body of the animal. It is evident that, amongst 
these winged, animals, the ears play an important part during 
the act of flight; they are true inclined planes which, 
altering their direction according to the motions of the head, 
are employed as a rudder, and even contribute to the ascend- 
ing flight. 

The bats have a surface relatively greater than that of 
birds. Is their membranous and bare wing less favourable 
to flight than feathers? I am inclined to believe it; but we 
must not forget, also, that the bat is a mammiferous animal ; 
that, throughout the whole of its gestation, it flies with a 
supplementary weight ; moreover, when the young ones are 
born, they hang on to their mothers’ breasts, and she bears 
them along in her flight without appearing embarrassed. 
iThe flight of the bat is generally regarded as awkward, 
rregular, jerked, but that estimate is a false’ one, and pro- 
ceeds from incorrect observation. 

The bat spends the whole day in its retreat. When the 
twilight advances, it goes out starving, and thinks only of 
chase. The air abounds with insects of all kinds; it rushes 
right and left upon those which pass before its eyes. Hence 
that divergent, jerked, and apparently indecisive movement 
which, to the observer, is, on the contrary, the sign of a 
great steadiness of flight and agility in directing itself; but 
when hunger is appeased after an ample chase, about ten 
o'clock in the evening, for instance, the flight of the 
Chiropterw assumes quite a different character; it is calm, 
regular, rectilinear. We know, besides, that the Roussettes 
(fox bats), and all the large frugivorous kinds of bats which 
live in tropical countries fly toa great height in numerous 
troops, and traverse space like real flocks of birds. 

Shall I be allowed to endeavour to reverse the opinion 
entertained respecting this poor bat, so disdained, so despised, 
and yet so worthy of our interest and study ? 

We often have compared the monkey with man; we have 
made it a type, a living symbol of our physical and material 

owers, and we cannot, in truth, resist such thoughts whilst 
looking at a female monkey holding in her arms and pressing 
on her bosom her young offspring. The waters, also, con- 
tain their human symbol, and the traveller, who sees far on 
the sea the powerful torso of a Phoca or bearded Manatee 
holding between its fins and pressing upon its breast the 
young one which it suckles, the astonished traveller thinks 
of the marine man. 

Well, the air itself possesses also its human type; man 
has his symbol also in the ethereal regions. 

Next to the monkey the Chiropterous animal is the animal 
which most resembles man in its physical and anatomical 
conformation ; it is, with the monkey, the only animal in 
which certain external organs are similar to those in man 
and woman. Moreover, it carries its offspring in its arms, 
and suckles them on its breast. But—and it is the point at 
which I want to arrive—the monkey, a type of flexibilit 
and physical agility, has been surpassed by man in all 
the exercises of the body, and the clever gymnast, the 
rope dancer, the dislocated mountebank, leave far behind 
them the gymnast of nature. As for the Phocw, Amphibia, 
Cetacew, if we have been unable to equal them in the exercise 
of natation, art and science have given us ships, diving 
bells, and cork jackets—the first, to pursue a | overtake 
them in their frozen retreats; the second, to plunge into the 
waters and live there for a longer time than the Cetacew 
themselves can remain. Should we not conclude that the 
flying man or the Chiropterous animal will be one day not 
only equalled, but surpassed by us, and that by the aid of 
science and mechanics ? 

The class of insects is a fruitful mine for the patient ob- 
server. We already know that the insects, relatively to their 
size, possess the largest surface and the greatest muscular 
force. We have given to this double phenomenon the ex- 
papetion which we thought the most exact, sensible, and 
logical ; but, whatever may be the cause, the fact neverthe- 
less exists, and I intend hereafter to draw from it some im- 
portant deductions. 

Besides that very remarkable singularity, we find also, 
among the insects, a very great variety of locomotive organs. 

It is not my purpose here to enter into all the details of 
construction that present themselves in the wings of insects ; 
that subject would lead us too far, and, besides, I confine 
myself in this dissertation to the exposition of the great pro- 
perties common to all winged animals, without ta ing into 
account the details of execution and the peculiar form of the 
wings of particular individuals. Let us observe, merely, 
that in this class, as in that of birds, the best fliers have long 
flat wings (Dragon-flies, Flies, Ichneumons), and that amongst 
- Lepidopterx, those which have the smallest wings, and the 
argest body fly the best (Sphinx, Moths) ; whilst the butter- 

es, which, with a very light weight, present enormous 
surfaces, have an unsteady flight. This fact will not 
= te the reader if he brings back to his memory what 
coullite’ said at the commencement of this essay on the 
P midrium necessary and obligatory between the three 

rms of flight—the weight, surface, and force. 
: xX. 
w] — to ord between: these three terms the 
itis ae aera at least approximative, which 
about thee) epblish between them, in order to bring 
ye the industria? result of flight ? 
vin ewes whatsoever being given, can we, in accordance 
e laws which we have explained in this essay, find b 
caleulation the surface and force neces i nd 
that wej , ‘ ssary, in order to raise 
weight and bear it along in the air? I do not know if 
all my readers will be of ini vi 
of my opinion, but, for my own part, 





I cannot perceive any impossibility in it. I will say more, 
this result appears to me to be readily obtainable. 

t us suppose, for example, the weight of a man and of 
any apparatus whatsoever designed to sustain him, to be 
altogether 100 kilogrammes (220 Ib. 7 oz. 11 dr. avoirdupois, 
267 lb. lloz. 8dwt. 8gr.); the surface requisite for this 
— will be given us by the law of surface in inverse ratio 

‘o mass. 

If the reader remembexs*what we have stated on this sub- 
ject, he will readily acknowledge that the surface necessary 
for a man should be determined neither by the swallow, nor 
by the pigeon, nor by any,other winged animal of inferior 
weight, but by the largestand heaviest bird. Now the crane 
of Australia, which weighs 9 kilogrammes 500 grammes, (20 Ib. 
15 0z. 2¢dr. avoirdupois) or nearly 10 kilogrammes (26 lb. 
50z. 9dwt.), and gives for each kilogramme a surface of 899 
cent. car, (139 square inches) represents for 100 kilogrammes 
(267 Ib. 11 oz. 8 dwt. 8 gr., or 220 1b. 7 oz. 11 dr. avoirdupois) 
only 9 métres of surface (LO square yards 6 ft. 126 in.), provided, 
let it be clearly understood, that we employ for the traction 
a force proportioned to that of the crane, that is to say, ten 
times more considerable. Now what may be the force of the 
Australian crane? Thereader knows by what reasonings we 
have come to attribute to a bird of 1 kilogramme a maxi- 
mum force of 3 kilogrammétres*, a foree which we have 
exaggerated on account of the vital necessities and safet 
of the animal ; but it is certain that the winged animal whic 
is not hurried or disturbed by anything has only to develop 
for the work of an ordinary flight a force of 1% or 2 kilo- 
grammétres. 

An Australian crane weighing about 10 kilogrammes will 
be obliged, according to‘the ‘same’ feasoning, and without 
taking into account the law of the decrease of the forces in 
proportion to the weights and volumes, to possess an average 
force of 20 kilogrammétres; whence it follows that for 
100 kilogrammes, and, apart from the law of decrease, the 
force requisite to be obtained would be 200 kilogrammétres. 

Is there anything in these figures of surface and force which 
may shock common sense and reason? and may we not 
admit, without being guilty of mechanical heresy, the pos- 
sibility of constructing a motive body sufficiently powerful 
with a volume and weight relatively very small ? 

Placing on one side steam and its encumbering train of 
water, boiler, and coals, it will be sufficient for me to recal to 
our memories either alcohol, carbonic acid, ammonia, inflam- 
mable powders, pyroxylin, and as many other powerful sub- 
stances, of which industry has not availed herself, and which 
will be, without doubt, aérial motor forces. 

We have seen that in fixing at 200 kilogrammétres the 
force requisite to transport a weight of 100 kilogrammes with 
a surface of 9 métres, I have not taken into account the law 
of the forees and surfaces in inverse ratio to the masses. 

If in our calculation we take that law into account, the 
logical results which must flow from it will appear so im- 
probable that I hardly dare to submit them to the reader. 

And yet is it not permissible for the inquirer, the con- 
scientious and convinced observer, to deduce from his studies 
all the results that they may and must yield? Is it not per- 
missible, in a science so obscure as that which we study, in 
the midst of the obscurity which envelops us, to follow step 
by step the least gleams that reach our eyes, on the condition, 
however, that we go back and return to our starting point 
so soon as we perceive that we have lost our way ? 

The law of the surface and force in inverse ratio to the 
mass reigns in the most exact and absolute manner over 
all winged animals, from the minutest insect to the 
largest bird. Should it stop there? Has Nature, who has 
made her laws general and universal, created this one only 
for the restricted compass of the winged animate beings ? 
The law which sustains on the water the leaf and the straw, 
is it not the same for the gigantic Great Eastern ? And the 
mechanical law of the forces which drives the wheelbarrow, 
does it not also conduct on its iron line the locomotive and 
its endless train ? 

Let us suppose, then, for a moment, that the law of de- 
crease acts upon all weights and volumes, and let us see 
what would be in this case the surfaces and forces requisite to 
transport in the air extraordinary masses. 

I have been able to demonstrate in my researches on the 
compared weights and surfaces that a winged animal, weigh- 
ing from eight to ten times more than another, has always 
two times less of surface. 

Thus the pigeon weighs about ten times more than the 
sparrow; it has two times less of surface. It is the same 
in the case of the stork when it is compared with the pigeon, 
in the case of the turtledove when contrasted with the 
swallow, in that of the falcon as compared with the colies, &c. 

Now, applying this observation to apparatuses of a superior 
weight, and taking as a starting point the Australian crane, 
we see that a weight of 100 kilogrammes, representing ten 
times the weight of the crane, should not require a surface 
ten times larger than that of this bird, but, on the contrary, 
two times less relatively to the kilogramme ; it would not then 
be jin that case 899 square centimétres, but 450 cent. car. 
(69} square inches), which we should take as a point of de- 
parture for our calculations, and which would give us for 
surface, at the weight of 100 kilogrammes, 4 métres 50 centi- 
métres (4 square yards 7 ft. 15}in.) only. Proceeding fur- 
ther, and seeking for the surface requisite for 1000 kilo- 
grammes (2212 lb. 12 oz. 14dr. avoirdupois), we should again 
take a half of the surface found for the 100 kilogrammes, and 
not argue on 450 square centimétres, but upon 225 cent. car. 
(35 square inches), whence would result for the 1000 kilo- 
grammes a surface figure of 22 métres 650 centimétres 
(81 square yards 2 ft. 123} in.) 

Aceording to the same argument, we should have for 
10,000 kilogrammes, 112 métres, and for 100,000 kilogrammes 
360 métres. 

As to the force, it is obedient also to the law of decrease 
amongst the animate beings, and everything induces me to 











* Vide page 486. 


believe that it will be the same also for the greater weights ; 
but being unable to seize on any positive fact on the propor- 
tion of the decrease, Ido not presume here to hazard any 
figure, even approximatively ; but I have every reason to thin 
that this decrease must be considerable. I hasten to add 
that I give these calculations only as simple sketches; the 
most sound and rigorous logic authorises me in accepting 
them ; the fear of being looked upon as incompetent obliges 
me to make my reserves. Experience will decide. 

Experience, that is the great word! There is the great 
rock, against which have been smashed to pieces all the 
inquirers, all the investigators, all those poor waifs of genius 
who have been so laughed at up to the present day, and for 
whom I feel a profound respect. , 

There is one thing that they did not know, and which is 
not sufficiently known yet amongst the inquirers of our time, 
who exert themselves to construct small machines, and are 
always astonished at not seeing them elevate themselves ; it 
is, that an apparatus, designed to support a man, and to be 
moved by the force of that man, will be always too heavy for 
its volume, and for the force which should make it move. In 
this case the term weight is not balanced by the two other 
terms. 

Aérial locomotion can be, and will only be accomplished, 
provided that we operate with large machines. 

The surfaces and volumes increase as the square and cube, 
whilst the weight of the materials increases only in a simple 
proportion, whence it follows that, whatever may be the 
weight of an aérial sane. if it is constructed in gigantic 
proportions, this weight will always become insignificant in 
relation to its volume. 

A silk balloon, with a diameter of 1 métre, cubing 0.52, and 
inflated with the purest hydrogen, cannot elevate itself; the 
ascending. force of the gas does not counteract the weight of 
the envelope. But a balloon with a diameter of 10 métres, 
covered with a silk of the same quality, possesses an ascend- 
ing supplementary force of 550 kilogrammes. What occurs 
in the case of the ascending force of the hydrogen is identi- 
cally produced in the ease of all the forees that it shall please 
us to substitute for it. What you, eannot do with the force 
and weight of a man in a small apparatus, you can do with 
the force, and in spite of the weight, of ten men, and, still 
better, with the force, and in spite of the weight, of one hun- 
dred men, in machines of proportionate volume and capacity. 
As to the mechanical movers, it is quite evident that by their 
aid the problem will be much more easily solved, the weight 
of the machines never inéreasing in proportion to their force ; 
it is clear, in fact, that a’machine of ten horses weighs a great 
deal less than ten machines of one horse each. 

It is understood that I cannot enter here into very long 
details regarding the construction of an experimental appa- 
ratus. In my opinion the aérial mechanism will be of extreme 
simplicity. The form of the wings or movable planes will bé 
of little importance, provided that their point of attachment 
is, as we have observed it in Nature, placed directly on a level 
with the fixed plane, and very little above the balancing 
mass. Lastly, the apparatus should be of considerable size, 
and constructed on a very large scale. The more voluminous 
the experimental apparatus shall be, the lighter it will become 
for the force at our disposal. 

Too great an expense, some will say to me, for the isolated 
inventor, who has generally but feeble resources (a circle in 
which he will unceasingly turn), and who, consequently, 
either manufactures useless and fruitless small machines, or 
abstains in presence of expenses that he cannot incur. 

I know it, and can offer no remedy. What I have endea- 
voured to demonstrate here in this essay is, the ibility, I 
may say the facility, of obtaining mechanically a flight 
capable of adaptation to industrial purposes. I have attempted 
to show that the great natural laws, far from opposing the 
solution of the problem, all concur in a striking manner to 
facilitate the research. 

Science is ripe, industry is ready, everybody is in expecta- 
tion; the hour of aérial locomotion will soon arrive. 

‘rom what intelligent country will the first car sail? Will 
it come from England—the country of speculation and cal- 
culation? from America—the country of dollars and feverish 
initiative ? Will it go out of France? No one knows, But, 
wherever its cradle may be, that invention will be—I cannot 
say the last word of science, for science never stands still— 
but it will be, without contradiction, one of its most glorious 
conquests, and one the most fruitful for the future of mankind. 








KRUPP’S WORKS AT ESSEN. 


In the able and interesting report, “On the Production of 
Tron and Steel, in its economic and social relations,” pre- 
pared by Mr. Abram 8. Hewitt, commissioner of the United 
States at the Paris Exhibition; that gentleman speaks as 
follows concerning Krupp’s works at Essen. He says: 

“The establishment of Krupp occupies about 450 acres, of 
which one-fourth are under roof. e number of men em- 
ployed in the works is 8000, besides which 2000 more are 
employed in the coal-mines, at the blast furnaces, and at the 
ore mines. ‘The production of these works in 1866 was 
61,000 tons more than the entire production of cast steel in 
the world at the time of the first English exhibition. The 
value of this product was over $10,000,000 in currency. It 
was accomplished by means of 412 smelting, reverberatory, 
and cementing furnaces, 195 steam engines, ranging from 
2 to 1000 horse power, 49 steam hammers, in the largest of 
which the hammer block weighs 50 tons, 110 smiths’ forges, 
318 lathes, 111 planing machines, 61 cutting and shaping 
machines, 75 grinding machines, 26 special tools. One 
thousand tons of coal are consumed daily in the manufacture 
of steel alone, and 120 steam boilers are in use evaporating 
150,000 cubic feet of water ry Fifteen miles of rail are 
laid in the works alone, and 6 locomotives and 150 cars are 


required for its use within the limits of the establishment. 
“In order to appreciate the eminent justice with which 

the grand prize of the Exposition was bestowed upon Frede- 

rick Krupp, it is not merely necessary to study these marvel- 
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ous figures, but to consider that this establishment, by far 
the most extensive ever produced by the energy of man, and 
these processes, the most difficult ever attempted by his in- 
genuity, are the offspring of a single life, begun almost by 
the side of his father’s humble forge, and rising ez the 
various stages of poverty, trial, discouragement, and final 
success, to the very front of the industrial achievements of 
the world. Such an establishment, such results, and such a 
man, have special interest for the United States, where the 
natural resources of the country, the rapid progress of popu- 
lation and civilisation, and the genius of our free institutions, 
all invite a generous emulation in order to equal, and in the 
course of time even to surpass, these magnificent achieve- 
ments, which, if Krupp, the great captain of modern industry, 
had not lived in our day and generation, might well have 
been deemed impossible.” 








STEEL RAILS. 
To THe Eprror or ENGINEERING. 

Srr,—Presuming that you wish to show forth all the facts 
about steel rails, I think the following may interest you: 

On the 27th ult. there was taken to the steam shears in 
the rolling mills of the Lackawanna Iron and Coal Com- 
pany a lot of old worn rails to be cut up and reworked. 

n this lot was a piece about 6 ft. long, which, when 
sheared, presented an unusual appearance, and on in- 
spection was found to be marked in small raised letters 
on the stem, “John Brown and Co., Sheffield, Atlas Steel. 
1866. Sec. No. 49.” Rails of this pattern were laid on the 
Delaware, Lackawanna, and Western Railroad—a road tran- 
sporting large amounts of coal—in the spring of 1866, and it 
was among old rails from this road that the piece was found. 
The enclosed sketch shows the section of the perfect rail (as 
taken from a piece saved by one of the directors of the road) 
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and the end of the broken one, the sides and top of the head 
being broken off for some inches from the end. The side of 
the head for the entire length of the piece was worn, and 
showed slivers adhering but slightly to the rail. I enclose 
one to show the fracture. The pieces are preserved at the 
offices of this company. 

Respectfully, Jr. 

Scranton, Pa, May 4, 1868. 








THE “FRANKLIN” ENGINE. 
To tHe Eprror or Enervesrine. 

Str,—Your remarks upon the so-called invention of a sup- 
posed novelty in steam engines, which consists in coupling to- 
gether a pair of single-acting cylinders, calls to mind an extinct 
form of beam-condensing engine, which once enjoyed con- 
siderable local repute and favour, which never seems to have 
been described in print, and which is probably unknown to 
most of your numerous readers. 





Tt was known as the “Heslop engine,” and was pretty 
largely introduced, chiefly among collieries, both for pump- 
ing and for winding, by the inventors, Messrs. Heslop and 
Co., of Lowea Ironworks, near Whitehaven, in the early part 
of the century, and consisted of a single-acting or open- 
topped atmospheric cylinder placed at each end of the beams 
In some of the rotative engines the centre of the flyshaft was 
immediately under one of the cylinders, as shown in the 
sketch, the connecting-rod being curiously curved in order to 
clear the cylinder. An engine of this description was for 
many years employed to drive their own establishment, and 
within the last twenty years several were still at work. 

These engines were Sealy devised to compete with the 
double-acting engine of Watt. 


Yours, &c., 


ANEMOMETERS. 
To THe Epitor or ENGINEERING. 
Srr,—As, in your paper of the Ist instant, you do me the 
honour to request some further particulars of my anemometer, 
I send a brief description. 
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In Fig. 1 a is a solid slate, 12 in. square and 1 in. thick, on 
which is cut a circle, 5 in. radius, duated. Into the centre 
of slate a brass pin, with a houlle, drops easily, and upon 
this centre pin work three connected wires, each having a 
conical wheel at the end, as shown in the figures. To the 
slate, as a base, is attached a zine pyramid, 5, closed with a 
shutter in front ; ¢ is a brass tube, working in a gimbal at d. 
On the brass tube is a copper sphere, e, 8.56 in. in diameter, 
which is ready to receive the wind, come in what direction it 
may; and, using the gimbal as a fulcrum, it raises a leaden 
weight, f. Working in the tube, under a proper pressure, is 
a lead pencil, when paper is used, or a common slate pencil 
where only the slate is used. The deflection of the pencil 
from the centre shows the pressure of the wind, and the 
degree of the cirele to which the stroke of the pencil points 
= the angle of the current of air with the meridian. 

Jpon the three wires, and round the centre, is stretched a 
small elastic band, against which the returning pencil strikes, 
and by which oscillation is prevented. 

Now comes the pith of the question. The sphere is made 
8.56 in. in diameter, because that is the diameter of a circle 
containing ?ths of a square foot; and therefore, accordin 
to Sir Isaac Newton’s demonstration, the pressure of the wind 
upon this sphere will be equal to the pressure on }th of a 
square foot. 

In making the sphere, a small loop of wire is provided on 
each side of it, to which strings are fastened, temporarily, 
and when tied into one string it passes over a pulley, p, and 
has a weight, w, attached to it. Now, suppose w to be 5Ib., 
the weight, f, is so adjusted that the point of the pencil shall 
just reach the outer circle engraved on the slate ; and then 
if the pressure of the wind on the sphere should cause the 

encil to deflect to that extent, it shows that the wind was 

lowing with the force of 25 Ib. on the square foot. 

When once adjusted in the way shown, the little instru- 
ment may be placed anywhere ; and all friction is taken into 
account by the mode of actual adjustment with weights, as 
shown, for the wind only repeats what the weights had de- 
termined. 

The sphere is made to slide up and down the tubular lever, 
so as to give different scales for experiments ; and there are 
several little contrivances to make the instrument work con- 
veniently, which it is not, perhaps, necessary to describe. 

The action of wind is very remarkable. When it is made 
to record its own action upon paper, the problem it presents 
is a puzzle. The pencil strikes out from the centre and 
almost instantly returns, leaving a loop on the paper; then 
after a lull it strikes out again, perhaps in a direction vary- 
ing 10° or 20° from the first, and so on, as shown by the 
— markings in Fig. 2, which is a plan of the slate, a, in 

ig. 1. 


the course of a day we get a shaded diagram, seldom 
occupying more than a segment of about 40°, the salient 
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oints of the shaded diagram being the principal currents. 
ow, as the distance between the concentric circles in Fig. 2 
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represents 5lb., we can at once read the direction and force 
of the principal currents as there shown. We see that the 
principal current crossed the meridian at an angle of 250°, 
with a force of 25 lb. on the square foot. 

Looking at the currents shown in Fig. 2, it seems im. 
possible to avoid discussing the conclusion that they are the 

aths of passing circles, thus opening out a new field for 
very. 

I would remark that the instrument has a small error, 
always in excess, and which increases in proportion to the 
velocity of the wind. This is owing to a small vacuum 
behind the sphere, the effect of which is as nothing when 
compared with the effect produced by the vacuum behind the 
flat pressure plate of the anemometer at the Royal Observa- 
tory, as pointed out in my letter, at page 433 of your paper 
of the 1st instant. 

I have the honour to be, Sir, 
Your obedient Servant 
Samugi B. Howterr. 
Pulham House, New Bromley, Kent. 








Ex.ectric Ligut.—Some recent correspondence between 
the Trinity House and the Board of Trade shows that the 
electric light at Dungeness can now be worked by either of 
the two engines, so that no disturbance occurs when one 
requires repair. The services of the high-class engineers 
and firemen have been dispensed with, and the Elder 
Brethren have since been enabled to do that which the 
connexion of the men with the trades’ unions prevented 
—viz., to have their own ordinary keepers trained to drive 
the engines, as well as to attend to the lamps, a steady old 
experienced keeper being placed at the head of the esta- 
blishment. The magneto-electric — shown at the 
Paris Exhibition presented several improvements. The 
working by either of two machines showed that the power 
of the light can be duplicated in thick weather; and the 
engines were utilised for working the pumps of an air fog- 
trumpet. The electric light was compared with the flash of 
a first-order revolving oil apparatus belonging to the French 
authorities; and at 15 mules’ distance the Trinity House 
engineer, Mr. Douglass, estimated the power of the fixed 
electric light at twice that of the flash of the oil light. 
The superiority of penetrating power of the electric light in 
fog was shaken by some experiments made by the Royal 
Engineers, but it turned out that this result, so different 
from all other experience, arose from a settlement.in the 
wood-work supporting the electric lens, causing the lens to 
be out of its proper position. Since the alterations made at 
Dungeness the light there has worked with great regularity 
and efficiency; and the Elder Brethren have proposed to 
place similar — at the South Foreland, Lowestoft, and 
Souter Point. ¢ Board of Trade approve the extension of 
this mode of illumination to the South Foreland and 
Lowestoft, but at present suspend their decision respect- 
ing Souter Point. The Committee of Elder Brethren who 
attended at the Paris Exhibition say: “ As far as the eye 
is any test, the power of the English fixed light was consider- 
ably in excess of the French, and when both machines were 
in use and there was a good current the fixed beam of the 
English light did not contrast unfavourably with the revolv- 


ing one of the French, the flash of which is of great power. 
The contrast of the electric fixed light with the French first- 
order oil dioptric revolving light was very marked ; indeed, 


the one may be said to put the other out. But the most beau- 
tiful feature of the electric was the extraordinary beam it 
gave. It shone night after night, large, steady, and lustrous 
as a planet, and you could see in the darkness a beam passing 
as far as the eye could see. From the tower, with the light 
at our back, it was very marked, and quite lit the hills round 
Paris. The whole horizon in the plane of the light showed 
the white beam, and at the distance of four miles it shone 
upon the windows of some houses, making them appear to 
be lit up. By extinguishing and relighting quickly several 
times this was very plain. Altogether the light was very 
remarkable, and the committee are glad to be able to report 
such an advance as the powers of the light show over that at 
Dungeness; indeed, the latter gives to the observer no con- 
ception of what the present one is, and it is satisfactory to 
know that the result of five F prod work and observation, 
with imperfect and ill-arranged apparatus, has now borne 
such good fruit, and that as England was the first to test 
and adopt this adjunct to the sources of lighthouse illu- 
mination, so she still retains her superiority. It is due, 
however, to Mr. Holmes to say, that great as are the im- 

rovements already effected, he states that he is confident 

e can yet greatly increase the illuminating power before the 
present apparatus is re-erected at a permanent station. 

Ammowta In Coat Gas—Dr. Gunning, of Amsterdam, 
calls attention to the fact that coal gas, however well purified, 
is by no means free from ammonia. The result of — 
experiments he has conducted, shows the existence of a little 
over 1 cubic foot of ammonia, or ammoniacal ouetanete, in 
every 1000 cubic feet of gas. Attention is called to the - 
that where wet gas-meters are in use, the water, being rare 
if ever changed, must in time become fairly saturated W1' ; 
ammonia. hm used for two years in the reg err ba 
Amsterdam, with a capacity for 57 gallons of water, he a. 
less than 91b. of these bases. Since coal gas ~ con “4 
sulphur compounds, there is formed sulphate © b= ws - 
which, converted by the intense heat ito bis ew i 
ammonia, attacks the glass cylinders, or chimneys, P 
the Argand gas burners. 

Tux Sourn-EasTern Rarway.—It appears that vo —_ 
Eastern Railway Company have resolved to — ho 
4,000,0002. of debenture debt into a deBenture stoc pa 
issued from time to time as the debentures = 
the next four or five years, and that the whole poe 
already been subscribed for by private engnes in sah 
— stockholders should decline to — - 
which they will be entitled, of taking it up V 
a rateable allotment. 
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We give, above, an engraving of a trophy which was ex- 
hibited by M. Perin, the inventor of the band saw, at the 
late Paris Exhibition. This trophy, which is of wood, was 
cut out entirely by band saws, and it will be regarded with inte- 
rest as an excellent example both of the power of those useful 
instruments and of the skill of the workmen who used them. 








Tae Evropran anp Nortn American Rattway Com- 
PANY.—Subscriptions have been invited by Messrs. J. S. 
Morgan and Co. for 411,000/. first mortgage 6 per cent. 
bonds of the European and North American Railway Com- 
pany: The line is from St. John, the principal port of the 

ritish province of New Brunswick, to the frontier of the 
State of Maine, where it will come into connexion with the 
entire railway system of the United States and Canada, while, 
in like manner, it will form the connecting link between St. 
John and Halifax, Nova Scotia, and thus command a share 
of the general traffic between Europe and the whole of the 

erican continent. The length is 88 miles, and the com- 
ard have been subsidised by the Government of New 
runswick to the extent of $10,000 per mile, or an aggregate 
sum of $880,000, the city of St. John at the same time in its 
corporate capacity subscribing $800,000 on the stock, a total 
of $1,680,000 being thus provided of the entire capital of 
$3,520,000, for which the undertaking is to be completed. 
It is stated that more than 65 miles of the permanent way 
are finished,‘and that the remainder is in course of rapid 
execution by contractors of high character, on whom stringent 
conditions have been imposed by the provincial authorities. 
The line is to be opened on the Ist of January next, and the 
estimates made by the Government engineer of New Bruns- 
wick show a net revenue of 80,0007., being 56,0007. in excess 
of the 24,0007. required for the interest om the bonds. The 
bonds are to be secured by a first mortgage under a deed 
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from the company to Mr. 8. L. Tilley, Minister of Customs 
for the Dominion of Canada, and Mr. J. E. Thomson, Presi- 
dent of the Pennsylvania Railway, and a sinking fund of 10 
per cent. of the nett profits of the line after the payment of 
the interest is to be annually applied for their redemption. 
The price of issue is to be 75 (or 734, reckoning 14 per cent. 
interest to be paid on the 1st of July) and the instalments 
are to extend to the 1st of September next. 

Tae Institution oF Civit EnernzeEers.—At the closing 
business meeting for the present session, held on Tuesday, 
the 19th inst., Mr. Charles Hutton Gregory, president, in the 
chair, nine candidates were balloted for and duly elected, in- 
cluding as members Mr. Thomas Login, F.R.S.E., executive 
engineer of the first class in the Public Works Department of 
the Government of India; Mr. William Teasdel, resident en- 

ineer, Great Yarmouth Port and Harbour; and Mr. 

dward Williams, general manager of the Mines, Collieries, 
and Ironworks of Messrs. Bolekow, Vaughan, and Co., 
Middlesborough ; and, as associates, Mr. He Samuel 
Ellis, Exeter; Mr. Charles Higgins, surveyor, Islington ; 
Mr. William Hurst, Paddington; Mr. Samuel Joseph 
Mackie, Bayswater ; Mr. John Palmer Smythies, assistant 
engineer, Furness and Midland Railway; and Mr. Arthur 
John Whalley, Monte Video. It was announced that Mr. 
Nicholas Charles Szerelmey had been admitted a student. 
The total number of elections during the session 1867-68 has 
been 150, viz., 45 members and 105 associates. The register 
of the institution now contains the names of 16 honorary 
members, 641 members, 914 associates, and 123 students, in 
all 1694, as against 1449 of the various classes at the same 
date last year, including at that time 20 honorary members, 
591 members, 834 associates, and four graduates. The class 
of students has been created during the session just concluded, 
to take the place of the old graduate class, which is now 
abolished. 
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NOTES FROM THE NORTH. 
Griascow, Wednesday. 
State of the Glasgow Pig Iron Market.—The price of pig iron 
has now attained a lower level than it has had for many months. 
A week ago 52s. 3d. cash, and 52s. 44d. a month were obtained 
by sellers, and even on Thursday last a few thousand tons of 
warrants changed hands at these prices. Since then the market 
prices have fallen lower daily. Yesterday they were at 52s. 1d. 
and 52s. cash, at which several thousand tons were sold, and to- 
day the market is again easier with the prices at 51s. 104d. 
cash, and 52s. sixteen days. No change has taken place in the 
price of No. 1 Coltness and No. 1 Gartsherrie. The Cleveland 
pig ironis making itself felt, and it would seem that no im- 
provement is likely to happen in respect of the demand for 
Scotch pig iron until the ironmasters in Scotland follow the 
example of their Cleveland rivals, and employ the most ap- 
roved appli that sci has placed at their command. 
The following are the imports of Middlesboro’ pig iron into 
Grangemouth: 
For week ending May 16, 1868... ... ... 1,977 tons 
Do. May 18, 1867... ... o. 1,176 ,, 








Decrease 2. os oe 801 
Total shipments till May 16, 1868 .,, ... 36,648 
Do. till May 18, 1867 «. 18,460 ,, 
Total increase for 1868 ... 28,188 ,, 
Aberdeen Harbour Bill.—A bill to extend and improve the 
harbour of Aberdeen was before a Committee of the House of 
Commons yesterday. The cost of the new works is estimated 
at 350,000 The only opponents to the bill were the owners of 
salmon fisheries on the river Dee, and adjoining the barbour. 
Their opposition was limited to a question of compensation for 
damage which it was alleged would be done to the fisheries by 
the projected works. The committee, after hearing evidence, 
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found the preamble of the bill to be proved. The question of 
compensation was reserved for arrangement when the clauses 
come under discussion. 

Clyde Navigation Bill.—This bill, the ohject of which is to 
authorise the I'rustees to construct a graving dock on the south 
side of the river, and to erect quays, walls, and streets in con- 
nexion with the harbour, wag prasad by the Select Committee 
of the House of Commons on»Monday. The cost of the dock is 
estimated at 99,280/.; added to which is an estimate for ad- 
ditional works on the-north side of the harbour, amounting to 
49,6002. There is a further sum of 16,0002 for workmen's 
houses. The gross amount is thus 149,850. The committee 
declined giving an opinion on the question of compensation. 
Messrs. A. and J. Inglis, Messrs. Tod and Macgregor, and the 
trustees of the late Mr. Robert Barclay, were the only objectors 
against the bill, and even their opposition was limited to that 
portion of the bill which relates to the construction of the 
graving dock. The proposed dock will have a floor 503 ft. long, 
and will be capable of taking in the largest vessel afloat, except 
the Great Eastern. While Liverpool has sixteen graving docks, 
in addition to the three at Birkenhead, it does seem strange 
that Glasgow should have been content to remain so long 
without having at least one of its own, in addition to the private 
dock owned by Messrs, Tod and Macgregor, considering that 
the number of vessels annually arriving in the Clyde is about 
16,000, with a total tonnage of 1,800,000 tons. The witnesses 
examined in fayour of the bill were Mr. Reith, the present, and 
Mr. Knight, the late manager of the Clyde Trust; Mr. Hender- 
son, of Messrs, Handyside and Henderson, the extensive ship- 
owners; Mr. Duncan, engineer to the Trust; and Mr. J. F, 
Bateman, consulting engineer to the Trust. There were no 
witnesses heard for the objectors, 

Government Grant for the New University Buildings, 
Glasgow.—The Government grant of 120,000/. towards the 
new University Buildings, Gilmorehill, was on Friday night 
passed by the House of Commons. This munificent grant 
secures the speedy and satisfactory completion of a great national 
undertaking—the total cost of which, including the site, the 
finest in the neighbourhood of the city, will be not less than 
400,000/. The deficit is now, therefore, reduced to some 30,0000. 
or 40,0002, which will, doubtless, speedily be forthcoming—the 
nobility and gentry of Lanarkshire and the neighbouring 
counties being equally with the merchant princes of Glasgow 

nterested in carrying down to the latest posterity the character 
and renown of this ancient university. The payment of this 
sum of 120,0002. will be spread equally over six years, including 
the present. “ 

While on university matters I may mention that the Chan- 
cellorship of Edinburgh University is rendered vacant by,the 
death of Lord Brougham, and that a meeting was held on 
Monday last in order to take steps to secure a successor. Sir 
James Y. Simpson presided, and Dr. Alexander Wood and Pro- 
fessor Lyon Playfair respectively proposed and seconded a 
motion that Mr. W. E. Gladstone, M.P., should be proposed for 
the office. The Dake of Argyll was mentioned, but he is already 
the ey of the same office in the University of St. Andrew's. 

New Line of Railway between Edinburgh and Leith.—The 
new line of railway to Leith was gone over on Thursday by the 
managers and a party of the directors, and will, it is expected, 
be opened to the public early next week. A set of very hand- 
some first, second, and third-class carriages have been built for the 
traffic, these carriages being provided with short buffer springs, 
to shorten the trains, and fitted with powerful lever coutinuous 
brakes, which greatly increase the retarding force, so that the 
trains may be speedily brought to astand. The line has this 
great advantage over the old ronte, that it is nearly all above 
ground after passing through the Calton Hill tunnel, ranning 
mostly through pleasant nursery and garden ground, and open- 
ing up a succession of beautiful views of Salisbury Crags, 
Arthur’s Seat, Restalrig, Lochend Lock, &c. The time oceupied 
in the journey, including stoppages at Leith Walk and Bonning- 
ton, will be cnly about twelve minutes. The trains will depart 
from the new passenger platform at the bottom of Canal-street, 
and will arrive at the one now erecting on the portion of the 
Green Market recently acquired by the company, No time has 
been lost in utilising the ground so lately obtained, and the 
public will within a few days have the accommodation of three 
separate arrival and four departure platforms at Waverley 
Station. 

Experiments with Dynamite, or Patent Blasting Powder.— 
During the last few days a number of interesting and important 
—— have been performed in Scotland by Mr. Alfred 
Nobel with his dynamite or patent blasting powder. Mr. Nobel 
spent some time last week at the Kenway Granite Quarries, 
near Aberdeen, and so much did he interest Mr. Fyfe, the pro- 
prietor, in the new blasting material, that he has determined 
upon getting a large quantity of the substance with which to 
make trial blasts at his own convenience. On another occasion 
Mr. Nobel showed the power ef the dynamite to one of the con- 
tractors on the tunnel for the Gryfe Waterworks, Greenock, and 
on Monday and yesterday he performed a number of experi- 
ments with it upon whinstone in the Ladywell Quarry, in this 
city. Asl “assisted” at the experiments last referred to, I 
can speak with some degree of confidence of the new blasting 
agent. It is well called dynamite (dynamos, Gr., power), for it 
is the most surprising explosive material known when we take 
its safety into consideration. I have long been familiar with 
nitro-glycerine, as made by Mr. Nobel, and am quite convinced 
of its comparative safety; but this new material, while it has 
about 76 per cent. of the explosive ‘orce of nitro-glycerine, has 
none of the occasional treacherousness of that liquid. It will 
not explode with heat or fire alone, nor will it explode by ord- 
nary percussive force. One might safely stand by a mass of it 
which has been set on fire. It requires a combination of fire 
and percussion, at the same moment of time. Monstrous blocks 
of whinstone were shattered and broken at the Ladywell Quarry 
without drilling any holes, and simply by placing the dynamite 
on the face of the blocks and covering it up with a piece of clay. 
Mr. McLeod, the manager of the quarry, a “travelled” man, 
and a man of considerable intelligence and sharp-sightedness, 
seemed to be quite stunned with the extraordinary results so 
simply effected by means of a tandful of Nobel's blasting pow- 
der, notwithstanding his theoreties] and practical knowledge of 
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the chemistry and physics of blasting. I understand that Mr. 
Nobel intends to have somé experiments performed on a large 
scale in the vicinity of London very soon. 

Important to Shipbuilders—Dobie and Co. versus Bryden 
and Barrie.—Montgomery Bryden and George Barrie, two 
journeymen blacksmiths, were brought before Mr. Sheriff Gal- 
braith, a few days ago, on a complaint at the instance of Dobie 
and Co., shipbuilders, Govan, for desertion from their service 
while under an engagement to execute certain smith work on 
two of their vessels, They pleaded guilty and were each fined 
10s. of penalty and 20s. of expenses. In passing sentence the 
Sheriff-Substitute remarked that as this was the first case of 
the kind which had come before him under the recent Master 
and Servant Act, he was inclined to deal leniently with the 
accused, and inflict only a small fine, in the hope that it might 
prove a sufficient warning to them and others in their position. 

Yachts and Yachting.—The schooner yacht which Messrs. 
Steele and Co., Greenock, are building for the Marquis of 
Drogheda, is nearly completed. Mr. Fife, the famed builder at 
Fairlie, has two yachts well advanced, and has just contracted 
for a cutter of the smaller class for a Newcastle-on- I'yne yachts- 
man. Of the yachts built by Mr. Fife no fewer than eight were 
prize winners Jast year; they won 9392, which is said to be 
the largest sum won by the yachts of any one builder. The 
Clyde-built cuter Fiona won a larger sum than any other yacht 
in the British seas; her winnings amounted to 4700, 

Greenock.—Albert Harbour.—It is stated that the Albert 
Harbour is now completed, and only waits inspection by the 
Harbour Trustees. 


LIVERPOOL NOTES. 
Lrverpoot, Thursday. 

The Liverpool Cattle Market Company—The affairs of 
this company are in a flourishing condition, and the directors 
have declared a dividend of about 9 per cent. per annum. 
The market is unequalled for ready access and general 
accommodation. The railway accommodation afforded by 
the London and North-Western, and other companies, is 
certainly the most eomplete I have seen. The wagons come 
up close to the market, and the gates open across the plat- 
form, so that there is the utmost facility for taking cattle to 
and from the market stalls. During the past year the 
number of eattle which entered the market was 120,000, 
being about 70,000 more than during the year of the epidemic. 
The number of sheep admitted to the market in the past 
year was 583,000, being largely in excess of the number 
admitted in any previous year. The railway companies have 
further additions and improvements in contemplation, in the 
way of slaughter-houses and so forth, which will make the 
cattle market at Old Swan still more complete. 

Another Colliers’ Strike—It is said that the colliers and 
drawers employed at the California pit, Aspull, belonging to 
the Wigan Coal and Iron Company, have struck to the 
number of 250, on account of the masters having made 
certain deductions from their wages, for sending up tubs short 
of weight, and partly filled with dirty coal. 

Sale at the North Forge Works, Bootle.—In consequence 
of the bankruptcy of Mr. Robert Hutchison, the whole of 
the stock-in-trade, plant, and .nachinery, of the North Forge 
Works, was brought to the hammer a few days ago. There 
was a large attendance of gentlemen from all parts of York- 
shire and other places, besides a goodly number of local ship- 
builders and others. There were no fewer than 858 lots 
offered for sale, comprising iron, steel, stud cables, anchors, 
and unfinished work; all the machinery necessary for con- 
ducting such a business, including a table weighing machine, 
and various portable machines. Good prices were obtained, 
and the bidding was most brisk and spirited. Mr. Jones, of 
Rowley, near Dudley, was the largest purchaser. The break 
up of these works, has, of course, caused Messrs. Jack, and 
one or two firms in Birkenhead, to have a little more business 
to do. 

The Welsh Tron, Tinplate, and Coal Trades.—There is not 
much change to notice this week in these trades. There is 
no increase in employment at the various works, and the 
engagements that have come to hand are few in number and 
There is a fairinquiry for rails from the 
United States and Canada, and the clearances for that quarter 
at the local ports are said to be rather large. It is considered 
that ere long there will be a good demand forrails, as the re- 
quirements of the American and Canadian railways are ex- 
ceptionally heavy. The demand for India is very small, and 
the South American States are only limited buyers. Russian 
orders come in only slowly, and from the Continental markets 
there is about the ordinary inquiry. The home trade is gra- 
dually improving; but the railway companies have not yet 
begun to purchase to any great extent, and, until they do so, 
no important change can be expected. An order has been 
received at Dowlais for steel rails for the Metropolitan Rail- 
Bars are in slightly better request, and for pigs quota- 
tions are well maintamed. Prices in the tinplate trade still 
continue in buyers’ favour. There is a tolerably good foreign 
demand for steam coal for the mail packet stations and the 
French markets. Shipments to the East are reduced, pend- 
ing authentic information as to the supplies at the depdts. 
There is a good supply sent to Birkenhead for shipment. 
House quantities command a better sale, coasting merchants 
having begun to lay in stocks. 

House-building in Liverpool.—The borough engineer has 
compiled a valuable mass of statistics to show the progress of 
house-building in Liverpool. The number of new tenements 
being erected at present is not quite so large as in former 
years; but this is no doubt attributable to the commercial 
depression from which the town is only recovering. In 1867 
there were 1242 dwelling houses built, the greater proportion 
of which ranged between 12/7. and 25/. rental. The number 
in 1866 was 1098. These figures are exceptionally low, and 
are the smallest for the last fourteen years. The eréction of 
labourers’ dwellings, which has been gradually diminishing 
of late years, has now totally ceased, no houses of this class 
havirig been built since 1864. The total number of houses 
built in the borough during the last twenty-seven. years is 
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41,903, of which 16,863 are situate in Kirkdale and Everton - 
7718 are in the West Derby district; and the next largest 
contributor to the aggregate is Scotland Ward, in which 
1913 houses have been erected since 1841. The districts 
named are of course the most populous in the borough, and 
it is worthy of note that of the 640 houses built in Everton 
and Kirkdale last year onlyone was of a rent above 35/. a 
year. Tho better class of new houses seem to be in South 
Toxteth and North Toxteth towards Prince’s Park. In West 
Derby a superior elass of houses seems also to be popular. 








A NEW PROJECTILE. 

Caprary Cuartes Basevi, of the Royal Artillery, at pro- 
sent stationed at Jacobabad, in Sind, gives the following 
description of ‘a new form of projectile recently invented by 
him, and which, though especially intended for smooth- 
bored ordnance, can also be used with small arms, and even 
with mortars so long as the latter have not cylindrical 
chambers. This projectile is elongated, says Captain 
Basevi in a letter to the Times of India, “thereby possessing 
the same advantages as those in use with rifled guns, 
Furthermore, it is made to rotate on its major axis like unto 
those, but by a different method. The projectile is composed 
of three separate parts, viz., a conical head, a flat ring, and a 
cylindrical body. Thus it is of the same outward shape as 
the majority of shot or shell in use in Europe and America 
with rifled guns, with the addition of a ring, the use and 
position of which will be hereafter. described. The cylinder 
or body of the shot has a system of spiral grooves bored 
through it near its outer circumference, the number and 
dimensions of these being determined by the calibre of the 
gun for which the projectile is made. On the top of the 
cylinder lies the ring, covering the front end of the grooves, 
and above this again comes the conical head, firmly fastened 
by a projection at .its base, passing through the ring to the 
iene body, but so placed as to leave the ring a slight 
play between it and the cylinder. On firing this projectile 
trom. a smooth bore, the elastie fluid, decking & passage 
through the grooves, causes it to rotate; the ring is forced 
forward against the head of the shot, and its diameter being 
made a little less than that of the cylinder, also the base of 
the conical head being slightly bevelled, the gas is enabled 
to escape round the head of the shot after performing the 
work required of it. Buton the projectile leaving the mouth 
of the piece the pressure of the atmosphere in front forces 
the ring back to its original position against the cylinder, 
and thus prevents the air from acting on the grooves, and, 
as it were, untwisting the shot. The bevelling at the base of 
the conical head allows the air to act freely against the front 
of the ring. The twist being once obtained as above de- 
scribed is retained by, the projectile during the whole length 
of its flight. The ring, it will be perceived, acts as an 
ordinary valve. 

“T may as well here state that the question as to whether 
the shot actually travels point foremost has been decided in 
its favour by experiment. Guns are rifled to enable them to 
fire elongated projectiles ; the twist given to these projectiles 
during flight secures a certain amount of accuracy, owing to 
the pressure of air being equally distributed around them. 
My projectile, fired from a smooth-bore, participates in these 
advantages. 

“A rifled gun has a disadvantage which a smooth-bore, 
when fired with my projectile, or with a special one, does not 
share. The charge for the gun has to be reduced consequent 
on the increased strain it has to bear ; a loss of velocity 1s the 
natural result. Now the penetration of a shot is in propor- 
tion to its sectional area, multiplied by the square of its 
velocity; this disadvantage is therefore very great. My 
projectile will be as cheap, probably cheaper, than those fired 
from rifled ordnance ; and the gun required for it is evidently 
amore economical one; this is one unquestionable advan- 
tage.” 

In concluding his letter, Captain Basevi alludes to an 
objection raised by certain friends whom he had consulted on 
the subject of his shot. They were of opinion that there 
must be a great loss of power in its use, consequent on the 
large escape of gas through the grooves. If this were the 
case, he says that it would only prove that the grooves were 
unnecessarily large, and not that their principle was de- 
fective. 








InTRopucTroN oF STEAM PLoveHine InTO Francz.— 
During the late Universal Exhibition in Paris, great interest 
was taken by agriculturists, and careful trials made of steam- 
ploughing machinery ; the inquiries and experiments then 
made have not been unfruitful ; several rich proprietors have 
introduced steam ploughs on their estates, but the other day 
the steam plough may be said to have made its triumphal 
entry into France. On the last day of March last, some ten 
thousand farmers assembled in the plains of Berry to witness 
the inauguration of steam ploughing. A steam plough, pur- 
chased by MM. Dubois, Suard, and Cie., of Messrs. John 
Fowler and Co., awaited the benediction of the Bishop of 
Bourges. The enterprising firm named above is said to in- 
clude several of the best friends of agriculture in France. 
The object of the company is to introduce a steam plough 
into each district where labour is difficult, such as the Landes, 
Gascony, Britany, the Sologne, and Berry, and to establish 
a fixed tariff of prices per day and per acre, so that each 
farmer may avail himself of the steam labourer if he please. 
The rate at present fixed is 22 francs per hectare, little more 
than seven shillings per English acre, and the applications 
are said to be numerous. The proceedings terminated with a 
grand banquet of 160 covers, at which the préfet of the de- 
partment, and many of the most infnentiol, pltoone in the 
district were present. It was announced by M. Cornu, Vice- 
President of the Agricultural Society of Chateauroux, that 
the Emperor had, at the instance of the president of on | 
society, presented a gold medal to MM. Dubois, Suard, an 
Cie., for their patriotic action. Ent'xusiastic speeches were 
made, and amongst the toasts drunk was one to the memory 
of the late Mr. John Fowler. 
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THE STRENGTH OF BEAMS.—No. XV. 


On THE TRANSVERSE StRENGTH OF STEEL Ralts 
AND OTHER AnaLocous BrEams. 

Tne considerations advanced in the last paper 
(No. XIV) indicate that the ultimate deflection of a 
wrought-iron beam will be governed by three con- 
ditions; namely, the elastic extension, the mean 
ultimate extension, exclusive of the drawing out, and 
the latter element itself. In average iron the rate of 
elongation is practically uniform up to a strain 
amounting to about half the ultimate resistance; 
beyond that limit the rate rapidly increases, exclusive of 
drawing out, very nearly as the square of the additional 
strain. Representing the resulting deflection by the 
contents of a solid as before, we have (Fig. 17) a pyra- 
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mid representing the deflection if elasticity perfect, 
and another solid, representing the actual excess of 
deflection due to deficiency of elasticity, exclusive of 
that due to drawing out. It is obvious, then, if the 
base of the pyramid represent the total elongation on 
the first assumption, that of the other solid will be 
proportional to the excess; that is, putting ¢ for the 
mean ultimate elongation, the respective areas will be 
as F E. and e—F E. But, from a number of experiments 
carried out by Kirkaldy on the rate of elongation 
under high strains, the mean area of the solids in 
each instance appears to be equal to 4rd that of their 
basis; hence, since the length of one is double that 
of the other, the relative deflections due to each will 
be as 4rd area, and 4th area. Taking the rate of 
depression as equal to that of extension we have for 
the ultimate deflection, exclusive of drawing out, 
2 
3= SFE S? (e—FE) ; hence <> +FE) E) 
6d 12d 12d 

Applying this formula in the instance of some 2 in. 
square bars, tested at 2h in. bearings, we have S= 
25in., F=30 tons per square inch, E=.0001, and, 
since the elongation, exclusive of drawing out, was 
3in. in alength of 15in., we have also e=.2; 


hence, p= 25*(.2+.003)_-s 3 in ‘The actual deflec- 
12x2 

tion observed ranged from 5 in. to 6 in., the average 

being 5.35in., the bars in all instances being un- 

cracked. 

Now let us consider the effect of drawing out on 
the uXimate deflection of a wrought-iron beam. The 
first thing to be determined is the amount of that 
element in a bar under direct tensile strain; and the 
experiments of Mr. Fairbairn on successive breakages 
of a bar 1gin. diameter are useful for the purpose, 
since, the bar being stretched to its full extent by the 
first strain, the observed amount in following break- 
ages would be entirely due to drawing out. The 
highest stretch in the second breakage of 36 in. bars 
was 2in., and the mean of ten experiments 1.07 in. 
In 24 in. bars the highest result gave 1} in., and the 
average 1.06in. The greatest stretch in some other 
bars tested by the same experimenter was 2.04 in; and 
im some others, tested by Kirkaldy, .8 in, and 1.3 in. 

The depression of some bars 2 diameters long 
under 37 tons per square inch was found to range 
from .9in. to l.lin., and of course nearly double 
those amounts for 4 diameters. It appears, then, that 
in solid beams of very fibrous iron, the drawing out 
on the side ia tension, together with the depression 
and bulging out on the opposite side, will amount to 
some 4in., and in very ordinary iron to 2 in. 

It follows from these conditions that a bar may be 
doubled up close without cracking, if the diameter do 
- exceed 4 in.=1}in., if of very good iron, or 

. # 2.=$in. if of ordinary fibrous iron. The altera- 
tion in the form of cross section of a bar thus doubled 
up is exhibited full size in Fig. 18, which is measured 
accurately from one so treated. It will be observed 
the sectional area and depth are unaltered, whilst the 





width of the compressed edge is double that of a 
stretched one. 


As the drawing out in a large bar is proved by ex- 
periment to be less than in a small bar, the degree to 
which a larger bar than 14 in. may be doubled up will 
be rather less than that indicated by the ratios of the 
depth. Thus, a bar 2$in. square, if of the same 
material as the 14 in. bar, could be bent only through 


an angle somewhat less than > and so on with larger 


bars. Should, however, the iron be unusually weak 
under compression, crumpling up might take place at 
the compressed edge, and that, of course, would prac- 
tically reduce the effective depth of the bar, and the 
angle through which it might be bent would corre- 
spond with that due to the diminished depth. 

We may now pass on to the consideration of the deflec- 
tionof steel beams ; the investigation, as we may antici- 
pate from the nature of the material, will have many 
thingsin common with that on wrought-iron beams. The 
rate of elongation of steel under tensile strains varies, 
within certain limits, inversely as the hardness or 
strength. For average qualities, excluding tool steel 
on the one hand, and very soft puddled steel plates of 
low tensile strength on the other, the extension 
in terms of the length averages .00008 per ton per 
square inch. Now, it will be remembered, for cast 
iron we found it to be .00018, and for wrought iron 
.0001. Looking at these figures the possibility of the 
existence of some sort of relationship to the ultimate 
strength of the materials suggests itself. Thus, 
taking the ultimate resistance of cast iron, wrought 
iron, and steel, at 7 tons, 22 tons, and 35 tons per 
square inch respectively, it will be apparent that the 
range of strength is 1 to 5, whilst that of the extension 
per ton is 2} to 1, which is very nearly inversely as the 
square root of the former. Assuming the rate of 
elongation per ton to be inversely proportional to the 
square root of the ultimate tensile resistance of the 
material, and taking the value of E for wrought iron 
=.0001 as the unit, we should have the following 
values of E for cast iron and steel : 


Cast iron E=.0001,/ #=.000178 


Steel E=.0001,/3$=.0000795. 


The hypothesis made appears to hold good, since both 
those results are practically identical with those 
derived from direct experiment on the respective 
materials. 

The ultimate elongation of steel is comprised within 
rather narrower limits than we have found wrought 
iron to obtain. The highest rate attained is probabl 
that of Krupp’s steel tyres, the extension of whic 
sometimes reaches 24 per cent. With Bessemer steel 
rails the rate varies from 5 to 15 per cent., the average 
being about the mean of these figures. Puddled bars 
range from 10 to 20, and puddled plates from 3 to 20, 
percent. Of course the higher percentages are subject 
to a certain deduction in the score of drawing out; 
and since the specimens tested, from which these 
results are deduced, were rather short, that element 
forms rather an important proportion of the whole. 

The next step is to deduce the value of E, from ex- 
periments on transverse stress, and we may take first 
some bars of hematite, 1? in. square, tested by Kir- 
kaldy at 25in. bearings. The average deflection for 
each 1000 lb., is exhibited in the following Table : 








| " 
Gross Load. nan a each 
, _ =. 
3000 0016 
4000 0014 
5000 0016 pathos 
6000 0015 Sw 
7000 0014 
8000 .0016 
9000 | ones 
Mean deflection ... 0015  #| E=.00008 








The following are some experiments on rectangular 





steel bars of various dimensions, The thinness of the 





bars in this instance offers considerable facilities for 
accurate measurement of the deflection, which, in each 
instance, is that due to 1 ton stress applied at the 
centres of the bearings. 

















x | 5 4d3b38 
Span. | Width. | Thickness. Deffection.| E=—y-. 
in. in. in | in, 
35 18 We .000079 
7% | 24 OE se 000085 
108 48 a ee 000070 
29 16 ” | 000081 
Mean value ... ° KE=.000079 





It is evident, then, that in steel, as in cast and 
wrought iron, the value of E is the same in a beam 
of rectangular cross section, as in a simple bar. We 
will now take some rail sections, to ascertain if the 
same conclusion is true for that type. 

The deflections of the Metropolitan 84 Ib. rail, under 
successive increments of 2000 lb. stress applied at the 
— of 60 in. bearings, are shown in the following 
Table : 














Deflection for ‘ 
Total Stress.| oo 0h 2000 lb. (8 Experiments). 
2.000 .012 
24M3 
4.000 -012 E=—y 
6.000 013 
: 8.715+-11.4 
8.000 019 hence, since M= ees ONLI 
10.000 -020 E=.000095. 
12.000 020 
14.000 -019 
16.000 -019 
18.000 -017 
20.000 -020 
22.000 021 





Mean defleetion... .017 for each 2000 lb, 


With the same rail reversed, the deflection averaged 
.016 for each 20001b.; hence, E=.000089. 

Another double-headed 68 Ib. rail, 5 in. deep, with a 
stress of 10 tons at the centre of 42 in. bearings, de- 
flected .065 in. ; hence, since the moment of resistance 
M=7.8, we have 

247.8 x5 in. x .065 in, 


s 42° x 10 tons 








=.000081. 
B. B. 








CANADIAN ENGINEERING. 
To Tue Eprror or ENGINEERING. 

Srr,—In explaining the causes why the St. Law- 
rence and Welland canals have so signally failed to 
accomplish the important ends which their projec- 
tors ostensibly had in view, I shall not ask your 
readers to accept my individual opinion on the matter, 
but shall adduce other and, probably, more satisfactory 
testimony. 

In the first place, I would draw attention to an im- 

ortant parliamentary report made to the Canadian 
Legislative Assembly, May 26, 1855, by a special com- 
mittee appointed “to inquire into the commercial in- 
“tercourse between Canada and Great Britain, the 
“ British North American colonies, the West Indian 
“ possessions, the United States, and other foreign 
“ countries.” 

After referring to some matters of detail, the report 
proceeds to state that 

“The St. Lawrence canals were constructed, at a 
“ large public expenditure, for the purpose of draw- 
“ ing the trade of the Western States to the ports of 
** Montreal and Quebec. They have not failed in that 
“object, but even the trade of Canada itself, on and 
“ beyond lake Ontario, has been diverted to the ports 
“of New York and Boston. Prior to 1847 public 
attention was directed to the repeal of the naviga- 
“ tion laws ; but even when that took place, and com- 
“ petition, by sea, was offered to vessels of all nations, 
“no visible benefit accrued to the St. Lawrence 
“canals. Great expectations are still held out that 
“ the competition by the American vessels, under the 
“ Reciprocal Treaty, will produce a change; but, so 
“long as the trade is confined to the present narrow 
“limits of the north side of the St. Lawrence, and so 
“ long as public bounties continue to favour the port of 
“ New York, and the natural facilities which the St. Law- 
“ rence possesses continue to be neglected, so long will 
“ our efforts to regain this trade be unavailing. But your 
* committee are convinced that, so soon as the natural 
“ advantages of the St. Lawrence route to the ocean 
“ are well understood, the area of its commerce will 
be extended.” 

The foregoing extract lets us into the secret that 





these canals were not constructed in the general in- 
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terests of the country, but with the special and limited | States of New York and Pennsylvania, through the | to irrigate their lands by the company’s canals, than 
object of conducting the western trade to the ports | ports on Lake Ontario, and by the various canals and| all the eloquence and persuasion of the company’s 
of Montreal and Quebec. It is admitted, with a wail | railroads in connexion with these ports, while no| agents. Navigation, it. appears, had also commenced 
of mortification and disappointment, that these works | means would be provided to meet a special and most | upon the opened portion of the Kendrapara Canal, 
have sae | failed ; and it is not to be regretted that | important requirement of the Western carrying trade— | although none had been expected until its completion 
such partis! and secfional attempts to build up any | the interchange of commodities between the copper | to tidal water. 
one or more cities at the expense of the whole country | and iron regions of Lake Superior, and the coal-fields| It is doubtless due, in a great measure at least, to 
has met so well-merited a fate. Had these important | of Eastern Pennsylvania. In fact it would not meet} the improved state of their property in India, that the 
canals been originally intended for the general public | any of the great wants of our neighbours of the ad-| East India Irrigation Company determined to refuse 
benefit they would have been made of a capacity | joining Republic, and therefore would as surely be, | the offer recently made by the Secretary of State to 
sufficient to allow sea-going vessels to pass through | commercially, a failure as the present St. Lawrence} purchase their right to construct works in Behar 
them; but this would not have suited the city of|and Welland canals. Another serious objection tu| giving them full indemnity for all expenses hitherto 
Montreal, whose merchants could not brook the pas- | this route is that a great portion of it runs about 23°} incurred in surveys, &c., and in cousiderntion of their 
sage of any vessel by their port without breaking bulk | more northerly, and must, therefore, have a much ey, aera of the terms proposed, to further aid them 
there for their benefit. The real obstacle, however, | shorter season of navigation—the rigour of the climate | by advances of money in order to enable them the more 
which bas stood in the way of the partial success of the | closing it, by frost, at the least, three weeks’ earlier | speedily to complete the works comprised in their 
limited and narrow-minded policy referred to has been | in the fall of the year, and delaying its opening as/ Orissa scheme. The terms offered were, however, 
the unsuitableness and inconsistency of the locks on | much in the spring. refused; and, as the Secretary of State declined to 
these works ; those of the St. Lawrence canals having} What Western interests want and must have, is a} accede to the terms fixed by the company for the 
abundant superficial extent, but insufficient depth of | sufficient channel to allow sea-going vessels to ply | surrender of their interests in Behar, an appeal has 
water, while those of the Welland canals have greater | between Europe and the lake ports, without breaking | now been made to the public for support. 
depth, but much smaller superficial area; so that a/| bulk, taking Lake Ontario in its course, and thereby| Irrigation works in India must always, directly or 
portion of the capacity of both of them is rendered | providing the further great advantage of free access | indirectly, prove remunerative to this state, but it is 
unavailable. to its various ports communicating with all parts of| not always that they can be expected to prove re- 
_— proof of the inadequacy of these canals to|the State of New York, and, by Oswego, with the | munerative to private capitalists undertaking their 
render the St. Lawrence and the lake the true route | coal-fields of Eastern Pennsylvania. construction, whose only profits are derived from the 
for western traffic was afforded in 1858, when the ex-| For these reasons I unbesitatingly conclude that| direct returns from the works, the indirect profits 
perimental ship Dean Richmond was built and|the Ottawa and French river navigation should not | being obtained by the State. In the upper provinces 
despatched from Milwaukee, with a cargo of grain, for | be constructed upon the scale which has been pro-| of India, where the channels are taken from near the 
Li erpool. That vessel was intended as a pioneer to| jected. At the same time I admit that the connexion debouche of a river from the mountains, very heavy 
est iblish a direct trade between the Great West and | of Lake Huron with the upper waters of the Ottawa, | and difficult works are often necessary, the expense of 
Europe, and, had her voyage been successful, she| through French river and the Mattawan river and the | which is out of all proportion to the direct revenues 
would have been followed by others; but it proved a| intervening lakes, by a shallow water barge canal,|to be expected from the sale of water, and in such 
failure, and the attempt has only further discredited | with twin-screw steam tugs, might serve a valuable | cases it would be little short of madness for private 
the route. The iemosiats cause of the unfavourable | purpose, by opening a communication between some | Speculators to attempt their construction. In the 
result of this experiment was the necessity to lighten | of the finest lumbering districts of Canada, and the | river deltas near the coast the works are not usually 
the vessel (at a cost of 50/. on a 500 tons’ cargo, be-| port of Chicago, the greatest market for sawn lumber | of the same exceptional character, and care in the 
sides the serious loss of time) at each of the St. Law- | in the world, with every prospect of continuing so, as | planning and construction of the works, and economy 
rence canals, so that it may be concluded that the failure | the prairie regions in its rear will require all that it | 1m the general administration of the company’s affairs, 
of the whole of the improvements hitherto effected in | can supply for ages to come, Let, then, the promoters | would appear to be all that is 7 cere in order to 
the St. Lawrence has arisen from their insufficiency | of this project look at it in the light of reason, and | ensure success. The works of the East India Irriga- 
to afford a navigation for ocean-going vessels, for no-| with a view to its greatest utility, and lower their|tion and Canal Company are, as is well known, 
thing but a through trade, without transshipment, will | ideas to locks of 250 ft. long (if they will) and 35 ft. | situated in the delta lands of the Mahanuddy river, in 
serve either the export or the import trade of the | wide, with 6 ft. of water on their sills. Tug boats} Cuttack, whilst their contemplated operations from the 
West.* taking four barges of 80 ft. by 17 ft. in tow, could | river Soane, in Behar, will be based upon designs 
Some other projects for the purpose of securing to | pass these locks without uncoupling, and when near | Originally prepared for Government by Colonel Dickens, 
Canada this important carrying trade are now before | the sources of supply, these boats could be uncoupled | the cost of which, it is expected, will be less than 
the public, and the first that I shall notice is that | and freed to collect their cargoes. that of similar works in Cuttack, whilst upon the 
known as the Ottawa and French River Navigation.}| The subject of my last letter shall be the only | authority ofa late Lieutenant-Governor of Bengal, it is 
This scheme has received a distinct recognition from | remaining project of importance, and which is, in my | asserted that the returns might reasonably be ex- 
the Canadian Government, inasmuch as considerable | opinion, the only one really worthy of support. pected to be much more secure. 
































> sums have, at different times, been advanced from the I am, Sir, yours obediently, 

j public chest for surveys of its route. SirJohn Michel,| Toronto, April 15, 1868. eet abs. ENGINEERING IN AUSTRIA.—No.. II 
when Commander of the nig by Aditinleteaine of Pui cinetSenpastent: Godden suche oith diode 
annie eS aoe , org jp Bagh ou THE EAST INDIA IRRIGATION engineering enterprise in Austria lies in the Hungarian 

’ COMPANY. dominions. Hungary isa country eminently suited by 


j d it is proposed to make the locks . , ese _ : 
SOT long & "50 ft. wide, easly showing that this| _ THE success or otherwise of the East India Irriga- | its geographical and territorial condition, for productive 
work is intended for paddle-wheel steamers to run to tion and Canal Company to raise money for the com- | labour, for industrial and agricultural work on a very 
i Montreal, but no further. Mr. Shanley, in 1858, pletion of their works in Orissa and Behar, may have large scale, and for an easy and lucrative movement of 

estimated the cost at 24,000,000 dollars; and Mr. T.|n0 slight influence upon the determination of the|commerce. The greatest portion of Hungary is a vast 
C. Clarke, in 1860, surveyed the line, and made an question whether private companies shall in future plain, traversed and inundated (in the true sense of the 
estimate which amounted to only 12,000,000 dollars, | have any share in the construction of irrigation works | word) by a system of = rivers ; the soil is of 
in India. Should they succeed in raising the two/great natural fertility, and the climate affords more 


' it i i th ld 
reggie ge rar omy bg Dy oop A nalren than the usual facility for a multifarious agriculture and 


i x tl 50,000,000 dollars. An | millions of capital, for which subscriptions are now t 
uo Hae, fe on ae ae th - being invited. namely, one million for their Behar |a great variety of crops. If the inventor of the steam 


examination of the map of the country shows that the 4 : _ itt : 
rivers through which it is intended to carry this work, | Scheme, and a similar amount for their Cuttack plough had been asked to imagine a country most suited 
are full of rapids, with irregular iron-bound coasts, | scheme, and should they eventually be able to give | to the successful application of his machine, he could 
and with islands, islets, and rocks lifting their sullen | good fat dividends to their shareholders, their success hardly have designed anything better than the actual 
and rugged heads in every direction, and all bearing will unquestionably justify the assumption that the | state of the Hungarian plain. There are thousands of 
the geologically significant descriptive names of employment of private companies for the carrying out | square miles of a scarcely cultivated soil forming an 
gneissoid, syenite, micaceous, gneiss, trap dikes, &c., of such works is not incompatible with the interests of | absolute level, without the slightest irregularity of 
with variations thereon, indicative of extreme difficulty | the Empire, At present a somewhat different opinion | surface, free from every obstruction to the action of 
in the execution of the necess orks, which does | prevails in high quarters, and success is the only | the plough, neither stone nor tree within sight, as far 
not appear to have been sufficiently considered, Even | argument that will ever be eee to alter existing | as the eye can reach, an abundant supply of water, 
if the proposed improvements should be effected, it is | prejudices on that point. Whatever may be said of cheap fuel brought down upon the rivers from the 
out of the question to expect that the route would be | the works of the Madras Irrigation and Canal Company | mountain forests and up the stream from the Hun- 
available for sailing vessels, while steamers must have | on the Toombuddra, it has always been admitted that | garian coal mines, a population insufficient in number 
to travel very slowly through its intricate channels. | the works of the East India Irrigation and Canal | for doing justice to the requirements of the soil by un- 
For the purposes of the West it would be utterly | Company have been well designed and creditably assisted hand labour, the landed property in the hands of 
useless, being designed simply to communicate with | executed, and it is probably owing only to the late un- | the aristocracy and of other great landowners, and the 
Montreal, where both imports and exports would | favourable state of the money market that they have | property therefore not subdivided into small lots, 
require transshipment. est2rn shippers would be | not yet been able to show any cousiderable returns | which are unfavourable to the employment of, machi- 
@ehired from communication with the towns of the | from their works; the accounts, however, from Orissa by | nery ; in fact, every condition required for agriculture 
po pee Sey | the last mail are very satisfactory both as tothe spread | of the most advanced modern style, and on a very 
* One important reason for through importations is the | of irrigation and the construction of the company’s | large scale, are united there by nature. The causes 
1 a ews on —_ — — — ——— works. Upon the Midnapore Canal, it is stated that | which have hitherto obstructed the development of 
ment, oo that re ee shine weet tat, | one zermindar was about, at his own expense, to con-| Hungary were entirely artificial, and have partly, 4 
England to the Western States would have duties levied on | Struct a channel to carry water to his lands, upon | mot entirely, disappeared with the recent politic 
ther: at their English value, while goods which are trans- | which he had engaged to employ 500 labourers. This | changes in that country. In these days of stagnant 
shipped at Montreal have duties levied on them in accord-| same zemindar had also signe a lease for 1000 acres | trade we consider it important to draw the attention 
Sy ee ae an another portion of his property, and had promised | of our agricultural engineers, and particularly of our 
charges, spodiein and importer’s sueliba-abiah a ~ to execute another for 3000 acres. Example is better | steam plough makers, to the state of affairs in na 
necessity be a great disadvantage to any imports subject to than precept, and the enterprise of this one zemindar | gary. We at the same time desire to er out t rs 
such transshipment. . will probably be more effective in stimulating others | in these days of keen competition it will not be sufli- 
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cient for our machine makers to rest upon their 

laurels and rely solely upon their once established 

fame for business to be carried to their own doors by 

the Hungarian landowners and farmers. In a coun- 

try rapidly changing its mode of agriculture’ from 

hand labour to machine cultivation the demand for 

machinery. is necessarily of a most capricious and 

irregular character. New implements are required at 

short notice. Causes which cannot be controlled or 

foreseen stimulate or check the demand, and the supply 

must be immediate to meet the euergrnee. Quality 

and price of goods are often disregarded under such 

conditions, and the articles which are ready on store 

in the country are bought in pane to the best 

machinery, which must be ordered from England a 

whole season in advance. It is an absolute necessity, 

therefore, for our implement makers to establish depéts 

in Hungary to a greater extent and in a more efficient 

manner than has been the case hitherto. Vienna is no 
longer the great centre for Hungarian commerce, and 

an agency in Vienna, such as is often established by, 
English firms, is hardly sufficient. We may quote the 
example of the greatest and most successful makers of 
agricultural.engines in this country, a firm which has 
done a larger trade in Hungary than all the other 
makers of portable engines in the world put together. 

Messrs. Clayton, Shuttleworth, and Co. some years ago 
established a branch of their firm in Vienna, where a 
small factory for repairing their own machines is in full 
working. jith .a far-seeing sagacity the - Vienna 
establishment, was soon afterwards connected with an- 
other branch in Pesth, the capital of Hungary, and an- 
other depdt and repairing shop has been erected there. 
In this manner the English makers find themselves 
prepared to meet any demand on the spot, and their 
large stock, the high character of their materials and 
workmanship, and the readinesswith which they canexe- 
cute any repairs of their machinery whenever required, 
places them in the most favourable position, as re- 
gards competition, with Continental makers. For the 
last. seven years, if not longer, the average sale of port- 
able engines in Hungary effected by Messrs. Clayton, 
Shuttleworth and Co. has reached the figure of two 
hundred engines a year, and it would not be astonish- 
ing if this figure should be doubled in the present year. 
The steam plough is not at all in favour in Austria. 
The opinion is predominant that it will not work, and 
this is supported by the results of some trials made 
with an English steam plough many years ago in the 
neighbourhood of Vienna. We are not acquainted 
with the details and results of this trial, but we would 
advise some of our steam plough makers to send a few 
specimens of their most modern constructions to Hun- 
gary,on trial or for exhibition, and we have no doubt the 
experiment would prove satisfactory to all concerned. 
Another great necessity for Hungarian agriculture is 
a proper and systematic irrigation of the land. The 
rivers, as a rule, are in a most neglected and deplorable 
condition. _Inundations and devastations of crops, 
obstructions to navigation, the, formation of enormous 
marshes in the vicinity of the river, and occasionally 
the destruction of roads, houses, and towns, are the 
natural, consequences of the present condition of 
drainage and irrigation. The most dangerous of these 
uncontrolled and neglected rivers is the Theiss. It 
runs from north to south, almost through the entire 
length of the country, in a soft, level, and low-lying 
ground, through which it works its way in a most 
capricious manner, forming enormous. serpentines, 
marshes, and, swamps, and changing its main course 
every season, digging out. new channels, and inundat- 
ing fresh territory. The Government and the muni- 
cipalities of, Hungary some years ago established a 
commission for regulating the course of the Theiss 
river, but the work, although commenced with large 
funds, and properly supported by the inhabitants,. is 
progressing yery, slowly, and is hardly capable,as yet 
to keep pace with the annual inroad§,of the river upon 
fresh tracts of land. In energetic hands the drainage 
and irrigation of the river valleys in Hungary would 
form a sonxee.efenormous wealth, and it would trans- 
form.ap uncultivated and comparatively unproductive 
area, almost as large as the whole cultivated portion of 
Great Britain, into fertile and,arable Jand. 

An equally promising field;as that afforded by the 
Hungarian p. for the development of agriculture is 
gives by the mountainous districts for mining, metal- 
urgy, and industry of different kinds. In the north of 
Hungary, a mountain.range called the “Ore Moun- 
tains,” contain a large and almost continuous vein of 
metallie. deposits. of very different, kinds, some hundred 
miles long, and about ten. miles wide, and of an un- 
known but peastically unlimite 
Tange, W. med of an aluminious 


.. The mountain] 


rocks ; the beds or layers of ore are standing on end, 

and run in numerous parallel seams differing in width, 

character, and nature of the ores. The top of the 

seam is generally a layer of spathic ore; below this a 

thick band of iron pyrites, more or less impregnated 

with copper, is to be found, and this band very often 

carries large modules or veins of rich copper ore (sul- 

phuret of copper) which has now been the principal 

source for the home supply of copper in Austria for 

more than 800 years. the copper ore, particularly in 

its lower strata, contains silver in a small proportion; 

but the proper silver ore is most Ascred = Rend at 

the lowest portion of the metallic seam. This lowest 
layer carries an ore containing antimony, mercury, 

silver, copper, and iron, and in some places also cobalt 
and nickel. The separation of all these numerous 
metals, from their complicated combination in which 
they have been deposited by nature, is a problem of 
great difficulty, and only partially solved as yet; but 
some important works for the extraction of these valu- 
able metals are in existence in the district, and have 
been successfully workivg for many years past. The 
oldest centre of mining and metallurgy in the north 
Hungarian district is the nsighhpathaill of Schméllnitz, 
a small town in the county Zips. The smelting works 
and the principe: mines at Schmdllnitz are the pro- 
perty of the Hungarian Government, but mining opera- 
tions are carried out by priyate enterprise to a greater 
extent than is the ease in the Government mines. 
Mining property in Hungary is easily attainable. Who- 
ever discovers a new, metallic vein, or takes up the 
working of a previously.abandoned mine, is the pro- 
prietor of the mine,’ irrespective of any landlord’s 
claims, and without being obliged to make any arrange- 
ments with the parties who own the “surface of the 
land,” excepting only so far as that surface is inter- 
fered with, in which case the damages are assessed by 
a kind of expropriation. The duties payable to the 
Government on mining property are very small, coming, 
in fact, to mere nominal payments, and the proprietors 
of the mine have the choice of selling their ores to the 
Government, or of smelting them at their own expense in 
private establishments. At a previous date, all the 
ores found in the Schméllnitz district were sold to the 
Government, and paid by the quantity of metallic con- 
tents as given by the dry assay. The Government 
pretended to give the miners the full price of the 
metal, deducting nothing but the actual expenses of 
smelting. As usual under Government. management 
these “actual expenses of smelting” were so high— 
and they are equally high at the present moment—that. 
the miners were very badly treated under this system. 
A very curious and somewhat complicated arrange- 
ment was therefore made some 15 or 20 years ago 
between the numerous proprietors of mines in Upper 
Hungary, which formed themselves into a kind of 
limited liability company, and erected their own 
smelting works in opposition to the Government works. 
This. society is called “ Waldbiirgerschaft,” and the 
works belonging to it are considerably larger, more 
productive, and more economically managed than those 
of the Government at Schmdllnitz. At present the 
mines of the Zips are inthe hands of a most extra- 
ordinary class of proprietors. The peasants and farm 
labourers of that district, whenever they can spare 
some time from their agricultural pursui's—and they 
seem to find much time to spare—go up the mountains 
and commence to search for “ metals.” Wherever 
they find a promising spot tliey take.a licence or pro- 
visional protection for the new mine, and then they 
commence to drive a gallery from the side of the 
mountain. As operations proceed, they commence to 
sell ‘shaves of their mine. It has been established 
hy an old custom that every mine is to be divided 
into 128 parts, each | part forming one share of 
the property. Such a share is called “ Kux.” It can 
be bought and sold without notice being given to 
the other proprietors, and without asking’ their con- 
sent. It entails no liability upon its owner, who is at 
liberty at any moment to drop his claims upon the 
mine, and is by this act liberated from all responsi- 
bility. The rest of the shareliolders are, in sucha 


manner, and they, must divide the respective share be- 
tween them. .,With such an arrangement there is 
nothing easier*than to become a mining proprietor. 
The workmen. who, have struck a vein go from house 
to house, asking parties to buy shares at.a price vary- 
ing between 6d. and 2s. month. The. pu'chasers 
are sufficiently »nmerous. Shopkeepers, farmers’ 
clerks, the Rouian Catholic priest and the Protestant 
clergyman .of the. village, the country. surgeon—all 
sare purchasers. of such. property which: tas the charm 
of an adventurous nature tlosely résewbhing betting 





e, which carries the ore i 
slate,or. clay, a between tivo ranges of limestone 


or gambling... If the mite’ proves’ productive before 


ease, the successors, to. the property abandoned in this! 





all the money collected in this manner is spent, the 
price of the shares rises rapidly, and considerable 
fortunes are occasionally realised in this manner. 
Most frequently, however, the shareholders, having 
to pay for a long time before reaching the vein, lose 
patience and courage, and withdraw their support; 
the mine is abandoned and, probably, taken up shortly 
after by another set of miners with similar results, 
until a third or fourth party attains success. The ore 
prodaced from these mines is sent to the smelting 
works upon carts onee or twice a month, and paid for 
immediately according. to a sliding scale, depending 
upon the contents of copper or other metals, as shown 
by the dry assay, The mode of assaying copper ore 
is more perfect in Austria than is the case in England. 
It is known, for instance, that a copper ore which shows 
2 per cent. of copper by the dry assay contains actuall 
about 3} percent. In Austria a 2 per cent. ore woul 
scarcely reach 3 per cent. if carefully analysed or ex- 
tracted by a method which causes no loss of copper, 
such as, for instance, Mr. Henderson’s mode of ex- 
traction now largely practised in this country. The 
lowest percentage which the miners are permitted to 
deliver at the smelting works is 3 per cent., and no 
ore containing less than 3 per cent. of copper is paid 
for. At the present moment, when copper is quoted 
at 80/. per ton in Austria, the smelting works pay 
about 30/, per ton of copper in a 3 per cent. ore. 
richer ores the copper is, of course, paid at a higher 
rate. The richest copper ores in that district con- 
tain from 20 pe cent. to 30 per cent. of copper, but 
the great bulk of the ore is below 3 per cent, and can- 
not be smelted in consequence. Several modes of ex- 
traction have been tried, but have all failed with 
the exception only of one process carried out at 
Schmdllnitz by Mr. Anton Hauch, the manager of 
the Government smelting works. We.shall describe 
this mode of extraction in detail, but we may mention 
at present that Mr. Hauch has recently visited Scot- 
laud, and has made himself acquainted with Mr, Hen- 
derson’s process, which he is now about to introduce 
in the Government works and in some private esta- 
blishments in Hungary. The introduction of Mr. 
Henderson’s ingenious and successful mode of ‘ex- 
traction will give an important stimulus to the mining 
enterprise in the Zips district, and with this a con- 
siderable number of other industrial branches, already 
in existence in Upper Hungary, will rapidly rise in 
extent and importance. There is a great probability that 
mining operations will be taken out of the unscientific 
and badly directed hands of an uneducated country 
population, and will be carried out on a large scale 
with the proper employment of machinery and rail- 
ways, snk with all the modern appliances for the 
economical working of mines, which are at present 
beyond the reach of these primitive Hungarian miners. 
Some of these new establishments will have to be 
created under the auspices of the Austrian Govern- 
ment, and in this respect the recent conduct of the 
House of Representatives in Vienna regarding the 
national debt will cause some disinclination amongst 
capitalists to invest money upon the guarantee of a 
Government which does not shrink from bankruptey. 
We believe, however, that the present difficulty and 
its acon consequences will very deeply impress 
‘upon the still inexperienced Austrian Parliament the 
conviction that it is an absolute necessity for a civilised 
nation to keep faith in commercial engagements. The 
guarantees of the Austrian Government will therefore, 
in- all .probability, become more acceptable in future 
than they have been at any previous period. 








Lay-over Tickrts.—On most of the Canadian and United 
States railways, “ through” travellers are permitted to break 




















their pones, at vf intermediate station, and are at liberty 
to make as many of these stoppages i367 9 
as they may require. On such occa- 468 10 
sions the regular ticket is exchanged ' 
for a “lay-over” pass, the arrange- "S eo 
ment of which is very ingenious, as 10 Fes : 
will be seen from the annexed dia- 7 Mas _ fe 13 
ram. All stations are numbered ZA: - iS # 14 
throughout, and these numbers cor- 30 peg 3 m/26 
respond with the row of figures to 34\J ody a 16 
the left hand of the sketch. ‘The |S8)S°2 [4 BE 17 | 
‘| months in the year and thirty-one |, fy, a 2 1 
figures are algo printed on the card, 40'8 ts F g Pred 
as well as the condition upon which 44, oom 21 
it is issued. Before handing it to |i-\°" | 5 é 
the passenger, the ticket collector in |f>)/ Nov |’ A. 
the train punch jut a numb in |49 m0. 2 94 
the left-hand column correspondin, '85 
with that of the station for whic 30. 28 26 
the ticket is granted, a second num- 31 29 | 
ber which shows the ultimate desti- 








pom pt om 1 Loomer Lh the month, and ‘ third number 
iving. the ‘on which it is exchanged. this arrange-, 
root teavellacs age sth the trouble of purchasiog new tickets 





at stations where they may wish to and the 
holes afford all Teodfl information tothe inllver offici 
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DESIGN FOR A STREET CROSSING BRIDGE. 
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Each annual report of the Registrar-General upon the 
street accidents in the metropolis shows the sacrifice of a 
large number of lives, and gives rise on the one hand to 
somewhat groundless fears in the minds of nervous pedes- 
trians, and to the suggestions of expedients for the preven- 
tion of such casualties on the part of practical men. One 
hundred and sixty-four deaths from accidents in the streets 
occurred in London last year, and the conclusion hastily 
arrived at is that the bulk of these fatalties took place in the 
most crowded streets, and to those who were attempting to 
cross the carriage way; and as no details have been pub- 
lished epeeif'ying the localities in which such accidents oc- 
eurred, nor of the ages, occupations, and stations of the 
victims, it is after all not an unfair inference, although an ex- 
anination of statistics shows such an inference to be incorrect. 
Out of the one hundred and sixty-four cases, forty-eight were 
the result of accidents with vehicles, in which the victims 
were either thrown violently from the carriages, or crushed 
in collisions, or from being upset. Fifty-nine children, be- 
tween the ages of 6 months and 15 years, were run over, 
while only twelve women died from the effects of the injuries 
received in the streets. Forty-four men were run over, many 
of them in the pursuance of their calling, as draymen, carmen, 
bakers, coachmen, labourers, and the like; all were belong- 
ing to a very humble class, and in many instances the imme- 
diate cause of accident was intoxication. But one case is 
entered in which the victim is called a “gentleman,” who 
was aged 77 years, and was knocked down by a horse in the 
neighbourhood of Piccadilly ; of the twelve women, one was 
110 years of age, and was run over in a narrow ‘street in 
Whitechapel; another was a schoolmistress, killed in New- 
ington-causeway. The reason of the great number of fatal 
accidents to infants is painfully apparent; with parents too 
poor, or too careless, to tend them properly, they are left to 
themselves to wander in the street, and run into certain 
danger; or else they are placed in the charge of children 
scarcely older than themselves, who neglect them, or, in some 
cases, share their fate. 

It has to be borne in mind, moreover, that the number of 
these fatal accidents did not preponderate in any particular 
locality, but they were distributed all over London, from 
Greenwich to Battersea, and from Hampstead to Brixton. 

As a matter of course, street casualties, more or less serious, 
outnumber by tenfold those cases recorded weekly in the 
death-sheet of the Registrar-General. But most of such 
casualties are of a similar class to those recorded, and are 
spread equally over London, and do not occur specially at the 
most crow crossings, such as those at the foot of Parlia- 
ment-street, at Hyde-park-corner, King William-street, or 
the General Post Office. At these places passengers are on 

ie qui vive, and, however “nervous” they may be, are able, 
either to cross by themselves, or get assistance in doing so ; 
it is rather in less crowded streets, where danger is not feared, 
that it is nearest at hand. But not only the anger, but also 
the inconvenience and delay incurred in crossing crowded 
thoroughfares, which would never be entirely obviated by 


overhead bridges, could most effectually be removed by proper 


BROADWAY, NEW YORK. 


the most active London pedestrian—is, during the whole o: 


the Parliamentary Session, a age of pleasantness, owing 
the admirable regulations made and enforced for the benefit 
of members attending the House ; it would surely be advisable 
to continue a similar system throughout the year. 

A light overhead street a has been erected for more 
than a year in the most crowded part of Broadway, New 
York, where the roadway narrows and forces the great and 
ceaseless traffic into contracted limits, at a spot, too, where 
Fulton-street, the most crowded thoroughfare between the 
Hudson and East. River, crosses the Broadway at right 
angles, thereby increasing and complicating traffic arrange- 
ments; this light bridge has been constructed for the con- 
venience of passengers who fear to thread their way amongst 
the moving mass of vehicles and horses. This is the first 
practical experiment in overhead street crossings, and, after 
more than a year’s experience, public opinion has tacitly 
declared against it, the public using it but little even in the 
busiest hours of the day. 
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We gave in a previous volume* a detailed description of 
this bridge, at that time not carried out ; this week we illus- 
trate it as.it has been executed. It has a clear headway of 
17 ft. 8in. above road level, and is approached by four flights 
of steps, of 30 stairs each, which span the width of Fulton- 
street, so that passengers "2 cross from north to south as 
well as from east to west. The bridge is 14 ft. wide, and is 
supported upon 8 cast-iron columns, which are continued 









sw regulations. The quadruple crossing at the bottom of 
arliament-street-—for half the year so perplexing even to. 


above the top of the handrailing and formed into ornamental 





* ENGINEERING, vol. iii, p. 226. 








lamp-posts. The lattice work of the handrails and the girder 
itself te lined to a height of 3 ft. above the steps and plat- 
form with sheet iron, and the steps are close planked. ere 
is perhaps no situation in any city where for some few hours 
every-day traffic is so dense, and driving so reckless if the 
cabmen get a chance, but in spite of this the bridge is never 
greatly used, for the simple reason that it takes longer to 
cross over, and there are 30 steps to ascend on one side, and 
as many to descend on the other. And besides this, at every 
few hundred yards police are stationed, whose special duty it 
is to regulate the traffic, and to assist the nervous or the 
feeble to cross over. They are uired, if called upon, to 
escort ladies from one side to the other, and stop all vehicles 
when nece . 

We also engrave this week a scheme for a ey over- 
head street crossing, planned by Mr. Joseph Mitchell, whose 
admirable designs for bridge abutments carried out by him in 
the Highland Railway we described and illustrated last 
September. This street bridge is of a light and elegant de- 
sign, but of course open to the two main objections in- 
separable from all such structures—the first, that it is 
impossible to make an obstruction anything but an obstruc- 
tion; the second, that at least 6ft. of the side walk or 
carriage way must be sacrificed for each flight of stairs. The 
general arrangement of this design is shown in Fig. 
2; but beyond the disadvantages arising from the best 
planned scheme, others and more serious ones would spring 
up if it were carried out. In fair weather such a structure 
would be a resort for loungers, idlers, or worse. In New 
York but few ladies would care to avail themselves of such 
an arrangement, whilst the old and feeble would be unequal 
to the exertion of ascending and descending. Competent 
police regulations would ensure convenient nen and 
prevent all the danger and half the inconvenience London 

estrians now suffer ; whilst a careless person would not be 
eterred from many constant risks if overhead bridges were 
erected at every crowded corner. 








THE CONVERSAZIONE AT THE INSTITU- 
TION OF CIVIL ENGINEERS. 


On Tuesday night last, on the occasion of the President’s 
conversazione, the old rooms of the Institution of Civil En- 
gineers may be said to have made their last appearance in 
public. By the commencement of the next session it is ex- 
pected'that the new hall will be ready for use, and all who 
attended the meeting on Tuesday last must have looked forward 
with pleasure to the prospect of more spacious accommodation 
next year. The annual conversazione is always well attended, 
and on Tuesday the attendance was more numerous than ever ; 
and it was simply impossible to examine on the evening of the 
party the works of art, or the large and interesting collection of 
models. Of course, all the leading bers of the professi 
were there, and among the visitors we noticed Professor Abel ; 
Capt. Arrow; General Balfour; Admiral Sir E. Belcher; Dr. 
Billing; Mr. E. Bowring, C.B.; Captain Burstal; Mr. P. H. 
Calderon, R.A. ; Col. Campbell, R.A.; Mr. E. Chadwick, C.B. ; 
Lord Alfred Spencer Churchill; Admiral Collinson; Mr. S. 
Cousins, R.A.; Mr. E. W. Cooke, R.A.; General Millans Del 
Bose; Professor Donaldson; General Dunn; Mr. W. P. Frith, 
R.A.; Mr. Glaisher; Dr. Granville; Earl Grey; Sir George 
Grey, Bart., M.P.; Lord R. Grosvenor, M.P.; Admiral Halsted ; 
Mr. J. Hartley, M.P.; Admiral Sir John Hay, Bart, M.P.; 
General Hay; Lord Headley; Major Honchen, B.S.C.; Field- 
Marshal Lieut. Baron Jochanes; Mr. E. K. Karslake, M.P. ; 
Mr. Commissioner Kerr; Mr. Charles Landseer, R.A.; Sir C. 
Lanyon, M.P.; Bishop of Limerick; Sir Arthur Mackworth, 
Bart.; Alderman Sir F. G. Moon, Bart.; Professor Partridge ; 
Dr. Percy; Mr. H. W. Phillips; Dr. Quain; Lord Redesdale ; 
Mr. Samuda, M.P.; Mr. Warrington Smyth; Mr. Lumb Stocks, 
A.R.A.; Sir Henry Thompson; General Tremenhere; Mr. 
C. V. Walker; General Gedes Walker; Sir Thomas Watson, 
Bart.; Mr. Westmacott, R.A.; Lord Justice Page Wood; Mr. 
Basil T. Wood, M.P.; Mr. Wyon, &c. 

According to the usual arrangement, the engineering models, 
&c., were arranged in the large hall and on the entrance lobby, 
whilst the library and upper apartments were devoted to the 
fine arts. The collection of paintings, — of them lent for 
the occasion by the artists themselves, included works by R. 
Ansdell, P. H. Calderon, T. Creswick, J. C. Hook, P. F. Poole, 
E. W. Cooke, Grant, A. Elmore, F. Leighton, Turner, T. Faed, 
J. E. Millais, C. Stanfield, W. P. Frith, P. Naysmith, and other 
celebrated artists. In the upper rooms some very interesting 
series of photographs were exhibited. One of these consisted of 
views taken, we believe, by the Royal Engineers during the late 
Abyssinian expedition, and it comprised views of the camp at 
Senafe, Annersley Bay, the Devil’s Staircase, &c. Another set 
consisted of scenes in India and on the Ceylon railway, the latter 
being of considerable interest in an engineering point of view. 
Here also were some quaint old engravings, and amongst them 
one of a conversazione in bygone days, an affair which con- 
trasted most forcibly with the crowded rooms on Tuesday. 
Up-stairs also were some fine models illustrating Captain 
Symonds’s system of constructing armour-clads with central 
batteries having recessed sides, a system which was fully de- 
scribed by him in his paper read before the Institution of Naval 
Architects on the occasion of their recent meeting. We pub- 
lished Captain Symonds’s paper a few weeks ago (wide page 326 
of the present volume). 

We must now give some particulars of the models, &., ex- 
hibited in the main hall and entrance lobby. At the latter 
place the most striking oa was a large well finished model, 
exhibited by Messrs. Saxby and Farmer, to illustrate the 
ps pecaed of their system of locking gear for railway signals 
and switches, a8 — to a double junction. This large model 
was accompanied by other smaller ones, and by a series of 

hotographs representing some of the principal junctions, &c., 

tted up by the above firm. The general principles of Messrs. 
Saxby,and Farmer’s locking gear are so well understood that it is 
quite unnecessary that we should explain it here, whilst a de- 
scription of. the numerous improvements in detail, which have 
been lately introduced by the firm, would be impossible in a 














ENGINEERING. 


[May 20, 1868. 





518 


————— 





notice like the present, Messrs. Saxby and Farmer’s signals 
and locking gear are now in use on all our principal lines, 
and without them or some equally efficient arrangement, it 
would be i ible to conduct the traffic at many points of our 
railway system, especially in the Metropolitan district, with any 
degree of safety. 

Close to Messrs. Saxby and Farmer’s models were exhibited 
some other valuable adjuncts to safe railway working, namely, 
Mr. C. E. Spagnoletti’s disc telegraph instruments, as used on 
the Metropolitan, Great Western, and other railways. One 
great feature in these instruments is that the signals are given 
in a form in which it is absolutely impossible to mistake them. 
Each instrument consists of a case, having in front a plain 
green dial witha hole init. Behind this dial are two discs, one 
white, with the words“ Line Clear” on it in large type black 
letters, and the other red, with the words “ Train] on Line” 
in white letters. These discs are s0 arran that, when the 
instrument is not in use, only half of each is seen through the 
hole in the green dial. The colours white and red correspond 
with the signals and lights, representing “ All Right,” and 
“ Danger.” The instrument is worked by two keys, one for 
each disc, and labelled the same as the discs, so that by press- 
ing down the white key, labelled “ Line Clear,” the white disc, 
“ Line Clear,” appears in the hole of the green dial, and on 
pressing down the red key, labelled “ Train on Line,” the red 
disc, with “Train on Line,” appears in the hole of the green 
dial; thus, one signal only, and the one intended to be shown, 
can beseen; hence no confusion or doubts can arise, and, the dial 
being green, and the discs red and white, by the contrast of 
colour « clear and unmistakable signal is obtained. Either of 
the keys can be pegged down by « pin, which passes through an 
eye by the side of each key, so that either signal can be kept on 
as long as necessary. These instruments are so constructed, 
that whichever signal is given at the station, the same must 
show at the one to which it is sent; and when a signal is given, 
and the key pegged down, it cannot be reversed from the end to 
which it is forwarded. This instrument also registers the gradual 
exhaustion of the battery, so that the battery can be attended 
to before it becomes too weak to perform its work. A single 
striking bell is worked in connexion with the instrument, sepa- 
rately, or attached to the instrument; if the former, it has a 
key of its own ; if the latter, on either of the keys of the instru- 
ment being pressed down, the signal is shown, with a simul- 
taneous stroke of the bell, so that by having a code of the 
number of the beats on the bell, a corroboration is given to the 
signals shown by the discs. This instrument can be worked on 
two systems: 1. On that which is called the Permanent Block, 
80 as to show the constant condition of the line, whether clear 
or blocked. 2. On that which is called the Block System, by 
asking if the line is clear, and blocking only during the time a 
train is on the section so worked. The first system is better suited 
for over-crowded double lines, and when the instrument 
is thus worked, any defect in the instrument at either end 
or to the line wire, is immediately registered by the dises 
showing half red half white in the hole in the green dial; so 
that directly the defect occurs, it is immediately shown at both 
ends. The method of working these instruments on the “ per- 
manent block” system on a crowded double line may be best 
illustrated by an example. Let us suppose two stations, A and 
B, at each of which are fixed two dise instruments, one labelled 
“Up Line,” the other ‘‘ Down Line,” and a single striking bell 
on & separate wire; so that whatever codes are given on the 
bells, none of the instruments are thereby affected. On the 
men coming on “e the test signal is given thus: Station A 

ives six beats on the bell; station B returns them; station A 
then shows both discs of each instrument. Thisisalsoreturned by 
station B, Assuming the up line runs from A to B; station A then 
pegs down the white key of the up line instrument, thus showing 
the white disc at each station, station B pegs down the white 
key of down line instrument, also showing the white disc at each 
station; thus A has ession of the up line from A to B., and 
B has possession of the down line from Bto A. An ordinary 
train is about to start from station A; the signalman rings the 
bell once to B, unpegs the white key, and presses down the red 
key, ‘train on line ;” B replies by one beat on the bell, and pegs 
down “ train on line” key, and keeps it pegged down until the 
train has not only arrived, but started to next station; A puts 
his station signal to danger, and keeps it so until B gives “line 
clear.” On the train’s arrival at B (after signalling the train 
in the same way to the next station), B gives A three strokes 
on the bell, un the red key, and presses down white key, 
which shows “ line clear” to A. A returns the three beats on the 
bell, and pegs down the white key, thus again taking possession 
of the line from A to B. If after B has given A “line clear,” it 
is to obstruct the up line at B, before doing so he will 

ive A five beats on the bell; A will return the five beats on the 
Gell, and unpeg the white key, when B will peg down the red 
key, and keep it pegged down until the line is clear, when he 

ill return line & in the same manner as if a train had 
arrived, so that A havi 
the red key down, actua party, and is 
fully aware to the obstruction of the line. Two beats on the 
bell would be given on an express passing, and four beats for 





to unpeg the white key for B to peg 


ting 
56 





goods, &c. Down trains are signalled by B in precisely the 
same way as 4 trains are signalled by A. Station A signal 
should = hanes show danger when the red disc is showing from 


B, and vice versed. We have described these instruments and 
the mode of working them at some length, and we bave doneso 
because of the t suceess which has attended their use on 
} ath aes oon and other lines where they have been intro- 
uced. 

Next to Mr. Spagnoletti’s instruments were some specimens 
—— h cables now in course of manufacture at the works 
of the In 


ia-rubber, Gutta-percha, and Telegraph Works Com- 

Ee: Silvertowa. These specimens were exhibited by Mr. G. 
. Preece, and \hey incladed pieces of the following cables: Ist, 
the new Cuba and Florida cable, which is to be laid as an 
addition to that put down by Mr. F. C. Webb last year. ‘This 
cable is 105 miles long, and is divided into main, intermediate, 
and shore-end lengths of the ——~ of 8tons, 10 tons, and 
20 tons per knot tively. The insulation is the same 
throughout, and is of a very superior character. 2nd. The 
North Sea cable; the specimens including a piece of the main 


cable 18 miles long and weighing 10 tons pér knot, and a sample 
of the shore ends weighing 20 tons per knot, the latter being one 
of the most massive specimens of telegraph cable yet turned 
out. . This cable contains four conductors, and both it and the 
Cuba cable are well protected by bituminous compound. Speci- 
mens of Brooke’s paraffin insulator, so extensively ond’ ts 
America, were also exhibited. 

On the same table as the articles we have just mentioned, 
Messrs, Thomas Smith and Son, of Walnut-tree-walk, Lambeth 
—whose productions we have often had occasion to notice in this 
j exhibited their tiny working model of the Great Britain 
Steamship, which we described on page 60 of the present volume 
of Encrvrerinc. This model is made to the scale of 2; in. to 
one foot, and the whole, including engines, boilers, masts, rig- 

ing, &c., weighs but one ounce troy. Unfortunately the space 

id not permit of its being shown at work on Tuesday night, 
and consequently it was not roticed so much as it deserved, 
and as it otherwise would have been. Messrs. Smith and Son 
also exhibited two other models of engines, one of them being at 
work driving a new counter lately brought ont by Mr. Smith. 
We shall publish an engraving and description of this counter 
in an early number, and we shal! therefore merely say here that 
it is of very simple construction, and is, we think, likely to come 
largely into uses It has been already tested by Messrs. Penn, 
Messrs. Maudélay, and others with most favourable results. 

In the lobby}: also, was exhibited, in action, the Chatham 
light, of which, we gave an illustrated description a few weeks 
ago (vide page 454 of the present volume), and close by were 
some large models of Deas and.Rapier’s switch-boxes and switch 
indicators. The latter differ yery materially in their construc- 
tion from other indieators.. They are arranged so that they 
give an all-right signal, ‘both when the points are completely 
closed and when they are fully open, a danger signal being shown 
immediately on the points being shifted from either of these 
positions. The signals are given by a semaphore arm, which is 
80 counterbalanced by the weight of the spectacle frames for the 
lamp glasses that it constantly tends 'to rise to its position for 
giving a danger signal. When the points are closed, the arm 
is held down to “clear;” but immediately upon their being 
moved it is released, and rises to “ danger,” a position which it 
maintains until the points are fully opened, when it is again 
depressed to “clear.” The arrangement is such that the indi- 
cating gear can receive no blow from the recoil of the switches 
when the latter are pulled over by their balance weights. We 
shall fully describe Messrs. Deas and Rapier’s switch-boxes and 
indicators in our next number, when we shall also publish en- 
gravings of them. 

We must now pass on to the articles exhibited in the large 
hall. Here in the centre were two beautifully finished models 
of marine engines; the one a pair of return connecting-rod 
engines by Messrs. Maudslay, Sons, and Field; and the other a 
model of the engines of the Lord Clyde, by Messrs. Ravenhill, 
Hodgson, and Co, These latter engines are also of the return 
connecting-rod class; they are of 1000 horse power nominal, 
and have cylinders 116 in. in diameter by 4 ft. stroke. Close to 
Messrs. Maudslay’s model was a sectional model of the tempe- 
rature indicator for superheaters, designed by Mr. Joshua Field, 
which we illustrated and described on page 146 of our fourth 
volume. In this indicator a number of compound bars, formed 
of copper and iron, are so arranged within the superheater that, 
as they become curved owing to the unequal expansion of the 
metals of which they are composed, —— upon a rod connected 
with an alarm whistle, this whistle being sounded when the 
temperature rises too high. This indicator will be found useful 
in preventing the use of steam which has become too highly 
superheated, a fact of which, under ordinary circumstances, 
there is no indication except by the damage done by it to the 
packing, &c. 

Another very fine model, standing near those we have just 
mentioned, was one of a set of sheer legs constructed on Messrs. 
Day and Summers’s patents. In these sheers the back leg of 
the tripod is fixed at its lower end to a carriage capable of being 
traversed on a slide-bed by means of a screw. The carriage is 
held down so that it can resist an upward strain, and by tra- 
versing it along its bed the sheer legs may be caused to over- 
hang the sides of the quay on which they are placed, or can be 
drawn back so as to deposit their load on the quay. Messrs. 
Day and Summers have erected a number of these sheers, 
amongst them one set, at the Southampton Docks, for lifting 
100 tons, and another set of the same size at Keyham. There 
is also a set capable of lifting 90 tons at the Woolwich Dock- 
yard, and several sets of similar size at other places. 

Close to the model of these sheers, Mr. Latimer Clark ex- 
hibited, in action, his system of pneumatic communication be- 
tween passengers and guards. According to this plan a pump 
is placed under the tender of the engine, the piston of this pump 
being kept working slowly as long as the train is in motion, 
being actuated by a crank and pulley, with a strap working 
round the axle of one of the wheels. The pump has ordinary 
india-rubber valves, and is connected to an exhaust tube, about 
the size of the finger, which runs beneath the carriages the 
whole length of the train, its extreme end in the hinder guard’s 
van being closed by a plug. The pump exhausts the air from 
this tube (as long as there is any air in it), and at every stroke 
forces it out through a whistle which is fixed on some part of 
the engine or tender near the ear of the driver. A tap is pro- 
vided in each of the guards’ vans by which they can at will ad- 
mit air into the pipe and cause the whistle to sound; and a 
modified form of the same arrangement is provided in every 
carriage; this constitutes the whole apparatus. When the 
train starts, the pump at first causes the whistle to sound, but 
after a few strokes the pump exhausts the air from the closed 
tube, and although it continues to work, it cannot eject any more 
air, and can no longer blow the whistle, which, therefore, re- 
mains silent throughout the rest of the journey 5 but at any 
moment, while the train is in motion, if one of the guards 
wishes to call the driver’s attention, he opens the tap which 
communicates with the exhaust tube beneath his van, and 
the air being thereby admitted, the whistle on the engine 
will begin to sound, and will continue to do so until the 
driver’s attention has been obtained. The guards may also, 
if necessary, give special signals to the engine-driver by open- 








ing their tap once, twice, or thrice. In the same way, any of 


NI 
the passengers may make a communication to the driver. 
the arrangement is such, that having once opened nee but 
nication, they cannot close it again, and the whistle wil] —¢ 
tinue to sound until the train stops, the driver acting a8 ¢itetin. 
stances seem to require, and slackening speed, or ; at 
once, or at some neighbouring station, at his di 
length of the communicating pipe is attached to each 
these lengths being coupled by a short junction piece haying 
coned ends, which are inserted in the ends of the tubes, The 
apparatus was worked on Tuesday through 200 ft. of tubin : 
made up of numerous lengths united by junction pieces, and t 
answered well ; but whether it could be readily and cheaply kept 
in good order in actual practice is a matter which can only 
decided by experience, and it is one respecting which we have 
some doubts. We should, however, state that the apparatus 
has been in use on some of the trains on the London, Chatham 
and Dover Railway for some weeks past, and we understand 
that it has been found to answer satisfactorily. 

Near Mr. Latimer Clark’s apparatus Messrs. E, R. and F 
Turner, of Ipswich, exhibited a large model of a hydrostatic 
sluice gate designed by Mr. WW. Edwards, of the Public Works 
Department, Mysore. In this gate there is fixed to each end of 
the top cross-piece a ram or Plunger, these plungers working in 
a pair of hydraulic cylinders. These cylinders are attached to 
two uprights forming the side frames in which the gate works 
and also to a cross-piece which forms the cill. On the upper 
ends of the cylinders are fixed a pair of guides, which keep the 
gate in position as it rises and to these guides are fixed two 
graduated scales made in brass, divided into feet, and 100 parts 
ofa foot. A vernier attached to the gate points to one scale 
showing the lift of the gate in feet and decimals, the other scale 
is read’ by a vernier attached to a float, thus indicating the 
depth of the water-head with the sume accuracy. The quan- 
tity of water in cubic feet, discharged per minute by ‘the sluice 
may—with the aid of hydraulic tables—thus be correctly ascer- 
tained. The gate is lifted. by pumping water into the cylinders 
by the aid of a small force pump, this pump being placed within 
an iron box, which may also contain the regulating cocks. 
This box being locked, thé suphry of water could be regulated 
only by the officer in charge. he whole arrangement is neat 
and simple. Next to this sluice gate was shown Laidlaw’s 
rotary pump, an apparatus on which we cannot express a very 
favourable opinion. A mgm of its construction would re- 
quire more space than we could devote to it here. 

Mr. J. Beverley Ferby, of Birmingham, exhibited a number 
of interesting objects, amongst them the hydraulic slide valve 
which we illustrated and described on page 485 of our last 
volume. This valve appears to answer its purpuse admirably, 
and it enables hydraulic presses to be worked with a speed 
hitherto unattainable. Mr. Fenby also exhibited several 
varieties of locks designed by him, as well as a number of 
details illustrating the mode of manufacture adopted. These 
details included some admirable specimens of punching and 
bending performed by some special machines designed by Mr. 
Fenby, of which drawings were shown, and of which we shall, 
in a future number, publish engravings. One of Mr. Fenby’s 
ee punches out the whole of the plates for forming two 

ock cases at one operation, the plates themselves not only being 

punched to their finished“ shape, but all holes for screws, key, 
&e., being formed in them. Samples of the Bessemer steel 
plate used for making the lock cases were also shown, these 
samples being folded and re-folded in the most complex manner 
without causing any fracture. A most simple and ingenious 
buckle for harness was also exhibited by Mr. Fenby, this buckle 
consisting merely of one piece of metal, and being so contrived 
that no strain put upon the straps connected by it in avy way 
interfered with the ease with which they can be released. 

By the side of Mr. Fenby’s exhibits were a series of photo- 
graphs of exploded boilers contributed by the Manchester Boiler 
Association, and also a cardboard model of a boiler which exploded 
at the Backworth Colliery, near Newcastle, in January last, this 
model being marked with all the lines of rupture. Close by 
also, Messrs. Appleby exhibited a diamond drill for boring rock, 
designed by Captain Beaumont. This drill consists of a tubular 
tool carrying at one end a series of black diamonds, these being 
arranged so that on the tool being pressed against the face of 
the rock and rotated, they cut an annular groove, leaving 4 
central core which passes up, through the centre of the tool. 
By this arrangement the quantity of rock to be actually cut 
away to form a hole of a given size is much lessened, the 
central core being merely broken out. The drill is foreed against 
the rock with a pressure of from 400 Ib. to 1500 Ib., according 
to the hardness of the material to be operated upon, d 
india-rubber springs are employed to render the pressure elastic. 

Mr. W. Airy exhibited the model bowstring girder re 
in the experiments described in his paper recently read before 
the Institution, “On the Experimental Determination of the 
Strains on the Suspension Ties of a Bowstring Girder.” The 
model is composed of a bow of steel, and has a span of 6 ft. 
with a rise of 1 ft.; the string being constructed of two slips of 
oak, and the suspension ties being of steel'wire, gauge No. 6 
(96 ft. to the oz.). The process by which the tensions were 
ascertained was the following: the ties, on being sounded, each 
gave resonant musical note, and advantage was taken of this 
to compare the note of any string with that of a free string 
suspended in a frame, and cut off by a sliding bridge to the 
length of the string under comparison. The free string 
supported a small scale-pan, and this scale-pan was loaded 
with weights ‘till the note of the free string and that of the 
string under comparison exactly coincided. This was deter- 
mined by ear with great accuracy, the effect ‘of 4 02, in 80 oz. 
being clearly perceptible. The tension of the string on the 
girder was thus measured by the weight in the seale-pan of the 
free string; and this was done for every string in every case. 
The'determination of the thrusts was'arrived at by & differen- 
tial process, thus: An uniformly distributed weight was applied 
on the girder, and the tension of every string was taken; thena 
travelling weight was introduced in addition, and hung at any 
one point, and the tension of every string was again taken: ¢ 
difference of the tensions in the two cases of each string _— 
regarded as the thrust, or tension, of that uteiog prodoess Ny 
the travelling load. This method of determining the strains 1S 








very ingenious, and is, we believe, quite novel. 
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Near Mr. Airey’s bowstring girder were samples of rails 
having the heads steeled by Docd’s process, and next them was 
beautiful specimen of lead vein in granite, from the Foxdale 
mines, Isle of Man, exhibited by Mr. J. L. Thomas. ‘Then 
came specimens of Foster’s contracting tap, exhibited by Messrs. 
Thomas Lambert and Sons, Lambeth. ‘This tap is made up of 
segments spread by a central cone, the whole being arranged so 
that when the tap has been inserted into the hole to be tapped for 
the required distance, it can be contracted and withdrawn without 
the necessity of reversing the machine in which it is being used. 
An advantage in this tap is that the cutting edges are not sub- 
jected to any rubbing action during the withdrawal, and the 
cutting threads are made of small size steel, and are readily 
renewed when necessary. Next to these taps was a model of 
Mr. David Thomson’s pump valve, which we_ illustrated and 
described on page 127 of our third volume, It is annular valve, 
and consists of a metal ring fastened to a ring of india-rubber, 
which, as it were, forms a lip within and without it.. The open- 
ing in the valve seat is, of course, also annular, and it is slightly 
wider than the metal valve ring, so that it is closed by the 
india-rubber ring only, this ring being thoroughly supported by 
the metal ring already mentioned. For pumping sewage this 
valve has been found to answer admirably, and it has been for 
some time in use at the works of the Essex Reclamation Com- 
pany at Barking, working against very high lifts. For amore de- 
tailed account of this valve, we must refer to our previous 
description already mentioned. 

Mr. W. F. Batho, of Birmingham, exhibited a working model 
of one of Wakefield’s rivet-making machines as now being made 
by him. This machine first cuts off from a bar a length suffi- 
cient to form one rivet; next it “upsets” or thickens the end 
of the piece so cut off; and, finally, it heads it, the heading of 
one rivet being performed simultaneously with the cutting off a 
length of bar for the next. Owing to the “ upsetting ” process, 
the iron is brought more gradually to the shape of the head, 
and it isfound, by cutting the rivets longitudinally. and de- 
veloping the grain of the iron by the action of acids, that the 
fibres are spread over regularly to form the head, and are not 
forced into a confused mass as in some machine-made rivets. 
We are informed that one of those machines will turn out 80 half- 
inch rivets per minute in regular work. Next to this machine 
came a beautifully finished model, exhibited by Messrs. Mauds- 
lay, Sons, and Field, of a pair of annular engines, constructed by 
them for Captain Phillimore’s yacht Hebe, and close to it 
were models of the the twin-screw gunboat Staunch and of the 
Brazilian ironclad gunboats Columbo and Cabral. Of the gun- 
boat Staunch, we give an engraving and description a few weeks 
ago (vide page 378 of the present volume), and we need, there- 
fore, say but little about it here. It was built for the Admiralt 
upon the plans of Mr. George Rendel, of the firm of Sir Wil- 
liam Armstrong and Co., and is only 79 ft. loug and 25 ft. beam ; 
the draught of water, when loaded, being 6 ft., and the displace- 
ment 150 tons. It has twin-screws, driven by two pairs of con- 
densing engines of 25 horse power (nominal) combined, giving a 
mean speed of 7} knots ; and it carries a 124 ton 9 in. Armostrng, 
mounted in the fore part of the boat in a line with the keel, and 
fired through a bulwark or screen over the bow, which is cut down 
and plated something like that of a monitor. Machinery is also em- 
ployed for the purpose of working the gun, and machinery is also 
provided for lowering it into the hold in heavy weather. The Bra- 
razilian gunboats Columbo and Cabral have also been described ir 
our pages, engravings of them having appeared in our second 
volume (vide page 100). They are sister vessels, and were designed 
and built by Messrs. Rennie, and engined by the same firm. 
They were intended especially for use in ports and on rivers, and 
since they were sent out they have, we believe, done good service. 
Each vessel is 160 ft. long by 35ft. 6in. beam, and draws 
9 ft. Gin. of water when loaded, the tonnage being 92723 tons. 
They are fitted with twin-screws, each screw being driven by a 

ir of engines, and they are each provided with a central 

ttery carrying two guns. For further particulars of these 
vessels we must refer to our former account of them already 
mentioned. 

Near the gunboats was a fine model of a wrought-iron gun 
carriage designed by Mr. Vavasseur, and constructed by the 
lakely Ordnance Company ; and next it a model, exhibited by 
Mr. Ramsbottom, of his useful apparatus for supplying water to 
tenders whilst running. This arrangement is now so well 
known that it will be quite unnecessary for us to describe it 
here. Close by, Mr. Edward Cottam, of the Battersea Foundry, 
exhibited a breech-loading gun, a form of effluvium trap to pre- 
vent the entry of sewer gas into houses, and some other articles 
which our space will not permit us to describe here. 

In one corner of the hail, Mr. T. Middleton exhibited at work 
a one-horse engine supplied with steam from a boiler heated by 
gas on Mr. Arthur Jackson’s system. The use of these gas-heated 
boilers is gradually extending, and for small powers they present 
very many advantages, as they take up but a small space, require 
little attention, and can be used in situations where a boiler 
heated in the ordinary way would be inadmissible. We expect 
to see them largely adopted in city warehouses and similar 
places, where moderate steam power is used for hoisting and 
other purposes. Next to Mr. Jackson’s boiler, Mr. York ex- 
hibited some specimens of steel made by his process, and also 
models of the apparatus employed. Mr. York’s plan is to rasp 
off fine particles from red-hot iron bars, by means of a kind of 
big circular saw with a broad face, and then to melt up these 
oxidised particles in crucibles. Of the practical success of Mr. 
York's process, we know nothing beyond that shown by the 
samples exhibited. Close to these samples Mr. Sterne exhibited 
samples ot his buffer and draw springs, of which we gave illus- 
trations and a description on page 599 of our last volume. 

_ The Millwall Ironworks Company exhibited a large and very 
interesting collection of models and samples. First, there was a 
model, on the scale of. Lin. to 1 ft., of a wrought-iron shield 
made with tongued and grooved bars, designed to be placed in 
Stone buttresses as shown by Messrs. Lancaster and Hughes to 
the British Government in 1860, with the exception of the 
additional 5 in. front plate, which is added to meet the in- 
creased power of modern artillery. This was intended for a 
3rd class defence, and near it was a model of a wrought-iron 
shield fixed on granite foundations, also proposed by Messrs. Lan- 
caster and Hughes to the British Government in 1860, and since 





adopted by the Russian Government in the fortifications of 
Cronstadt. A section cut from the end of one of the rolled 
bars used in the Russian defences was also exhibited. It was 
rolled at the Milwall Ironworks in 1864, and weighs 1600 Ib. 
per yard, its depth being 12 in., and its breadth 10 in., includ- 
ing the dovetail on one side. Another model represented, to a 
scale of Lin. to 1ft., a section of a wrought-iron caponniere 
constructed with tongued and grooved bars with front armour 
war as designed by Messrs. Lancaster and Hughes in 1862. 
‘urther models in this collection illustrated, to a good scale, 
various defences designed by Mr. John Hughes, the manager 
of the Millwall works. First, there was a model of a bomb- 
proof wrought-iron shield, with hollow stringer backing for 
fixing in earthworks, designed for a foreign Government in 
1865; next a model of wrought-iron bomb-proof fort. with 
hollow stringer backing and urmour-plated roof, designed for a 
foreign Government in 1867; next.a model of segment of 
wrought-iron circular fort with brick’ and concrete. réof and 
hollow stringer backing, designed by Mr. Hughes, in 1867; and 
next a full-size section of dovetail, tongues, and groove’ bars 
(similar to those used in Russian defences) showing mode of 
fastening back supports without “through” bolts. This is 
designed for a third-class defence, Another sectional model, 
similar to the last, showed a mode of fastening on front armour 
plates with double dovetail hollow butts; and there was also a 
section of hollow stringer for the backing of armour plates rolled 
at the Millwall Ironworks in 1865. The weight of this stringer 
was 210]b. per yard. All these models were well worthy 
of careful study by all interested in fortifications, and we much 
regret that the limited space at our disposal does not allow 
us to describe more fully the details of their construction. 
The Millwall collection also included a model of the War Office 
shield, with hollow stringer backing, designed in 1865, for 
enabling three series of experiments to be conducted on one 
shield. The lower half of this shield was covered with a 9 in. 
plate, and the upper half with a 6 in. plate, a part of the latter 
late. being further covered with three superposed 1 in, plates. 
‘here were also included in the collection some specimens of 
armour-plate fastening bolts, constructed on Mr. Parsons’ plan. 
These bolts are bored out for the greater part of their length, so 
as to reduce the sectional area of the shank to that of the 
screwed portion. The bolts are thus rendered, approximately 
speaking, uniformly strong throughout, and when they are 
subjected to a tensile strain they stretch in the shank in- 
stead of parting at the screwed portion. The principle of their 
construction is the same as that of Major Palliser’s bolts; but it 
is carried out in a different way, the object of boring out the 
shank being to maintain the external diameter of the bolt uni- 
form throughout. One of the specimens exhibited was 3} in. 
in diameter by about 2 ft. 6 in. long; and it had been subjected 
to sixteen blows of a 1 ton monkey falling 26 ft., and had been 
thus stretched 6} in. in a length of 19 in. before rupture took 
place. The elongation thus amounted to over 33 per cent. of 
the length stretched, and the other examples exhibited similar 
results. We described in ENGINEERING a tew months ago (vide 
page 412 of our last volume) a number of experiments on Par- 
sons’ bolts, which illustrated fully their high resisting power. 

Close to the Millwall collection, Messrs. George Forrester and 
Co. exhibited one of Mr. J. MacFarlane Gray’s portable com- 
pressed air riveting hi This machine weighs only 28 lb., 
and is completely under the control of the man holding it. It is 
supplied with air at a pressure of 70 lb. or upwards, by a flexible 
pipe, and it is said to be capable of closing four 7 in. rivets per 
minute in straightforward work. Next to this machine was a 
model of Mr. D. Davies’s steam striker, which we illustrated 
and described on page 446 of our third volume; and close by 
was a sectional model of Mr. Joseph Bernay’s centrifugal pump, 
exhibited by Messrs. S. Owens and Co. We could not clearly 
describe the peculiarities of construction of the pump without 
referring to drawings. 

In the corner by the models just mentioned was one of the 
most interesting articles in the whole collection, a simple steel 
wire exhibited by Mr. T. A. Rochussen. This wire which was 
drawn from Berger’s mild steel had a sectional area of .000908 in., 
but it nevertheless sustained a load of 280 lb., equal to a strain 
of 308,370 lb. per square inch. A higher load might indeed 
have been placed upon it, but it was feared that if this had 
been done a failure might have been caused by vibration, or by 
the wire being accidentally touched. According to a table 
given by Mr. Rochussen, this wire commences to elongate at a 
strain of 388,0001b. per square inch, and fails at about 
427,000 lb. per square inch. A sample which shad resisted a 
continued strain of 418,337 1b. per square inch was also exhi- 
bited. 

Our notice of the conversazione has already run to such a 
length that we shall be compelled to give but brief mention of 
very many of the articles exhibited. Amongst the models not 
yet noticed was one, sent by Messrs. Cochrane, Grove, and Co., 
of the scaffolding employed in erecting the roof of the Charing- 
cross Station; and near it was one of Mr. P. J. Margary’s 
switch-locking gears used on the South Devon Railway. In 
this arrangement the rod which works the semaphore signal 
carries a slide which works close to the end of the prolonged 
crossbar of the switches to which the signal belongs. ‘This slide 
is perforated at one point, the perforation being so placed that 
when the signal is at danger the switches can be moved, the 
signal being then locked by the crossbar passing through the 
hole in the slide; whilst when the signal is at “all right” the 
solid part of the slide comes opposite the end of the crossbar, 
and prevents the switches from being shifted. Messrs. Kennard, 
of the Crumlin Works, also exhibited a model of their switch- 
locking gear, which we illustrated and described on page 510 of 
our third volume. 

Messrs. John Moseley and Son exhibited a very com- 
plete collection of moulding and other planes which were 
beautiful examples of workmanship. Many of the mouldings, 
&c., produced by them also were ot new design, and we noticed 
particularly a form of sliding joint produced by them, which is 
admirably adapted for jewellery cases and similar purposes. 
Close to these was a specimen of the system of flooring de- 
signed by Mr. Richard Moreland, jun., and described by us on 
page 51 of the present volume. Mr. De Bergue exhibited 4 
model and photographs of the Carthagena floating dock, con- 





structed by Messrs. Rennie, on his system, and also a model of 
his method of coupling up the wheels of the tender and carriages 
of a train to those of the engine, a plan of which we have 
already given our opinion in ENGINEERING. 
During a great part of the evening App’s “ inductorium” 
attracted much attention. This apparatus is a powerful induc- 
tion coil machine, the coils being insulated in a peculiar manner. 
This inductorium was exhibited at the recent soiree of the Royal 
Society, when sparks 18in. in length were discharged by it 
through air. Very long sparks were obtained from it on Tues- 
day night, and various other experiments were also conducted 
with it. Amongst the things we have not yet mentioned were 
drawings of Waygood’s donkey pump, and Kittoe and Brother- 
hood’s Paragon pump, both of which have been described in 
ENGINEERING (vide page 382 of the present volume, and page 
159 of our third volume, respectively). Mr. William Tijou 
also sent a drawing of a new steam pump lately designed by 
him, but by some oversight this drawing was not exhibited 
until the private view on Wednesday geen The chief 
uliarity is the simple form of equilibrium valve adopted in 
it; this valve being partially rotated at each end of the stroke 
by aroller, attached to the piston-rod, acting on a kind of scroll 
connected with the valve spindle. We may, perhaps, describe 
this pump more fully ona future occasion. Scattered about the 
room in various places were numerous examples of mate- 
rials which had been tested in various ways by Mr. David 
Kirkaldy. These samples possessed considerable interest, 
and we much regret that the space did not permit of their 
being mm arranged so that they might be 
readily examined. They included 502 specimens of materials 
which had been subjected to tensile strain, 72 specimens of the 
results of crushing stress, 23 of bending stress, and 21 of twist- 
ing stress. Mr. Kirkaldy also exhibited his patent indicator 
dial used with his testing machine for ascertaining the change 
in form of articles during experiment: extension and set under 
pulling stress, depression and set under thrusting stress, deflec- 
tion and set under bending stress, distortion under shearing 
stress; and he also showed four modifications of his patent 
micrometer, for ascertaining minute differences in measurement 
or dimensions specially applicable for testing and other experi- 
mental purposes, and which may also be used in various manu- 
factures where great accuracy of measurement is desirable. 

Of the remaining exhibits, interesting although many of 
them were, we are compelled from the demands upon our space 
to omit even mention; but we cannot conclude this notice with- 
out remarking that the whole arrangements, decorations, «c., 
reflected the greatest credit upon the Honorary Secretary, Mr. 
Charles Manby, and the Secretary, Mr. Forrest, under whose 
direction they were carried out. We wish them similar success 
with the more spacious acc dation promised them next 
year. 











A Broxen Iron Ratt.—The broken rail which lately 
threw a train from the line of the Erie Railway, and caused 
a most terrible disaster, is thus described by an eye witness : 
* Leaving this sickening scene, and ascending the bluff on 
hands and knees, we again reached the. track above, and 
went to the other extreme end of the curve, where still lay 
the broken rail, and where the ill-fated cars first began their 
horrible dance of death. The rail still lay there, its place 
now occupied by a new one in the track. It is broken in 
four pieces—one of 14in., one of 25in., one of 21in., and a 
long stretch of 20 ft., thus making up the 25 ft. rail. The 
outer edge of this entire rail is very ragged—peeling off— 
and has clearly seen much service. On examination I was 
satisfied that the fractures were old ones ; that for some time 
the rail was held together in part only at those points where 
it ultimately broke. Examining the cross section of the 
fragments, the newly-broken iron was easily seen, crystallised 
and bright, contrasted with the rusted patches towards the 
outer edges.” 

Tue Iron and Coat Trapgs oF CUMBERLAND.—The iron 
trade in the western division of the county continues dull. 
Mr. William Irving, the lessee of the Anne Pit, near Work- 
ington, has discovered in that colliery a fresh 6{t. seam of 
coal, and the same gentleman has also found in a royalty at 
Asby, leased by him from Lord Lonsdale, a 6 ft. seam of coal. 
Messrs. Bain, Blair, and Patterson have also found in a 
royalty near Harrington a 7 ft. seam of coal, which is, how- 
ever, somewhat largely mixed with clay. The ironworks at 
Maryport are progressing rapidly, and the foundation of one 
of the furnaces has been laid. The Furness Railway Com- 
pany have finally determined upon closing the yard at Pres- 
ton-street, Whitehaven, hitherto used for repairing and re- 
newing in part rolling stock of their line. The whole of the 
workmen will be drafted to Barrow, with the exception of 
three, who will remain at Whitehayen to do such wort as it 
may be absolutely necessary to do in that town.— Carlisle 
Journal. 

Raitway Station Roors.—The Lime-street (Liverpool) 
Station of the London and North-Western Railway is to be 
extended, and a roof of the large clear span of 204 ft. has 
been designed by the company’s engineer to cover the 
extension. The roof of the Great Northern Railway Station 
at King’s Cross. is to be renewed. It is of timber, in two 
spans of 105 ft. each, the length being 800 ft., and the area 
covered nearly four acres. An iron root will be constructed 
in its place. 

Sup LauncueEs.—On Saturday, Messrs. R. and J. Evans 
launched from their building yard, at Liverpool, a new ship 
of 700 tons for Messrs. KE. C. Friend and Co., for the West 
Coast trade. She was named the Clevedon. On the same 
day Messrs. Bowdler and Chaffer, Seacombe, launched a screw 
steamer for the Aberystwith and Cardigan Bay Steam Packet 
Company. She is 115 ft. in length, 18 ft. beam, tonnage, 200, 
30 horse power, and has four water-tight bulkheads. The 
engines are the work of Messrs. James Taylor and Co., Birken- 
head. There has been for many years a most important and 
extensive trade between Liverpool and Aberystwith, so much so, 
that the directors of the Aberystwith and Cordigan Bay Steam 
Packet Compary have been enabled to declare a uniform divi- 








dend to the shareholders of 25 per cent. per annum. 
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DOUBLE-FLUED CORNISH BOILER. 


CONSTRUCTED BY MESSRS. HICK, HARGREAVES AND CO., BOLTON, OF STEEL PLATES MANUFACTURED BY THE BOLTON STEEL AND IRON Co, 














In the boilers which form the special subject of this notice, ; backing of 8 in., with a skin plating all in two thicknesses, 
each §in., stiffened by 7 in. horizontal frames, with an iron 
lining of zin. plating on the inside. In addition to the 
armour plating of the sides there are inside screens of iron 
plating to further protect the machinery of the turrets. At 


WE give, above, a perspective view of one of a set of J : 4 
double-flued Cornish boilers, 30 ft. long by 7 ft. in diameter, there is a peculiarity about the construction of the flues 
now being made by Messrs. Hick, Ba And and Co., of | Which we must mention here. As in the case of the outer 
Bolton. Fiseae boilers are being constructed entirely of mild | shell, each ring of the flues is formed of a single plate, and 
carbonized steel plates, manufactured by the Bolton Iron and | these rings are united by weldless steel hoops of a section 
Steel Company, and there are many points about them worthy | Somewhat resembling a Barlow rail. Two of these hoops are | the portions of the turrets away from the guns the plank is 
of the attention of those interested in the application of steel | Shown leaning against the flue in the foreground of our | 8 in. in thickness, laid on 10 in. of teak. In order, however, 
to. boiler-making. In the first place, notwithstanding the engraving. They are but jin. thick throughout, and from | to obtain a direct fore and aft fire, the Monarch carries pro- 
size of the boilers, each ring is formed of one plate only, there their form they give a certain amount of longitudinal elas- | tected batteries at the bow and stern—a novelty altogether 
being but one joint, and that being placed above the water- | ticity to the flues. unique in a turret ship. On the upper deck the bow battery 
line, and also oo the brick setting, so as to be always open The prejudice against the employment of steel plates for | will contain two 64.ton guns, each of which can be fired at a 
a boilers is rapidly dying out, and it will probably not be long | training of 3° within and 76° from the line of the ship’s keel. 
before it disappears altogether. There are now large numbers | In the stern battery, on the main deck, will be placed one 
of steel boilers at work in almost all parts of the kingdom, | 64 ton gun, fought from a right aft port, and having a range 
and many of them have now been at work some years. The | of 15° on each side of the line of keel. 
ing intended to be worked at a pressure of 60 Ib. per square | great thing is to select plates of a proper quality, and the The Monarch is a few feet longer than the Hercules, the 
inch. next is to treat these plates in a proper manner in making | last ship Fm canersenne - — the as ae i 

: . . , them up into a boiler. Steel plates undoubtedly to a certain | principal dimensions: length between perpendiculars, 330 ft. ; 
BR oe wy on Ledgs me 2 eae Fo gen — extent 4 uire different treatment to iron; but it is now | extreme breadth, 57 ft. 6 in.; depth in hold, 18 ft. 8in.; 
: Aare eeey — os pretty well known what this treatment should be, and it is draught, with all her weights on board (forward), 22 ft. 6 in. ; 


to inspection. The longitudinal seams of the rings are dis- 
posed alternately on opposite sides of the centre line, as 
shown in Ge agures, so that they break joint. The shell 
= are qin. and the end plates din. thick, the boilers 














after punching. In hing the plates punches are used . : e 1 hi : 6 Sins F 70-5 ; ‘ 

with plenty of clearance in the die, the result being that the fault of the boiler-maker if he does not avail himself of ditto (aft), 26 ft. 3in.; burden, 5098 70-94ths tons; launch 
“ : . ; e experience already acquired. | ing displacement, 4450 tons. 

holes are considerably coned, or of a deep countersunk form. e Monarch will at once be fitted with her engines and 

The rivets are of a taper form, so that they fit the coned —— ” machinery, by Messrs. Humphrys, Tennant and Co., consist- 

holes properly, their diameter being fin. at the smallest H.M.S. “ MONARCH. | ing of a pair of direct-acting engines of 1100 horse power 


art, and they being disposed in double rows at a pitch of | On Monday there was launched, at Chatham, the first . ae eee 36 
f in., in all deccene’ Mr. Henry Sharp, of the’ Bolton | turret ship ever constructed at a Government yard. The ie ee S en 
Iron and Steel Company, has experimented upon the | Monarch, however, although a turret ship, differs materially + ea a wo tru ted t driv . he oantel aa . mean 8 need of 
effects produced by punching steel plates with gundbes hav- | from any vessel of that class hitherto constructed. Instead 14 tees my The eh h will be equipped bor her 
ing different amounts of clearance in the die, and he has | of the upper deck being but two or three feet above the water | frst eruies at sen with oll des vot , 
found that considerable benefit results from making this | level, it, in the case of the Monarch, is 14ft. above the water- ; ext 
cleararfée large. In the course of the paper lately read by | line, while the turret guns will be carried at a height of 17 ft. ————S— 
him before the Institution of Naval Architects, he referred to | above the water. To protect the dead surface of the vessel’s or P . Suin i : 
these experiments, and, although we gave this paper in full | broadside the sides amidships are protected by armour plates, ous vaamon inew Tease She pa 800 te “5 ad 
in our number for April 3 last, we may repeat the principal | 7 in. in thickness, laid on a backing of teak of 12 in., with an France in 1852 was 522,700 tons, of iron a 0 wae, 
results here. A jin. steel plate was taken and cut in two. | inner skin plating, in two thicknesses, of liin., the whole of steel 181,000 Come. The corresponding _ ver a teel 
One piece was then punched across the middle with tin. | being further stiffened and supported by 12 in. longitudinal ass BAG tom, 1,212,800 tons ; iron, 792,100 tons; ° Ee h 
holes, the punch and die used being of the usual proportions, | girders worked outside the chin plating, and 10 in. vertical 415,600 tons. Notwithstanding the complaints | e or 
and the clearance barely yy in.; the other piece was punched | frames worked inside, both sets of stiffeners being placed at metallurgists, it is clear that their operations have very greatly 
with the same punch, but the die had a clearance of \% in., | intervals of a couple of feet. A belt of armour platiag, of extended of late years. , , 
the holes formed in this latter instance tapering from +4 in. to | 6in. in thickness, extends below the water-line. Athwart From THE Nortu.—There are now eighty-six blast fur- 
fin. in diameter. The plates were then cut into strips and | the vessel, fore and aft, armour-plated bulkheads are con- | 24ces in operation in Cleveland, while there are forty-seven 
tested, when the pieces of plate punched in the ordinary way | structed, corresponding to those usually placed at the ends of | out of blast. Mr. Prior, of Shields, has obtained a contract 
bore a tensile strain of but 26.004 tons per square inch, and | the central battery in a broadside ship. The armour bulk- | for the construction of the Norton branch of the North- 
those punched with the tapered holes a strain of 32.527 tons | heads are similar in their construction to the sides, with the | Eastern Railway (West Hartlepool division). The directors 
per square inch—a most important difference. Mr. Sharp | exception that the armour is from 4 in. to 5in. thick, and the | of the North-Eastern Railway Company are introducing 
also found, during his experiments, that the tensile strength backing 10in.; the space amidships, thus enclosed, being | Steam power at the Tyne Dock, in order to facilitate the ship- 
of steel plates, yy in. thick, was deteriorated to the average | protected from the upper deck down to about 5 ft. below ment of heavy goods. ; 
extent of 38 per cent. by the ordi process of punching, | the water. | Tue Crevetanp Iron Trapr.—The make of pig iron in 
as compared with drilling; but that by annealing the plates The Monarch will carry her turrets in the protected space | the Cleveland district remains at about the same level as 
after — the original strength was entirely or almost | in the centre of the ship, the turret bed being built on the | for some time past; the stock in the warrant stores, at 
entirely restored. Mr. Sharp, however, does not advocate | main deck, the protected portion of the turret beginning | Middlesboro’, is nearly 70,000 tons. The rolling mills are 
punching and subsequent annealing as being better than | just at the level of the upper deck. Each turret is 26 ft. in | working full time, although orders for manufactured iron are 
drilling, but he considers that the former processes may fre- | diameter, and both will mount two 25 ton guns, for the work- | coming in but slowly. The foundry trade in the railway de- 
=> conveniently substituted for the latter without | ing of which ample space is provided. The turret guns are | partments has slightly improved ; there is little perceptible 
there being any fear of bad results. | protected by means of 10in. armour plates, on a wooden | change in the coal and coke trade. 













































































May 29, 1868.] i 


ENGINEERING. 


521 








i SIEMENS’S PNEUMATIC DESPATCH SYSTEM, 


Fic. 5 


aire 








5 MM z 
ooo 
IT | jae a 





i A (\ {\) (N\A 
yeos cee Wwe 


| 


THE successful operations of the pneumatic system of 
transmitting written despatches of the Electric and Interna- 
tional Telegraph Company, since 1853, has induced the 
salograph ministration of Prussia to establish similar lines 
in Berlin. The first of these was that erected between the 
Exchange and Central Telegraph Station. The time lost in 
transmitting foreign messages by hand, or even by a tele- 
graph wire from the Exchange to or from the Central Station, 
was found to be so important a drawback, in a business sense, 
to the utility of the telegraph, that the pneumatic system 
which we are about to dente was decided upon. The works 
Were designed and carried out by Messrs. Siemens and 

e, engineers, of Berlin. 

Between the new telegraph station in the Franzoesische- 
strasse and the Exchange in the Burg-strasse, at a depth of 
2 ft. to 3 ft. underneath the pavement, are buried two parallel 
—_ of welded iron 2} in. internal diameter. At one end 

ey are joined together by a transverse coupling, and at the 





i) 
i) 


other end in two reservoirs, between which an air pump ex- 
hausts the air from one and compresses it into the other, thus 
a current of air is kept up continually in a complete circuit, 

Stations.—The principle of this system will be understood 
by reference to Fig. 1 on the next page. In the telegraph 
station the tube, 0, communicates through a tube, m, about 
5 ft. long, containing a cock, x, with the pressure reservoir, 
C. The tube, p, on the other side communicates by means of 
a similar pipe, ~, through the cock, z, with the vacuum 
reservoir, V. The end of the tube, 0, is closed by the two 
cocks, J and h, the corresponding end of p by the receptor, 
F, which may have any convenient form for allowing the 
wagon which arrives by the line to enter it, and expend its 
vis viva in some way which does not tend to destroy the 
apparatus. Between the two reservoirs, V and C, is inserted 
an air pump, L, in the cellar of the station, worked by a 
horizontal steam engine of 10 to 12 horse power, whose 
piston rod is continued through a stufling-box in the bottom 





IN BERLIN. 


SSS 
jy. GM A S 

YL Y N 
17) Zamll 4 


Sys SY 
a 
N 


Wns NEG 





of the cylinder. and carries the piston of the air pump. The 
forward stroke, therefore, in the direction of the arrows opens 
the valves 1 and 4, the backward stroke opens 2 and 3, com- 
pressing, in each case, the air within the cylinder into k ¢ ¢, 
and receiving a fresh supply in the other side from V c, k, 
causing a continued current to circulate from C through m 
otpn into V. 

both reservoirs are furnished with suitable gauges for 
indicating the pressure in each of them, and also with 
safety valves adjusted so as to keep the tension of the air in 
each within certain given limits, and, therefore, the difference 
between them nearly constant, by which means the velocity 
of the carriers is kept more uniform than it would be were 
the vacuum and pressure not so regulated. 

The introduction of the carriers into the tube at the tele- 
graph station is done by means of the continuation of the 
tube, 0, beyond its junction with m. The cocks, h and /, are 
bored exactly to the same gauge as the tube, so that, when 




















522 





ENGINEERING. 


[May 29, 1868, 








open, the carriers can pass through them unimpeded. Their 
distance from each other is slightly greater than the length 
of a carrier; and the whole length, from / to A, is inclined 
at an angle of about 10° with the horizon, whilst the upper 
half of the length between A and A is cut away so as to 
allow a carrier to be placed within it. When a carrier is to 
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be transmitted, it is laid in this opening between h and A. 
The carriers are formed of metal cylinders, nearly filling the 
tube, supported upon four wheels, two at each end and 
alternately at right angles to each other. Therefore, on 
being inserted, the carrier rolls, by its own gravity, down the 
incline, first against the cock, h, where it stops until h is 
opened, then it rolls down and stops against /. The cock, h, 
is then closed and / opened, allowing the carrier to roll down 
further into the tube, 0, until it passes the mouth of m, where 
it is caught by the current of air and carried by it to the 
further station in the Exchange. Arrived here it shoots in a 
straight line past the narrow transverse tube, ¢, through 
which the air returns, strikes open the valve, g', by means 
of its acquired momentum and enters the receptor, F', from 
which the attendant then removes it. Ina similar way the 
transmission of a carrier from the Exchange to the telegraph 
station takes place through the parallel tube, p, for which 
y it is provided at the Exchange end with the cocks, 
" and h!, together with the incline to A', and, in the tele- 
graph station with the valve, g, and the receptor, F. 

e construction of the receptor shown in Fig. 1 is that 
originally adopted, but it has since been abandoned and a 
brush system employed, which we shall afterwards explain. 
This original receptor was formed by a length of 2 ft. of tube, 
a, of a diameter slightly larger than that of the line tubes. 
It was closed at its further end, and presented its open end 
before the valve, g. The tube was provided inside with an 
india-rubber buffer against which the carrier expended its 
force, and was pert by means of two arms hinged upon 
the axis, i, upon which a stout spiral spring was wound 
which pressed it with moderate force against the valve, g. 
The blow given by the arriving carrier, passing through the 
valve and striking against the buffer inside, caused the tube 
to rotate partly around the axis, i, of its bearings, by which 
it wound up the spring until the resistance of the latter was 
equal to the momentum of the carrier. A ratchet system 
prevented the return of the receptor to its original position 
until the attendant had removed the carrier and released the 
click. 

The construction of the valve, g, is shown in Fig. 2. This 
valve was, wy speaking, only necessary to be applied at 
the end of the tube, p,in the telegraph station, where the 
superior pressure of cho atmosphere kept it closed. In the 
Exchange such a valve was really superfluous, because here 
the pressure of the air within the tube being the same as that 
of the atmosphere without, it could not matter whether the 
end of the tube, 0, was left open ornot. This could, however, 
only be the case so long as the pressures in C and V were 
kept equally above and below atmospheric pressure by which 
the mean pressure would occur at the middle point of the 
entire length. Any departure from these pressures would 
shift naturally the mean from ¢ along one of the tubes, o and 
p, according as the pressure in C was less or more in excess 
of atmospheric pressure than that in V was below it. On 
this account, for safety sake, a valve was employed. 

When this system was first established the greatest diffi- 
culty was found to be in the receptors. The velocity with 
which the carriers arrived at the recaiving station, even when 
the steam engine was worked mod>rately slowly, was so great 
that both the carrier and receptor frequently suffered injury. 
On the other hand, when the speed was still further reduced, 
it was found that the carrier had, on arriving at the tele- 

raph station, very often not momentum sufficient to enable 
it to strike open the valve, g. On this account the above form 
of receptor was removed, and a box, lined inside with a series 
of brushes, constructed of stiff bristles, put in its place. This 
box, FF (Figs, 3 and 4), is made of cast iron, is four-sided, 
and is provided with a cover, D, hinged to one of its sides, to 
facilitate the removal of the carriers arrested in it. Both 
the box and its cover are lined with brushes, the bristles of 
which are made gradually longer towards the end furthest 
from the mouth of the tube, so as to increase the resistance of 
the carriers in passing in. When the cover is down, the 











space left between the faces of the brushes is considerably 
narrower than the diameter of the carriers, which have on 
arriving, therefore, to deflect the bristles to an extent which 
soon expends their momentum and brings them up. 

Fig. 5 shows a side elevator, and Fig 6 a plan of the 
receptor and transmitter now in use in the telegraph station 
in Berlin. The steam engine, air-pump, and reservoirs, V 
and C, are placed ina cellar, and the pipes from them are 
brought through the floor of the operating room at m, and 
”,, where they are egupled by means of flanges to the tubes, 
mandn. Above the ges, the two tubes are connected 
together by a horizontal tube containing the cock, Y, which, 
when at work, is kept. constantly closed ; whilst, underneath 
tha floor, each of the tubes is provided with a valve worked 
fromthe handles, v v, by which they may, if occasion should 
require, be shut off. In the horizontal portion of the tubes, 
n and m, are the cocks, Zand X, which are left open when 
the line is in operation. Their purpose is to enable the 
operator. to,,reverse, the direction of the current of air in 
the tubes.in.case one of the carriers should, by any accident, 
become arrested in the line between the stations. Such a 
casualty seldom occurs; and, in those instances where from 
this cause. the operations of the line have been stopped, the 
reversal of the current has sufficed to release the carrier. 

In order to prevent the sudden entrance of the current of 
air through the openings by the tubes, x and m, holding the 
carriers in their passage, the jackets, M and N, are provided, 
and the.air allowed to enter and leave the line tubes only 
through a series of perforations, as shown in the section, 
Fig.7. The use of the cocks, / and h, in the transmitting tube, 
as well as the cut-away section of the end, A, have already 
been explained. 

Instead of the valve, g, used in the original receptor, we 
have now a cock, G, bored to suit the tube, behind which is 
the brush box, F F, supplied at its extreme end with an 
india-rubber buffer, g. Yhen receiving, the cover, D, is 
closed, and the cock, G, left open. The carrier then arriving 
passes through the cock, and forces its way between the 
brushes where it comes to rest. Asa measure of safety the 
hook which holds down the cover, D, of the receptor is coupled 
by a series of levers, H,, H,, Hs, with the handle, H, by 
which the cock, G, is opened and shut, so that one is always 
closed when the other is open. In the figure this system is 
shown by the full lines with the box closed and the cock 
open. The dotted lines show the position of the levers when 
the cock is closed and the fastening of the box released to 
enable the removal of the carrier. 

The Exchange station is supplied with a similar apparatus, 
only, of course, without the engine, pump, &c., instead of 
which the jackets, M and N, are connected together by means 
of a short tube. 

The Carriers.—A section of the carrier is shown in Fig. 8, 
in two-fifths natural size. The brass cylinder, U V, in the 
middle, is intended for the reception of the despatches. It 
is su pplied at each end with an iron cap, QQ, in the bottoms 
of which are the central iron continuations, Q, Q, Q,. Each 
of these is cut out in two slits at right angles to each other, 
into which the wheels, R R,, are adapted, their diameters 
being greater slightly than that of the caps, Q Q, and 
smaller than that of the line tube. One of the caps is 
riveted upon the cylinder, V U; the other, however, is 
slipped on and held fast by a bayonet catch. The wheels are 
solid, of steel hardened, and run on polished axles, which 
have their bearings in the iron ends, Q, Q,. ese carriers 
allow the line tubes to be carried round a radius of 20 ft. 

Water in the Tubes.—The collection of water by condensa- 
tion of the damp air pumped through, and by leakage into 
the junctions, was to be foreseen. Arrangements were, 
therefore, made to enable this water to be pumped out at any 
time, so as to leave the line clear, and without the power of 
impeding by this means the velocity of the carriers. At four 
points in the line were inserted reservoirs or collectors, shown 
in Fig. 9. The sections, o and p, show the plans of the 
parallel line tubes. The latter were provided with holes on 
their undersides opposite the tubes, 8 8, through which the 
water runs into the collectors, TT. The latter are, of course, 
air-tight, the flanges of their covers being packed. The 
water which falls in is removed through the tubes, 8 8, which 
reach to the bottoms of the ‘collectors. The upper ends of 
these tubes are upplied with brass unions, by which a small 
hand pump may be connected and the water pumped out, or, 
when the lines can be spared sufficiently long, both the tubes 
are put into connexion with the pressure reservoir, and, the 
tops of 8S being left open, the water is driven out. This is 
done by closing the cock, Z, Fig. 6, which shuts the tube, 
p, off from the vacuum reservoir, B. 

Dirt in the Tubes —Rust and dirt collect also in the line 
tubes. In order to remove these, a cylindrical brush (Fig. 
10) has been employed, whose outer diameter isa little larger 
that that of the fing tube. At each end it is provided with a 
washer of leather, which acts as a piston in driving it 
through. 

Velocity of Transit.—It is evident that in the current of 
air passing through any tube between a reservoir of com- 
pressed and one of rarefied air, the mean velocity must be 
greater in that half in which the air occupies the greater bulk, 
or towards the vacuum side. With a given difference of 
pressure, therefore, the passage of the carriers between the 
telegraph station and exchange is slower than their return. 
In some experiments which were made to determine the rela- 
tive pressures in order to arrive at the most favourable results, 
it was found that, with equal differences of 9 in. of mereury 
above and below atmospheric pressure, the transit time of a 
carrier the whole distance (3000 ft.) was 95 seconds from the 
station to the Exchange, whilst’ it only occupied 76 seconds 
in returning. The pressures now employed are, in the 
reservoir, C, 7 in. of mercury over, and in the vacuum reser- 
voir, V, 6in. under atmospheric pressure. With this arrange- 
ment the transit times are as follows : 

Station to Exchange... ... ... «. 1 min. 30 sec. 
Exchange to Station... ... ... .. 1 min. 20 sec. 

In a future article we shall give the results of the physical 

experiments on which this construction is based. 








LIVERPOOL NOTES. 
LIVERPOOL, Wednesday. 


Branch Railway from Huyton to St. Helens.—The powers 
for constructing this line have been granted to the London and 
North-Western Railway Company for a considerable time; but 
from one cause or another the commencement of the works has 
been delayed until now. Surveyors were busy last week map- 
ping out the land between Stank-lane and the footpath leading 
to Huyton Quarry, and some twenty or thirty men were set to 
work to clear off the sod andsoil. This week a large number of 
men have been set to work, and great exertions are being made 
to open a rough track between the spot at which operations 
have been commenced and the main line at Huyton, in order to 
facilitate the conveyance of materials, &c., to the workmen, 
The people in the neighbourhood of Prescot and Huyton are 
quite incredulous on the subject of this railway. They have 
been disappointed so often in regard to it, that even now they 
can hardly believe that something will not occur to make the 
company abandon the construction of it. But their fears and 
misgivings, notwithstanding, the line is to be opened for traffic 
within two years from the present time. 

The New Railway Bridge at Runcorn.—This great under- 
taking is now almost completed, and it is expected that the 
lines of rail to connect it with the main system of the London 
and North-Western will be finished in time to allow of its beiug 
opened for traffic in September. A preparatory trial of the 
bridge was made on Thursday evening last, when a locomotive 
engine, gaily decorated with flowers and ribbons, drawing a 
train of twenty wagons, containing a number of workmen and 
their friends, left Runcorn for Widnes, and after remaining for 
a few minutes returned to Runcorn. It was brought to a stand 
over the middle arch, and Mr. Wells, the resident engineer, in a 
few appropriate words, expressed his gratification at the near com- 
pletion of the undertaking, and praised the contractors and work- 
men, and the excellent and substantial character of the work. The 
bridge was tested again this day, by a heavily laden ballast train 
beingrunoverit. Whenthe train passed there was not theslightest 
perceptible vibration or expansion of the girders. The Runcorn 
viaduct will shorten the distance to London by about nine miles. 
It will also ease the immense traffic which now goes by the 
Warrington route. The viaduct, I may perhaps mention, 
approaches the river on both sides by arches—65 on the Lanca- 
shire side and 32 on the Cheshire side; 88 of these have a span 
of 40 ft., and 9 of 61 ft. Gin. A girder bridge crosses the river 
Mersey in three lengths, carried by four buttress piers, one on 
each shore and two in the river. Each stretch is 305 ft. in 
length, the entire length of the viaduct being a mile and a half. 
The under part of the bridge is 75 ft. above the level of spring 
tides, and the upper surface 78ft.Gin. The total cost, when 
everything is finally complete, will not be less than 300,000/. 


Mr. Whitworth and the Liverpool College.—In addition t® 
his munificent gift to the nation of thirty scholarships of 100/ 

r annum for the encouragement of mechanical science, Mr 

Whitworth has founded sixty other exhibitions of 261. pet 
annum, and one of these has been placed at the disposal of th® 
Principal of the Liverpool College. The only condition§ 
attached to the scholarship are that the holder shall be a stu- 
dent at the college, or have obtained certificates of competency 
at any of the examinations held by the Universities of Oxford 
or Cambridge, or by the Science and Art Department, or of the 
Society of Arts, and that he shall prepare himself by suitable 
study to be a candidate for one of the national scholarships of 
100. to be awarded at South Kensington in May, 1569. It is 
the intention of the Principal of the Liverpool College to throw 
open this exhibition to public competition, in order that the 
view of the generous donor may be the more effectually carried 
out. 

The Red Hematite Iron Ore Company.—lI am sorry to hear 
an unfavourable account of this company, which was formed 
some time ago for working the Lonsdale mines, in the Knock- 
murton district, near Cockermouth. It appears that the cost 
of sinking and the ordinary preliminary expenses have been too 
much for the shareholders, many of whom are unable to pay 
heavy calls, and, in consequence, the directors are left without 
the means of pushing on the works. The managing engineer 
states that the mine would be placed in a dividend-paying state 
in the course of three or four months if funds were available to 
prosecute the works with energy. The red hematite iron from 
the Lonsdale mines has always commanded a high price from 
the makers of Bessemer steel, and the shareholders of the com- 
pany were led tu suppose that a considerable quantity of ore 
would be raised in the course of the first year. It will bea 
disappointment both to them and tie Bessemer makers if the 
wines have to be abandoned. 

Improvements at New Brighton.—Several very important 
improvements have been made at New Brighton, the most 
fashionable of the watering places on the Mersey. The old 
wooden landing pier has been replaced by an iron one of great 
strength and durability, and to it is attached, by means of a 
“hinge” bridge, a large pontoon stage. It will be recollected 
that in Septemberlast Messrs. Lamport and Holt’s large steamer, 
the Galileo, ran against the stage and totally destroyed the 
bridge connecting it with the pier. The new bridge is materially 
different from the former one. Instead of being suspended on 
chains at the stage end, it is allowed free play in the deck on a 
series of rollers. The moorings of the stage have been made so 
strong that no collision can again produce such a disastrous 
effect as the one of last year. A promenade pier has been 
erected in immediate connexion with the pier, and it is @ 
structure of great beauty and elegance. It is 554 ft. in length, 
and its breadth varies from 70 to 130 ft. Two handsome 
bazaar pagodas have been erected on this platform, and. besides 
a refreshment saloon, there is a capacious saloon which in wet 
weather may be used as a covered promenade. Above the 
central building there is a reserved promenade of large extent, 
and higher still is a tower with « fine balcony around it, from 
which spectators can see an immense distance down the river. 
Shelter from the harsh winds which generally prevail on our 
shores is afforded by two glass screens, which flank the main 
building, and in no way interfere with the view seawar 
Great efforts have been made to get the stage and pier into 
perfect working order for the Whitsuntide holidays. 
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7 Land in Liverpool.—The price of building sites in 
sane as gone up to an extent beyond all conception. This 
week six lots of ground were publicly offered for sale, and 
brought the almost fabulous figure of 32,0007. odd. 








NOTES FROM THE NORTH. 
Gxiascow, Wednesday. 


State of the Pig-Iron Market.—Since last report the Glas- 
gow pig-iron market has undergone a favourable change in re- 
spect of prices. It would almost seem that the price quoted 
last Wednesday, 51s. 10jd. per ton, cash, was a level below 
which prices could scarcely go Since then the market has 
been strong and firm, and the price gradually advanced yester- 
day when several lots were sold at 52s. 2d. cash, and 52s. 4d. a 
month, but to-day there is a slight reaction, and only 52s. 
cash is obtainable. No. 1 Coltness and No. 1 Gartsherrie 
remain as last week. The following are the imports of Middles- 
boro’ pig iron into Grangemouth :— 

tons. 
For week ending 23rd May, 1868 coe eve | 8,768 
Do. 25th May, 1867 eee ane 455 


Increase ... «2 o o 98,318 
Total imports till 23rd May, 1868 =... 4. 40,416 
Do. 25th May, 1867) asa )-:13,915 


Total increase for 1868 ... 26,501 


Portrack Railway Bridge.—I mentioned a fortnight ago that 
this bridge was exciting some fears for its safety. The Dum- 
fries Courier, referring to this matter, says:—From the report 
of the Government inspector of railways, Colonel Yolland, on 
the state cf the wooden bridge over the Nith at Portrack, on 
the Glasgow and South-Western Railway, it appears that there 
need be nu apprehension in the meantime as to the safety of 
the bridge, but enough has been elicited by the inquiries of 
Colonel Yolland to show that the railway company would be 
acting in accordance with true economy, as well as a regard to 
the security of travellers, were they to depend less than they 
seem to be doing on merely precautionary measures in the use 
of the present bridge. The erection of a strong bridge in stone 
or iron would doubtless be attended with considerable expense, 
but Colonel Yolland is satisfied that it would prove the wisest 
policy in the long run, and there can be little doubt that the 
more nervous portion of the travelling public cannot regard with 
entire calmness the use of a structure the stability of which is 
secured by constant watching, by frequent repairs, and the 
running of trains over it at such a rate of speed as shall pro- 
duce the least possible vibration, 

Scotch Railway Bills.—The Dingwall and Skye Railway 
Bill and the Caledonian Railway Bill have both been read a 
third time and passed. 

Kirkcaldy and Dysart Waterworks.—The construction of 
these works is now absorbing the attention of the Water Com- 
missioners. A large number of workmen—from 160 to 200— 
are at present employed in the formation of the reservoirs. It 
is expected that these towns will be supplied with water in the 
course of the present year. (The works may by-and-by re- 
ceive a separate and detuiled description.) 

Trade in Fifeshire.—The coal trade is gradually brightening 
in Fifeshire, and in the districts of Dumfermline, Lochgelly, 
Cowdenheath, Balgonie, Dysart, Wemyss, Balbirnie, Lango- 
ward, and New Gilston the demand has greatly increased of 
late. The iron trade also improves, and in the shipbuilding 
department much animation prevails. Masons are feeling 
nothing like a depression. New erections are being gone about 
all over the country, and notwithstanding the influence of the 
dulness which affects the linen branch of the Fifeshire industry, 
new factories are being built, while additions to those erected 
are under contemplation. 

Opening of the New Line between Edinburgh and Leith and 
Granton.—QOn Friday last the new line to Leith and Granton, 
vid Leith-walk, in connexion with the North British Railway, 
was opened for passenger traffic. The opening of this new 
branch line will render unnecessary the Scotland-street tunnel, 
which will be closed, and all the trains from Edinburgh to Leith, 
Granton, and Fife, will now start from and arrive at Waverley- 
Bridge station. Trains will also be run between Scotland-street, 
Leith, and Granton. The new station at Leith-walk will no 
doubt prove a great convenience to the residents in the north- 
east parts of the city in their journeys to and from the north. 

Institution of Engineers in Scotland.—A special general 
meeting of this association was held on the evening of last Wed- 
nesday, Professor Macquorn Rankine presiding. The meeting 
was called more especially for the purpose of hearing a paper 
read by Mr. H. C. Lobnitz on “ The Nature and Progress of the 
Works on the Suez Canal:” but before calling on the author of 
the paper in question, Professor Rankine, on the part of the 
council, brought under the notice of the members the princely 
munifience of Mr. Joseph Whitworth, us shown by his gift of 
100,0007. for the foundation of scholarships for young men in 
engineering and mechanical science. At the conclusion of a 
Very appropriate address, Professor Rankine proposed the thanks 
of the institution to Mr. Whitworth, one of the honorary mem- 
bers of the institution. The paper by Mr. Lobnitz was a v 
full and interesting description of what he had seen at the Suez 
Canal during a recent visit. Before going he had always 
thought the construction of the canal to be a mad project, but.a 
personal inspection of the works had completely changed his 
ideas regarding it. 

The Lamb Family Knitting Machine.—This is the name of 
4 machine which has acquired a great amount of popularity.in 
America, where it was invented four or five years ago. The 
machine has recently been re-patented for important improve- 
ments made upon it, and it is now a beautiful piece of me+ 
chanlens. It has been introduced into this country by Mr. 
Me — Kennedy, Princes-streey, Edinburgh. Without drawings 

ould scarcely be possible to convey an exact idea of the con- 
erection of the machine. The frame of the machine can be 
pes to an ordinary table by means of a thumbscrew, and hence 

Aitness for family use. “The loops are formed on the same 


principle as in hand-knitting, but as they are of uniform length, 
they render the fabric more elastic and durable, as well as-more 
finished‘in appearance. The needles may be so arranged that 
the machine may be adapted to the tubular, wide flat, double 
flat, and the ribbed flat webs; and any size of web can be made 
by it, froma watch cord to a shawl or blanket. The work pro- 
ducible by the machine in a given time is said to be ten or twelve 
times what can be accomplished by ordinary hand-knitting. 








SOMBRERO LIGHTHOUSE. 


Somsrero forms one of the gyjup of leeward islands, and 
lies in the direct route of the mal steamers to St. Thomas, 
and indeed of almost all the West,India trade. Thus the 
importance of a light therecgn well be over-estimated. 
The island is rather less thang mile long in the north and 
south direction, and three to four hundred yards wide near 
the centre. It rises from 40ft. to 25 ft. out of the sea, and 
is surrounded by precipitous cliffs. Its surface slopes from 
about the centre, where it is highest, gradually to the ends. 
The geological structurg.ef the island is somewhat problema- 
tical. It appears, however, to be the remnant of a coral 
reef, by far the greater portion of which has been abraded by 
the action of the sea. What remains of the rock is cracked 
in numerous places, and the fissures are filled up either with 
carbonate or phosphate of lime, which is extensively worked 
by the Sombrero Phosphate Company; an aceount of whose 
operations we give in.a Separate article, -) ‘ 

So long back as the year.1865. the Board of Trade deter- 
mined to erect a lighthouse on thisisland, but the commence- 
ment of work was from one catise or another delayed for 
some time. On 29th. Decomber, 1866,; Mz. W. Parkes, of 
Park-street, Westminster, received: instructions to prepare 
contract drawings and specifications, upom qwhich tenders 
were invited, and that ofthe. Thames eieks Company 
was finally selected... T fer? Jantern were also 
sonied for, and that) of Tee alioae and) Co. was ac- 
cepted. wi +i { 

Before shipment of the materials, the tower, was erected 
complete upon the premises Thames Ironworks Com- 
pany, and so much of the riveting was completed as would 
not interfere with the removal of .the structure in convenient 
ag leaving as little rivetitig'as possible to be done on the 
island. : 

The lighthouse tower’ consists of a framework of wrought- 
iron standards and cills, connected by means of radiating 
beams, with a central,column:. ‘ Ittis divided into: twelve tiers, 
each 9ft. in height, except ‘the lowest, which is 7 ft. high. 
The feet of the first tier of s rest on twelve wrought- 
iron triangular tables 1 in. in thiekness, and 2 ft, 11 in. long 
on each side, secured to tha d by means, of three 
wrought-iron bolts 5 ft. 6in, long, and 2 in. in diameter; the 
surfaces of these bolts are jagged so a8 to cause them to take 
a firmer hold of the cement.im which they. are. bedded. 
piece of angle iron 44 x 44 X $n. and.1 ft. long, is riveted 
on to each plate, by means of which the standards are con- 
nected to the foundation plates, 

The standards consist of a eentral web jin. thick, and of 
two angle itons bent out of the angle, riveted, on, one 
on each side. The sizes of the of which the standards 
for the various tiers are composéd diminish from the bottom 
towards the top, the lowest tier being, web 10 x jin., angle 
irons 3 X 44 X 4in.; the highest tier, web 7 X 4 in., angle 
irons 2} X 29 X 3in. : 

The cills are formed of a face plate with an angle iron 
riveted on the top and bottom, the depth of the face varies 
from 7 in. to Gin. X 3in., and the angle irons from 3 x 4} x 
sin. to 3 X 3b X Zin. i 

The radiators consist of plates 4in. thick, and of the same 
depth as the cills, They rest on the head of the outer stan- 
dards and are riveted by means of angle-iron lugs to the 
central column. Where they act as beams to support floors 
they have angle irons 2} x 24 x # in. riveted on their top and 
bottom edges. Vig Vy 

In the spaces through whi¢h.the ladders pass two of the 
radiators are omitted, being replaced by diagonal stays pass- 
ing from the standard to the centre column in the tiers aboye 
and below. 

With very few exceptions, all the parts of which the struc- 
ture is formed consist of straight.cut bar iron without smith’s 
work, -_ ' 
A water tank 12 ft. in diameter, constructed. of, es £in. 
thick, forms the base of the inner circle, and the central 
column is continued upwards, for two tiers, of the ‘same 
diameter, the interior forming store rooms. ,, Above this level 
the. central column rises, consisting of, a series of curved 
plates } in. thick, six of which form a circle of 5 ft. in. diay 
meter; the parts being so arranged as to enable them to be 
connected with the radiators; 

The whole of the top floor, on, which the lantern is fixed, 
is formed, for a diameter of 16 ft., of 4 in. wrought-iron plates 
riveted to the angle-irons of the radiators of the outer cills, 
and those at the tops of the plates of the central column. 

The cornice consists of a series of castings resting on the 
outer edge of the circle of 15 ft. diameter, and projecting 
18in. beyond it. It is 2 ft. deep. the outside forming a hollow 
moulding, ,.cireular‘on plan. The space between the cornice 
and the pedestal of. the lantern is filled in with concrete, and 
forms the top gallery, round which is fixed a railing of cast- 
iron standards and wrought-iron, bars. 

The floors within the inner circle on the first and second 
tiers are formed of cast-iron plates bolted together, and 
clamped with a wrought-iron ring round their circumference. 
The portions of the floors of all the three tiers between the 
inner and outer circles are formed with strong corrugated 
iron }in. thick, the ends of which rest. on the lower angle 
irons of the radiators. The whole of the floors are covered 
with concrete 6in. to 8 in. deep. 

The stairs from the ground to the first floor are of cast iron, 
4ft. wide, with a rise of 5ft. From the first to the third 
floors they are of wood, and from the third to the tenth they 





consist .of wrought-iron ladders, 2ft. Gin. wide, bent to a’ 


spiral form. From the tenth floor to fhe watch-room, a spiral 
staircase is formed within the central column. Light ht- 
iron ladders are fixed vertically in the central column from 
the third to the tenth floors, to give access to the top of the 
lighthouse during stormy weather, when the outside stair- 
case could not be used. 

The watch-room, between the eleventh and twelfth floors, 
is enclosed by corrugated iron ype gin. thick. 

The dwellings are enclosed by a panelling of teak secured 
to a system of horizontal angle irons and vertical T irons 
riveted to the radiators above and below, and arranged so as 
to forma polygon 82 ft. in diameter. Outside of this is an 
open gallery, 4ft. wide, surrounded by a corrugated iron 
parapet 3 ft. 6in. high. Each of the panels consists of a door 
and window, so as to give admission to the air at pleasure 
from any quarter. 

The pedestal for the lantern is of wrought iron, consisting 
of plates ? in. thick, forming a polygon of 12 sides, alternately 
1ft. in» and 3ft. 9in. long, with a lining of corrugated 
iron yyin. thick. The lantern is of the ordinary Tnnity 
House pattern, constructed of gun metal com of 14 
parts copper, one part zinc, and one part tin. e coverin, 
plates of the roof are of sheet copper of No. 12 gauge, ani 
there is also an inner roof of sheet iron of No. 14 gauge, bent 
to the curve of the rafters forming the roof. The s 
between the two roofs has a free current of air through it, 
and there are special arrangements for the ventilation of the 
lantern, suited to a tropical climate. 

The light is a second order revolving dioptric holophotal 
apparatus, constructed ¥ Messrs. Chance Brothers, of 
Birmingham. It is formed with eight sides, and arranged to 
show a flash once a minute. The weight for working the 
revolving machinery falls down the centre of the builling 
through par = left in the floors. 

At the point fixed for the erection of the lighthouse, the 
surface of the rock is 36 ft. above mean sea love The centre 
of the building was fixed midway between two thin veins, 
56 ft. apart, the rock between them being free from all sur- 
face cracks, without cleavage or faults as far as could be 
ascertained, and of a hard, compact, and almost crystaline 
texture. The surface of the ground there is also tolerably 
level when compared with the rest of the island. 

Mr. R. H. Twigg, the resident engineer for the erection of 
the building, landed on the island on the 13th August. On 
the 15th August the foundations were laid out; on the 
following day the drilling of the holes for the holding-down 
bolts commenced, and they were completed on the 30th of 
the same month. On the 25th August the materials for the 
lighthouse arrived, and had to be landed from the ship by 
means of lighters. On the 15th September a commencement 
was made in fixing the foundation bolts in the holes prepared 
for them. On the 8th and 9th September the island was 
visited with a heavy storm, and the sea flooded over the site 
of the lighthouse, doing some damage to the plant on the 
spot, and causing a temporary suspension of operations. 

The low parts of the building are fixed as follows: The 
bolts having been all put into the holes, the lower nuts were 
then screwed down to a certain level. The standards with 
their triangular feet riveted on were placed on the nuts; and 
the diagonals between the standards, and the first tier of cills 
were then fixed. When the whole had been brought together 
so that the several parts fitted accurately, neat Portland 
cement was run into the holes in the rock round the bolts to 
secure them to it, The water tank was next fixed, which, 
having been brought to its proper position was secured by 
ramming in concrete under it. 

All the parts of the structure being light, none weighing 
more than 4cwt., the hoisting and fixing was carried on wit 
very little tackle or scaffoldi The order in which the 
parts of each tier were erected was, first, the standards; 
secondly, cills; thirdly, central column or inner circle ; 
fourthly, radiators or radiating stays; and fifthly, the dia- 
gonals. When one tier was complete, the stage planks were 
removed and placed on the tier above. The riveting of the 
work together was commenced on September 23, the riveters 
working upwards after the fixers, until the fixers got to the 
top; they then commenced at the top and worked down to 
where they had left off. 

While the main structure of the tower was in P am a 
destructive 2 visited the island on the 29th r, at 
which time the lighthouse was erected to a height of 70 ft. 
from the ground and 106 ft. from the. level of the sea. It 
was only partially riveted, but no evidence of straining any 

art of the structure could be perceived to have been caused 
yy the cyclone. 

By 16th November the building had so far advanced that 
the cornice plates were being laid; by 16th December the 
clockwork was being put up in the lantern; and on the 
evening of 1st January last the light was first exhibited, 
‘being within twelve months of the order of the Board of 
Trade to the engineer, and three and a half months from the 
foundation being comme: The total height of the struc- 
ture, from the ground to the vane, is 138 ft., and the light is 
exhibited at a height of 150 ft. above the sea. 

The total cost of the lighthouse will be rather less than 
11,0007, This sum would be, in any case, moderate, as com- 

red with other works of a similar description, but it should 
Police in mind that it includes some items which were, 
from the peculiar situation on an utterly unproductive island, 
very costly. Especially may be mentioned the cost of skilled 
4abour, Thirteen English workmen were sent out, and the 
total cost of this staff (23501.), divided by the number of 
working days they were on the island (1620), gives the average 
rate per working day about 1/. 8s.6d. Negro labour was 
furnished at the rate of from 2s. 6d. to 4s. 2d. per day. Ina 
situation where labour could be obtained in the open market 
it is clear that these items would be materially reduced. 

It may be added that this great boon to navigation will 
probably cost the country nothing: 'The expense of construc- 
tion, as well as a sufficient sum to provide for its mainten- 
ance in perpetuity, will be paid to Government as rent by the 





Sombrero Phosphate Company. 
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LIGHTHOUSE ON THE ISLAND OF SOMBRERO; WEST INDIES. 
MR, W. PARKES, ENGINEER. 
(For Description, see the preceding Page.) 
























































































































































































































































































































































THE GREEK TWIN-SCREW 1; 


CONSTRUCTED BY THE THAMES IRON AND SHIPBUILDING CO} 
(For Description, 
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IW IRON-CLAD “KING GEORGE.” 
LDING CoyPANY, FROM THE DESIGNS OF MR. GEORGE ©. MACKROW. 
r Description, see Page 491.) 
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PUBLISHER’S ANNOUNCEMENT. 








Nortice.—A certificate has been given by a firm of 
accountants to the proprietors of The Engineer, stating 
that the circulation of that journal has largely increased 
within the last few years. The number of copies printed 
when Mr. Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 in 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and to 5000 in June 1862. Its present 
weekly issue is 5300. An untruthful paragraph con- 
tinues to appear weekly in the same journal, stating 
that its circulation exceeds, by many thousands, that 
of all the other engineering journals combined. The 
circulation of ENGINEERING now exceeds that of 
The Engineer and Mechanics’ Magazine combined, and 
it is very rapidly increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the soLt 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. Subscription price, ten dollars yearly in 
currency. 

ENGINEERING may be obtained in Russia, by sub- 
scribing for it at any of the Post-offices in the Empire. 
The price is 10 silver roubles per annum in St. Petersburg, 
and 12 silver roubles in other parts of Russia. 


MEETING NEXT WEEK. 

Roya Unirep Service Instirution.— Monday Evening, 
June 1, at 83 P.M. “On the American Navy ; its Organisa- 
tion, Ships, Armament, and Recent Experiences.” By J. R. 
Hamilton, Kgq., late C.S. Navy. Friday Morning, June 5, 
at3 p.m. “ On Primitive Warfare.” Section2. ‘ On the 
Resemblance of the Weapons of Early Races ; their Varia- 
tions, Continuity, and Development of Form. 
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THE SINEWS OF ENGINEERING WAR. 

Tue first requisite of the engineer is money, and, 
next to the capitalist himself, no one is more deeply 
interested in the proper application of capital. For no 
one suffers sooner than the engineer, from the distrust 
which always follows its misapplication upon anything 
like a large scale. No doubt there must always be 
more or less speculation, attended with occasional 
losses, else there would be no new businesses, and 
healthy competition would soon give way to over- 
grown monopolies. In the same way there must be 
occasional fires, or the business of fire insurance would 
soon be at an end. But the employment of capital 
should be productive in the great majority of cases, 
and so far as it is employed in engineering under- 
takings, the engineer is bound, not only morally, but 
by self-interest as well, to do his best to make it so. 
It is to be feared that this consideration, so often 
urged by the late Mr. Joseph Locke, is but seldom 
acted upon by our profession. Yet nuthing works 
more injury to the business and prospects of the en- 
gineer than the multiplication of non-paying engineer- 
ing undertakings. Capitalists soon learn, from painful 
experience, to beware of the engineer who, so long as 
he is in full work, cares little or nothing whether bis 
railways, or docks, or other undertakings of whatever 
kind, ever pay even their bare working expenses. 
Whereas capital is ever ready to overdo itself with an 
example of the solid success of investment before it, it 
is as quick to hide itself in the presence of failure. It 


may and will dash on while unwounded, but it is a brave 
and a strong soldier who will still go forward, under 
fire, with a bullet already deep in his flesh. The man 
who is but slowly recovering from a long and painful 
illness, is seldom as confident in his material schemes 
as before; he whose house has just been burnt down 
has a wholesome dread of fire, and he, in whose hands 
a gun has burst, as wholesome a dread of firearms. 
But whether it be the caution of a horseman who has 
been heavily thrown, of a sailor who has barely escaped 
with his life in a crippled ship, off a iee shore, in-a 
storm, or that attending any of the misadventures just 
instanced, there is no caution which so turns back all 
our confidence into its innermost retreats, or which 
sets so strong a tether to the waywardness of hope and 
expectation, as the caution which attends the discovery 
of a false friend ; and it is the false friend “ commercial 
enterprise” which capital believes it has found out at 
last. And engineers cannot deny that they have 
introduced and promoted and flattered this béte noir 
everywhere, saying to themselves, all the while, caveat 
capitalis. 

But without stopping to throw more blame upon 
engineers who should be, not the blind and irre- 
sponsible servants, but the honest advisers of, and 
worthy co-operators with capital, it is not to be denied 
that — itself requires new safeguards. Except 
where the wealth of many is combined in a joint stock, 
money is not available for large undertakings; and 
yet it is precisely in all joint stock enterprise that 
capital encounters its greatest dangers. State owner- 
ship of public works has been proposed, not only in 
the interest of the public, but in that, even, of capi- 
talists, on the ground that they need to be protected 
against themselves. If this were the proper remedy, 
however, then the State should not only own, but 
should also construct railways, harbours, docks, ship- 
ping, warehouses, aud all commercial works now 
carried out and carried on by joint stock capital. We 
fear this alternative would not quite answer, nor 
would it really save those who have money from the 
Tigg Montagues, George Hudsons, and Sir Morton 
Petos of modern enterprise. 

The great executive, as it should be the palladium 
of joint stock capital, is a board of directors. Yet 
these are practically irresponsible, and they have often 
but a small stake in the property they represent—in- 
deed, they are often upon the boards of rival pro- 
perties. As for personal responsibility, “ they manage 
these things better (perhaps) in France,” and the 
directors of the bankrupt Crédit Mobilier have lately 
found themselves bound to repay 2,400,000/. out of 
their own pockets, if they have as much, to the last 
body of shareholders whom they induced to join that. un- 
fortunate concern, It may be that the same principle 
may be yet laid down ps | enforced in the case of the 
directors of Overend, Gurney and Co., an the prece- 
dent be thus established which will secure something 
like fitness, honesty, and attention in other like boards 
for the future. As it is every board has its ruling 
mind, to which all the others, whether from unwilling- 
ness to encounter it, from ignorance, over-confidence, 
or, more likely, from pre-occupation, yield readily. 
The ruling mind may be a “great financier,” and 
financing simply means pecuniary seduction, the art of 
burrowmg money upon the least possible security, or 
that of trapping it into a joint stock speculation upon 
no security at all. If to this enviable, yet dangerous 
ascendency the “ruling mind” has the superadded 
stimulus of pride, or the ambition that thirsts for 
monopoly, God knows whither he may lead the simple 
sheep and bleating lambs of his flock. For he can, not 
only make black appear as white, but he can, as un- 
fortunately, and, indeed, by the very same process, 
cause the greenest investor to look exceedingly blue— 
the natural chromatic remainder, perhaps, after the 
substraction from green of yellow—gold. If the 
ruling mind be a director of a “going concern,” as 
distinguished from one in nubibus, he can generally 
saddle many of the honest debts of revenue upon 
capital, make bad debts appear as good, and obtain 
the over-valuation of other assets, manipulate the sus- 
pense account, and suppress contingent liabilities, and 
thus make all look smooth where there is a. swift 
current to destruction. 

But how are boards, and especially their “ruling 
minds,” to be checked and kept in the right 
not by the control which would leave them not even a 
moral responsibility, but by the force of public opinion? 
Were the agenda and proceedings of every board re- 
ported at least to the shareholders, as those of 
municipal boards are reported publicly, what an open- 
ing of eyes there would sometimes be! But this 
would interfere with the deep policy which has often 





to be practised, and, speaking seriously, it would 





sometimes needlessly compromise third parties. It 
may be fairly assumed that the business of many com- 

anies, no more than that of most individuals, could 
be carried on at all, were all its confidential councils 
to be at once made public. And yet how many a 
director has had occasion to wish, from his heart, that 
his constituents knew what was passing over the 
mahogany under which his feet were planted. Were 
boards compelled to submit to the presence of an in- 
dependent listener, having no power of debate or vote, 
but authorised to at once report to the shareholders 
whatever in his judgment they ought to know, they 
would often be spared heavy losses. For at present 
there is no check, worthy the name, upon the board, 
yet all successful business, done by delegated au- 
thority, is hardly more than a system of checks. ‘To 
say that there should <— m be an independent audit 
of accounts is to say what every one of common 
sense would grant as a matter of course, yet, practi- 
cally, there is none. So great is the fear of setting up an 
imperium in imperio, that in reality the board are left 
to do as they like. Yet in all works, for which a 
special act is required, there is the most searching, 
and often frivolous legislative inquisition, but the act 
once granted, those who have secured it can do much 
as they please. In the same anomalous manner the 
Board of Trade can prevent the opening of an incom- 
plete or improperly made railway, but, once opened, 
it is free from their interference for ever afterwards. 

The security of joint stock capital lies in several 
precautions, too often overlooked. Rightly, large un- 
dertakings should be carried out by large shareholders 
alone, and from these the directors should be chosen. 
Their “qualification” would thus be greatly increased, 
they would, in effect, thus become —— respone 
sible, and the questionable system of directors’ remu- 
neration might perhaps be abolished by common 
consent. Small shareholders might conduct smaller 
undertakings upon the same principle of management, 
and the disposition to become a very small sleeping 
partner in an enormous concern might at last be 
cured. There is no reason why a country clergyman, 
with a little surplus of 1000/., should become part 
owner of an undertaking costing ten or twenty. 
thousand times that sum, especially as he can quite as 
well become its creditor. But with existing boards 
there should be fuller reports, and, perhaps, a kind of 
permanent investigating committee elected annually 
in the same manner as the board itself, having, of 
course, no executive power, but acting only in an in- 
forming and advisory capacity. If the right spirit of 
joint stock management ever prevails this suggestion 
will be found to contain nothing impracticable of ap- 
plication. 








THE SOUTH-EASTERN RAILWAY. 


Mr. Watkin, the chairman of the South-Eastern 
Railway, has stated in a leer to the Zimes that the 
cost of the Charing-cross and Caunon-street extensions, 
together with that of the Chatham and Dover main 
line, has amounted to 6,000,000/. As long as this 
sum represented the expenditure of competing under- 
takings, the travelling public were benefitted, whatever 
might be the loss to shareholders. But now that the 
rival concerns are about to amalgamate, the public 
will be expected to pay the interest upon and working 
expenses attending this great and somewhat premature 
outlay. The interest, at 5 per cent., amounts to 
300,000/. yearly, while the working expenses and 
depreciation will be at least 100,000/. more, making 
400,0002. yearly, or nearly 7700/. weekly for the use 
of the two great stations in question, together with the 
“opening up” of the river coast of Kent, and the 
saving of 13 miles of distance to Dover, Ramsgate, 
and Margate. ‘I'bis sum is equal to more than one- 
ifth of the whole present joint receipts of the South- 
Kastern aud Chatham Companies, aud to nearly one- 
third of those of the South-Kastern alone. This extra 
sum can only be made up by increased traffic, increased 
fares, or by a great and not at all probable saving in 
working expenses. Increased traffic will entail addi. 
tional expenses, and it would require that the present 
receipts of the two companies, at the existing rates of 
fare, be increased nearly one-half, and that without 
any further increase of capital, in order that a nett sum 
of 7700/. a week. be secured for the purpose just con- 
sidered. It cannot be supposed that a general increase 
of fares, to the extent of more than 20 per cent. be- 
yond the present rates, would secure t additional 
sum. However—to employ one of Mr. Gladstone’s 
characteristic phrases—the back may accommodate 
itself to the burden, it is not reasonable to anticipate 
that the passengers and other customers of the two 
railways who now pay nearly two millions yearly, are 
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able and willing to pay, for the same service, 400,000/. 
more. An increase of fares would extinguish a certain 
portion of the existing traffic, and divert a further 
portion into a lower » & of conveyance, and in this 
way the ope receipts would not probably be sensibly 
ncreased beyond their present amount. 

It cannot be denied that the great metropolitan 
extensions of the South-Eastern, and the construction 
of the Chatham and Dover line, were carried out 
rather in the interest of future than of existing traflic, 
not but that they are already of much use. The 
through traffic of the Chatham line is, of course, a direct 
abstraction from that of the South-Eastern, since, but 
for the Chatham line, it would all have gone vid Red- 
hilland Ashford. The generative powers of the future 
are, however, beyond calculation. In the census of 
1841 Croydon had not as many as 10,000 inhabi- 
tants. Now, with ¢en railway stations within its 
limits, it has nearly 60,000. Were the whole South- 
Eastern district growing at the same rate, any de- 
sired traffic would soon be secured. But until this is 
secured the outlay expended in anticipation of the 
future should remain a charge upon future traffic, and 
not be saddled upon the present further than as the 
existing traflic is benefitted by it. 

But there is a class of economists who, with the 
very best motives, insist that the South-Eastern might 
and should cut down its working expenses, and that 
enormously. It has trains, we are told, earning their 
300/. or more between London and Dover, or 4/. per 
mile, and we have heard of one which earned 700/., 
but this was by carrying a great quantity of bullion to 
Folkestone. Yet the aveyage earnings, so far from 
being 4/. per mile, are hardly more than as many 
shillings, or at most 5s. or 5s. 6d. It is the same 
with all railway companies, and, speaking generally, 
the management of all our great nilivege is the same 
in system and circumstance, varying rather in detail 
and in individual ability than in any broad commercial 
or mechanical principle. The South-Eastern directors 
are being recommended to run fewer and fuller trains, 
to greatly lessen the dead weight, and to introduce 
improved rolling stock. Nothing could be more ex- 
cellent in spirit than advice like this, but, like much 

ood advice, it is not so very easy to act upon it. 
‘here are now nine passenger trains each way, daily, 
between London and Dover, and of these but four 
stop at all or nearly all way stations. The two fast 
trains connecting with the channel steamers cannot be 
stopped for way traffic, and are thus only available for 
Dover and the coke-and-water station at Staplehurst. 
The Chatham and Dover mail trains are of necessity 
run at the same hours. If the directors are satisfied 
that as much or nearly as much money could be taken 
in five or six as in nine trains it is impossible to believe 
that they would not have long since made the experi- 
ment. Beyond their own office, however, there are no 
exact data available for discussing such a question, 
nor is there any broad principle which can be accu- 
rately fitted to the case. The flow of traffic is never 
uniform in volume, and passengers will neither give 
previous notice of their intended journeys, nor will 
they patiently await the convenience of a railway 
company whose trains are not ready to take them when 
they wish to go. The railway authorities must always 
be prepared for the maximum traffic, not absolutely 
knowing when it may come, except on holidays, and 
on the occasion of races, reviews, and festivals. And 
they must equally be prepared for its variable flow at 
different hours in the day, recollecting that the well- 
to-do passenger will not ride in the Government train, 
and that the fast through trains cannot be stopped for 
way passengers. 
Jould railway companies cut down the dead weight 
of their passenger trains, which is always very con- 
siderable even when filled with passengers, a large 
saving would be made. But the trains cannot be run 
always full. There must be a first and second and in 
some trains a third-class carriage, or at least com- 
partment, even if there be but two or three passengers 
of each class; and in the case of the first class, even 
if there be but a single passenger. Indeed were there 
no first or no second class passenger: from a terminal 
station, the corresponding carriages would require to 
be sent on just the same to pick up those who 
would be sure to drop in at way stations, and thus 
there may be two or three carriages for even half a 
dozen passengers. It is needless to point out further 
the elastic requirements, in respect of carriage stock, 
of a constantly fluctuating traflic, as they are sufficiently 
apparent upon the least reflection. Branch line traffic 
tends to swell the number of carriages disproportion- 
ately to the number of passengers, for, like other 
assengers, those coming from or going to the branches 
Seas to avoid changes of carriages as far as possible, 








and if a fair carriage full can be maintained on the 
average, for any given branch, there must be no 
interruption of the regular service by changing at the 
junction, even if, now and then, the carriage has but 
a solitary occupant. 

The remaining suggestion of lessening the weight of 
carriages of a given capacity is one which, if it can be 
acted upon at all, can only be acted upon with the 
greatest caution. Twenty-five years ago the weights 
of carriages having three compartments was but 3 tons 
3 ewt. for first class, 3 tons for second class, and 2 tons 
14 ewt. for third class. The wheels, axles, axle boxes, 
and springs of a composite carriage of four compart- 
ments now weigh upwards of 2 tons by themselves 
alone, and there is little probability that their weight 
can be safely reduced. It is easy enough to pare 
here and pinch there, but in doing this we only go 
back to a class of carriage construction which, how- 
ever it may have answered in the medigval times of 
railways, has proved wholly inadequate to the strain 
and stress of fast modern traffic. There may be a 
saving in ends, and in buffers, and draw springs, by 
making longer carriages with more compartments, just 
as there are eight compartments and seats for eighty 
passengers in the third class carriages of the Metro- 
politan Railway, but such carriages must have under 
frames of increased strength, their weight must be 
supported on eight instead of four wheels, and, from 
the great length of wheel base, these must be grouped 
in bogies or some equivalent arrangement. In point 
of fact, the long Metropolitan carriages weigh upwards 
of 15 tons, exclusive of their gas apparatus. The 
usual side doors, and the slamming to which they are 
subjected, requires strong, and therefore heavy side 
framing ; but the American carriages, with their end 
doors, are no lighter in proportion than ours. A very 
ordinary 50 “ passenger car” weighs 10 tons, and one 
seating 64 passengers, 134 tons, while some are much 
heavier. The wheels, too, are but 2 ft. 6 in. or 2 ft. 9 in. 
in diameter, where ours would be from 6 in. to 9 in. 
larger, and correspondingly easier of motion. Mr. 
Nasmyth has maintained, in a letter to the Zimes, that 
a very considerable reduction can be made in the 
weight of our present carriage stock, but if this can 
be done with safety, and due regard to strength and 
durability, it should not be difficult to prove it by 
actual demonstration. And no engineer is better 
qualified by skill and abundant means to prove his pro- 
position than Mr. Nasmyth. Let him, if he will, 
»0int out the way. Itis understood that Mr. Samuel 
1as recommended the Great Eastern directors to 
revive the steam carriages started upon that line some 
years ago, and which have since been so often, but not 
successfully, essayed in the, States. For very small 
traffic, and which, although it is always variable, the 
maximum never exceeds the capacity of a single steam 
carriage, such a conveyance might answer, but such 
a traffic would support but few, and those the 
cheapest, lines of rs sae and it is doubtful if even 
the Great Eastern could long profitably employ such 
carriages, even were they popular with passengers. 
When the traffic exceeds the capacity of a single steam 
carriage, and it is also employed, if of sufficient 
strength, as a locomotive, it is better to adopt an 
engine of the ordinary kind at once. 

As we have said on former occasions, the best hope 
of railway reform is from a radically improved per- 
manent way, and if the South-Eastern engineers can 
lead the way in this they will not only enormously 
benefit that line as a property, but will set an example 
of incalculable value to the railway interest of the 
whole world. 


THE HARBOUR OF ST. HELIER. 


A rat decision upon the several competitive 
designs for the enlargement and protection of the 
harbour of St. Helier is expected to be made next 
week. It is now understood that of the large number 
of plans sent in, the three selected for prizes are those 
of Mr. W. R. Kinipple, M. Inst. C.E., No. 1, West- 
minster-chambers ; Mr. John Coode, M. Inst. C.E., 
No. 2, Westminster-chambers ; and Mr. A. Giffard, of 
Guernsey. ‘The order in which the prizes will be 
awarded has not been settled, but Mr. Kinipple’s is 
the only one of the three selected designs which pro- 
poses to utilise the breakwater (to be made on the 
western side of the harbour), for the landing stages ; 
communication with the town being afforded by a 
viaduct to be made from an embankment under the 
harbour face of the forts, to the angle of the Albert 
Pier. In nearly all the plans the absolute necessity 
for a breakwater on the western side of the enlarged 
harbour was recognised, but nearly all of them con- 
tained further and costly works on the eastern side, 
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where, also, it was proposed to make the landing 
stages. ‘These works, according to most of the plans 
shown, would cause the silting up of the new harbour, 
and, iu any case, the landing stages upon them would 
be more exposed than if under the iee of the western 
breakwater, the latter being necessary for keeping out 
the south-westerly gales. In several important re- 
spects Mr. Kinipple’s design resembles Mr. Lyster’s, 
as submitted to the Harbour Committee several years 
ago, and which we published in full in our last volume. 
The propriety of Mr. Lyster’s recommendations, 
adopted to a considerable extent by Mr. Kinipple, is 
so obvious to the practised eye of an engineer who 
has studied the site of the proposed works, that he 
would hardly require the almost unanimous and 
strongly expressed opinions already given by the 
harbour master, deputy harbour master, the older pilots, 
and many captains of vessels of, or hailing from, St. 
Helier, in favour of works on the western side of the 
proposed new harbour. Mr. Kinipple, while suggest- 
ing further and, doubtless, useful works, confines him- 
self mainly to the western breakwater, the embank- 
ment under the harbour face of the forts, and the 
viaduct connecting both with the Albert Pier, and for 
these three works, which will practically meet all the 
necessities of the case, while still leaving room for 
further and more or less desirable improvements, the 
estimate is but 139,000/. 








THE IRISH RAILWAY COMMISSION. 

We noticed, a few days ago, the brief and meagre 
conclusions of the report of the commissioners ap- 
pointed by the Treasury to inspect the accounts and 
examine the works of railways in Ireland. They really 
left nothing for remark, nor does any part of the 
voluminous blue book from which they were extracted 
afford any inkling of the present value of the Irish 
railways further than as this may be inferred from 
their cost and nett returns, items which have hereto- 
fore been given in the annual reports of the railway 
departments of the Board of Trade. The authors of 
the report were instructed to direct their inquiry “to 
* all the facts which the commissioners may consider 
“ that a prudent person or company would require to 
“be made acquainted with as a preliminary step 
** towards entertaining the question of purchase as a 
* commercial speculation.” This we really believe 
they did; but with the exception of the remark 
that “the rolling stock, on the average, has been well 
“ maintained, and is uow in a fair state of efficiency, 
* but the permanent way is somewhat below that con- 
“ dition,” there is not a syllable in the report or 
appendix that could —s the slightest hint as to the 
actual, compared with the nominal, value of Irish 
railways, further than as it may be inferred from the 
proportion of their nett receipts to their cost. 

he real work of examination has not been the less 
carefully performed, however, and the archives of the 
commission contain the most minute particulars re- 
specting every mile of permanent way, every railway 
station, workshop, bridge, tunnel, &c., and every loco- 
motive in Ireland, while about 30 per cent. of the 
other rolling stock, taken indiscriminately, was also 
carefully examined. The permanent way inspecting 
staff was particularly full, and there is no question 
that they were most industrious. It was organised 
by Mr. R. Price Williams, the engineer appointed by 
the commission for this department. Besides Mr. 
Williams, it included Messrs. Edward Wilson, J. 
Arthur Wright, William Bage, W. Jacomb, G. Wells 
Owen, Adam W. Handy, Edward Crompton, Robert 
Johnson, J. Williams, George Kilgour, H. G. Ander- 
son, R. J. Clayton, and James Bower. The results 
of none of their labours, nor even their names, appear 
in the report; but it is enough to know, that together 
with the rolling stock staff, they collected such informa- 
tion as really does show the present value of the 
Irish lines. 

It may be stated in brief that there are in Ireland 
1908} miles of railways completed and carrying traffic, 
and of which 1408 miles are single and 500} miles 
double line. There are 252 miles commenced and not 
completed, and 339} miles authorised but not com- 
menced. The share capital, ordinary and preference, 
of the completed lines is 19,537,436/.; the loan 
capital, 7,989,849/., and the total 27,527,285/. Of 
2124 miles of railway which are either completed, 
or expected to be completed, 1640} earn a 
nett annual revenue estimated as 547,503/. beyond 
their interest charges, and which is therefore divisible 
as profits, 483} miles earn 78,158/. less than their 
interest charges. In the year 1866-7 with an average 
of 18913 miles of completed railway, open which the 
capital expenditure had been 27,210,728/., the gross 
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earnings were 1,829,758/., or 9677. per mile per annum, 
and the proportion of gross earnings to cost 6.724 

er cent. The lines are worked with 192 passenger, 165 
goods, and 104 tank engines, or 46] in all; 1074 
passenger carriages, and a wagon stock of 7315. The 
working staff includes 12,335 persons if the report is 
complete. 








CIRCULAR SHIPS OF WAR. 

A rew months ago (vide page 116 of the present 
volume) we noticed a novel vessel of war which had 
been proposed by Mr. John Elder, of the well-known 
firm of Randolph and Elder, of Glasgow. On Monday 
night last Mr. Elder read a paper, describing his plans, 
at the Royal United Service Institution, and we now 
publish on the next page engravings of this vessel which 
will fully explain. its construction. As will be seen 
by these engravings, Mr. Elder proposes to make 
his armour-clad circular in plan, the portion below 
the water line, and for a short distance above it being 
a segment ef an enormous sphere. The upper portion 
of the vessel is also formed, in part, of the segment: of 
a sphere, the two segments uniting in a sharp circular 
edge, which Mr. Elder proposes to use for cutting 
purposes, as we shall explain presently. In the centre 
of the vessel is a circular armour-plated battery or fort 
constructed to mount ten guns. Of course, being 
circular, the vessel has no head nor stern, and it is to 
be fitted with machinery for propelling it indifferently 
in any direction. The propelling power is to be obtained 
by the projection of jets of water through any of four 
openings arranged as shown in the plan, the jets being 
supplied probably by some of the arrangements lately 
brought out by Mr. Charles Randolph. These jets 
will not only propel the vessel in any direction, but, 
by means of deflecting plates fitted to the nozzles, they 
will enable a rotary motion to be imparted to it. Mr. 
Elder expects to be thus able to rotate the vessel at 
a speed of about 10 revolutions per minute, and, as it 
is possible to load and fire a heavy gun in one 
minute, each of the ten guns could thus be fired 
at any object as it came to bear upon it, and 
could be reloaded during the time the remainder of the 
revolution was being performed. Mr. Elder also pro- 
poses to use the sharp edge of the revolving vessel as 
a kind of immense circular saw, and by its use to cut 
down an enemy’s ship. As regards the resistance to 
propulsion of these circular vessels, Mr. Elder has 
carried out some experiments on models which seem to 
show that with a given displacement the resistance is 
but about 10 per cent. greater with the circular 
form than with a vessel of the Black Prince model. 
The spherical shape undoubtedly gives for a certain 
displacement a less area of wetted surface than any 
other form, and the skin resistance would be therefore 
proportionately diminished. The circular form also 
ps advantages in the way of giving steadiness, 
arge space for stowage, &c., and altogether Mr. Elder’s 
scheme, although rather startling at first sight, 
possesses many merits which render it entitled to care- 
ful consideration. In the present notice we have 
merely confined ourselves to giving an outline of Mr. 
Elder’s plans, but we shall return to the subject and 
consider them further on a future occasion. 








RECENT PATENTS. 

Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
aoa from the Great Seal Patent Office, Chancery- 
ane. 

(No. 2578, 8d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of James Ezekiel 
Emerson, of Trenton, U.S., combining, with a smith’s 
anvil, a punching and shearing machine, or pressing 
machine, worked by hand, this machine being placed 
in a recess formed in the anvil to receive it. 

(No. 2579, 8d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of James Ezekiel 
Emerson, of Trenton, U.S., perforating saw blades 
with a number of holes in the rear of the teeth, these 
holes being so placed that, by filing away the small 
portion of the saw-blade separating them, the teeth 
can be lengthened, when worn by use, without “gum- 
ming” or recutting the spaces between them. A 
special arrangement of dies for forming the holes is 
included in the patent. : 

(No. 2580, 1s.) William Fothergill Cooke, of 
Aberia, North Wales, patents appliances to be used in 
quarrying slate by machinery. We shall probably 
describe Mr. Cooke’s slate-quarrying machinery in 
detail in an early number. 

(No. 2583, 1s. 2d.) James Wilderspin, of Elsworth, 








atents improvements in ‘the constructive details of 
Comnasien which it would require the aid of drawings 
to explain. 

(No. 2588, 2s.) William Brown, of Smethwick, 
patents machinery for rolling bars, &c. This consists 
of two'sets of rolls placed a short distance apart, the 
one set consisting of three rolls placed one above the 
other, and the other set of two rolls. The bars are 
passed through the two sets of rolls successively, the 
first set being driven at a slightly slower speed than 
the second, so that the bar becomes stretched in pass- 
ing from one to the other. Other arrangements, of 
rolls for various purposes are included in the patent, 
but a description of them would require more space 
than we can devote to them here. 

(No. 2591, 10d.) James Reid, of the firm of Neil- 
son and Co., Glasgow, patents the machine for boring 
crank-pin holes in locomotive wheels, which we illus- 
trated and described on page 477 of our last number 
but one. 

(No. 2593, 1s. 4d.) William Fothergill Batho, of 
Birmingham, patents apparatus for heating, evaporat- 
ing, or cooling fluids. ‘This apparatus consists of a 
coil of pipes, or a vessel similar in shape to such a coil, 
fitted with pendent tubes, having within them smaller 
tubes, open at top and bottom, and fitted at the upper 
end with deflectors of a peculiar shape. For heating 
purposes the apparatus is arranged so that the pen- 
dent tubes are exposed to the hot gases from a fire, 
whilst, if the apparatus is employed for cooling, the 
pendent tubes are either placed in the cooling medium, 
and the liquid to be cooled caused to circulate through 
them, or the reverse. 

(No. 2596, 6d.) Samuel Dalton, of Chester, patents 
treating iron in a manner similar to the puddling or 
boiling process, until it is in a fit state to be balled or 
made into blooms for shingling or rolling, and then, in 
place of subjecting it to these processes, melting the 
metal and casting it into moulds. Mr. Dalton also 
claims adding spiegeleisen or other cast iron to the 
puddled or boiled metal when it is in a fit state for 
balling or forming into blooms, and when the mixture 
is thoroughly melted, casting it into moulds, A par- 
ticular construction of furnace for carrying out these 
processes is included in the patent. 

(No. 2598, 10d.) Henri Adrien Bonneville, of 34, 
Porchester-terrace, Bayswater, patents, as the agent 
of Leleux Bernard, of St. Ghislain, Belgium, a 
form of railway brake which is a kind of impracticable 
modification of the Handley brake, of which trials 
were made on some lines many years ago. The 
patentee proposes to retard the carriages by inter- 
posing a kind of curved bar or skid between each 
wheel and the rail, but the manner in which the plan 
is proposed to be carried out is very impracticable. 

(No. 2600, 10d.) William Edward Newton, of 66, 
Chancery-lane, patents, as the agent of John Blake 
Tarr, of Chicago, U.S., a method of reheating or 
superheating steam by mixing it in the steam-chest of 
an engine with highly heated air, supplied under pres- 
sure by an air-forcing apparatus. 

’ (No. 2607, 1s. 6d.) James Ashbury McKean, of 
8, Southampton-buildings, patents, as the agent of 
Hermann en, of pall ste U.S., the arrange- 
ment of rock tunnelling machinery described by Mr. 
Haupt in his paper read before the British Associa- 
tion last year. ‘This paper was published in the last 
volume of ENGINEERING. 

(No. 2611, 8d.) Carl Holste, of 12, Henrietta- 
street, patents, as a communication from Frederick 
Lurmann, of Oesede, near Osnabriick, Prussia, a 
method of constructing the hearths of blast furnaces. 
According to this plan the score or slag is continually 
discharged, but is maintained at the same level within 
the hearth. The hearth is closed on all sides, the 
tymp, the opening in front of the furnace, and the 
dam being done away with. It would require draw- 
ings to explain clearly the system of construction pro- 
posed. 








BESSEMER - KRUPP STEEL. 
To THe Epitor or ENGINEERING. 

Srr,—An acquaintance, accidentally but most agreeably 
formed last year with a number of metallurgists, steel 
makers, and railway engineers then in Paris, together with 
the interest, both scientific and pecuniary, which every rail- 
way man must feel in the comparative merits of steel and 
iron, led me to examine the steel specimens in the Exhibi- 
tion with, possibly, more than ordinary attention. I soon 
learned to regret that the almost immeasurable analytical 
powers of the microscope afforded no clue to the difference, if 
any, between various samples of good steel made by one pro- 
cess and another any more than they could be relied upon to 
distinguish the amylaceous fecula of Dr. Dauglish’s aérated 
bread from that of the product of the commonest baker’s shop. 
I had the more reason to regret this because of the fact that 
the railway (a foreign one) with the management of which I 








have the honour to be charged, is paying a high price for so- 
called “Krupp’s steel,” which, I have good reason for 
believing, is made by the Bessemer process. Mr. Krupp’s 
agent placed a pamph!ct in my hands containing much (but 
I believe not all) information respecting the vast works at 
Essen—works of which a huge photograph, more than 6 ft. 
long, now mounted on my wall, shows more nearly resemble a 
town, or a collection of manufacturing towns, than a single 
concern. The quotations of Mr. Krupp’s steel, for railway 
purposes, show a reduction of nearly 75 per cent. within the 
past few years; for it is not so long since his tyres, now sold 
(nett) at 327. per ton stood at 1207. It is curious, too, to see 
how nearly the present low prices approach those of Bessemer 
steel. I have visited the Essen works, but there is a special 
establishment, some little distance off, which I asked to, but 
was not permitted to see. With a Yankee’s curiosity, however, 
T afterwards took up a post of observation upon a temporary 
erection not far away, anf I there saw from a number of the 
inner (but then open) cells of a converting house, the un- 
mistakable pyrotechnics of at least half a dozen Bessemer 
converters. It was a matter of common conversation amon 
the steel making fraternity then in Paris that Krupp ha 
offered in 1856 or ’57, to interest himself in procuring Sn 
mer’s patent in Prussia, that the application, from some 
reason, was not successful, and that Krupp then commenced 
making the new steel per se, having previously sent certain 
of his men to Sheffield for instruction, and under a heavy 
fee, from Mr. Bessemer’s own staff. At least four Bessemer 
converters, and their accompanying plant, were made in Man- 
chester for Krupp’s works, and many more—some say & 
dozen —converters have since been made at Essen. A 
pamphlet was placed in my hands at Paris containing a 
statistical account of the Essen establishment, with its 450 
acres of ground, its 200 acres of roofed buildings, its 8000 
workmen, its 61,000 tons of annual products, its 412 smelting 
reverberatory and cementing furnaces, its 195 steam engines, 
ranging from 2 to 1000 horse-power, its 49 steam hammers, 
from 1 ewt. to 50 tons, its 110 smiths’ forges, its 318 lathes, 
its 111 planing machines, its 61 cutting and shaping machines, 
its 84 boring machines, its 75 grinding machines, and its 
26 “sundry and special tools.” But although the 2 horse 
engines and the 1 cwt. hammers were scheduled, there was 
not a line for the dozen or more Bessemer converters, the 
1000 horse power of blowing engines for working them, or 
the hydraulic plant for passing the ingots through the mills. 
That Krupp has the largest Bessemer plant in the world, and 
that he is the largest mabe of Bessemer steel, are beyond all 
honest denial, his agents’ energetic protests to the contrary not- 
withstanding. I met, in Paris, gentlemen connected with the 
great hematite ironworks of North Lancashire, and from one 
of them I was assured that Krupp had, on one occasion, 
given an order for 30,000 tons of Paglish hematite pigs, the 
metal from which English Bessemer steel is now chiefly if 
not entirely made. And yet I was told by Krupp’s re- 
presentatives that “ they had tried Bessemer and he wouldn’t 
do.” Now, why shouldn’t he “do”? English makers have 
no difficulty in making splendid steel by his process, as I 
know, as the purchaser of many hundreds of tons of it at a 
comparatively low price, and thousands of the visitors to the 
Paris Exhibition saw magnificent samples of Bessemer steel, 
made at the Austrian Government works at Neuberg, 
samples which not even Krupp, with his best selections of 
crucible steel, could surpass. Before I inherited the cares of 
railway management from my father, now alas! in Elysium, 
I was myself an amateur steel maker, and I know enough of 
the trade to be aware that no steel can be so cheaply manu- 
factured as Bessemer steel. It cost me 202. a ton to remelt 
rough-puddled and other inferior steels, and those who are 
engaged in the largest steel melting operations assure me 
that it cannot now be done for less than 7/. It is impossible, 
then, that Krupp can either remelt puddled steel, as his 
representatives pretend, or Bessemer steel, at the prices at 
which his goods are now sold. I regret to say that state- 
ments made by his own representatives, turn out, on inquiry, 
to be pure fabrications, and I do not wish to believe that a 
gentleman who has established so many claims upon the 
sincerity, good feeling, and courtesy of engineers would, 
nate permit these empty deceptions to go out from 
Essen. Krupp exhibited at Paris what he chose to call “a 
“second quality of cast steel,” (vide his pamphlet, page 8). 
This was a steel rail, 50 ft. long, one which, have not the least 
doubt, was made from Bessemer steel, possibly broken up and 
remelted, but which, if made by such a roundabout process, 
was certainly different in cost, if not in quality, from the 
ordinary steel rails made at and sold from the same establish- 
ment. “ For,” says Krupp’s circular, these rails “ form one 
“of the chief objects of manufacture of these works. They 
“are made from a second quality of cast steel, and at a price to 
“ render their use quite within the reach of railways. Although 
“the price is about one and a half that of iron rails, the 
‘durability of the steel as compared with iron, is in an ex- 
“traordinary ratio in favour of the steel rails. Already for 
“for several years, the rolling mills of these works have been 
“ fully occupied, and the rails have given most satisfactory re- 
“ sults, insuring, ultimately, their universal adoption.” If these 
rails are made otherwise than by the Bessemer process they 
must be very much more costly, and considering the generally 
extravagant prices of Krupp’s steel, and the fact that 
Bessemer has no patent in Prussia, it is impossible to believe 
that they are made either by puddling and subsequent 
crucible-ising, or that they are converted direct from the few 
and costly classes of iron which admit of the discipline of con- 
version, by the ordinary processes, into steel. 

You will pardon me for having given reasons, open to the 
comprehension of every competent metallurgist, instead of 
facts communicated to me in confidence, but which, I may 
say without violating that confidence, prove to me that the 
purchasers of Krupp’s “ second Yee of steel, are being 
deceived, by buying it at a higher price and with greater 
expectations than steel made from the same iron and by the 
same process at at least a dozen works in England. 


Yours respectfully, 
London, May 27, 1868. Auta CALIFORNIA. 
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CIRCULAR SHIP OF WAR. 


DESIGNED BY MR. JOHN ELDER, ENGINEER, GLASGOW. 
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THE SOUTH-EASTERN RAILWAY. 
To Tue Eprtor oF ENGINEERING. 

Srr,—Considerable consternation prevails amongst the 
suburban population on this line from the letter of its chair- 
man, Mr. Watkins, which appeared in the Times a few days 
ago. I was quite prepared for his statement that the Charing- 
cross Railway did not pay 1 per cent. ; no one ever expected 
it would pay ; but it appears to mea new and very dangerous 
doctrine to come on the public to bear the loss for all the 
wasteful extravagance arising from the mismanagement 
which has hitherto so much prevailed in railway matters. I 
do not see they have any greater claim for compensation than 
the scores of other abortive schemes, which are daily being 
wound up by the Court of Chancery. 

I have no hesitation in stating that a greater blunder than 
the Charing-cross Railway does not exist; indeed, but that 
the House of Commons was full of lawyers, contractors, and 
railway jobbers, such a scheme never would have been 
suffered. In no other capital in Europe would they have 
been allowed to destroy the fine old hospital, driving it away 
from its legitimate and most useful position ; nor would they 
have allowed one of the approaches to their capital to be dis- 
graced with a huge, unsightly boiler, the ugliness of which 
ws the eye every time it looks thereon. If the South- 

castern had required stations at the West-end and centre 
of London, nothing was easier. It might have been done at 
about half the present outlay, and would have afforded double 
the public convenience this one will ever give. 

I will briefly state. Now one would have supposed the en- 
gineering mind would have immediately grasped the prize 
which was offered them. 4 joint station near the Commercial 
Dock station, at this point nearly all the lines south of London 
come close to each other—the Croydon, Brighton, Crystal 
Palace, Greenwich, North Kent, and South Eastern—from 
this point the South-Eastern have a line to the Bricklayers’ 
Arms; from thence through Lock’s-fields (a cheap district) 
they might have made their line, and have dropped a station 
at one of the most central spots in London—the Obelisk— 


from this point the roads radiate to the river in all directions, 





like the arms of an open fan, being only a mile distant from | 
all the a thence up the side of Waterloo-road to | 
Hungerford-bridge. 


(See the Article on Page 527.) 
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It would have crossed, and might have joined the London, 
Chatham, and Dover Railway to Ludgate-hill, and thus 
have been brought in connexion with the lines north of 
London. 

I hold, therefore, that because the Lancashire people have 
fooled their money away in doing what they ought not to 
have done, and have left undone that which they ought to 
have done, they have no right whatever to come upon the 
already overtaxed inhabitants in or near London for payment 
for their folly. This view I trust the “ Lords” will take, and 
throw their scheme overboard. 

Yours truly, 
Ricuarp Wareoop. 
Waygood’s Newington Ironworks, Robert’s Place, 
Brunswick-street, Great Dover-road, S.E. May 27, 1868. 








Tre Wetsn Iron, TiN-PLATE, AND CoaAL Trapes.—There 
is only the ordinary amount of business being done by the iron 
masters, and the rail mills continue to be worked about two- 
thirds time. This keeps stocks, which are ulready too heavy, 
from increasing. As we noticed on a former occasion, large 
supplies of rails are being ship; to the United States, and 
advices from that quarter s favourably as to the require- 
ments of the future. Clearances on Russian account have 
commenced, and, notwithstanding that the Belgian makers 
are doing their utmost to intercept orders, a fair proportion 
of them find their way to South Wales. It is said that those 
which have been taken up by Belgian makers are at prices 
which must show a positive loss. There is no change in 
the inquiry from the Continental markets, and the exports 
continve small. There is a slight change for the better 
in the tin-plate market, and there is a fair business doing 
in steam coal, the clearances being somewhat in excess 
of what they were at the corrssponding period of last year. 
House — are in more request, and there is a probability 
that with the termination of the strike shipments will increase 

Armour Ptatss.—The new plate rolling mill at the 
Cyclops Works, Sheffield (Messrs. Charles Cammell and Co., 
Limited), has a pair of 30 in. rolls 7 ft. long, and is intended 
to roll plates of any thickness up to eighteen inches. 
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Apert Gotp Mepat or THE Society or Arts.—The 
council of this society have this year awarded this medal! to 
Joseph Whitworth “for the invention and manufacture of 
instruments of measurement and uniform standards by which 
the production of machinery has been brought to a degree of 
perfection hitherto unapproached to the advancement of 
arts, manufactures, and commerce.” The medal was in- 
stituted to reward “distinguished merit in promoting arts, 
manufactures, or commerce ;” and among the recipients in 
former years have been Sir Rowland Hill, Professor Fara- 
day, and Messrs. Cooke and Wheatstone. 


Genoa anp Savona Rattway.—The Genoa and Savona 
Railway was opened to the public on the 18th inst., the total 
length is 45 kilometres. The first portion of the line from 
Genoa to Voltri, a distance of 16 kilometres, was opened in 
1856. The remaining 30 kilometres to Savona, has been in 
hand for many years, but the completion has been delayed 
through financial difficulties. The first train occupied one 
hour and forty minutes, including two stoppages of about 
ten minutes each at Voltri and Verazza stations, from Genoa 
to Savona. 

Sourn Itauran Rattway.—This company is gradually 
extending its network. It has just opened a section from 
Bervaro to Baudela, 16} miles in length. Altogether the 
system now comprises some 700 miles of open line. 

Steam Pioveus at Arras.—We understand that the late 
steam ploughing trials at Arras have resulted in a vi 
for Messrs. Aveling and Porter, of Rochester, to whose 
a gold medal has been awarded. 

Coat 1n France.—It appears that in 1852 the consump- 
tion of coal in France was officially estimated at 7,958,5 
tons, while in 1866 it was calcula at 17,491,500 tons. In 
the total for 1866 indigenous French coal figured for 
11,242,600 tons, of the estimated value of 5,069,9601., while 
the corresponding amount in 1852 was 4,903,900 tons, of the 
estimated value of 1,870,080/. The coal raised in France in 
1866 was furnished by 327 mines, employing 77,342 men, 
while that raised in 1802 was furnished by 386 mines, worked 
by 35,381 men. ; 

West CuMBERLAND.—There is not much animation in the 
West Cumberland iron trade. Some coal seams, which are 
considered to be of some value, have been discovered recently: 
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SCREEN OF BRIDGE AT DULWICH: LONDON, CHATHAM, AND DOVER RAILWAY. 
CONSTRUCTED BY MR. HENRY GRISSELL, FROM THE DESIGNS OF MR. CHARLES BARRY. 
(For Description, see the following Page.) 
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THE GIBRALTAR SHIELD. 
(Concluded from page 474.) 

We should gladly have given a full account of the 
trials of strength to which the shield was subjected, 
and of the many interesting facts evolved during the 
investigations of the Special Committee appointed to 
inquire: (1) “ How far the trials which had been 
made were unfavourable to the shield; (2) What were 
the causes that led to any failure in the shield; (3) 
What changes in the construction of such shields they 
would recommend ;” but the hard limits of space mark 
brief bounds, and say, in terms forbidding all appeal, 
“Thus far and no farther.” 

The first trial of the shield was by the Ordnance 
Committee. This was two shots with the Qin. 
muzzle-loading gun at 70 yards, charge, 37 lb. The 
second was, in the first two shots, an exact repetition 
of the first. The next shot was fired with the 15 in. 
Rodman gun, with 50 lb. powder, and a spherical shot 
of 451 lb. ; then twice with the 9in. muzzle-loading 
rifled gun at 70 yards, with battering charges, and the 
Palliser shell. One of these penetrated the shield. 
Twice after the shield was fired at—1, two shots by 
the muzzle-loading rifled gun, at 70 yards range, with 
37 lb. powder and Palliser shell, the first penetrating 
to a depth 12}in., the second, overlapping a previous 
shot, penetrated to a depth of 13.8in; 2, with the 
18 ton 10in. muzzle-loading rifled gun, with a Palliser 
shell of 396 Ib., and a bursting charge of 10 lb., at 
70 yards, with a charge of 54 lb. This shell struck below 
the port hole, penetrating both plates, but not the skin, 
and broke two pieces off the lower girders. The 
me of the committee was unfavourable to the 
shield, but they were unable to recommend any other 
construction, or anything—but more experiments. 

We regard this report as unjust, though we should 
say unintentionally unjust, to the inventors of the 
shield. It was subjected to tests that, reasoning from 
what we know, it would not have been exposed to in 
a seven years’ war, every shot being fired, with cool- 
ness and precision, exactly perpendicular to the face 
of the shield. The chances of ships, in the smoke and 
turmoil of action, coming within 500 yards, with the 
dread of torpedoes and running aground hanging over 
them, were proved by Sir John Burgoyne, General 
Lefroy, R.A., and many others, to be few and far be- 
tween; and fewer still, from the smoke and motion 
of the ships, would be the chances of shot or shell 
striking it other than obliquely, thence glancing off 
with slight effect. 

A reference to these facts, and the conditions under 
which the inventors acted, was surely due to them. 

The hesitation of the committee over the third 
point of their instruction, nay, their entire failure to 
furnish even a qualified reply, after new experiments 
and the mass of evidence, entirely new, before them, 
might have suggested thoughtful sympathy, and an 
expression of that sympathy for those who could not 
hesitate, who were compelled to act cirectly, guided 
by limited experience, and make the most of very 
limited means to produce the greatest possible amount 
of protection for the sum placed at their disposal. 

Unquestionably the weight of evidence 1s against 
the committee’s unfavourable report. “ If,” says 
General Lefroy, “the guns had fired obliquely,” as 
they would from a ship, “we should have had no 
question of its (the shield’s) strength.” And “I do 
not say it is not to be destroyed, but I says it is 
strong enough to» give substantial security, and 1 
should be lappy to take my chance of serving a gun 
protected" by this shield.” Again, he says, with 
reference to the use made of the means placed at the 
disposal 6f those who constructed it: “I would rather 
have 20 guns on an extended position protected by 
this shield than half the number defended by a shield 
twice as strong and twice as costly.” Let it be 
distinctly remembered that General Lefroy is an officer 
of the Royal Artillery, the corps which would suffer 
from, whose officers would be the first to raise the 
ery, and loudly too, against inadequate protection. 

The committee lay great $tresg upon the opinion 
of “a high naval authority,” which must refer to 
the reply, to a question, of Admiral Robinson, that 
“at Gibraltar there are very few places where 
ships can approach within 800° yards; but at Malta 
you might say that they could come within 100 yards 
of any part of the sea-lace.” We entirely agree with 
Colonel Jervois, when he remarks, “ It is possib/e that 
at some points of the Malta works a vessel might come 
within that distance. To assume, however, that she 
would do so in the confusion and turmoil of action,” 
with smoke hanging over her, the dread of torpedoes 
in her way, the dread of winds and currents forcing 











her aground, “is too strong a tax upon our imagina- 
tions.” With those who can grasp indestructible 
facts, and use with simple justice the gifts of reason— 
and we hope there are a few—the} attack upon Fort 
Sumter will directly dispel the hazy conception of the 
chance of a ship in action coming withm even 400 
yards of the shore batteries of Malta. There ¢he depth 
of water admitted of large shipscoming withiu 200 yards, 
and only one monitor, the Keokuk, ventured within 
900 yards of this simple work, weak, indeed, in 
comparison with the defences of Malta. As to their 
natural strength. The batteries protected by the shields 
are all more than 60 ft. above the level of the sea. Guns 
to strike them must be elevated from 124° to 163°, and 
the greatest possible elevation of our broadside ships 
is from 9° to 10°, of an American monitor, such as 
the Miantonomah, from 5° to 6°. The position of 
some of the shields is so far retired that a ship within 
200 yards of them would be completely out of her 
native element, placed high and dry, but certainly not 
safe, on terra firma. In all cases, within 400 yards, 
she would be exposed to a terrific plunging fire that 
certainly would not tend to prolong her existence. 

The shield is so constructed that the addition of 
another plate is a simple process. Hence, when ad- 
ditional strength is required for a more than an ordi- 
narily exposed position, the required strength may 
readily be supplied. 

If the Royal Engineers pass as safely through the 
ordeal of the Fortifications Commissioners as they have 
through that of the Special Committee on the shield 
question, we shall be prepared, most heartily, to con- 
gratulate them. And if we believed that the former 
would shed as little light upon the subject of their 
investigations as the latter ¢hemselves have done, we 
would sincerely beg of them, for their own sakes, 
never to commence. 








WE continue our series of illustrations of ornamental iron- 
work by the publication, on page 529, of engravings of a cast- 
iron screen to an ordinary wrought-iron girder bridge, by Sir 
Charles Fox, on the Metropolitan Extension of the London, 
Chatham, and Dover Railway at Dulwich. 

At that place the railway cuts through a private park or 
property, and the owner enforced upon the railway company the 
condition of putting up such a bridge at this point as would not 
injuriously affect the value of the property by disfiguring the 
prospect of the grounds, objecting apparently to the monotonous 
plate girder, the fashion of the railway era, with which it is the 
special privilege of the metropolis to be ornamented in all 
quarters, and by all the varied designs to which the inventive 
genius of the engineer has given birth, from the ponderous box 
girder of even depth throughout its length, which invariably 
looks as if it was just coming down upon the heedless passengers 
below, to the elaborate lattice bowstring of economic repute, 
whose body looks so light and supple that the uninitiated into 
the mysteries of physical mechanics are perfectly justified in 
expecting every minute that the huge creature will uncoil its 
elliptic or parabolic back and leap over its abutments, regard- 
less of all obstacles. 

We do not of course presume to know what are the feelings 
of the genuine Parisian when walking down from London Bridge 
terminus just fresh from his birthplace—that gem of contem- 
poraneous cities, his eyes alight on that large hog-backed girder 
bridge, with cross girders fish-bellied downwards, which create 
an irresistible feeling in the mind of the observer below that 
the structure is bending down under its own or under some 
mysteriously invisible load—but we should say that as he 
approaches it he must feel as if he was being drawn under a 
huge trap not unlike that institution of national renown in his 
own country, the guillotine. 

And after having overcome this first feeling of insecurity, 
and wandered through the streets of London in search of its 
hidden beauties, we should not be surprised to see him walk 
away with a strong fimpression that London is a dingy-looking 
place quite unworthy its position of a capital of a great empire, 
with a cathedral literally buried in its churchyard, an abbey 
outflanked by a homely old parish church, a legislative palace 
disfigured by that unsightly outgrowth, the old law courts, and 
nothing so prominent over its entire length and breadth as its 
wrought-iron railway bridges, adorned, it may be, here or there 
with the illuminated advertisements of Hobbs, the hatter, 
Hyam, the draper, or Willing, the advertising agent. 

It is with a feeling of unfeigned pleasure, therefore, that we 
turn our attention to the piece of ornamental work illustrated 
upon the accompanying illustration, in order to point out to our 
readers how an ugly truth muy readily be transformed into an 
elegant reality; and before we enter upon the description of it, 
which, indeed, will not take up very much of our space, we 
shall congratulate the owner of the property im question upon 
his good taste in enforcing this architectural embellishment of 
an otherwise unartistic piece of engineering work, and Mr. 
Barry, the engineer—not the architect, but to be sure a chip of 
the same block—upon the manner in which he has carried out 
the owner’s wishes. 

The bridge, which this screen was designed to ornament, con- 
sists of two single webbed hog-backed main girders, with arched 
top flanges of about 54 ft. clear span, placed 27 ft. apart, and 
on a skew of 68.3° with the centre ~ of the road below; these 
main girders are connected by a series of ordinary cross girders 
which carry the permanent way. 

In front elevation the ornamental work assumes the shape of 
a flat central arch over the roadway, and of two narrow semi- 


circular side arches over the foot paths on each side of the road ; 
these arches carry a moulded cornice or entablature, which is 
surmounted by an open panelled balustrade. 

The arches consist of hollow cast-iron pillars of the shape of 
a cross in horizontal section, measuring 1 ft. 9in. each way, 
with moulded bases and capitals, and corners chamfered off 
throughout the length of the shaft, and of cast-iron richly orna- 
mented spandrils bearing the monogram of the owner of the 
property. 

he entablature, which is also of cast iron, is 2 ft. in depth, 
and runs from one abutment of the bridge to the other; its 
total length is about 58 ft., and it is cast in lengths of from 
7 ft. Zin. to 7 ft. Gin., bolted together endwise. Upon reference 
to Figs. 3 and 5, the reader will observe that the salient portions, 
or projecting mouldings of the entablature, are cast loose, and 
screwed on to the main body ; ornamental consoles are also fitted 
over the crown of the side arches. 

A moulded plinth 1 ft. 6in. deep, also of cast iron, is bolted 
to the entablature, and these two jointly form the screen proper 
of the main girders of the bridge, which are only 4 ft. deep. 

This plinth forms the base of the cast-iron balustrade, which 
is 4 ft. deep, and consists of light open cast panels 3 ft. 54 in. 
deep, and of a light cast-iron moulded coping 6}in. deep. An 
enlarged view of the panels is given in Fig. 6, and we have no 
doubt our readers will agree with us that its design is very 
neat. 

A similar balustrade, with cast-iron base of the same pattern, 
is fixed as a purapet to the abutments of the bridge, which are 
about 42 ft. long. 

Underneath the bridge the side walks assume the shape of 
galleries set apart from the main road by cast-iron pillars of the 
same shape and dimensions as those already described, and con- 
nected at the top by cast-iron arched girders, with moulded 
flanges and spandril fillings. These girders carry a light cast- 
iron gutter, which takes off the water that may percolate through 
the roadway of the bridge, but is intercepted “ a ceiling of zinc 
or of corrugated iron over the side walks. 

The work was executed by Mr. Henry Grissell, of the Regent’s 
Canal Ironworks, and the balustrades with their bases, which 
assumed the shape of cast-iron open girders of 59 ft. and 31 ft. 
in length respectively, and of 5 ft. Gin. in depth, were fitted 
together at the works, and carted to Dulwich complete, and 
were there hoisted into position without being taken to 
pieces again, the weight of the longest of them being about 
44 tons. 

In our illustrations, Fig. 1 is a general elevation of the work, 
and Figs. 2 to 8 are enlarged views and sections of the various 
parts described. 








THE “ HESLOP” ENGINE. 
To THE EpitTor or ENGINEERING. 

Srr,—The “ Heslop” engine, mentioned in your last num- 
ber, is not yet extinct; there are three of them which for 
more than 70 years past have been, and still are, at work in 
the collieries of the Madeley Wood Company, in which I am 
interested. As their principle is curious, and has not been 
described by your correspondent, perhaps some information on 
this point may be acceptable to your readers. 

There are two open-topped cylinders, connected with the 
working beam at points equidistant from its main gudgeon or 
axis, one arm of the beam being prolonged, and a bent con- 
necting rod attached to its extremity. One of these cylinders 
(of 31lin. diameter) is termed the “hot,” and the other (of 
24 in. diameter) the “ cold” cylinder, the latter being placed 
in a cistern of cold water reaching nearly to the top of the 
cylinder, and provided with an injection valve, which, when 
the piston of the cold cylinder has completed its ascent, 
admits a jet of cold water under it out of the cistern in ques- 
tion. The “hot” cylinder has two lifting valves in nozzles 
attached to the cylinder foot, one an admission, and the other 
an exhaust valve, and the working of the éngine is as follows : 
Steam, is admitted at about 7 lb. per inch above the atmo- 
spheric pressure, under the piston of the hot cylinder, and 
when this has performed its ascent, the steam valve is shut, 
and the exhaust valve opened, the steam in the hot cylinder 
being thereby allowed to pass through an eduction pipe, not 
into a condenser like Watt’s, but under the piston of the cold 
cylinder, then at the bottom of its stroke. Tho effect of this 
is partially to condense the steam, but not ‘wholly to do this 
until the cold piston has performed its ascent, when the in- 
jection valve is opened, and the steam under the cold piston 
is condensed completely. The eduction pipe itself lies in a 
trough of cold water, and has an air ump (of much smaller 
size than in Watt’s engine) pas with it ; and there is 
also a cold water pump for supplying the cold cylinder 
cistern, and the trough in which the eduction pipe lies, with 
water. 

The power of the engine is, of course, derived apes from 
the hot cylinder, and consists of a steam pressure of 7 lb. per 
inch in the ascending stroke, and an atmospheric pressure of 
141b. per inch, or thereabouts, in the descending stroke of 
the “ hot” piston; but by using two cylinders, of which the 
hot‘is about twice the area of the cold, and first partially and 
then totally condensing the steam discharged from the hot 
cylinder under the piston of the cold, the working power 1s 
distributed pretty equally through the entire stroke (up and 
down), and these engines, in fact, work’ with remarkable 
steadiness and apparently equal effect in each half of the 
stroke. 

I am, Sir, your constant reader, 
; W.. B. Axstice. 

Madeley Wood, Wellingtan, Shropshire, May. 28,1808. 

P.S.—These engines are familiarly called here “‘ Adam’s 
engines,” from the Christian name of the inventor, Adam 
Heslop, who, according to current ‘tradition, contrived them 
whilst in the employ of the Madeley Wood Company, and 
induced the then managing partner of that company, Mr. 
William Reynolds, to introduce them in his works. I possess 
a very good scale elevation of this éngine, which I should be 
happy to send you for inspection if you would like to see it. 
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THE FLIGHT OF BIRDS, BATS, AND 
INSECTS. 


To THE Epiror OF ENGINEERING. 

Srz,—I have read with great interest the paper by M. de 
Lucy on the above subject, published in your impressions of 
the 15th and 22nd inst., but there are one or two = to 
which I should like to draw attention, in which M. de Lucy, 
as I believe, misunderstands the effect of the action of 

vity when controlled by the resistance of the air. 

In Section III. (middle of second column), M. de Luc 
describes the motion of a flat piece of paper allowed to fail 
freely. He says :—‘ We see the plane descend with a velocity 
increasing more and more up to the moment when the resist- 
ance of the air, augmenting on its part in proportion to this 
velocity, ve ogee a force sufficient to balance the force of 

vity. At the same instant the two forces destroy one another, 
and the sheet of paper remains stationary. Then, the velocity 
ceasing, the resistance of the air immediately diminishes 
and the plane resumes its course, to pass through the same 
changes until it touches the ground.” This is, clearly an 
error; the resistance of theair can never entirely stop, or 
even diminish, the. velocity once acquired; when the re- 
sistance of the air has become equal to the force of gravity, 
the paper will fall at an uniform rate with the velocity abene 
acquired, gravity and the resistance of the air — 
counteracting each other. The reversal of direction whic 
makes the paper take a zigzag course is due to the oscilla- 
tion of the paper about its position of equilibrium, and would 
not occur if the paper could be placed exactly in equilibrio 
before it was dropped, and entirely protected from side 
currents of air during its fall, 

In the application of these principles at the end of Section 
V. to the swooping of birds, first in a downward and then 
in an upward curve, ghe same error is reproduced; the up- 
ward motion cannot be due to the resistance of the air having 
accumulated until it overcomes the downward pull of gravity, 
as no such accumulation can take place ; it is due to a change 
in the wings from a position sloping obliquely downwards to 
a position sloping obliquely upwards, by which means the 
forward momentum of the bird is utilised by causing it to 
force the bird up what is virtually an inclined plane, although 
formed of a somewhat yielding material. 

Again, at the end of Section ILI., M. de Lucy, in describing 
the course of a projectile, seems to confound force or pressure 
and velocity. He says “ That the summit of the curve [of 
the trajectory] represents precisely the instant when the two 
initial forces, gravity and the force of projection, arrive at an 
equal intensity.” Now gravity is a force constantly acting 
upon the projectile, while what M. de Lucy calls the “force 
of projection,” is in fact the initial velocity given to the pro- 


jectile, by what means it concerns us not to inquire, as a/T 


given initial velocity, however acquired, in a given direction, 
will always cause the body to follow the same path. This 
initial velocity and gravity can no more be compared as to 
their equality or inequality than can the speed of a train and 
the tractive force of the engine drawing it. The correct 
statement of the case is that the summit of the curve repre- 
sents the instant when the downward velocity generated by 
the force of gravity equals the upward component of the 
initial velocity. 

There are other points on which I cannot agree with M. 
de Lucy, but I have already occupied enough of your space. 
I should not have troubled you at all on this subject, had I 
not thought it a pity that so practical and interesting a paper 
should have its effect in any Sogses marred by such errors in 
the first principles of mechanics. These apparent mistakes 
are probably due to a looseness of langauge rather than to 
a want of knowledge; but in writing on a subject so little 
understood, and in which energy or dynamic force is so often 
confounded with pressure or static force, precision of lan- 
guage is especially to be desired. 

Yours, &c., 


W. R. 
6, Barnsbury Park, N., May 25, 1868. 








ENGINEERING Works oN THE DanvuBe.—Advices from 
Galatz state that on the 30th of April the Plenipotentiaries 
of England, France, Austria, Italy, Prussia, and Turkey 
signed a convention for guaranteeing the Danube works loan 
to the amount of 135,000/. to be devoted to the consolidation 
of the Sulina piers, and the deepening and straightening of 
the Sulina branch. The guarantee is given subject to the 
approval of the different Parliaments and Assemblies. More 
than any other Power England is interested in the mainte- 
nance of the improvements in the navigation effected by the 
commission, for hers are the largest vessels by far that 
frequent the Danube. This is her advantage as long as the 
— improvement lasts. Thus, last week the Pacific, an 

{English steamer of 1300 tons, 261 ft. long, descended the 
river from Ibraila to Sulina, drawing 16 ft. 3 in. of water, and 
having completed her loading she went over the bar, drawing 
18ft.4in. The works are already in full swing under the 
direction of Sir Charles Hartley, the well-known chief engi- 
neer. The navigation is active, and the receipts higher than 
they ever have been. What with them and the amount 
realised by an issue of bonds in the winter, in anticipation of 
the loan, the commission have money enough to prosecute 
the works vigorously till August, by which time it is hoped 
the first instalment of the loan will have been realised, pro- 
vided the convention passes in the Houses of Parliament in 
England and elsewhere. The principal works are to be the 
conversion of the temporary piers at Sulina into permanent 
masses of stone; the. cutting through the “M” passage, so 
called from its resemblance to that letter, the removal of two 
shoals in the Sulina branch, the deepening of the channel at 
the upper entrance of the Sulina channel, and the completion 
of the Post Office and the Seamen’s Hospital at Sulina. 

Tue StarrorpsuirEe Iron TrapE.—fhis trade is some- 
what more active; one or two works are said to be busy, and 
ifa pending wages dispute were settled, there would be a fair 
—- ——— 4 —— As it is South Stafford- 

e suffers, North Staffordshire i istri 
profiting by the dienensian and other rival districts 








SOMBRERO PHOSPHATE COMPANY. 

Tue island of Sombrero, which forms one of the 
groups of West India Islands, and is situated not very 
far from the Virgin Islands and the island of St. 
Thomas, consists almost entirely of a deposit of phos- 

hate of lime, which is very valuable, and much used 
or agricultural purposes, many thousands of tons 
being annually shipped to Europe and America. The 
island is leased from the British Government by a 
limited ‘liability company, called the Sombrero Phos- 
phate Company, which has its seat of direction in 
London. 

There are at present about 300 coloured labourers 
employed by the company to raise this phosphate, 
under a well organised staff of English officers. The 
mining operations are being carried on at present with 
mucli yigour, and are directed chiefly to subaqueous 
blasting, by means of which a very rich quality of 
aged yal is raised, The auentity of this article may 

e said to be practically inexhaustible, andthe demand 
is very much on the increase both in Europe and 
America, necessitating a continued increase in the 
extent of the company’s operations. 








BREWING AND BREWERIES.—No. XI. 


Tue PREPARATION oF Matt ror Masninc—Matr 
Miuts (continued). 


Havine made some remarks on malt mills generally, 
we shall proceed to describe in detail a few examples 
illustrating varieties of construction. The first we 
shall notice are the malt mills at Messrs. Miller’s 
brewery at St. Petersburg, of one of which we gave 
engravings on page 462 of our last number but one. 
These mills were constructed by Mr. F. Egells, of 
Berlin, under the direction of Mr. Schéttlander, the 
engineer of the brewery, and they differ in many re- 
spent from those in general use in this country. In 
the first place the two crushing rolls of each mill 
differ considerably in size, as will be seen by the section, 
Fig. 1, the smaller roll, 7, being 7 in., and the larger 

oll, e, 35}in. in diameter. The width of the large 
roll is but 7 in., whilst the small roll is slightly wider, 
being furnished with flanges between which the large 
roll works. The power for driving the mill is applied 
to the shaft of the large roll, this shaft carrying, in 
addition to a pair of fast and loose belt pulleys 15 in. 
in diameter, a light fly-wheel. The small roll, /, is 
driven by friction. 

The shaft carrying the large roll, e, revolves in fixed 
bearings; but the bearings of the shaft of the small 
roll slide in guides in the frame of the mill, and 
can be shifted by means of the screws, g, these 
screws carrying worm wheels, geared into by the 
worms on the spindle, i, which is provided with a 
handle by which it can be turned, as shown in Fig. 4. 
This arrangement ensures the equal movement of the 
two bearings, and keeps the rolls always parallel to 
each other—at all events so long as the bearings wear 
equally. The arrangement for feeding the rolls is 
similar to that usually adopted. The malt is supplied 
from a hopper to the shoot, a, and falls down the sheet 
iron incline, 4, to the feed roll, c, this being in this 
case a cast-iron roll with small V-channels or grooves 
(not shown in our engraving) formed in its surface. 
The shaft of the feed roll carries a belt pulley, 4, 9 in. 
in diameter, this pulley being driven by a strap led 
over the shaft of the large roll, e. As this latter shaft 
is 3 in. in diameter, the feed roll, which is 6 in. in dia- 
meter, makes one revolution for every three of the 
large roll. 

At Messrs. Miller’s brewery there are sixteen mash- 
tuns, which are disposed in pairs, and to each pair 
there is a malt-mill, such as we have just described. 
This mill delivers the crushed malt direct into a hopper, 
which leads it to a Steel’s masher, as shown in our 
engravings, this masher being arranged so as to be 
available for two mash-tuns. We shall have more to 
say about the details of Messrs. Miller’s brewery in a 
future article. 

Our next example is the malt-mill at the City of 
London Brewery, which formed the subject of our 
illustration on page 463 of our last number but one. 
This mill was constructed by Messrs. James Horn and 
Co., under the direction of Mr. Alexander W. Gillman, 
the assistant brewer at the above brewery, and, as we 
have already stated, the rolls, which are 16 in, in 
diameter by 29 in. long, and are geared together, are 
chilled castings. In this mill the malt is supplied 
from a hopper furnished with a bottom slide, and falls 
down an inclined plane, terminating in the screen, A. 
This screen is composed of } in. wires with } in. mesh, 
and just above it is placed a regulating valve, worked 
in the manner which we shall describe presently. At 





the bottom of the incline is an opening, closed by a 
hanging canvas screen, kept down by a weight. 

After passing through the screen, A, the malt tra- 
verses the- screen, B, which is composed of yin. 
wires, with 4, in. mesh, and is inclined at an angle of 
47° with the horizontal. At the bottom of this screen 
is the regulator, C, which is a tin vessel of the form 
shown, this vessel extending the full width of the 
rolls, and being open at top and bottom. The regu- 
lator is suspended by a pair of light rods from arms 
on a small cross shaft placed above the mill, as shown 
in Figs. 1 and 2, this shaft carrying another arm 
which is connected by a rod with the regulating valve 
which has been already mentioned as being placed just 
above the screen, A. This arrangement prevents the 
accumulation of malt at the lower end of the screen, 
B, and its action is as follows: If the malt comes 
down the screen, B, faster than it can be taken up by 
the rolls, the regulator, C, becomes overloaded, and 
falls, partially closing the valve above the screen, A, 
and diminishing the supply. If, on the other hand, 
the rolls keep the regulator clear of malt, the regulator 
rises, opens the valves, and admits an increased supply 
to the screens. 

The quantity of malt taken up the rolls is regulated 
by the slide G, which carries a pair of racks, geared 
into by pinions on a shaft provided with the hand 
lever, . The feed roll, E, which receives the malt 
after it passes the slide is, as in the case of Messrs. 
Pontifiex and Wood’s malt mill, formed of wood with 
sheet iron ribs. Its axis carries a spur wheel gearing 
into a smaller wheel on the shaft of the movable 
crushing roll. The crushing rolls are forced together 
by screws, each furnished with an index, H, which 
shows the distance between the rolls. In the mill we 
have just described the rolls, screens, &c., are all 
enclosed in a mahogany casing, French polished, the 
whole forming an extremely neat and well finisne 
piece of work. 

Another arrangement of malt rolls is that shown 
by the engravings on the opposite page, which 
represent the rolls at Messrs. Allsopp’s new brewery 
at Burton-on-Trent. These rolls were made from the 
designs of Mr. Robert Davison, under whose direction 
the construction of the whole brewery plant was, 
as we have before stated, carried out. In this malt 
mill the whole of the feed apparatus, as well as the 
casing of the rolls, is of iron. ‘The feed hopper is fixed 
to the wall near the rolls, to which latter it delivers 
the malt through a short iron spout. The malt is 
passed down a screen before reaching this hopper, and 
the latter carries at the top a horizontal grid, through 
which the malt passes, and which separates the stones, 
&c. The pare arrangement of the mills in the 
brewery will be seen from the sections of the latter, 
which we published in our numbers of March 13th and 
20th last. The supply of the malt is regulated by a 
slide, which can be nicely adjusted by the screw and 
hand wheel shown in the engravings, and a feed roll, 
of the usual form, is provided ; but this roll in this 
instance consists of a number of wrought-iron feathers 
partially imbedded in a cast-iron cylinder. It is 59 in. 
in diameter over the feathers, and is driven by a cross 
belt from the shaft of one of the malt rolls, the strap 
pulley on the malt-roll shaft being 10in., arid that on 
the feed-roll shaft 2lin. in diameter. The feed roll 
thus makes rather less than half a revolution for each 
revolution of the malt rolls. 

The malt rolls are 2ft. 9in. long, 1ft. 4in, in 
diameter, and are made of metal 2in. thick. The 
driving power is applied directly to one roll only, the 
other being driven merely by friction. The roll shafts 
have bearings 6 in. long by 4in. in diameter, and the 
shaft of one roll is prolonged, as shown in the plan, to 
carry the driving-belt sy eys, which are 4ft. in dia- 
meter by 8 in. wide. The same shaft also carries the 
10 in. pulley for the feed-roll belt, and a 2 ft. pulley, 
from which a belt is led for working the screw by 
which the crushed malt is conveyed from the mill to 
the grist cases, above the mash-tuns. The crushed 
malt falls direct from the rolls into the casing of this 
screw, which is 12in. in diameter and 44in. pitch. 
The blade or thread of the screw is of wrought-iron 
plate secured to a central core of cast iron, the core, 
which is cast hollow, being provided at the ends with 
wrought-iron gudgeons, having bearings 3 in. long b 
21 in. in diameter. The construction of the screw wi 
be seen from the section of the mill, and its general 
arrangement, with reference to the grist cases, &c., will 
be best understood by reference to the section of 
Messrs. Allsopp’s brewery, which we published with 
our number for the 20th of March last. The gudgeon, 
at the mill end of the screw, carries a bevel wheel 
1 ft. 4in. in diameter, and into this gears a pinion, 8 in. 





in diameter, placed on a cross shaft. This cross shaft 
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also carries a 16in. belt pulley, to which is led the 
belt from the 2 ft. pulley already mentioned as being 
fixed on the malt-roll shaft. The screw thus makes 
three revolutions for every four made by the malt 
rolls, 

In the malt mill which we are describing the rolls 
are not set rigidly at a certain distance apart, but are 
forced together by a spring, the pressure of which can 
be regulated at pleasure. Referring to the engravings, 
it will be seen that the bearings of that roll which is 
driven by friction, slide in openings in the frames, and 
that they are connected by round thrust rods with a 
pair of cast-iron blocks, also sliding in guides pro- 
vided for them. On these blocks the ends of a plate 
spring bear, as shown in the plan, the pressure being 
regulated by the nut on the screw of the central box 
of the spring. This plan of applying spring pressure 
to malt rolls was first introduced by Mr. te 
who has regularly used it in his practice, and it has 
been adopted in a more or less modified form by seve- 
ral makers of malt mills. The object of employing 
spring pressure is to prevent injury to the rolls in the 
event of stones or other hard substances being acci- 
dently delivered to them with the malt. There are at 
Messrs. Allsopp’s new brewery two sets of malt rolls 
of the kind we have above described. They are driven 
at the rate of 75 revolutions per minute, giving a sur- 
face speed to the rolls of about 309 ft. per minute, and 
each mill is capable of grinding easily 20 quarters of 
malt per hour. 

The last arrangement of malt rolls which we shall 
describe is the mill made by Messrs. E. R. and F. 
Turner, of Ipswich. The main peculiarity in this 
mill is the arrangement adopted ir setting up the 
rolls. As will be seen, by reference to the engravings,* 
the pressure is, in this mill, given by a compound 
wedge, which is carried backward or forward trans- 
versely by a screwed spindle beneath it, this spindle 
carrying a disc which works in a slotted projection, 
from the underside of the wedge. The disc just 
mentioned, is notched to receive a pawl, which 
prevents the pressure from being altered by the motion 
of the mill when at work. The wedge bar bears 
against cast-iron blocks, which are capable of sliding 
in suitable guides in the frames, and from these the 
pressure is transmitted to the bearings of the movable 
roll through strong spiral springs. ‘The rolls are thus 
forced together with an clastic pressure, as in Mr. 
Davison’s mill, whilst the employment of the double 
wedge ensures that the two bearings are tightened up 
equally. Another point about this mill, is the arrange- 
ment adopted for regulating the feed. The feed lp 
is provided with two copper racks, into which two 
small pinions gear, the spindle carrying these pinions 
being worked by a worm wheel and worm, as shown, 
so that the amount of feed can be nicely adjusted, 
whilst at the same time the arrangement prevents it 
from being altered by vibratory motion. The remain- 
ing details of Messrs. Turner’s malt mill require no 
special explanation, as they will be readily unducsieed 
from the engravings; and we may merely mention 
that several of these mills are now at work at some of 
the London breweries doing excellent service. 

Before passing on to the process of mashing, we 
may say a few words here ft see grist cases, or the 
hoppers by which the crushed malt or grist is received 
after it leaves the malt mills. In most instances these 
cases have until recently been made of wood, but iron 
grist cases are now becoming common. For grist 
cases and similar purposes the iron can be best em- 
ployed in the corrugated form, as the corrugated 
me give great stiffness with but little external 

racing. Iron grist cases, we consider, are decidedly 
superior to wooden ones. The form of grist cases 
varies considerably, according to many circumstances. 
Where no special mashing machines are used, 
the mashing being wholly performed within the 
mash tun, the grist cases are usually so made as 
to deliver the grist into the tun at four points, and 
the lower part of each case is therefore divided into 
four hoppers, each having its separate spout through 
which the malt is delivered. At Messrs. Bass’s 
brewery, at Burton, the grist is delivered from the 
grist cases into the mash tuns at six points. Where 
this form is adopted the grist case is placed directly 
over each mash tun. At the City of London Brewery 
the grist cases are not contained in the same room as 
the mash tuns used for porter brewing, the grist being 
supplied to the tuns by shoots extending from one of 
the side walls. These shoots can be lifted up out of 
the way when not in use, and they communicate with 
spouts leading from the grist cases. Where a mashing 





* We shall publish the engravings of this mill in our 





next number. 


MASH-TUN AT MESSRS. 


TRUMAN’S BREWERY. 


(For Description, see the Article on “ Brewing and Breweries” in our next Number.) 





machine is employed the grist’ case is of course con- 
structed so as to deliver the grist to this machine, and 
an example of grist cases so constructed is given in 
the two page engraving of Messrs. Allsopp’s brewery, 
which we gave in our number of March 20th last. 
Regarding the methods of conveying the grist from 
the malt mills to the grist cases we shall not speak 
here. The means adopted must vary according to the 
arrangement of the brewery, and they will be con- 
sidered in due course when we treat upon that portion 
of our subject. 





railways to the square mile than any other European state. 
Next in order comes Great Britain, then Germany, then 
Switzerland, then Holland, then France, and then Prussia. 
The other Continental powers have comparatively little rail- 
way communication—Russia and Turkey least of all. 

ue Larcest Fiywneet.—tThe flywheel of the rolling 
mill of the Millwall Ironworks is 38 ft. in diameter, and 
weighs (boss, arms, and rim) 110 tons, or, with shaft and 
crank, 126 tons. This mill lately rolled a section of iron 


weighing 1610]b. per yard, and of a length of 24 ft. 








THE ROYAL AGRICULTURAL SOCIETY. 


Tux following is the programme of arrangements for the 
forthcoming show of the Royal Agricultural Society, at 
Leicester : 

Thursday, July 9; Friday, 10; Saturday, 11; Monday, 13 ; 
Tuesday, 14—Trial of ploughs and field implements, and pre- 
liminary trial of steam cultivators, on farms in the parishes 
of Knighton and Aylestone, adjoining the railway, about a 
mile south of the show-yard. ; : 

Wednesday, July 15—The trial yard, for brick and tile 
machines only, open from 9 A.M. till 6 P.M. ; admission 5s. each 
person. . : 

The implements for trial this year consist of steam culti- 
vators, tile and brick machines, draining tools, ploughs, 
cultivators, clod crushers, rollers, and harrows. 

Thursday, July 16—The entire show-yard, open from eight 
in the morning, at which hour the judges will commence m- 
specting the live stock, and making their awards. Admission, 
5s. each person. 





Friday, July 17; Saturday, 18—Admission, 2s. 6d. each 
person. ; 

Saturday, July 18—General meeting of the members in the 
show-yard, at eleven o'clock. oe 

Monday, July 20; Tuesday, 21; Admission, 1s. each 
person. . 
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MALT MILL AT MESSRS. ALLSOPP’S NEW 
MR. ROBERT DAVISON, ENGINEER. 
(For Description, see the opposite Page.) 
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AVELING AND PORTER’S TRACTION 
ENGINES. 
(Concluded from page 505.) 
1°. Estimate of the Roads Traversed. 

Tue care with which we registered the time of passing each 
kilometric post, as well as the corresponding indications of the 
counter, has perhaps appeared excessive; but our motive was 
to ascertain convincingly if the engine, loaded as it was, had 
uot slipped over any portion of the road. 

The total distance was 11,980 metres (7.44 miles), and the 
counter A marked 2037 revolutions, which brings it to 11,980: 
2037 =5 m. 88 (19.29 ft.) of displacement per revolution. This 
figare is so near the exact figure 6 m. 12 that it may be cor- 
sidered no abnormal slip took place, the slight observed differ- 
ence not being greater than 4 per cent. of the external circum- 
ference of the wheel. 

For this same difference of 11,980 metres (7.44 miles) the 
total number of the counter, B, on the intermediate shaft is 
given by the difference 

21,454—13,206 = 8248. 
which corresponds to a displacement of 
12,980: 8248=1 m. 452 (4.76 ft.) 


On the other hand the comparison between the consumption 
of coal and that of water would indicate an evaporation of 
1835.69 : 184=9.97 litres (2.19 gals.) 
per kilogramme of coal (equal to 2.19 gals. per 2.20 lb., or 1 gal. 
aa Ib.) ; this estimate must be considered as very high, for the 
oss of water from the tender and boiler was inappreciable. The 
steam appeared very dry on reaching the cylinder, as might be 
judged by letting it escape through the indicator cock. 
3°. Remarks on the Working of the Engine. 

We have seen that an indicator had been fixed on the cylinder 
of the steam engine; two diagrams were obtained in the first 
place while the engine was proceeding to its post, fifteen diagrams 
during the principal distance, and an eighteenth during the 
supplementary trial with the train of eight wagons. 
he time of taking each diagram is given in the Table here- 
with drawn up by Professor Fleeming Jenkin, and translated 
immediately into French measure. But the indications of the 
counter B, which are also included, give a more precise means 
of recognising, in the general Table of experiments, the condi- 
tions of the road corresponding to each diagram. 

Three of these diagrams are reproduced in the accompanying 
engraving; they show the different kinds of work the engine 
may have to perform, according to the inclination of the road, 








’ 

per revolution of the intermediate shaft. This shaft being four 
times as quick as the axle, it is seen that the corresponding 
displacement of the train may be estimated at 4x1 m. 452= 
5m. 808 (19.06 ft.); but here the estimate is a little less 
certain because the counter B presented during the run two 
brief periods of inexactness which are recorded in the general 
Table of experiments. 

From the kilometric post 10.4 to the post 20.8 we got the 
number of the revolutions of the intermediate shaft for each 
double kilometre, and we ascertained that these numbers differed 
little from the caleulated figure of 134 revolutions, with the ex- 


and make known at the same time every circumstance of the 
distribution. 











— of some, for which the counter (in consequence of the 
breaking during the journey) had really counted double 
during some revolutions. 

It ought then to be admitted that the driving wheels did not 
slip, although forthe greatest inclines it was sometimes con- 
sidered prudentite drop a few loose stones under the wheel to 
assist the adhesion, which was probably, under these circum- 
stances, at its limit. 

From the agreement between the number of revolutions of 
the wheel and the’ ground passed over, we are led to conclude 
that the driving wheels act upon the macadam as veritable | 
rollers, and that they would not be found to have any but a 
favourable action upon the surface of the roadway. Thecrush- 
ing of the road materials, however, is very manifest, and the 
working of traction engines, if carried out under these exagge- 
rated conditions, would certainly cause the pulverisation of the 
ballasting. These conditions would assuredly not be so favour- | 
able in wet weather. 

We will add to the above information that the total number 
of revolutions of the engine, which are as 20.33 to 1 of the 

wheel, is thereby raised for the journey to 
2037 x 20.33—=41412. 

This distance was run in 3h, 3’ 25”, or, in 183.42 minutes of 
actual travelling; the driving shaft of the engine made, there- 
fore, an average of 225.78 revolutions per minute. We shall 
want this fignie to estimate the total work done, and we shall 
shortly see that its correctness is confirmed by the direct obser- 
vations taken at the time by the indicator. 


2%, Consumption per Ton and per Kilometre. 
The entire journey, as shown by the kilometric posts, is 
21 k. 8—9 k, 8—20 m.= 11,980 metres (7.44 miles). The con- 
sumption of Coal was 255 kilog.—71 kilog.=184 kilog. (3 cwt. 
2q. 13 1b., or 405 1b.) The weight of coal consumed per kilo- 
in¢tre is theréfore given by the ratio 
184: 11,980 15.36 kilog. (564 1b. per mile). 
And according as this consumption be estimated in relation to 
all or part of the composition of the trains, we arrive at the 
following figures for the per tot! and’ per kilometre. 
Per Freach ton for the seeeee0,.198=0.713' (per 
{ English 
ton. 


n load drawn ...... 0.253=0.911 
: pe useful freight ...0.378= 1.364 
These figures of consumption agree, however, in a regular 
manner, which ig necessary to be known. 
The journey was performed in 8h. 47’ 5”, and, deducting the 
stoppage for breakfast, in 3h. 8’ 25”’of actual travelling, which 
corresponds for the 11,980 metres to & speed per second of Im. 


”n 


08’, or toa run = of. 8.92 kildmetres (2.43 miles), say 
nearly 4 kilom, (2.48 miles 

As to the pr whigh.m@a in good repair, it presented succes- 
sive inclines deseentay the’ greatest inclinations were not 


more than Oni. 088 (1 in 30). 

The ques! of the transport of heavy freights at slow 
speeds, is in way.resolved into conditions of great relative 
econom 


y: 
The expense resulting from the necessity of providing, water 
at stated distances must not, however, be neglected; and our 
experiment proved that the mears of replenishing ought to 
occur at stations not more than 12 kilom. (74 miles) apart, 
During the first portion of the jourgey the consumption 
als. Litres. 
125.47 = 569.75 
278.78 = 1265.04 
Total consumption ... + 404.25 = 1835.69 
We could not carry our ealvulations down to a fraction of the 
ption, b the level in the boiler was not observed at 
the moment of the first stoppage ; 80 we will content ourselves 
with deducing from the figures the following conclusions : 


of water was on 
During the second run ... 








Consumption of Water. 
Litres. Gals. 
Per hour of effective work ... 600.46—132.22 
» kilom = ose , eee ee» 158.28= 33.74 
rench ton of 
- e aiife train ot jen 1.97= ort} Per 
- ” and per Fsench ton of English 
load drawn 2.52— 0.91 {ton per 
and mile. 
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8 1 26)16,795; 8.01 226 | 6.299) 414.07} 294.82; 5 
9) 1 30/16,970 ese 244 |15.265 |1003.77 | 714.69) ... 
10, 1 49/17,860} 7.80 178 |15.621 |1026.80 | 731.08; 6 
11) 1 50/17,984| 7.80 213 |32.207 |2117.17 |1507.43| 6 
12) 1 52/18,047; —... 203 |27.457 |1804.92 |1285.10| 6 
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14, 2 7/18,808) 6.61 157 |84.26; |2252.45 |1603,04| 7 
15) 2 19|19,295; 6.78 240| 9.931| 652.83) 464.81) ... 
16) 2 33.19,968| 6.44 264 |/11.938| 784.76) 558.75) 8 
7; 2 43 20,550 ove 223/ 9.195) 604.44) 430.36) ... 
Engine} drawing | a | train | of 8 wa|gons. 
18 eee 7.12 23.800 |1564.42/1114 01) ... 











The diagrams 1 to 7 were obtained with an indicator belong- 
ing to Messrs. Ae and Porter, and the deflection of 7641 
millimetres corresponded for this instrument to a pressure of 
one atmosphere. The 11 other diagrams were traced with the 
Richards’ indicator from the Conservatoire, and other calcula- 
tions made in the proportion of one atmosphere for 9676 milli- 
metres. The mean number 218 of the revolutions ascertained 
at the time from the diagrams 3 to 17 (which correspond to 
the principal portion of the journey) differs little from the num- 
ber 225, which has been previously deduced from the total 
number of revolutions of the wheel. 

Without paying entire attention at first to the duty de- 
veloped on the piston, we can more directly obtain an account 
of the traction effort required for the displacement of the whole 
train including the engine itself. 

It will be readily remarked that the mean effort exerted upon 
the piston should be in constant relation with the traction strain, 
The piston travels, in fact, through its double course multiplied 
by 20.88 while the driving wheel passes over 6.12 m. of ground 
in one revolution, 

The ratio of the'space traversed respectively by the piston 
and any one portion of the wheel face being 2x 0,356 x 20.33= 
13.47 m. and 6,12 m. (47.47 ft. and 20.07 ft.), the two efforts 
are necessarily in inverse ratio; and the effort exerted by the 
— should be multiplied by 2.36, to give the vulue of the 

ught, deduction being for the passive resistance of the 
engine. 

Starting from this observation, and reducing, on account of 
this resistance, the useful effect to 0.75, we shall find, for the 
various portions of the journey, the following strains: 

Co-efficients of Traction deduced from the Diagrams. 


























ated fa es Theoretic | Reduced | Co-efficient 
Nos. | Pi ng! Traction, }/ Traction. | of Traction. 
istonu. 
3 1416.69 $343.89 | 2507.54 0.0823 
4 1353.26 3193.69 | 2395.26 0.0309 
5 905.00, 2136.80 | 1601.85 0.0206 
6 632.26 1492.18 | 1119.09 0.0144 
7 | 699.86 1651.67. | 1238.75 0.0160 
8 | 414.07 977.20 732.90 0.0094 
9 1003.77 . | 2368.89 | 1776.66 0.0229 
10 1026.80 | 2423.25 | 1817.44 0.0234 
il 2117.17 | 4996.52 | 3747.39 0.0483 
12 1804.92 | 425961 | 3194.71 | 0.0412 
13 | 602.74 1422.86.| 1066.77 | 0.0137 
14 | 2252.45 | 5315.78 | 3986.84 0.0515 
15 652.83 1540.67 | 1155.50 0.0149 
16 | 784.76 1852.03 | 1389.02 0.0179 
17 | 604.44 1426.47 | 1069.85 | 0.0137 
Average! 1084.73 | 2559.96 | 1919.97 0.0247 


Saeki 

The general result, then, of these indicator diagrar 
us that the strain exerted on the piston of the amie is comma 
by the number 1084.73 k. (2391 1b.), which, multiplied b 
2.36, and reduced in the proportion of the supposed product a 
0.75, for the action of the steam, gives a return of 1919.97 k 
(4232 Ib.) for the mean traction strain, representing for a train 
of the total weight of 77,597 k. (76 t. 7c. Lqr. 171b.) a ¢o- 
efficient of traction of 3,th. This same value we shall find a 
little further on by the dynamometric diagrams. The indicator 
diagrams, although furnishing data less direct than those of the 
dynamometer, have an advantage over them due to the circum- 
stance that the dynamometer never worked except upon the 
level or up inclines, whereas the indicator was frequently 
worked on descents. On the other hand, the dynamometer 
registering the strain exerted during a long run, can giyvea mean 
value more exact fur each portion of the route. 

Diagram No. 8 gives the weakest strain; it corresponds to 
the dynamometric drawing, No. 5, which has produced the 
smallest ordinate on a descent of 0006 (1 in 1666). Diagram 
No. 14 gives the greatest strain; it corresponds to the dynamo- 
metric drawing, No. 7, which produced the greatest ordinate 
on an incline of 0.030 (1 in 83).. Drawing No. 18, considered 
specially, proves that, for.a level course, the train loaded with 
eight wagons does not require so great a power as in the trials 
up inclines; those do which correspond to drawings Nos, 11 
12, and 14. : 

The motive power of 1564.62 kilog., implied in this case, } 
by means of the calculations previously ar use of, es = 
tion strain of 

1564.62 x 2.36 x 0.75=2769.38, 
and the total weight of the train being then augmented to 
98.153 kilog. (96 t. 12 c.), we find ourselves still led to a coeffi. 


cient of traction of 
2769.38: 98.153= 00282. 
very slightly different from the value obtained for six wagons 
only, from the whole of the drawings. 
As to the duty indicated per revolutiox it is deduced from the 
mean effort exerted on the piston; and its mean valne by the 
drawings 3 to 17, during which the locomotive drew an guiform 
load, is 771.95 kilogrammetres (5583.51 foot-pounds), which repge- 
sents for a speed of 225 revolutions per minute, a duty indicated 
in chevauaz-vapeur of 38.597, the co-efficient of which value is 
28.94 chevanx vapeur (28.53 horse power).* 
We are. led to a result very little different from a study of 
the dynamometric experiments. 
The work indicated per rcvolution is for the traction of six 
wagons and of the locomotive as high as 771.95 kilog, (5583.51 
foot-pounds) on the average; when the train drew eight wagons 
it was further increased even on ground very nearly level, aad 
represented 1114.01 kiloy. (8057.63 foot-pounds). 
hen the wheels are thrown out of gear and the engine works 
as a stationary engine without a load, it isomly 54,23 kilog. 
(392.24 foot- pounds ), and this estimate may be useful in enabling 
us to appreciate the working of the engine alone consideredas 
being able to give out on the spot a certain amount of work. 
4°. Dy ric Drawing 

Nine dynamometric drawings were obtained for the load of 
60697 kilog. (59 tons 14 cwt. 3 qr.0 lb.) Those referring to the 
inclines or descents are weak and of short duration, because in 
the sharpest descents we were not able to obtain a truly-exact 
value of the co-efficient of traction. 
They are as follows: 


Co-efficients of Traction Deduced from the Dynamometer 




















Drawings. 
te 3s 
rt Inclination of the 33 | Mean | Co-efficient 
se Road. Ss | Effort. | of Traction. 
a =) H 
Mil. 
1 |Inc. 0.014 starting... ...| 30.54 | 1925.71 0.0321 or 3 
2] 4, 0.015 — .. ace oe] 2178 |.1868.77 0.0228 0rd 
8], 0.015 27.90 | 1757.42 0.0293 or 
4],, 0.008 24.51 | 1550.18 0.0258 ory 
5 |Des. 0.0006 ... .. «| 14.87 | 936,03 0.0156 or & 
6 |[nc. 0.0028 to 0.033 _...| 25.73 | 1620.10 0.0270 or 3 
7 |Des. 0.014 to Inc. 0.030 | 88.45 | 210688 0.0351 or a, 
8|,, 0.01 to 0.0025).15.08-}>+949.88 0.0158 or 2, 
9 |Inc. 0.0001 to 0.01 25.07 | 1580.41 0.0264 or 
Mean 24.19 | 1523.73 0.0251 or zs 





The 6-plated dynanometer which was used could register 5 
to 6000 kilogrammes (1327.60 lb., or 5 tons 18 cwt. 0 qr. il Ib. 
at the rate of 62.99 kilog. for a deflection of 1 millimetre 
(188.86 Ib. per 0.039 in. = 

No mean effort is higher than that of 2070 kilog. in part of 
an incline of 0m. 030 at ewt. up 1 in 33). Drawing No. 8 
which was continuous for 1 kilometre (0.6214 miles) on nearly 
level ground, since the small descent of (0 m. 0.1 (Lin 100) at 
the commencement of this kilometre was followed by an in- 
cline, varying only between 0 m. 0.020 and 0. m. 0025 (Lin 500 
and 1.400) shows better than all the others, the conditions of 
traction upon level grdéand, and justifies us in fixing the co- 
effici-nt at >,rdionly.» Though this figure may appear rather 
high, it is found, however, to be confirmed by that of the ex- 
periment No.}, witha descent of 0m. 0006 (1 in 1666) which 

ives 2th. 
In the experiments Nos. 6 and 9 the portions of the journey 
corresponding to’ the incli 0 m. 030 and 0 m. 033 (1 in 33 an 
1 in 30), the mean ordinate reaches 45 millimetres (1.77 in-) 
which equals a strain of about j,th. F 

The general average throughout the journey may be estimated 
at 3th, or more exactly at 0 m. 0251 reckoning from the mean 
ordinate of 24.19 millimetres (0.95 in.) for the whole of the 
dynamometric drawin z , 

When itis covets of putting in motion so heavy — 
the inertia must play a grand part; and we have ¢ ne 








. Diagram m No. 18 corresponding to the loag of 79%5 tons 
drawn in eight wagons, gives an indicated pressure of 1 14.01 
kilograms, which represents for a speed of 225 revolutions per 











per F rench ton of 
nett load an 


8.77= 1.86) 





minute, a daty of 41.20 actual horse power. 
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is point of view the mencement of the diagram at 
ion Oa i greatest oscillations ceased to 


starting, in No, 5,diagraim.._ : 
ifested pon the diagram at.the distance of 0m. 04 
7 mg the paper. In this interval the mean 


1} in.) measu: rT x . 
ordinate is 28.75, and gorresponds to a traction strain of joth. 
There were several poifits'on the journey where a more consi- 
derable mean strain was developed. f ; 

The greatest ordinate of the-diagram during the start is of 
58 millimetres (2.28 in seven corresponds to maximum strain 
equal to »th of the weight drawn. 

Doubtless thesefigures must not be understood to have an 
absolute signification; but they show, however, how strong the 


~ engines and —— should be, to resist momentarily such 


yery considerable strains. F : We 
n the inclines the greatest.ordinate did not exceed 58 milli- 

metres (2.28 in.) which‘is tantamount to saying that, on 4 road 

in condition ‘when the greatest inclines do not exceed 

0 m. 033 (1 in’ 80), the heaviest strain during the start equals 

that of the ineline we have just specified. On the descents the 
was very easy, and the brake quite sufficient to maintain 

al speed. 

are “yo 5°. Measure of Adherence. 

The calculations just effected allow us also to make an esti- 
mate for the adherence of the driving wheels. 

Let us remember in the first place that fe load on the 
driving wheels is reduced to 22ths of the weight of the locomo- 
tive, say, to 16,900 32=12,821 kilog. (124 tons), and that it 
js the adherence due to this load which give it the power of 
overcoming the resistance to traction of the entire train, that is 
to say, in the case of eight wagons on. the level 

98158 x 2,=1556, 
and in the case of six wagons only, on an incline of 0 m. 033 
(1 in 30) 
77597 X 3; =3880. 
In the first instance we recognise that the adherence per 


- kilogramme of adherent weight, or what may be called the co- 


efficient of adherence, is superior to 
6 = 0.121. 


L 
To reduce in the sane wie results of the second calen- 
lation, it should be re that the adherent weight only then 


acts by its normal component for the route; but the incline of 
0.033 (1 in 30) is too small to make the ‘correction’useful, and 
the co-efficient of adherence is to be found thus: 
0 
< = 0.303. 
12821 

In this. last case we were manifestly at the limit of adherence, 
of which, consequently, the value may be fixed at 0.3 of the 
adherent weight, upon a dry macadamised road in a good state 
of repair. . s 

It will not, perhaps, be purposeless to enter into some rela- 
tion of thé manceuvres executed with the wagons in order to 
get.them on the weighbridge and bring them together, so as to 
form the train. 

These wagons were placed at the end of the yard parallel 
with the factory building, and in order to get out they must 
follow a circuitous road ending in an entrance gate, and thence 
describe a right angle to-reaeh the line of route. -This simple 
enough manceuvre was much more difficult when it was requi- 
site to go and stop upon the weighbridge, the -way te which 
was scarcely large enough for the passage of the wagons, and 
where there was not: behind it a clear space: large enough to 
draw up in a straight line when arrived there. - Besides, it was 
not'wished to let the locomotive pass over the platform, so the 
connexion with the wagons could only be made by lashing them 
obliquely by chains and by pulling them a little away from the 
(the engine in the meanwhile remaining on it.) Thesame 

ifficulties existed in forming the train. Each wagon could be 
easily brought up behind the others within a distance only a 
trifle greater than the length of the locomotive; but then this 
latter had to be uncoupled, and—it being impossible to bring 
the wagon nearer by hand—an obliqne lashing was still neces- 
a obtain this latter movement by the aid of the engine, 
which had immediately to re-enter by another gate and dis- 
engage itself again in order to place itself at the head of the 
succeeding wagon. : 

All these difficult-manesuvrés-were executed by Mr. Aveling 
and his workmen with pétfeet skill, and an idea may be formed 
of the conditions under/which they were effected on the 27th of 
September, by the following particulars: 

Departure. Arrival. 
Two first wagons ...5 4. 1.20pm. 1.40 p.m. 


Third wagon Be ee” 200 2.8 
Fourth do. ae yp iB 2.82 
Fifth do. ie? ta SAD 2.45 
Sixth do. aS O13) 258 2.56 


The complete manenvre, including the weighing of two 
Wagons, lasted 1 h. 36m. and required 800 revolutions of the 
intermediate shaft; that is to say, an approximate run of 
1225 m, (1340 yards). 

The departure too place at 3h. 8 m., and we took advantage 
of it to examine the limit of pressure necessary for working on 
level ground. To effect this we let the pressure fall to 45 lb. per 
Square inch (4.06 atmospheres) ; haulage still took place at this 
Pressure, although the closing of the orifices of olmiesien was 
not then adjusted to the last notch of the quadrant; and from 
this it will be seen that there was in reserve all the means of 
action necessary to surmount every obstacle of the route. 


Conclusion. 

To sum up. The engine (La Ville de Senlis) drew in a regular 
éo0o0' upon a good road slightly undulating, a total load of 

000 ‘kilog. (59 tons). The co-efficient of traction may be 
approximately estimated at, which would bring the mean 
Strain tonearly 2000 kilog. (394 cwt.), taking into account the 
wei oy of the locomotive. 

is mean effort, developed at a speed of 1.08 m. (354 ft. 

Second, brings the valuation of effective work tp “3100 Hv 
grammetres (15,623 foot-pounds) per second, or to 28 chevanx 
beet (27.61 horse power). This figure will appear high if. it 

compared withthe consumption of fuel, which was 184 kilo- 
grammes (3 ewt. 2 qr. 13 Jb.), in three hours and three minutes, 


say 60 kilogrammes (132.25 Ib.) per hour of actual travelling. 
This consumption represents only 2 kilogrammes (4.40 lb.) of 
coal per horse power and per hour. : 

The corresponding consumption of water is not less than 
600.46 litres (182.22 gals.) per hour of actual travelling. With 
the present tenders, which can hold 1800 litres (396 gals.) of 
water, it is necessary to replenish them every 10 or 12 kilo- 
metres (64 to 74 miles). 

The co-efficient of adherence may be estimated on the road 
gone over at 0.3 of the adherent weight. 

The adherence resulting therefrom was only necessary forthe 
working of the‘engine up inclines of 0,030 :t0°0.033 (1 int@8 to 
1 in 30) and at-starting. ; ; } 

The load of 81,253 kilogrammes (7948 tons) which the en- 
gine drew on level ground is not the limit of what it canedra 
under these conditions. Ge 

The speed of 4:kilometres (2.48 miles) per hour appears suit- 
able for traffice of this: nature, and renders the manceuvfes so 
easy that the train is’ well.managed by a superintendemt, an 
engine driver,:and an assistant solely employed«to guidesthe 
steering wheel in front. 

Done by the Engineer Sub-Director of the Conservatoire dm- 
périal des a eae ,4y 

Paris, January 15, 186 H. Tresoa, 

Approved—The Director, ‘ 
GgNERAL Morin. 


Nors.—M. Tresca adds to his report some interesting facts 
in connexion with La Ville de Senlis engine, furnished by Messrs 
F. Lallouette and Co. 

From these it appears that the engine has only been worked 
half of the past season; but during that time “ it has conveyed 
2,500,000 kilogrammes (2460} tons) of beet-root from the weigh- 
bridge to the factory, a distance of 4 kilometres (2.48 miles). 
It drew each journey three wagons loaded with 25,000 kilo- 
grammes (24 tons 12 cwt. 0 qr. 111b.) of beet-root, and the 
engine generally madé’ four journeys and back; thus effecting 
the transport of 100,000 kilog. (984 tons) per diem. 

“The expenditure of fuel was not more than 500 kilog. 
(9 cwt. 3 qr. 10 1b.) of coals for the eight journeys,* and trains 
were well managed by a driver and two assistants. 

“The working was very satisfactory, both during fine weather 
and during rain; but merely damp weather rendered the ad- 
herence with smooth-faced wheels insufficient, and M. Lal- 
louette deems it advisable to have projecting tyres placed across 
the wheels, to get the full advantage of the locomotive.” 








THE “ STAUNCH” v. THE “ NAUGATUCK.” 
To Tue Epitor or ENGINEERING. 


Srr,—It would seem that the Messrs. Stevens, of Hoboken, 
U.S., were the originators of many, if not mdst, ofthe tm- 
provements in modern naval warfare. In support of this 
impression, I append some extracts from official reports and 
other documents, and a few facts that became known to me 
bag was conducting experiments for Mr. Edwin A. Stevens 
in 1862. 

In the first place, I should state that Colonel John Stevens 

built and ran in New York Harbour a small steamboat with 
twin screws in 1805. The original engine and screws are still 
preserved, and have been placed in a new boat and exhibited 
in working order at one or more State fairs. 
_ “The first authenticated experiments with artillery upon 
iron armour were made by John Stevens, Esq., at Hoboken, U.S., 
during the war of 1812. Mr. Stevens then proposed for the 
defence of New York a vessel to be propelled and rotated (to 
train the guns) by steam, and to be clad with inclined iron 
armour. From that time to the present, his sons, Robert 
L. Stevens, Esq., projector of the Stevens’ battery, and Edwin 
A. Stevens, Ben have conducted a great number of experi- 
ments upon various kinds of armour, and have anticipated 
many of the results of modern naval construction and war- 
fare.” + 

In a letter, dated August 13th, 1841, written by the Messrs. 
Stevens, of Hoboken, to a Govermental Committee on Coast 
and Harbour Defences, a series of experiments on iron armour 
is mentioned, and the following, among other conclusions, are 
given. The desirable qualities may be “combined in one 
vessel. 

“1. By having the engines and boilers placed below the 
water-line, and by using a propeller (Stevens’s circular scull) 
where the action is entirely below the surface of the water. 

“2. By constructir!™ the vessel above the water-line of such 
material as should be proof against damage from either shot 
or shell, and placéd at such an angle ‘as should best resist or 
turn the one or the other 

“3. By working the ‘enigine expansively at ordinary times, 
with boilers capatte of resisting a high pressure, and of gene- 
rating by the use of a more concentrated and inflammable 
fuel, a very large quantity of steam, giving greater power and 
speed when required. 

_ “Tn the construction of the vessel, we propose to substitute 
iron for wood, iron for shipbuilding being of less weight than 
wood of equal strength, ‘and capable of exposing an equal 
resistance. 

“ The thickness necessary to resist balls of the largest size 
would require to be determined by experiment. This coul 
be easily and quickly done; but we suppose a thickness of 
one-half or two-thirds the diameter of the ball (set at an 
angle of 45°) would be sufficient to resist or glance it off. If 
so, it would require only 44 in. or 6 in. to resist a 9 in. shell.” 
Messrs. Stevens further proposed to arm the vessel with 
wrought-iron guns to be rifled and to be loaded at the breech, 
“and by casting a thin covering of lead or pewter around the 
shot or shell, and making it a perfect sphere’ or cylinder, it 
would enable us to make the P seme at the base the full 
calibre of the gun, doing away entirely with windage, and, 
of course, increasing the range and accuracy.” 





* Equal to 24 Ib. per ton. 





+ “Ordnance and Armour,” p. 623, 


On this letter was based the contract to construct the 
Stevens battery, and in 1843 the dry dock in which the vessel 
now lies was made; but, on account of official intérference, 
the vessel was not begun till 1854. In twenty months it was 
finished, excepting only the armour and armament.. The 
lamented death of Mr. Robert L. Stevens in 1855 has pre- 
vented, in a greater de; than any other cause, the com- 

letion of this wonderful war ship—a war ship which, as 

ished on his plans, could to-day, I believe, outrun any 

Government vessel in the world, and sink the greater number 
of ironclads now afloat. : 

The Stevens battery is an iron ship of faultless wave line 
model, 420 ft. long ,by 53 ft. beam over side armour, and 
234 ft. deep. Her draught, when light, is 16 ft., when corniges 
submerged for fighting, 21 ft. She has eight boa, ed wi 
wrought-iron framing throughout, ten bolllas: two in- 
og screws, and can run at an indicated horse power 
of 8600. 

One of Mr. Robert L. Stevens’s plans for the armour, and 
the one, I suppose, from an inspection of his drawings and 
models, he intended to carry out, was a central casemate, 
thick enough to resist any projectiles then known—probably 
6in. thick, with wood ale iron ery EF ge emir | the 
armour of the Bellerophon and the best modern ships of that 
class. This plan, to a certain extent, anticipates the monitor 
principle of concentrated protection. A strip of inclined 
armour was to run slong the (fighting) water-line all, round 
the vessel. A shell proof deck was to cover the ship, forward 
and aft the casemate. The hull was to be protected by im- 
mersion by means of water let into tanks for the purpose, 
and the light structure or cruising deck above the iron 
deck, was not to be protected, but could be shot away with- 
out injury to the ship proper. 

Mr. Edwin A. Stevens proposed, in 1861-62, several plans 
for completing the armour and working the guns, but 
although very original, and in many, if not all, respects very 
excellent and practicable, they were too novel for the approval 
of a Government board, and so the vessel was not completed. 
Some of these features were tested, as will appear from the 
following official report :* 9 

“The experiments of settling and raising a vessel, and of 
turning her on her centre, were tried with the iron steamboat 
Naugatuck, which I am fitting up for the Treasury Depart- 
ment. She is 100 ft. long by 50 t. beam,.and 7 ft. depth of 
hold, and is arranged with apartments at the ends.and on 
deck for receiving the water to depress her. The water was 
pumped into the compartments and:on, deck, depressing the 
vessel 2 ft, 10} in.,'and putting tle deck 6in. below the 
surface of the river in fifteen minutes. The water was then 
pumped out in eight minutes, restoring the vessel to her 
original draugh' 

“ The pont | 
minutes by reversing one of her two screw propellers. 


on a fixed carriage a little forward of the centre of the vessel. 
The recoil was taken up by india-rubber oe behind the 
trunnions, and the gun was trained by the helm of the vessel 
with as much celerity and certainty as by the ordinary pro- 
cess of training the carriage. running in and out was 
avoided. The gun was loaded from below deck. The Nau- 
gatuck was in action several times at Hampton Roads and 
in the James river. Sectional engravings of this vessel and 
of her gun carriage, and of Mr. Stevens’s steam loading appa- 
ratus may be found on pages 590 to 593 of “Ordnance and 
Armour.’ 

Mr. Steveus’s a with steam loading guns are 
thus officially described in the report before quoted : 

“A 10 in. gun procured from the Navy Department, 
weighing 9883 lb., was mounted with india-rubber buffers 
behind the trunnions. This gun was loaded with the full 
service charge of 11 1b. of powder, and a solid spherical ball 
of 124Ib..... This gun was loaded by steam power, the 
muzzle being depressed so as to bring the bore parallel with 
a steam cylinder situated below a platform made to represent 
the deck of the yp ee The piston rod of this steam cylinder 
was the ramrod of the gun. Upon the upper end of this 
ramrod was a swab, which also answered the of a 
rammer. The cartridge and ball were attached to a sabot 
and placed on a scoop, arranged so as to lift the ball to its 
proper position between the rammer/and the muzzle of the 
gun, when, steam being: admitted to the cylinder, the ball 
was forced home. The guf' was then elevated and fired. ... « . 
The entire time occupied im firing four shots was 139 con- 
secutive seconds. The quickest time was 26. seconds. 
226 Ib. elongated shot was afterwards fired with 4 lb. of 
powder, having been loaded with the same rapidity asithe 
124 Ib. shots.” ) 

In the Naugatuck, a fighting vessel: of 1862, there were 
thus embodied the principal features of the Staunch of 1868 
(illustrated in Enernrrrine of April 17), and several other 
valuable features that are destined, I think, to be reproduced 
on a larger scale in the next war. 

It would appear, then, that the Messrs. Stevens, father 
and son, either originated, or first developed, the following 
important features of modern naval warfare. Twin screw, 
1805; armour plating, 1812; inclined armour, “1812. and 
1841; training guns by:rotating the vessel, 1812 and 1862 ; 


d | engines and screws below water in war vessels, 1841; large 


engines to work expansively at ordinary times, and ‘with 
saaieaties power in parr 1341 3 concentrated fuel (working 
to petroleum P), 1841; iron hulls for war vessels, 1841; 
wrought-iron rifled guns, 1841; the Armstrong lead-coated 
elongated shot, 1841; coneentrated protection, a central 
battery, a belt of armour at the water line, and a shell proof 
deck, 1843 to 1854; protecting the hull by immersion to 
fighting draft, by means of water let into compartments for 
the purpose, 1843 to 1854; wrought-iron engine a 
and a wrought-iron ship of 420 ft. length, 1843 to 1854; 
loading a gun below deck by steam power, 1862. 
. A. L. Houtey. 

Pennsylvania Steel Works, Tfarrisburg, U.S., May 11, 1868. 





* Published in the New York Times, January 24, 1862. 
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was turned end for end in one and one quarter 
“The Naugatuck’s gun was a 100 Ib. Parrott rifle mounted | 
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INDIAN PUBLIC WORKS DEPARTMENT. 
To rus Epiror or Enoineeriye. 

Sre,—In your issue of the 27th of March appeared an 
abstract of a paper read by Mr. Danvers at the Society of 
Engineers, containing a ber of stat ts supported by 
returns mg | the position of civil engineers in the 
Indian Public Works Department. The information is 
doubtless accurate, but the return which gives eight years 
and eleven months as the average time in which civil 
engineers appointed since 1855 have attained the rank of 
executive engineer 1st e must, I think, relate to ex- 
ceptional cases. A number of engineers were appointed at 
one time to the department as executive engineers, and these 
are probably the fortunate individuals whose promotion was 
so rapid; but asarule civil engineers begin as 3rd grade 
assistants, and from a 3rd grade assistant to become a 
Ist grade executive would, under ordinary circumstances, 
take fourteen or fifteen years, and occasionally even longer 
than this. 

Mr. Danvers is evidently very well acquainted with his 
subject, but I cannot quite agree with him that all the com- 
plaints to the newspapers by civil engineers from India are 





groundless. I have never been concerned in any ay 
ere on the subject myself, and many letters that I 
have seen ainst the newspaper 


ave rather preju iced me 
correspondence on the subject; but although unreasonable 
complaints have at times been brought forward, this ought 
not, and I trust will not, lead to the supposition that the 
civil members of the engineering establishment have nothin 
whatever to complain of. I am ames certain that 
civil engineers who complain are not merely actuated with a 
vicious desire to agitate; and, though I believe promotions 
in the department are, as a rule, fairly and impartially made, 
I still think that there are grounds of dissatisfaction with 
re to some points of the departmental system. 

almost all other er whose appointments are 
open both to military and civil officers, the system of con- 
solidated pay is in force, and the pay attached to any grade 
or appointment is the same, whether the incumbent be in 
military or civil employ. In the Public Works Department, 
however, this is not the case, as military officers obtain the 
pay of their rank, together with a staff allowance, which 
allowance is so calculated as to give them higher pay through- 
out their service than is drawn by civilians in similar positions. 
The actual pay of military officers, then, depends on their rank ; 


but, asa rule, it will be found the Ist and 2nd grades of exe- |. 


ecutive engineers are filled by captains, and below that by 
lieutenants, and the pay, as given below, shows the difference 
which exists. In some published return a portion of military 
pay charged in the Military Department is omitted, and thus 
the disparity is not apparent ; but the list here given is a very 
close approximation, and can be supported by the printed re- 
turns on the subject : 
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I believe that nothing can be said in favour of keeping up 
the distinction between military and civil, which will not 
apply with equal force to the Police, the Revenue Survey, 
aa all other departments open alike to civil and military 
officers, and yet—at least as far as the Bombay Presidency 1s 
concerned—it will be found that in the Police, the Revenue 
Survey, the Cotton, and other departments, that civil and 
military officers are on precisely the same footing with regard 
to pay, &., and it is only in the Public Works Office that 
there are different scales of salaries for the same appoint- 
ments. If the principle of regulating the pay of individuals 
according to the service to which they belong, and not accord- 
ing to the work they are required to do, is right, then let it 
be carried out in all departments; but to keep a distinction 
for Public Works, and aot for other Rg ee is invidious 
and unfair, and the system is responsible for most of the dis- 
content felt by civil engineers in Government employ in 
India. A scale of consolidated salaries applicable to all, 
might be framed, which, without any great extra cost to 
Government, would give general satisfaction. 

If the question of consolidated pay were satisfactorily 
settled, the furlough and pension rules would be the only 
point of complaint. a have been brought under the 
uncovenanted service rules as regards furloughs and pensions, 
and these rules, though suital to natives and Eurasians, 
who form by far the greater portion of the uncovenanted 
service, are not adapted to European officers. However, 
there seems a general disposition to deal liberally with regard 
to these points, and if the civil and military rules are im- 
proved, it is to be hoped that something will be done for 
civil engineers, who are infinitely worse off than either of the 
services with regard both to furloughs and pensions. 

It is very desirable that the present standard for admission 
to the Public Works Department should be maintained, or 
even raised, and it is to be hoped that some consideration will 
be given to the subject with a view to induce men of high 
attainments to compete for the appointments. At present 
the attractions offered by the Public Works Department are 
not great. 

I am, Sir, your most obedient Servant, 
April, 1868. Exscutivs ENGINEER. 


THOMSON’S CUSHIONED 


[May 29, 1868, 
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STEEL SPRING BUFFERS. 
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For some years past a class of springs known as “ union” 
springs have been extensively used in the United States as 
bearing springs for railway cars and similar purposes. These 
springs, which are made by the Union Car Spring Company, of 
ew York, each consist of a spiral steel spring packed with a 
core of compressed wool, this core being inserted with a greater or 
less degree of tightness, according to the extent to which it is 
desired to augment the resisting power of the steel spring. 
The packed steel springs are arranged in groups within light 
cases of various forms, the number of the springs in each group 
varying according to the pur to which they are applied. 
The success which has attended the use of these springs in 
America has lately led to their introduction into this country, 
and patents for their manufacture and application have been 
taken out by Mr. W. S. Thomson, of the firm of Thomson, Pearce, 
and Co., of Great George-street. Mr. Thomson has adapted 
the union springs to the forms of buffers, drawsprings, &c., in 
general use on — lines, and we give, above, engravings 
showing three “PP ications of them. Fig. 1 represents an 
engine buffer with 44in. range; Fig. 2 is a drawspring for 
carriages or wagons ; and Fig. 3 isa duplex buffer for carriages, 
having a range of 12in. In the engine buffer eight of the 
combined steel and wool springs are employed, these being dis- 
posed in sets of four springs each, one set on each side of a 
central division piece, as shown in the longitudinal section. 
This buffer has a cast-iron case and wrought-iron plunger with 
a head also of wrought iron. The back of the buffer is closed 
by a cast-iron plate, which is secured b§ »projecting lugs, taking 
into a groove formed in the case, the latter being‘cut away at 
certain points to enable the lugs to be inserted. The back 
—_ and also the division plate and the plate within the head, 

ave recesses formed in them to receive the ends of the springs, 
these recesses being so formed as to give the springs a fair 
bearing, and hold them steadily in their places. 

The construction of the drawspring, Fig, 2, will be readily 
understood without much explanation. As will be seen, it is 
arranged for a continuous drawbar. It consists of a pair of 
the combined springs, arranged one on each side of the drawbar, 
these springs being enclosed in a light malleable cast-iron casing, 
as shown. ‘Two cotters passed through the drawbar bear 
against the ends of the casing, and the latter takes its bearing 
against the cross bearers of the carriage frame, the spring being 
thus able to resist a strain in either direction. The whole ar- 
ment is very neatand compact. The carriage buffer shown 
ig. 3 is specially designed for cases in which great range is 
required, it being constructed so as to afford a range of 12 in. 
It consists of a pair of cases bolted together end to end, each 
case containing nine of the combined steel and wool springs ar- 

in three groups of three each, as shown. The case con- 
taining the springs takes up but little room, and it is provided 
with lugs by which it can be conveniently bolted to the soles of 
the carriage frames, the pistons bearing inst the springs 
being connected to the buffer heads by rods in the usual way. 

The resisting power of the combined steel and wool springs 
has been very severely tested by experiments recently conducted 
in this country as well as by the lengthened practical experience 
with them in America. The addition of the wool core to the 
spiral steel springs enormously increases the resisting power of 


ran, 
by F 








the latter, and it moreover modifies the rate at which the 
deflection increases with an increase of the load. In the 
case of ordinary steel springs, the deflection increases regularly 
as the load; equal increments of load producing equal in- 
crements of deflection; with the wool-packed springs, how- 
ever, the case is different, the amount of deflection due to 
a certain increment of load, decreasing as the load upon them is 
increased. In this respect their action is similar to that of india- 
rubber springs, and it is a property which is peculiarly valuable in 
springs used for draw or bulfing purposes, Theengine buffer which 
we have above described has been found by experiment to require 
a load of 194 tons to force it home, and it sustained this load with- 
out injury, its elasticity being unimpaired. The buffers have also 
been severely tested under a steam hammer with most satisfac- 
tory results, and they are now being adopted on the Caledonian 
and other lines. By making the wool core of the springs of 
greater or less hardness, their elasticity can be modified to any 
desired extent, and there is little doubt that they will eventually 
come into extensive use not only for buffing and drawsprings, 
but for many other purposes. 








Tae Mont Cents Rattway.—The Times correspondent 
testifies in the following rather equivocal terms to the ease 
with which the carriages traverse the curves of the Mont 
Cenis Railway. He says: “Some of the curves are so sharp 
that one can hardly understand how the carriages, which are 
about 14 ft. long, outside measurement, contrive to grind 
round them. But round they do go, with perfect ease, just 
when one might fancy they were about to fly of, like a steel 
bar escaping from a curved groove, and, 25 they turn, the 
wheels and rails together give out a shrill metallic sound, 
which one at first may mistake for # whisper of the railway 
whistle !” 

Tue Sovurn-Eastern Rarway.—The South-Eastern 
Railway Company have formaily notified their intention of 
extinguishing their debenture bond debt, which falls due 
between now and 1873 -_ the exception of a small portion 
in 1877), by the issue of a perpetual debenture stock, " 

5 percent. interest, payable by coupon half yearly, the object 
being to place the company beyond the reach of those 
periodical panics which affected railway debentures for the 
first time in 1866. The whole capital of the South-Eastern 
Company, including the mortgage bond debt of 4,330,0001., 
is about 20,000,000/., and as the annual net profits were 
year 789,000/., and are this year estimated to amount to more 
than 800,000/., this debenture debt would be covered by 5} 
years’ nett revenue. The measure was initia y Mr. 
atkin, M.P., the chairman of the company, who also, it 
appears, pr mer 5 per cent. as the rate at which the stock 
should be offered to the existing proprietors, so as to msure 
its ready acceptance. This rate of 5 per cent. will ——— 
the amount payable for interest to 6s. per cent. above th 
average of the last three half years, but the change it ° 
stated “will be gradual, and only come into full effect abou 
1874, and will be more than balanced by the new rentals now 
about to commence of the arches under, and the surplus pro- 





perty near, the metropolitan stations.” 
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MORTON’S AIR-HEATING 


STOVE. 


MESSRS. MORTON AND WILSON, ENGINEERS, STOCKTON-ON-TEES, 
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SS description. 
se The principle on which it is 


constructed is the same as that 
adopted by Mr. Morton in his 
refrigerators, and it possesses 
all the advantages for heating 
air that the refrigerator does for 
cooling worts or for surface con- 
densation. Its construction will 
be readily understood by refer- 
ence to the engravings, Fig. 1 
being a longitudinal section; 
Fig. 2, a sectional plan, and Fig. 
3, a transverse section through 
the fireplaces. 
There are two furnaces, a and 
b, or one furnace with two fire- 
RX QG SS ylaces ; and the flame from these 
CW RR 8 S eames through the flues, ccc, 
over and under the air passages, 
fff, in the direction of the arrows 
into the chimney shaft, e. The 
7 air ways, ISS, are constructed so 
Y/7 os to form a continuous passage 
: YY LYQOoOEUpwvwv—v—#v”» across the current of the flame 
» lll Md MOMMY "J MMMM in the flues. The air is driven 
Wer give, above, engravings of an air-heating stove or | into the passages at g by a fan or other suitable arrangement, 
furnace designed and recent y introduced by Mr. Robert | and finally passes out through the opening shown at the right 
Morton, of the firm of Morton and Wilson, of Stockton-on- | hand side of Fig. 3, from which point it may be carried to 
ees. This stove is constructed entirely of firebrick, either in | any place where it may be required. 
the form of ordinary firebricks or slabs of firebrick specially ‘he flue ways, ¢ c, are open at the top, and are covered by 
moulded for the purpose. It was designed originally for | cast-iron slabs, iii, which are made tight by a covering of 
g malt or grain, but it may be used for every purpose | fireclay at the sides and ends. The object in having the flue 
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ways open at the top is to afford facilities for cleaning out the 
soot or deposit, which may be brushed into the receptacles, 7 Dds 
and cleared out through the inlets, kkk, these inlets being 
stopped up temporarily with firebricks. Another inlet, /, at 
the bottom of the chimney shaft, is for a similar purpose. 
The air chambers are supported at the bottom by firebricks ; 
mm, and nn are spaces for the passage of the flame; the to; 
of the air chambers are also arranged in the same way. The 
flame passages, c, are also divided the brickwork stoppings, 
oo, for the purpose of stiffening the sides of the air passages, 
and p isa firebrick lining to protect the side of the air chamber 
from the direct action of the flame. The interior of the base 
of the furnace is made up with concrete filling. 

It will be noticed that the air is, in this stove, first admitted 
to the passages which are less highly heated and then passed 
on to those in which the temperature is greater; the final 
heating being imparted in a passage which is led through the 
furnace crown directly over the fires. The whole stove is 
very simple in its construction, all the parts being thoroughly 
accessible. In the course of one of our articles on “ Brew- 
ing and Breweries” we pointed out the economy which 
would result from the use of efficient air-heating stoves for 
supplying hot air to the kilns used for drying hops; and 
we — since heard that Mr. Morton is about to apply his 
heating stove in this way at a He large hop ground this 
season. We have no doubt that the plan once introduced 
will be adopted extensively. 

Cost or TeLEGRAMs.—In France the greatest distance 
over which a message can be transmitted is about 600 miles ; 
in Prussia, about 500; in Belgium, about 160; and in Swit- 
zerland, about 200 miles. The charge for a~message of 
twenty words over the greatest distance in France is 1s. 8d. ; 
in Prussia, 1s. 6d. ; in Belgium, 5d.; and in Switzerland, 6d. 
In Great Britain 2s. is charged for the transmission of a 
message over 500 or 600 miles, and 1s. 6d. for any message 
sent 160 or 200 miles. 
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ax FORTIFICATION.—No. IX. 


Ficure 24 is a wall pierced with one tier of 'loop- 
holes, with a glacis and a line of abattis in front. 
Such a cover with such formidable accessories, if ade- 

uately defended, could hardly be forced by infantry. 
Such a wall, even where it did not cover an entire front, 
would be very valuable as part of a defensive line, the 
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Fig. 96 is the patie of a) wall too low to he 
pierced with Inopholes. They may be here formed 
with stones laid:on, the top of the wall, to render it a 
complete cover; ‘with two set apart at intervals of 3 ft. 
with a gatréw ine, 3 in. wide, between'them on 
the outside, and a, wider (equalto the thickness of the 
wall) onthe “inside, im plan the; form of a loophole. 
Another stone laid over this makes it a complete loop- 
hole... Where stones!are not readily found, sandbags, 
which should-always be had in large quantities, will 
serve the purpose admirably. They should, for 
cconomy, be. laid, with, their lengths in the) direction 
of the wally-but not.at right. angles to it—with an 
opening between two, where the ldophole is required. 
The next, row. laid closely, end.to.end, covering these 
openings, completes, the Joophe They, may, too, 
be formed of sods where they arejfound grassy and 
adhesive. Another way > afranging a row of 
stones, the flattest that can be found, in the.way we 
have already, described, and laying, Jogs of wood over 
these. The Confederates in the American war formed 
loopholes by cutting gaps out of logs, the exact form 
of the loopholes. The depth of the. cuts required 
did not go deep into the body of the logs which were 
laid on the parapet with the gaps turned down. And 
= was formed complete cover and the best of loop- 
holes, 

Fig. 25 is prepared for defence against artillery. 
The wall here forms the revetment of the parapet 
This would form part of a set of defences prepared 
for a very formidable attack, which would likely have 
outworks lower than those in the main line, over 
which they would have command of fire, so that both 
lines could play upon the enemy at the same time. 
The outer line might wholly or in part be hedges 
utilised from the defence, such as we have shown in 
former sections ; or epaulments, the simplest order of 
earthen parapets ; or rifle pits, usually holes about 4 ft. 
or 5 ft.long and 3 ft. deep, forming, with the excavated 
earth thrown up in front, cover for two men. Loop- 
holes are usually formed on the crests of these small 
breastworks with sandbags. For one loophole three 
sandbags, well filled with earth, are required, two 
laid at right angles to the crest the required distance 
apart, with the third laid.o. these at right angles 
to their lengths ; and thus the rifleman is as com- 
fortable as earth can make him. 

Figs, 26, 27, and 28 are the plan and sections of a 
rifle pit for one soldier with its loophole formed of 
sandbags. 

Rifle-pits formed a very important part of the 
defence at the siege of Sebasto With them a new 
system of defence was adopted, or an extended appli- 
cation of the principle of defence by loopholes. 
Instead of a hole for one or two riflemen, there was a 
trench, with the loopholes at regular distances apart, 
as elsewhere. Todleben styles these continued fines 


or planks‘ set up on end—to | 


ments)—a term not very specific, we must allow. 
These logements.,were constructed between the 
enceinte and. the besiegers’ nearest parallels or ap- 
proaches, and so near that the Russians could fire 
upon the besiegers’ working parties, and watch all their 
movements. “l'odleben’s logements have been termed 
an extension or amplification of rifle-pits; but they 
migbt more appropriately,be termed the defenders’ 
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coutiter parallels. Tiwey were constructed with suffi- 
cient strength to resist artillery fire; and, being open 
fat the reat, thgir oetupants could give “immediate 

notice and directions to the artillery, where to fire 
| ¥ith effect, movingaright and left under: coyer, leaving 
elear the logements} or part of a logement, |i front 
of the guns which were.fo fire upon. the pomtjor-points 
where a formidable movement had .been noticed. . At 
more than one point the siege-works of the French 
were. stopped, by:.this; means, eud’a, new direttion 
adopted. i, One of. these. logementy vas. construeted 
on, the.10th.of Deeember within 160 yardsef,the 
enemy’s, third parallel. “iH ‘all wets 
‘Trees in front of a position, large or small, copse or 
plantation, wood or water, should be worked into 
entanglements and cool receptions, providing hand- 
somely in every way possible to give a proper wel- 
come to the assailant. Such a post may be part. of 
the defensive position of the main body of an army, 
such as Hougoumont in front of the right centre: of 
the position at,Watexleg, All,.who have read,tle 
history of this battle'must remember the vigoux}with 
which it was assailed, and the tenacity with which it 
was,held. ‘There are few farm-houses and farm,build- 
ings in England ,that,,do not possess more strength, 
and only a few hours;had been spent in) putting it in 
a state of defence, aud what,an important partiof the 
defence it, became ! i ; . 
The Duke of Wellington; ref ing site it in. his 
despatch to Earl, Bathurst, dated Water op, 19th June, 
1815, states: “About, 10 o’clogk, the enemy, com- 
menced a fuxious attack upon our post at Hougoumont, 
This postwas oceupicd, with a detaghment from, Gene- 
ral Byng’s.brigade of Guards, whieh was in position 
in its rear, ‘and it was.sometiine ta the command of 
Lievtenant-Colonel Matdonell, and afterwards of 
Colonel Home; and I am happy to add it was-main- 
tained throughout the! day with the utmost gallantry 
by these brave troops, notwithstanding the repeated 
efforts of large. bodies! of the enemy, to. obtain posses. 
sion of it.” ‘Thé thoral ‘force, theeourage, ‘and sense 
of superior power that such cover and obstruction give 
and diffuse through every arm, bone, and sinew of 
the defence, is something we have no power to esti- 
mate; but we can feel and see that it is immense. 
Towards evening the Prince of Orange sent directions 
by the Earl of March that the wood in front of Hougou- 
mont should be held to the last. Lord Saltoun re- 
ceived the message, and his reply, like that of Leonides 
at Thermopyle, had certainly the merit of brevity. 
“Tell him it’s all right.” But it had far, ‘higher 
merits than this. It bespoke a.s iit a well based 
courage that the day’s disaster kahot's 3, but 
the reverse—a confidence in the strength of ‘his*pdsi- 
tion and the firmness of his troops that had gained 
— life from the results of the dreadful struggles of 
the day. 
We vguste the following on the defence of a village 
from Sir Joshua Jebb in his own rollicking style, from 
an eminent French author full of fight . . .°..“some= 


what liberally translated.” . . . “He first of all : 
up the steam of his people a little by ering ie 
laurels a bit of a shake, and then delivers h to 


the following effect : 

“The hour that is to try what they are made of 
arrives; already some skirmishers of the enemy 
appear in the distance; groups begin to form in the 
horizon; and a cloud of dust arising, and gradually: 
approaching along the main road, at length, ts, 
forth on the plain the heavy columns. of the.agsa’ 
which it envelopes. At this moment, all the artillery 
should be directed on the masses, and if any one 
hazards a nearer approach he should be assailed with 
musketry, giving him ten shots rather than one. 

“The attack will probably be delayed till next 
morning. At daylight the enemy opens. fire, which 


i] 


enemy, impatient to overcome the obstacles which 
arrest his progress, sends forth his light troops. They 
are kept..at a distance by showers of grape-shot, 
They approach again, and begin seriously to disturb 
the gunners, who retire accordingly, and give place to 


the infantry, who repens: i parapets ; or 
species of calm reigns. at » aad the light 
troops gain ‘the abattis, The, 1, 0f inusketry is 


< 
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directed upon them; showers. of.balls riddle the 
boldest ..who :dared .. to. attéinp$, 4 get. over that 
obstacle.”. §o much for abattis, . Numbers bite the 
a theothets: * make ie ag h rg this 

rst. sudaess encourages; the, defenders. e chief 
retires hive ‘sdidiersinko the»interior of the village to 
prepare for a more terrible attack. He alone remains 
exposed, observing .. coolly what. passes. He sees the 
masses coming oh, aad gives the orders for the artillery 
to exterminate them. They devote themselves to that 
particular service with the resolution that their fire 
shall not.cease till. thex.have accomplished it, Plea. 
sant fellows: oo) ak divchiloss qany of 

“These formidable masses advance like a storm 
driving before a horrible tempest. A cloud of light 
troops -aecompanies them. Already they touch the 
abattis, and the.axe is at work to clear the road 
through it. .The whole of the defenders rise at once. 
The fire opens.again,,and is maintained without inter- 
mission .ypon then. The enemy, fatigued by his efforts, 
retixes beyond its reach to takebreath,” if it has not been 
knogked ont, accidentally. ‘‘ Each time the assailant 
to our. bulwark. he is checked by. our redoubled 
fire;, We,have the superiority, and profit by it, His 
loss;ds enarmous;”. but.:such .as*the Snider would 
multiply immensely. .“‘ He regards it not, and brings 
up frésh.troops ; and.as he thus rises like a. phoenix 
from,his aghes,” or rather*fromthe smoke, “he again 
presents \@ formidable front'‘tnd” ait’ imposing force. 
Oug external means ‘of “defence” Field at last to the 
enemy; we hear him throw hiniself into the ditch ; 
already we are menaced by his fury, but there re- 
mains for us the brightest hopé’. ‘Some of the de- 
fenders throw a shower of grenadés,” rather an un- 
pleasant welcome for our friends in the ditch; but 
the defenders of home and country on such occasions 
are proverbially inhospitable. But worse is to come. 
“Others with difficulty lift the largest stones, hurl 
them over the parapet and crush the assailants. 
Everything favours us in this unequal contest. We 
wait for our adversaries with firmness, and as they 
with difficulty crawl up the slope under the weight of 
their own arms.” Those who have felt the weight of 
the: stones will mind the wore nae mair. ‘“ With one 
blow.ave send them spinning from the top to the 
bottom of the ditch, and in their fall they carry with 
them all.:those who are behind them. Having cleared 
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must be replied to, as warmly as possible; but this 





of rifle-pits, if we so term them, logements (lodge, 





distant combat will not be of long duration. The 


our parapet a second time, we cover those below with 
stones and grenades. The ditch begins to fill up with 
carcasses. “They hesitate. They are going to, take 
themselves off. Hope, animates us afresh. Joy re- 
doubles ®ug,ardeur, and our last shots accompany the 
r the ‘eriemics-—sthere they..go like a rabble.” 
rk thisrwonld seem,"--= 7-5 


LITERATURE, 


The Viaduct Work# Handbook,,.. By Hexnx N; Marnanp. 
E. and F. N. Spot: 2868.)) |) 0% 
Ma,..Maynarp,.as doubtless y of our readers 

até well aware, is the: managetiiof tle Viaduct Works 

at Crambln, Monmouthshire. ::Ini his position at those 
works Mr. Maynard has taken advantage of the many 
opportunities presenting themselvesjto him for eollect- 
ing reliable data ~~ which ‘approximate estimates 
for bridges, roofs, buildings, railway — re 

beformed, duting'the faueteen/years tha las 
tion: connected withy the’'Gruiblin, Works. In order 
to make the book more generally uéeful, such tables 
have been added as are likely to be required in esti- 
mating work ‘of the nature described, and appended 
to the book is also a catalogue of articles manufac- 
tured at the works, together with illustrations and 
lists of prices. Thus, whilst the book in question 
answers all the purposes of an elaborately got up trade 
circular, combined with it is an amount of practical 
information calculated to be of great service to per 
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sous at a distance from home, and having charge of 
engineering work in foreign countries, 

As a froutispiece the book contains a well-executed 
coloured lithograph of the Crumlin Works, situated 
beneath the great Crumlin Viaduct, for the erection of 
which the works were originally constructed. The 
first section of the work is devoted to the construction 
of iron bridges, and numerous examples of works 
actually constructed at Crumlin are given, accom- 
panied by woodcuts, showing in most cases a perspec- 
tive view of the bridges as completed, and smaller 
illustrations giving details of their construction, 
together with full particulars of the several dimetisions, 
lengths of spans, weight. of ironwork, &¢.. ‘The first 
work referred-to! 1&of *eourse) the Gra nflii) Viadixot | 
itself, “which “consists Phe arg 6f T80ift; ‘each; 
measured: from ‘eeirtre* to Geiitré’ of supports; afid 
having a total length, including abutments, of 1658 ft. 
It is constructed to carry a doubletine of railway upon 
iron piers of great height. ; 

The Barrakur bridge, erected over the river of that 
name, ‘in Bengal, consists of ten spans, of 155 ft. 
each, and having a total length of 1650ft; the 
Murray River bridge, for Australia, with five spans of 
121 ft. between centres of supports; the Tagus 
bridge, erected at. -Villa Nova de; Comstancia, on the 
second seetion-of the Badajoz, line, consisting of -six- 
teen spans of O01 ft. 10 in. between centres; ‘th 
Velletri viaduct, near Rome, consisting of three sjians 
of 152 ft. of wrought iron, 12 ft. 3th. deep ; and the 
Blackfriars bridge for carrying the London, Chatham. 
and Dover Railway across the Thames, in London, 
are specially described in detail, accompanied with 
illustrations. All the above are on the trellis girder 
system. Next follows a description of plate girder 
bridges and arched girders. A portion of the book is 
next devoted to particulars of suspension and swing 
bridges, specimens of both those styles of structure 
being given as illustration ; and this section is suit- 
ably concluded with a few remarks on erecting and 
fixing, and on the quality of iron employed. 

Next follows a chapter on iron piers, abutments, 
and foundations of bridges, in which specimens of 
cast and wrought-iron piers actually constructed are 
given as illustrations, accompanied with statements of 
their actual cost, and the weight of material em- 
ployed. Screw pile piers are also included, with 
similar descriptions regarding them. Then follow a 
few remarks on iron piers or jetties and landing 
stages; iron roofs of various designs; iron buoys 
and moorings, and machinery in connexion with pat@pt 
slips for raising ships out of water for repairs. 

Following the dine is a description of railway 
plant and station fittings, including various kinds of 
rails, points and crossings, switch and signal apparatus, 
and a patent switch and signal-locking gear, cranés, 
turntables, water cranes, &c.. Machinery and machine 
tools manufactured. at the viaduct works are then de- 
scribed, accompanied, by. suitable illustrations; and 
this useful little work contludes with chapters on 
strains on girders, and.the method of. ascertaining 
them ; calculations on, permament.loads’ for. bridges ; 
formule for bowstring . bridges, pile driving; “an 
wrought-iron girders, and several tables of weights 
and measures referring to the same. subjects. 

Altogether, Mr. ard must be congratulated 
upon having furnished a, useful addition to en- 
gineering literature. , The information contained in 
his work, it must be confessed, is not*exhaustive of 
the numerous subjects treated of, but it seems well 
calculated to accomplish the object aimed at, and can- 
not fail to be of great use in the hands of engineers 
engaged abroad, by enabling them to calculate, from 
the ener of works actually in existence, the 
probable cost and weight of such similar structures on 
the erection of which they may beengaged. If others 
similarly engaged on great manufacturing works would 
similarly give to the world a description of the struc- 
tures manufactured by them, the results could not 
fail to be beneficial to the furtherance of trade, and. 
the diffusion of a correct knowledge regarding the, 
many gigantic engineering works, the erection of which 
have given this country so higl’ a position in the world’ 
for its engineering skill and excellent workmanship. 


RECENT, PATENTS, 4° sy 
Tue following, specifications: of eompleted. patents! 
are-all dated within ‘the year 1867; and that year 
should be given in ordering them, at the annexed 
porn, from the Great Seal Patent Office, Chancery- 
ane. Res es re 
,QNo. 2622, 1s. 4d. Frederick Henry Varley, of 
= pHs Towil oar petits tp = for testing 
elegraph conductors, &c., Which it, would’ be impos- 
sible for us to deseri hea, nae ‘ 








| ceteals. Th happens 


d} iron. lying, at 


(No. 2625, 10d.) . Thomas Adams and George John 
Parson, of 5, Duke-street, Adelphi, patent improve- 
ments in the details of their equilibrium slide valve. 
These igelude the addition of packing rings to the dis- 
placement rings to ensure a steam-tight. joints), 
mode of determining the displagé prea 3 and: 
other matters, of which wé t% 
tion here. ’ 





manufacturing iron. According to these plans a mix- 
ture is to be formed of manganiferous iron ore, and 
such coal or other carbon as will cause it to cohere at 


a.red heat, the car i 









qund of manganese, carbon, and iron; =, 

(No. 2639, 1s, 4d.) John Henry Sams, of the firm 
of Benjamin Reid and Co., Bon Accord Works, Justice, 
Mill-lane, Aberdeen, patents improvements in the con: 
structive details of horse rakes and hoes, which it 
would raise the aid of drawings to describe. ., , 

(No, 2640, 10d.) William “Walker Gibson, . of 
burgh, patents. -niachinerg for _degonn : 

: us ‘the .grain is. rubbe 
ware, carried by a revolving drum and coarse wire 
gauze which partly forms the chamber within which 
the revolving drum is placed. 

(No. 2650, 10d.) Samuel Dreyfous, of 32, Rue 
de Bondy, Paris, patents, as the agent of Thomas 
Caruso and Joseph ‘Aubeatin Garau, of Paris, com- 
bining with the furnace of a steam boiler, a bread 
oven so that the boiler and oven may be heated 
simultaneously, whilst the steam from the boiler is 
supplied to an engine employed for working a knead- 
ing machine or other apparatus used in bread-making. 

(No. 2657, 4d.) James Hargreaves, of Appleton- 
within-Widnes, patents using for the manufacture of 
iron, coke prepared from coal which has been washed 
in a solution of chloride of manganese, and after- 
wards mixed with milk of Jime. 

(No. 2667, 8d.) Thomas Muir of Glasgow, patents 
apparatus for washing the rollers and blankets of 
printing machines. According to this plan the rollers 
ie be washed are placed with their journals resting in 
‘ rackets Projecting upwards from a trough, and are 
' bjected to the rubbing action of the flannel-covered 
3 ace of arevolving drum. A supply of any of 
the ordinary washes used by printers is fed on 
to the rollers as the rubbing goes on. In using the 
apparatus for washing printers’ blankets, the latter 
are placed within tle revolving drum, and a supply 
of the washing liquid being admitted they are cleansed 
by being rubbed, by balls contained in the drum, 
against ribs formed on the inner surface of the latter. 

(No. 2693, 6d.) Robert Wilson and John Nuttall, 
of the Bridgewater Foundry, Patricroft, patent 


methods of p as together several layers of bars of 


t, angles and. diago: 
other, to’ form a ee for ‘ the  mamufactire’ ‘of 
cranked ‘axles, cranked shafts, and other heavy 
forgings, 

(No. 2694, 8d.) Charles Denton Abel, of 20, 
Southend Pat eh patents, as the agent of 
Nicolas Lebedeff, of St. Petersburg, a method of 
utilising the waste heat of furnaces. According to 
this it is proposed to convert the gaseous products of 
combustion partly into combustible gases by passin 
part of them through a cylinder of refractory materi 
filled with carbonaceous matter, this cylinder being 
heated by the remainder of the gases. The patentee 
only claims a saving of 50 per cent. of fuel by the 
use of his system ! 

(No. 2699, 1s. 4d.) Andrew Tod, of Glasgow, and 
James Heatley, junior, of Alnwick, patent machinery 
for twisting os em According to this plan the 
tobacco, in a prepared state for twisting, is placed 
jupon a table, at one end of which a revolving frame is 
‘situated. This frame, through the end of which the 
‘tobacco to be twisted is’entered, contains a bobbin on 


| which the tobaéco is wound after having received the 
WEWISt, ‘A' séparate révolving motion, pérpendidular to | 


the motion of the frame, being imparted to the bobbin 
‘by ‘a sithple arrangement, - 

(No..2707, 1s} } James Oxley, of Frome, patents 
arrangements of‘ebolers ‘or’ tefrigerators for cooling 


rators, wget: wale OER 
describe, air, and Ayater ar 


pur mt 


the aid of drawings to 
¢ombination for cooling 

















(No. 2637, 4d.) Jacob Geoghegan Willans, of 9, | ff 
St. Stephen’s-crescent, Bayswater, patents methods of | ji 


thekoess of the. } 
ifed | gu a he t,t C us ns into a chamber With 
dnsndigient, to ‘afford "by blast -the® tequisite heat for | y # pump eylinder communicaly 
melting: itvattey’ ile teatiolic | ig wiixture, it is ee ls: mounted” at the top of the s 
-posed.to sme t with other fuel, iva, blast furnace, With he ‘levels : pomp piston or bt 
a view of obtaining spice; , or a similar com- | beltig 6 latter immersed in the wat 


mally to each | rain oF * 
‘passiniy through “them; and isto be’ discharged into - 


worts, &., or foreoidensitig steam, In these refrige- | t 
e Hi! 


producing ornamentally spotted fabrics by weaving 


-spotted chenille threads along with ordinary warps and 


wefts by means of heddles or healds. 
No. 2718, 1s. 4d.) John Wood, Benjamin Wood, 
dRichard. Wood. of the firm of John Wood and 
» patent the application to steam 
gement of cut-off gear, consistin 
agi, valve worked in connexion with 
We. At would require the aid of draw- 
Sinis gear clearly. 
4a.) ‘George Wilkinson, of St. 
5] oy patents arrangements of 
pal feature in these pumps is that 


arried up by the.side of the p 
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4 
Erasmus Thomag Horsley, of Pye 
rf. 


Bridge, Alfreton, and ‘Charles Horsley, of 29, Wha 
road, City. oad, patent protucing a i Aad sutnce on 
cast metal, ’ ating the interior’ éf' te mould and 


the surface ‘f-the cores (if these are used). with a com- 
position, of Aphite or carbon and tar, and'then sifting 
§ so prepared powdered glass, slag, or 













I", The casting is then performed inthe 


UNO, 2789, '6d.) John Henry , itn, it Et, 
Tincoln’s Tith-fields, patents as the agent‘ of Cornell 
Kingsland, of McKeesport, U.S., a method of manu- 
facturing chilled railway wheels. According to the 
plan, it is proposed to cut away, or remove, a portion 
of the “chill” under the flange of the wheel, so that in 
moulding and casting the outer part of the flange will 
rest on sand. The chill is provided with a number of 
intérnal ‘recesses, in which ate placed cores, which 
form, recesses in the’ tim of the wheel, these latter 
recesses being Afterwards filled Wy driving into 
















them Youghened ot file ent pieces of steel, or by 

melting’ ourbig: in. seal We acubt the 

advantages of this syst fact , ; 
(No. 2743)8 me isgow, patents 


the methods’ 
ships of war, ‘wl 

No. 2744, 10¢ 
patents a meth 
tubing, by drawi 
trumpet-shaped ori 


ods, ‘ahd pst guides so arranged 
as. bring the edges of tlie dems des 


“Wahosavring circular 
ed 1h Ollr Jast number. 
lton Hamer, of Manchester, 
Ot nanufactiring india-rubber 
r ° 


"the material through 


Gon! 


ew 


45, 8d.) ’ ‘Thomas Prideaux, of Sheffield, 
paterits” ah arrat meht*to" “ised instead of the 
water tiyeites for blast ’farnacés. According to this 
lan a puta } constructed around the furnace 
Saoeene théiniier "and outer brickwork under the 
boshes and abdVe the level of the dam, and from this 
passage, into which the ‘blast ‘is introduced, a ‘umber 
of radial perforations aré led into the interior of the 
furnace; “Mr. Prideaux also proposes to dry or calcine 
the ironstoiie before’ it enters the furnace, by con- 
structing at'the top of the latter inclined gratings, with 
valves at ‘their lowér ends, ‘The ironstone is’ to be 
ced ‘onthe gratings, and dried by the heated gases 





the furnate, when ‘necessary, by opening thie ‘valves 
just méntioned: ©" °* © pND Hw. 

'(No. 2747, 10d.) Béhjamin  Dobson'Sand “Robert 
Halliwell, of Bolton, patent various imphovemer 
mules for spinning’and ‘doubling, which We 
describe without reference to drawings. “Sth 

(No. 2748, 10d.) Charles Powell Jones, of Peckham, 
patents a method of cleaning ships’ bottoms by a kind 
of jointed scraper, the seraper being rendered buoyant, 
by corks attached f6°UH8@) that it is borne closely 
against the surfacg 6f sel, and being moved by 
guy ropes. SPs ieiaee i ~ 

(No. 2749, 4d.), 
patents making ornafi 
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tal 


eston, of Birmingham, 
bes, by drawing a brass 
or other sfietal ‘iron or steel tube, and 
then passing be through ornamental 
rolls bor the’ Bsing it with a pattern. 

WS’ Donald, of the firm of 
Glasgow, patents arrange- 


ments ciceted r uh and other hydrocarbon 
oils if Steamiboiler furhiees!’ This appears to be but an- 
othe? re nm of" Messrs" 


! "Wise, Field, and Aydon’s 
plan, the if being’‘injeeted"into the furnace by the aid 
of n, steatn Jes" 
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TA fw ENT.—Boston, capital of 
of iotibys, propoxes t® fitroduce into its 4th of July 
ation thi ‘your '# ne ure—a submarine race, or 
nat ider fhe distance is a mile from 
in East Boston, and it is 





mg “Uti «y | p 
(No. 2710, 4d.) Andrew Taylor, of Paisley, patents 


; submarine divers shall enter the 
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MALT MILL. 


CONSTRUCTED BY MESSRS. E. R. AND F. TURNER, ENGINEERS, IPSWICH. 
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BREWING AND BREWERIES.—No. XII. 


Tue Process or Masuinc.—Masu-TUNs AND 
MasuHine Macuines. 
Tue malt having been crushed in the malt mill, 
the next thing is to prepare from it a saccharine 
liquid or wort. 


This is done by the operation of 











verting starch into gum or dextrine, and finally, if its 
action be allowed to continue, into sugar; and it is 
to the presence of this substance that the formation 
of a saccharine wort by the mashing process is due. 

It is to the researches of Payen and Persoz that 
we are indebted for a knowledge of the fact that, 
whether the starch shall be converted into gum or 








MASH-TUN COVERS AT MESSRS. TRUMAN’S BREWERY 3; DESIGNED BY MR. KING. 


into sugar, depends upon the time during which the 
materials are digested, and the temperature em- 
ployed. This fact is shown by the following experi- 
ment: Let from 6 to 10 parts of malt, ground fine, be 
placed in 400 parts of water, which has been heatedin a 


mashing, or, in other words, by thoroughly mixing 
the crushed malt with water at a certain temperature. 

€ have mentioned in a previous article that malt 
Contains a certain proportion of a peculiar principle, 
named diastase, which possesses the property of con- 








(For Description, see Page 582 of our last Number.) 





water-bath to a temperature of about 80° Fahr.; and 
let 100 parts of starch be then added and well stirred in, 
the temperature being raised to 140°. Next let the tem- 
perature be raised to 158°, and constantly maintained 
at between that temperature and 167°; when in about 
twenty or thirty minutes it will be found that the 
solution, which was originally milky, and of a pasty 
consistency, will become first thinner and then 
nearly as fluid as water. This change takes place at 
the moment when the starch is converted into gum or 
dextrine, and if the solution be then rapidly raised to 
the boiling point, and sufficiently evaporated, a gummy 
liquid will * obtained which may be used for many 
purposes to which gum is applied. To produce a 
saccharine wort, however, the solution, instead of 
being raised to the boiling noint, must be maintained at 
a temperature of between 158° and 167° for a much 
longer period until, at the end of two or three hours, 
the greater part of the starch will have been converted 
into sugar, when, by the evaporation of the liquid at 
the same temperature, a syrup may be obtained, which 
resembles that produced by the action of sulphuric 
acid on a starch solution. 

In the above experiment a mixture of malt and 
starch was supposed to be employed; but in a‘ mash” 
of malt alone a similar action would take place, the 
only difference being, that in the latter instance the 
diastase, having a smaller proportion of starch to con- 
vert, would act more energetically. Diastase, if pure, 
is capable of causing the change of 2000 times its 
own weight of starch into sugar; but the greater the 
proportion of starch with which it is mixed, or, as it 
were, diluted, the slower is its action. 

The experiment above quoted shows results which 
bear in an important manner upon the practical opera- 
tion of mashing, as it proves that by allowing the 
mash to continue for a shorter or longer period, the 
wort produced may be made to contain a greater or 
less proportion of dextrine, which has not undergone 
conversion into sugar. Dextrine, like sugar, is fer- 
mentable, and capable of transformation into alcohol ; 
but, unlike sugar, it enters into the process of fermen- 
tation with difficulty, and not only requires a greater 
proportion of yeast to start it, but also a higher tem- 
perature in the fermenting tun. Dextrine, in fact, 
exercises a controlling influence upon the fermenta- 
tion of the wort, and for this reason its presence in 
certain proportions is valuable. What these propor- 
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=> 
tions should be depends in a great measure upon the 
class of beer to be produced, and it also varies accord- 
ing to the time of year at which the brewing is to be 
conducted. , 
With a wort wholly saccharine the fermentation 
would be so energetic that at ordinary temperatures it 
would be very difficult, it not impossible, to keep the 
process under control, and the effect would be that the 
sugar would be wholly decomposed, and the wort con- 
verted into ® mixtrétof alcohol and water, or—if 
oxygen was gbsesbed—into vinegar, Ina wort con- 
taining a. proportion of sdextgifie,.on the, other .hand, 





















there mayjbe said to, be; two. gistigct: perjods of fer- 
mentabiquestthe first is theexmenting period com- 
monly squpaledy and it is thaiwdunng which the sugar 
and dexfingi@pe together Sindergoing transformation 
into he second jieshabaduring which 
slow fe on of the de Bieoes on after 
sugar wholly degg It is this slow 
p Hon of the dexteme which imparts to 
b n briskpegmewpnafter it has been i 
the cas Onsiderable, perigd, the carbonic acid 
evolved this fermegtaia@moreover, prevent- 
ing the ption of oxygen consequently pre- 
venti tation. The ior he beer is:required 
to be ; more imporgagh dows the after-fermen- 
tation ne, and the ferefore, should be 
of dextrine in the wort. dn 


for, x pid consumption, on 
ge proportion of sugar is 
ald not keep, and in 

, ound but a very short 
; e 0, to spade gr class of trade 
which a brewer has, to pre’ @,proportion 
of dextrine should he eg ' te pti 0-3 hhito 
sugar during the mashing protess,and the same can- 
siderations alsa abe extent to which sugar 
itself, in. its yarions forms, maybe employedin the 
production of the worts. é have said, also, that 
the time of year at which the brewing is to take place 
influences the question. In summer, when the aver- 
age temperature is high, there is a greater risk in 
using a highly saccharine wort than when a lower 
temperature prevails; but, as we ‘mentioned in a 
previous article, when speaking of the use of sugar, 
so much depends upon the situation and arrangement 
of the brewery, and upon the construction of the 
plant employed, that no general rule can be laid down 
on the matter, 

There are two ways in which the proportions of the 
dextrine and sugar contained in the wort may be 
regulated during the practical process of mashing. In 
the first place, the proportion of sugar may be aug- 
mented by prolonging the mash, the temperature of 
the mash tun being at the same time kept up to the 
proper point; or, secondly, the same result may be 
obtained by maintaining the wort, after it is drained 
from the goods, for some time at a temperature of 
about 165°. In an experiment made by Dr. Ure, a 
wort drained from the mash tun was maintained for 
ten hours at a temperature of 165°, and it was found 
that by this treatment the proportions of dextrine and 
Sugar, which were originally 16 of the former to 3 of 
the latter, were altered to 17.8 parts of sugar to 1.2 
parts of dextrine, the conversion of the latter into 
sugar being almost eomplete, 

Ve have in the above remarks pointed out generally 
the influence on the fermentation of the wort, of 
variations in the proportions of dextrine and sugar 
contained in it, and we shall, when treating of the 
fermenting process, enter into the matter in greater 
detail. It may, however, be convenient that we 
should explain here how the proportions of dextrine 
or sugar contained in any given wort, may be readily 
ascertained. Dr, Ure points out two ways of doing 
this; the first consisting in ascertaining the amount of 
sugar in any given wort of determinate strength, and 
the second in ascertaining the amount of dextrine. 
Of the two it is most easy to determine approximately 
the quantity of dextrine contained,in the wort; but 
the amount of sugar can. be ascertained with greater 
nicety. To determine the quantity of dextrine, add 
to a certain volume of strong wort (of a density of, 
say, 30 lb. per barrel) an equal quantity of alcohol, or 
spirits of wine, when the whole of, the dextrine will 
be thrown down as a dense precipitate. It is conve- 
nient to cause the precipitation ta take place in a tube 
which has been previously graduated so as to show 
the weight of the bulk of precipitate thrown down. 
If the wort is weaker than was supposed above, the 
proportion ofalcohol must be increased ; whilst, on the 
other hand, if the wort is stronger, a less quantity of 
alcohol will suffice to throw down the precipitate. It 
will be convenient to affix to the tube a table showing 












the relative proportions of alcohol required for worts of 
different strengths. ; ; 

To determine the amount of sugar in any given wort, 
Dr. Ure recommends that 100 or of it should be 
boiled with about half a pint of the following solu- 
tion : ‘ ‘ 
Grains. 

100 


Sulphate of copper in crystals 
P PP ry’ 900 


Bitartrate of potash wee 
Carbonate of soda in crystals 
Boiling water, one pint or ... eee eee 7 : 

In making this solution, the sulphate of (\eopper 
should be first dissolved, and then the bitartrate of 
potash. After this the carbonate of soda should be! 
added, and the solution filtered, if necessary.; On 
boiling the wort with this solution a red coloured 
precipitate will be formed, and this should be colleeted: 
and weighed, every three grains of it indicatingsth 1 
presence ‘of one grain of grape sugar in the w6Ogt. 
oe is caused ‘by 
1 cane sugar, dextrine, 


4 


We sliould mention that no 
boiling the test solution wit 
gum, or starch. J 
Having,,made some remarks upon the theory.of 
mashing, we must proceed to consider the magner i 
which the operation is carried out in practice. As we 
stated, when speaking of the general process of brew- 
ing, it-is:the custom to denote the streagth of wort 
by the'exeess in pounds of the weight of a barrel of it 
above the weight ofa barrel of water. Thus the weight 
of the latter being 360 |b., a wort weighing 390 yet 
barrel is said to be of 30 1b. gravity,,and soon. The 
saccharometers used by brewers are gtaduated to show 
the gravity of the worts in this way, A quarter. of 
good malt is expected to yield a sufficient amount of 
extract to :produce with one barrel of water’a wart 
having a gravity of 901b., or sofréfimes' as high as 
95 1b. per barrel, and it is upon a kaéwledge’ of this 
fact that the method of calculating’ the quantity of 
“liquor” to be used in mashing is. based. In the 
case of porter and stout bxéwings, where a consider- 
able proportion of b or brown malt is used, the 
amount of extract ¢0 be obtained per quarter is less 
than that above mentioned, being sufficient to pro- 
duce, with one barrel of :water, a wort of from 84 lb. 
to 86 1b. gravity. Bearing these facts in mind, we 
may proceed to show, by an example, the way in 
which the quantity of liquor to be used in a given 
mashing may be calculated. Let us suppose that a 
mash of 50 quarters of malt is to be made, and let it 
be desired to produce a beer of 25 1b. gravity, the 
malt being of such quality as to yield 90 lb. per quarter 
as estimated by the saccharometer. In this case the 
50 x 90__ 


quantity of beer to be produced would be 


25 

180 barrels, and if there were no losses during the 
mashing and after processes, this quantity would re- 
present the amount of liquor to be used. In reality, 
however, there are several allowances to be made. 
First, the “ goods” retain by capillary attraction about 
} barrel . every quarter of a mashed ; secondly, 
there is a loss by evaporation during the boiling in 
the copper; and, thirdly, there is a further leon Sete 
the evaporation which goes on durjug. the -cooling 
dowa from: boiling point to the temperature at which 
the beeras placed inthe fermenting tan. The amouiit 
lost by ‘the tast ‘mentioned-catse’ is generally-xbout 
one-eighth of the total bulk, whilst that due to: the 
actual boiling in the copper will vary,somewhat aé- 
cording: to the evaporative power, jof the Jatter: Th 
the ease of our example the ‘total quantity of liquor 
required may be estimated as follows : 


be taken that the water and malt are mixed thoroughly, 
and that all “balling,” or formation of the malt into 
lumps, is avoided. It is advisable also to commence 
by making as stiff a mash as possible, an allowance of 
from 14 to 2 barrels of water per quarter being gene- 
rally sufficient, =. 

ext, as to the temperature of the water to be 
employed in mashing. Tn fixing upon this there are 
several things to.be considered. We have already 
stated that the @xperiments of Payen and Persoz go 
to showy that Me erature of between 158° and 167° 


Fahr. is best sited to the conversion of the starch by 
action Of thé diastase, and for this reason the tempe- 


rature.of the mash should be about those just men- 
tioned. It is, however, necessary to take care that the 
lighor ig not admitted at such a high temperature as to 
alias hat is termed the “ setting” or “locking up” of 

2 «Gods by causing the starch to run into a cohesive 

x. The initial temperature which is admissible 
will nd to some extent upon the quality of the 
malt em} “With high dried malt a higher tem- 
perature may bé safely*Wed than with very pale malt, 
whilst if theitijalt is nof thoroughly dried it is neces- 
"Sry to préeeed still*moré cautiously. Many brewers 
éommenee: shashing?'With liquor at a témperature of 
about 160°, dud. subsequently add liquor of'a higher 
température to bring up the heat of the mash to such 
a poilit'as to Gnsure the wort being drawn off at the 
teniperatitte of, say, 144°to 146°. “This plan is a good 
one, as the malt is first softened, and the more soluble 
portions extracted without risk of setting the goods, 
whilst the liquor at a higher temperature causes the 
conyersion of the remaining starch, and extracts the 
remainder of the available products. After the goods 
have once been thoroughly opened up there is but 
little risk of injury by the addition of water at a com- 
paratively high temperature. 

In determining the temperature of the water to be 
employed in mashing, there are also some other things 
to be considered. In the first place, then, the'loss of 
temperature which takes place owing to the commu- 
nication of heat to the mash-tun, mashing apparatus, 
&c. The smaller the mash, the greater is the diminu- 
tion of heat liable to be thus caused. It is best to 
avoid any disturbances of this kind by heating the 
utensils, &c. employed, to about the proper temper 
ture with hot water before commencing mashing. 
Another point to be attended to is alteration in the 
temperature of the liquor due to its mixture with the 
malt. Ifa quarter of unmalted barley, at a tempera- 
ture of say 50°, be mixed with twice its own bulk of 
water at a temperature of say 150°, the result will be 
that the mixture will have about the mean temperature, 
or about 100°. When malt is similarly mixed with 
water, however, the case is different, the resulting 
temperature being above the mean, and this difference 
js the greater the more highly dried the malt may be. 
Thus with highly dried brown malt the temperature, 
would, under the above circumstances, be as muchi as 
40° ‘above theméan, *This elevation of the tempera- 
tiire is much lessened ifthe nialt, has become mellowed 
by the absorption of moisttre ‘from the atmosphere— 
an absorption which is particularly apt to'take place if 
the malt is allowed to stand long after'grinding. The 
elevation of temperature appears be’ due td’ the 
chemical action which yoes“on tering the ‘conversion 
of the starch into sugar, and it takes place during the 
first ‘mash, ‘When this change. is. proceeding _ most 
‘energetically ‘From what we have already said, it will 
be evident thatiit is%of%great importance to have the 
temperature of the’'mash' completely under control, 
and we shall point owt présently some arrangements 
which have been devised for obtaining this end. 

When speakin§ of the gengkal.pFocess of brewing, 
we mentioned that the mash should, after the mixture !s 





sar Tm Barrels. 
Nett quantity sego> gp ase ooo ae 180 
One-seventh for evaporation during cooling” 26 
For absorption by goods ‘ov poe 37} 
For boiling * vies eco 8 
ee Total 2614 


This sopal-quantity of liquor may be distributed in 
many big Some brewers make but one mash, and | 
spargertl® remainder of the “ length,”—as the. total)| 


quawitx as called—whilst some make two, three; or; fa 


eVenioge many as five mashes successively: «When: 
treating of the general process of brewing, w®. 

severabexamples of different methods af proceeding, 
and torthese we may now refer. ¢ Iansome btewérivs 
the malt and liquor are mixed together in the ‘mash | 
tun, either—in the case of small Urewdirtes —by stirring: 
oars,.or by mashing machinery imed init ;\ whilst : 
inyother establishments ‘ the frrareanseh effeoted by 
specia! mashing machines, such as we shall describe | 
presently, the mixed malt and liquor ‘being delivered | 
into the tun in a semi-liquid: state: In.a number of 
breweries, also, special mashing machines are used in 
conjunction with mashing machinery in the mash-tun 
itself. Whatever arrangement is adopted care should 

* 





thoroughly effected, be allowed to, stand for from two 
to two and a half hours, making a total ‘period of from 
three to three and a half hours from the time of first 
wetting. The extract in the mash-tun will at first have 
a.milky appearance ; but. as the conversion’ of starch 
fakes place, it will alter its colour and beegme much 
inore tramsparent—a fine frothy head, which at the 
‘sme time is formed over the surface, affording an indi- 
cation, of the change which has been effected. 


\) oar te Aieeroa—The United States Geological Survey 








of Nebraska dem tes the existence of extensive Gepost 
ofveoal west of the Mississippi on the lines of the p' am 


ways to the In the Laramie plains the ¢ 

rents ray Sal iW thittoon, and occupy & basis apc 
five thousand square miles. Along the eastern base wa, ‘ 
mountains in Colorado, north of the Arkansas river, bed ee 
solid lignite, or coal of more recent formation on 
anthracite or bituminous, extend over many thousan ra 
of territory. These beds are the remains of extinct os 
and the forms are still distinguishable of oak, hickory, Linde, 
maple, buttonwood, poplar, and magnolia trees. 
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CROYDON WATER TOWER. 
MR. BALDWIN LATHAM, ENGINEER. 
(For Description, see Page 545.) 
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MR. JAMES YOUNG, F.R.S.E. 
(Founpgr or Tue Pararrine InpustRy). 


To have given to the world an invention which is the founda” 
tion of a new industry of gigantic proportions, and involving the 
employment of some of the most remarkable appliances at the 
command of chemical, mechanical, and engineering science, is to 
have laid a good claim to a prominent position in the history of 
science and industrial art. The person whose name heads this 
notice has done such a thing, and is therefore well entitled to a 
place in this present series of biographical sketches. 

Mr, James Young was born in Glasgow on “ Fair Saturday,” 
14th July, 1810. As his father was engaged in a small way of 
business as a jobbing joiner and cabinet-maker, the subject of 
our memoir was born and reared in a humble rank of life. He 
wus early set to work, and became one of his father’s small staff 
of employés—often the only one—and remained at his father’s 
trade until he was about twenty-one years of age. 

Glasgow mechanics and other artizans were in those days 
peculiarly fortunate above their fellow-workmen in most other 
towns, in having had opened for their instruction what was 
practically the first Mechanics’ Institution in the kingdom. The 
Andersonian University — founded by Mr. John Anderson, F.R.S., 
a former professor of natural philosophy in the University of 
Glasgow, and an intimate friend of James Watt—was then in 
existence, and Dr. Birkbeck, one of the first lecturers in that 
institution, had been induced by the general intelligence and the 
inquisitive character of the Glasgow artizans to form mechanics’ 
classes for the study of chemistry and natural philosophy. 
Those classes are still continued, and the example set by them 
early in the present century led to the formation of the Watt 
Institution and School of Arts, Edinburgh, through the influ- 
ence, chiefly, of Leonard Horner and Robert Bryson, and after- 
wards to the formation of the London Mechanics’ Institution, 
under the immediate influence of Dr. Birkbeck and Henry 
Brougham. James Young's father was fond of study, and he 
joined the classes at the Andersonian soon after they were in- 
stituted, and attended the last of the three or four courses of 
lectures which Birkbeck delivered, and the first course of a 
much greater man, namely, Dr. Andrew Ure, a man whose 
eminence in science and industrial art is world-wide, and is 
freely acknowledged wherever “ Ure’s Dictionary of Chemistry,” 
and “ Ure’s Dictionary of Arts, Manufactures, and Mines,” are 
known. ‘The example set by the father was fortunately followed 
by the son. While but an apprentice lad, possessed of but a 
small amount of “schooling,” James Young attended the 
mechanics’ evening classes in the Andersonian University, and 
he also joined oue or more of the classes in the Glasgow 
Mechanics’ Institution, which was then, and still is, a vigorous 
offshoot of the parent institution, and one whose intelligent 
alumni may be found in every part of the civilised world, and 
even in many parts which are only opening, or yet to be opened, 
to the blessings of civilisation, Some of the class companions 
that he had in those days are still numbered among his most 
intimate friends. 

Dr. Ure had also now retired to London, and another still 
more famous man, now an eminent philosopher and servant of 
the State, is to be mentioned in connexion with these classes 
instituted for the Glasgow mechanics. We refer to Mr. Thomas 
Graham, the present Master of the Mint. This gentleman, 
during James Young's early student career, lectured both on 
chemistry and natural philosophy to the evening classes in the 
Mechanics’ Institution, and was afterwards promoted to fill the 
chair of chemistry, as to Dr. Ure, in Anderson’s Uni- 
versity. That institution, then as now, had a medical school, 
and it was the duty of the professor of chemistry to instruct the 
medical students by day, and, one night per week, to indoctri- 
nate the artizan students in the principles and practice of 
chemical science. James Young was one of the latter, and 
eagerly applied himself as a student of science. While studying 
in Professor Graham’s evening class, he was introduced to the 
favourable notice of the professor, and he gladly availed himself 
of an offer made to him by Professor Graham to enter his 
service as an assistant, and in the year following he also became 
assistant to Professor Wilson in the natural philosophy class. 
Chemical and philosophical studies had by this time so fasci- 
nated him and taken him captive that he required no coaxing 
to lay aside the saw and plane, the hammer and chisel, and 
enter the service of science as a mistress. This was in the 
year 1832. 

Professor Grabam’s classes must have had much attraction 

for students of chemistry during the time that Mr. Young was 
the laboratory assistant and chemical demonstrator in the 
Andersonian University, if we may judge by the great number 
of Andersonian alumni whe have since attained distinction. A 
few of these may be mentioned: Mr. John Thom, an eminent 
Lancashire cotton printer; Mr. Hugh Bartholomew, an eminent 
gas engineer in Glasgow; Mr. McConnell, the distinguished rail- 
way engineer; the late Mr. Charles Griffin, the well-known 
anal Professor Lyon Playfair, C.B., F.R.S.; Dr. Sheridan 
Muspratt; Dr. Joseph Hooker, president-elect of the British 
Association; Dr. David Livingstone, the distinguished African 
traveller; Dr. Blyth, professor of chemistry in Queen’s College, 
Cork ; Dr. John Stenhouse, for some years professor of chemistry 
in St. Bartholomew's Hospital. With these and many otber 
yersons Mr. Young was of necessity brought into frequent and 
intimate communication, and his «cientific abilities and personal 
character greatly impressed those with whom he was brought 
into contact in bis professional capacity. Of none of his early 
associates, perhaps, does he hold so high an estimate as of 
David Livingstone; and in this case, we have good reason to 
know, the personal intimacy is very great, and we believe that 
there is mutually subsisting between them profound personal 
esteem. 

In the year 1837, Professor Graham left Glasgow to become 
rofessor of chemistry in University College, London. Thither 
{r, Young accompanied him, in the same capacity for two 

years more, during which time he assisted, as chemical 
demonstrator, to give lustre to the names of an additional 
number of young men who resorted to Professor Grabam’s 
laboratory for instruction in chemical science. Not the least 
eminent of these were Dr. George Wilson, the late director of 
the Industrial Museum of Scotland, and professor of technology 








in the University of Edinburgh, and Maxwell Simpson, now 
one of the cleverest of the many chemists whom this country 
can boast of. 

At the lapse of the two years spent with Professor Graham 
in London, and after being altogether seven years his assistant, 
Mr. Young became the manager of the extensive chemical 
works owned by Mr. James Muspratt, then at Newton, near 
Liverpool. During that length of time Mr. Young had, by his 
own mental acuteness and practical turn of mind, acquired an 
especial fitness for undertaking the duties of his new situation. 
On one occasion, when giving evidence in the Court of Session, 
in a law trial, to which reference will afterwards be made, it 
was suggested to him by the Lord Advocate of Scotland that 
he had acquired a considerable knowledge of chemistry during 
the seven years that he was with Mr. Graham. His native 
modesty would not allow him to do otherwise than admit that 
he simply had “ learned a little.” In his reply he said, “ Well, 
I learned a little.” The little in this case, however, was a con- 
siderable amount, and it has since been turned to very great 
practical account. He remained in the management of Mr. 
Muspratt’s alkali and bleaching-powder works for about four 
and a half years, during which time he effected various im- 
provements in the manufacturing processes which he was called 
upon to superintend. One of these improvements was securing 
the more complete condensation of the gases emitted from the 
furnaces, and which, till then, were a great and constant source 
of annoyance in the neighbourhood of all alkaliworks. Another 
was a method of condensing gases in liquids without requiring 
much pressure or space; this was used in the manufacture of 
red prussiate of potash, and afterwards of chlorate of potash. 

‘About the end of the year 1843, Mr. Young was induced to 
undertake the management of the Ardwick Chemical Works, 
Manchester, the property of Messrs. Tennants and Company, 
a branch of the firm of Messrs. Charles Tennant and Company, 
of the famous St. Rollox Works, Glasgow. It was while he was 
in the service of Messrs. Tennants and Company that he made 
some of his most important chemical discoveries. One of these 
was a new process for the manufacture of stannate of soda, one 
of the most valuable mordants used by the calico printer. 
Previous to Mr. Young’s invention, the substance was only ob- 
tained by the employment of a very circuitous method, includ- 
ing the extraction of metallic tin from the ore called tinstone, 
and a number of other tedious operations. The employment, 
however, of his original mind on the process brought about a 
complete revolution. Instead of using metallic tin, and oxidising 
it to form stannic acid (oxide of tin), and then combining the 
stannic acid with soda to form the desired stannate, Mr. Young 
started directly with the native oxide or tinstone, and fused it 
with soda. The iron and other foreign metals contained in the 
ore are insoluble in caustic soda, so that when the fused mass 
was dissolved in water, there was at once formed a solution of 
pure stannate of soda, easily crystallisable by evaporation. This 
process has been characterised as a strikingly beautiful applica- 
tion of chemical science, and a remarkable example of the ten- 
dency of chemistry to simplify processes of manufacture. 
Stannate of soda, as produced by Mr. Young’s patented process, 
was one of the industrial novelties of the Great Exhibition of 
1851, and the patentee obtained a prize medal for it. It is but 
natural to expect that by means of such an exceedingly ready 
method of producing the stannate of soda, the price of the sub- 
stance would be greatly lowered—and such was the case. Mr. 
Young also affected a very great economy in the manufacture 
of chlorate of potash, a salt having great energy as an oxidising 
agent, and hence used in bleaching, and in the manufacture of 
lucifer matches and pyrotechnic preparations; indeed, the 
economy effected was so great, that the price of the compound 
was suddenly reduced from half a crown to one shilling 
per pound. The process consists in first passing excess of 
chlorine gas into milk of lime to form chlorate of lime, then 
chloride of potassium (muriate of potash), which is very much 
cheaper than carbonate of potash or caustic potash, is added, 
and double decomposition of the two salts ensues, chloride of 
calcium and chlorate of potash being immediately produced. 
The last-mentioned salt soon crystallises out of the solution of 
chloride of calcium, and it is afterwards washed with water and 
purified by re-crystallisation. This exceedingly beautiful, 
simple, and economical process first assumed an industrial form, 
and acquired commercial importance, in the hands of Mr. 
Young, but the germ of it lay in a discovery previously made 
by Professor Graham. 

By far the most important portion of Mr. Young’s career is 
that which is intimately bound up and identified with the 
origin, rise, and progress of the New Industry, namely, the 
manufacture of paraffine oil and solid parafline. Mr. Young is 
henceforth to be regarded as the founder of this industry, one 
which is considered by far the largest chemical industry which 
exists. ‘The annual value of the trade in mineral oils in America 
and Great Britain was estimated last year, for the chemical jury 
of the French International Exhibition, at 10,000,000/ per 
annum; but when this industry first dawned on Mr. Young he 
had no expectation that it would ever attain anything like the 
proportions and national importance which it has since acquired 
im this country and America. Notwithstanding the quick and 
penetrating power of his intellect, it would seem that in this 
case his prophetic insight was excelled by that of a writer in 
the Edinburgh Review, for October, 1851, The writer referred 
to placed Mr. Young’s discovery among the foremost that the 
Exhibition of that year had made known to the world. He 
spoke of it as one of the most fruitful discoveries of the time, 
because it was a great and successful effort to supersede mere 
mechanical by chemical agency. Most readers of ENGINEERING 
already have some general knowledge of the discovery to which 
we refer; but it is proper here to say something of it in detail 
ou account of its intimate connexion with the scientific career of 
Mr. James Young. 

While Mr. Young was at the Ardwick Chemical works of 
Messrs. Tennants and Co., near the end of the year 1847, Dr. 
Lyon Playfair, his former laboratory associate under Professor 
Graham, and then, as now, his intimate personal friend, sug- 
gested to him the possibility of practically utilising a petroleam 
spring in a coal mine owned by his (Dr. Playfair’s) brother-in- 
law, near the Alfreton Ironworks, in Derbyshire, and proposed 
that he should investigate it to see if anything useful could be 








made out of it. He went to see it, and found a dark coffee- 
coloured liquid, of the thickness of olive oil, oozing out of the 
cracks in the sandstone forming the roof of the mine. Being a 
servant with Messrs. Tennants’ firm, he proposed to his em- 
ployers that they should lease the spring and work the 
petroleum, rather than take it on his own account. They 
deemed the matter too insignificant for them to take up, and the 
thing dropped for a time. But it was suggested that he 
should himself embark in it; liberty to do so was given by 
his employers without any hesitation ; a lease of the spring was 
taken, and, before the end of the year 1848, works were erected 
for the distillation of the Derbyshire petroleum or rock oil, 
The active management of the works was entrusted to Mr. 
Edward Meldrum—Mr. Young continuing in the employment 
of Messrs. Tennants and Co. Two oils were obtained from the 
crude petroleum, one which was thick and was used for lubri- 
cating purposes, and the other thin and used as an illuminating 
oil for burning in a lamp. This was the first time that petroleum 
was purified and sold for lighting purposes. By-and-by, how- 
ever, the supply of petroleum began to run short, and, towards 
the end of the year 1850, it very nearly ceased altogether, but 
the business lasted till about the beginning of the following 
year. 

The occurrence of the little spring of petroleum in the Derby- 
shire coal-mine naturally suggested to Mr. Young to inquire 
how the petroleum could have been formed, and to institute ex- 
periments in imitation of Nature’s mode of producing it. It 
occurred to him that the oil might have been produced by the 
action of heat on the coal, and that the vapour resulting from 
the distillatory action passed up into and was condensed in the 
sandstone. ‘The meditations regarding the oil-spring led him 
to make my | experiments upon all the varieties of coal that 
came within his reach. These he distilled in retorts, the ex- 

riments extending, with some interruptions, over two years. 

e had neither guide nor assistance in the experiments, and the 
results attained were very various. Sometimes he got one 
thing and sometimes another. But at last a result was ob- 
tained that was of profound importance. He distilled a quantity 
of a cannel coal that came to the Ardwick Chemical Works to 
be mixed with the sulphate of soda used for making the alkali, 
and from it he obtained a quantity of a liquid distillate which 
contained solid paraffine in solution. This was a hopeful result. 
The quantity of distillate at first was small; but in subsequent 
experiments with the same raw material used on a larger scale, 
and distilled with more care, he obtained more decided quanti- 
ties of the substance sought for. In course of time Mr. Young 
found that the temperature employed in the distillation of the 
coal was a very important element in the successful result of the 
operation; in short, he learned by experience that the lowest 
possible temperature for the distillation of the coal was that 
which gave the largest quantity of distillate; that is, of artificial 
petroleum. 

In the month of January, 1850, that extraordinary mineral 
known as Boghead coal, or Torbanehill mineral, first got into 
the market as a gas-making mineral, when it was sold at about 
11s. per ton. A quantity of this mineral came into the hands 
of one of Mr. Young’s scientific friends, Mr. Hugh Bartholomew, 
the engineer and manager of the works of the City and 
Suburban Gas Company, Glasgow. Knowing that Mr. Young 
was experimenting upon various kinds of cannel coal with the 
object of obtaining artificial petroleum, he showed him some of 
the new mineral, and shortly afterwards a barrel of it arrived at 
the oil works in Detbyshire, and Messrs. Young and Meldrum 
soon set to work and distilled a portion of it. A very low tem- 
perature was used, and a successful result was attained on the 
very first trial; in other words, a considerable quantity of crude 
paraffine oil was produced during the operation. This result led 
Mr. Young to try many other varieties of cannel coals in the 
same way, and more especially those of the Scotch coal-fields. 
The produce of oil varied very much—being good, indifferent, 
and bad—but some of the cannels almost approached the Bog- 
head mineral in oil-yielding power. This was especially the 
case with the brown cannel obtained at Methil, in Fifeshire. 

The success attending these experimental trials ultimately 
led to the determination on the part of Mr. Young to establish 
works in Scotland for the manufacture of mineral oi), as he had 
resolved to push the discovery which he had made, and which 
he considered to be so valuable that he provisionally protected 
the invention, and in the month of October, 1850, the patent 
was finally secured. In August of the same year, on the occa- 
sion of the meeting of the British Association in Edinburgh, 
Mr. Young and Mr. Meldrum met Mr. E. W. Binney, of Man- 
chester, the well-known geologist, and it was arranged by them 
that all three should enter into partnership to carry on the pro- 

sed manufacture. They were in great doubt at first us to 
the most suitable place to erect their works, whether they should 
fw them on the north or on the south side of the Forth, as 

ifeshire and Linlithgowshire were almost equally attractive as 
regards the raw material or mineral to be used. Ultimately 
the town of Bathgate, in the last-mentioned county, was resolved 
upon, on account of its proximity to the Torbanebill mineral 
field. That mineral, as already indicated, was then very cheap, 
and it had been proved experimentally to be the richest in oil- 
yielding ingredients. The works were erected in course of time, 
the necessary plant was secured, in October, 1850, au order was 
given for 10,000 tons of the Torbanehill mineral, the price being 
then 13s. 6d. per ton, and manufacturing operations were com- 
menced under Mr. Meldrum’s management early in the follow- 
ing year. 

The crude product obtained by applying Mr. Young’s patent 
process—that is, the distillation of cannel and other bitumin- 
ous coals at a low red heat very closely resembled the Derby- 
shire petroleum in its physical characters and in its chemical 
composition. It was treated much in the same way, and, like 
that substance, it yielded a lubricating oil and a asia oil, 
and a small quantity of a more volatile body called naphtha. 
The two oils were made and sold. In the lubricating oil there 
was a quantity of solid paraffine, which, at figst, was not 





* Notwithstanding the shortness of the time during which 
this petroleum business continued it was sufficient to demon- 
strate the fact that such a substance could be profitably worked 
and used; this sequel showed that a demand would arise for it. 
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separated, but was sold in the oil. Mr. Young had found the 
same solid substance in the Derbyshire petroleum, and. found 
that it could be extracted with comparative ease from the heavy 
oil which remained after distilling off the naphtha and the light 
oil for burning. Specimens of the oils and the solid paraffine 
and a paraffine candle were displayed in the Great Exhibi- 
tion of 1851; and so interesting were these products, scientifi- 
cally and industrially, that a prize medal was awarded to 
Mr. Young as a recognition of his great scientific achieve- 
ment. That candle was certainly evidence of one of the 
greatest triumphs of mind over matter that. the Exhibition 
brought forth. Dr. Playfair was so much struck with it that 
he made it the subject of a Friday evening discourse, which he 
delivered to the members of the Royal Institution of Great 
Britain, during the time of the exhibition, and stated that 
it was probably the germ of an industry which would become 
a very important one. But why so? we may be asked, 
seeing that solid parafline, the substance composing the candle, 
had been known from the year 1830, when it was first discovered 
by Dr. Reichenbach, a German chemist, in the tar obtained by 
distilling beechweod. We reply that it was owing to the 
remarkable nature of the substance itself, coupled with the 
fact that by means of Mr. Young's process it could now be 
manufactured in commercial quantities, while previously it had 
only been known as a scientific curiosity, and that to only a 
very few chemists. Some ten years before, in his ‘* Familiar 
Letters on Chemistry” (3rd edition, 1841), Professor Liebig, 
with a rare sagacity, suggested a problem which was realised 
by Mr. Young’s parafline. That eminent savan said, “ It 
would certainly be esteemed one of the greatest discoveries of 
the age, if any one could succeed in condensing coal-gas into a 
white, dry, solid, odourless substance, portable, and capable of 
being pluced upon a candlestick, or burned in a lamp.” The 
Reporters on Class XXIX., in the Exhibition of 1851, speak of 
Mr. Young’s discovery as a “truly beautiful discovery,” and 
say (vide report), ‘“ If coal paraffine can actually be obtained in 
sufficient quantity, and at a moderate cost, we may witness 
another revolution in the processes of illumination; and the 
brilliant discoveries of Chevreul, but lately threatened by the 
electric light, may be eclipsed by the general adoption of 
solidified coal-gas candles. Now, coal gas owes its illuminating 
power to olefiant gas, a hydrocarbon compound, and paraftine 
may legitimately be regarded as the same chemical compound in 
the solid form. Its contained hydrogen and carbon are present 
in exactly the same proportions as in olefiant gas.” 

In the eleven years which elapsed between the Exhibition of 
1851 and that of 1862, Mr. Young’s manufacturing business at 
Bathgate attained gigantic dimensions. In the latter year, the 
Bathgate Chemical Works had become so large as to have ranked 
among the largest chemical works in the world. They then 
covered several acres of land, and gave employment to upwards 
of 700 men. Of solid paraffine alone, Messrs. Young and Com- 
pany’s works sent out no less than five tons per week by the 
year 1862; and to indicate something like the extent to which 
Mr. Young’s burning oil was manufactured and used, two years 
before that time, it may be mentioned that lamps for consuming 
it were then being made by one manufacturer alone at the rate 
of 1200 per day, and in the previous year the same manufac- 
turer had made 247,431 lamps exclusively for the consumption 
of Mr. Young’s burning oil. Inthe year 1861, the production 
of paraffine oil in the United Kingdom (for the oil was then 
manufactured by licensees as well as by Mr. Young’s firm) 
reached the enormous amount of 2,300,000 gallons. 

Mr. Young was a prominent exhibitor in the Section of 
Chemical Products and Processes in the International Exhibi- 
tion of 1862. In his collection there was a splendid block of 
paraffine, weighing nearly half a ton, colourless, inodorous, 
tasteless, and beautifully translucent; he also exhibited speci- 
mens of paraffine candles, and of oils made from Wemyss, Bog- 
head, Wigan, and Newcastle coals—thus proving that all 
bituminous coals yield these substances. As he had then at- 
tained the rank of a great scientific manufacturer, he was placed 
upon the Jury of Class II., and he was consequently precluded 
from receiving a medal for his important service to the chemi- 
cal arts. Mr. Young also had an interesting collection in the 
Paris Exhibition of 1855, and one in the Dublin Exhibition of 
1865, but his greatest success was the collection displayed at 
the French Exhibition last year—a collection of which many of 
our readers will doubtless have pleasant recollections, and for 
which it may be remembered a medaille d’or was awarded. 

While Mr. Young’s patent was in operation several law suits 
had to be instituted by the patentee in defence of the rights 
conferred upon him by the patent laws of this country. Two of 
these trials now rank among the most famous in the history of 
patent right actions at law. The first of the two specially 
referred to was instituted before the Lord President of the 
Court of Session against the Clydesdale Chemical Company. 
It lasted during six days (November, 1860), and occupied a 
large number of the most distinguished lawyers at the Scotch 
bar. The jury found for the patentee on all the issues, and the 
defendants had to pay him 7500/. in the shape of damages and 
costs, besides a large sum as royalty on the manufactured pro- 
ducts. Mr. E. W. Fernie, who had works at Saltney, near Chester, 
for distilling the famous Leeswood cannel coal, would not be 
bound by this result, and Mr. Young had to proceed against him 
before Vice-Chancellor Stuart, in the spring of 1864. This trial 
extended to nearly forty days. On behalf of the plaintiff there 
were engaged Messrs. Grove, Bovill, Hindmarsh, Sir Hugh (now 
Lord) Cairns, Lawson, Karslake, and Webster. It has been 
pronounced the most memorable case of its kind on record, and 
quite unprecedented in the Courtof Chancery. Mr. Fernie was 
unsuccessful in his defence, and the professional expenses alone 
claimed on behalf of Mr. Young were 15,0002., besides the usual 
royalty of 2d. per gallon of oil made in contravention of the 
patent rights of the plaintiff. The shorthand writer’s bill was 
said at the time roy ts nearly 10007. 

_In the month of October of the year just named the patent 
right expired, and the firm of Young, Meldrum, and Binney ex- 

pired with it. The Bathgate Works, covering twenty-five acres 
of ground, were sold to Mr. Young, who had also by this time 
commenced a very large and more complete establishment of 
his own at Addiewell, near West Calder, and about six miles 
from Bathgate. Soon afterwards the whole business, plant, and 
Property of both establishments passed into the hands of a 





Limited Liability Company, now known over the whole world 
as Young’s Paraffine Light and Mineral Oil Company (Limited). 
At the time of the formation of the company the capital was 
600,0002 and the shareholders about eighty in number. Mr. 
Young and his eldest son (the patentee of a valuable process 
described in this paper some months ago) are both large share- 
holders in, and directors of, the company. 

The necessity for instituting lawsuits in defence of his patent 
righis gave Mr Young much harassing anxiety cf mind, and 
diverted his attention from the more immediate duties devolving 
on him, the active prosecution of which might, not unlikely, 
have resulted in fresh discoveries or improvements in processes 
already at work. He secured patent rights in the United States 
in March, 1852, and in 1856 he commenced vigorous proceedings 
to enforce those rights, as many of the Americans were acute 
enough to perceive the immense importance and yalue of the 
invention, and they were not slow to strive to take advantage of 
it. This was all right and fair in itself, the wrong was in 
striving to take advantage of the inventor. In the year 1858 
no fewer than twenty-three American firms were engaged in 
making oils from coal by the patented process, thus showing 
that its utility was appreciated by them; and that it was even 
highly appreciated may be inferred from the fact that various 
firms aginst whom proceedings were commenced took out 
licences from Mr. Young’s representatives in America, and 
several of them paid two cents a gallon for the licence. Mr. 
Young himself spent three months in America in the early part 
of 1860 actively attending to his interest in his patent. ‘The 
patentee applied successfully in 1864 for an extension 
of his American patent. Extension was granted for seven 
years from 7th October, 1864, but not without opposition 
from the Union Coal and Oil Company, Maysville, Ken- 
tucky. This opposition led to the deliverance of an elabo- 
rate “ opinion” by Mr. John L. Hayes, the Acting Commissioner 
of Patents for the United States. ‘That gentleman pays a very 
high compliment to Mr. Young. He says: ‘In considering the 
nature of this invention, we cannot overlook a result which is in 
no small degree attributable to it. I refer to the late extraor- 
dinary development and utilisation in this country of wells of 
petroleum. ‘The manufactures of coal oil in this country had 
their origin in Mr. Young’s discovery. The use of petroleum 
followed so directly and obviously from the use of the coal oils, 
that it can hardly be denied that the one originated from the 
other. Previously to Mr. Young’s discovery, meg although 
the existence of numerous springs was well known, had little or 
no commercial value. After the value of the paraftine oils had 
been established, it was found that petroleum could be used as 
a substitute for the crude paraffine oils, and that the establish- 
ments and most of the apparatus originally intended for the dis- 
tillation of oil from coal could be used for refining petroleum; 
and it is in evidence that, in most of the establishments, the use 
of coal was abandoned for petroleum. The new demand for 
petroleum has daily led to unexpected discoveries of new sources 
of this substance, and the unexampled addition has been made 
to our national wealth of a product of an annual value of not less 
than fifty millions of dollars. An invention which has con- 
tributed, even indirectly, to such a wonderful result, can occupy 
no low place in public benefactions.” In another place the 
commissioner, speaking of the invention, says: “ I have shown 
that it was not a mere accidental discovery, but one which the 
inventor was prepared to make by years of study and practical 
experiment. ‘The invention, in my opinion, displays in an 
eminent degree ingenuity in its strictest sense.” 

We have just quoted from the “opinion” of a distinguished 
public officer under the Uuited States Government; we now 
append to it an extract from the judgment of a great English 
judge, Vice-Chancellor Sir John Stuart. That eminent lawyer 
said, in the Fernie law suit: ‘‘ There is no evidence of any 
specification, of any patent, or any publication in which cannel 
coal, or coal which produces olefiant gas, or other highly 
illuminating gases, in considerable quantity, was indicated as 
the class of materials, among the whole range of animal, vege- 
table, and mineral substances which, subjected to a proper pro- 
cess, would produce paraffine and paraffine oils in large quanti- 
ties, so as to create a manufacture for commercial purposes.” 

It would be possible to quote largely from many of the most 
eminent scientific authorities in the United Kingdom regarding 
Mr. Young’s scientific labours and his original discoveries. In- 
stead of doing so, however, we prefer to quote the opinion of 
Baron Reichenbach from a paper by him in the Philosophical 
Magazine for 1854, transferred from the Journal fiir praktische 
Chemie. He says: ‘* The very valuable properties of paraffine, 
the power with which it resists the action of concentrated acids 
and alkalies, and even of potassium at a boiling temperature, 
the brilliant whiteness of its flame—which deposits no soot 
—its beautiful translucency and its lubricating quality, 
recommend this substance 
cations; and I have myself called attention to this fact 
from the first discovery, without being able, however, to 
arrive at any satisfactory results in its industrial application. 
The difficulty which presented itself was the ats quantity 
which the dry distillation of wood furnishes of this substance. 
I subsequently showed that paraffine might be obtained from 
vegetable oils, from animal substances, and likewise from pit 
coal; but from all these substances so minute a quantity was 
obtained that its production for manufacturing purposes was 
neither remunerative nor inviting. Thus, paraffine remained 
up to this period an interesting curiosity, unknown except in 
the collection of scientific chemists. 
land, which is essentially the country of useful applications, a 
manufactory of paraffine upon an extended scale has been car- 
ried on by Mr. Young since 1850, This talented chemist has 
succeeded in finding a method which yields comparatively large 
quantities of parafline. Mr. Young obtains 13]b. from a ton 
of cannel coal. This discovery renders the preparation of 
parafline a lucrative branch of indns. ry, especially since, in addi- 
tion to the production of paraffine, a large quantity of a lubri- 
cating oil is obtained, which is saturated with paraffine, and 
which is said to surpass all other fatty substances as an anti- 
frictional. . . . The most evident proof of the advantages offered 
by paraffine is the rivalry which has already ensued in its pro- 
duction, and is well illustrated by an action at law, which some 
of the later competitors of Mr. Young have brought against 
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to prove that the discovery was not new, and was, in fact 
not capable of being patented. It is true that the dis- 
covery of ffine is my own, and I have announced it. 
To Mr, Young, however, belongs the merit of asecond discovery, 
the merit of having elaborated a method which furnishes a 
comparatively large quantity of this substance, and which is 
sufficiently remunerative to the manufacturer—a result which I 
had vainly endeavoured to realise. I hope that Mr. Young 
will succeed in convincing the legal authorities of the priority of 
his practical discovery, which was not part of any purely scien- 
tific investigation, and which I cannot claim in any way. May 
he enjoy the fruits of his invention and of his industry, which he 
deserves, and.to which no other person has a right!” 

This is certainly a noble and generous utterance on the part 
of the original discoverer of paraffine, and ought to have been 
well pondered, before ie the law courts, by those persons 
whose rapacity compelled Mr. Young to institute proceedings 
against them in defence of his patent rights. 

The subject of this memoir has shown that his mind could be 
occupied to good purpose on other than purely chemical in- 
quiries. While still a very young man, and before leaving 
Glasgow for London, he had worked very successfully in electri- 
cal science—so successfully, indeed, as to have invented some 
valuable improvements in the voltaic battery. He fitted up a 
galvanic arrangement of zine and copper which, theoreticaily, 
was the most economical then known, as every inch of the ex- 
posed metals was effective in producing power. This arrange- 
ment was well known as “ Young’s battery.” Our readers may 
find it described at length and illustrated in the Philosophical 
Magazine for April, 1837. 

Considering the excitement which prevails just now regard- 
ing the great engineering project of constructing a bridge or a 
submarine tunnel between England and France, it is especially 
worthy of notice that Mr. Young also turned his attention to 
this question. He matured an exceedingly ingenious plan for 
constructing a tunnel, or rather for laying on the sea-bed a 
tubular tunnel of cast iron from the English coast. ‘This 
scheme was estimated to cost three and a half millions sterlin: . 
The paper in which the scheme was sketched was read by Mr. 
Young to the Philosophical Society of Glasgow on the 13rh 
January, 1858, and it formed the subject of au editorial article 
in The Engineer of the 22nd of the same month. Of the 
feasibility of the scheme we shall not speak here; but this we 
can say, that although it has been criticised already, it lias never 
been stated to be otherwise than entitled to very careful con- 
sideration. 

Mr. Young is a Fellow of the Chemical Society and of tie 
Royal Society of Edinburgh. It may be that he has no special 
desire to become a Fellow of the Royal Society of London, but 
we feel satisfied that the scientific and industrial achievemen's 
of his career eminently well entitle him to that honour. He 
was born a poor lad; he became an acute scientific observer 
and an inventor; and from the small beginning in the Derby- 
shire petroleum spring he has founded the greatest chemicul 
industry of our time. 








CROYDON WATER TOWER. 


Croypon water tower, of which we give engravings on 
age 543, was erected last year for the Croydon Local 
oard of Health, from the designs of Mr. Baldwin Latham, 
C.E., the engineer for the public works of Croydon, by Mr. J. 'T’. 
Chappen, contractor, of Steyning, Sussex. It was constructed 
in order to furnish a supply of water to the high level district 
of Croydon. The tower isa brick building in the Norman style, 
containing a reservoir in the base which will hold 94,000 

allons of water. This low level reservoir is on the same 
evel and in connexion with the reservoir used to supply 
water to the low level districts of Croydon. The upper tank 
in the tower holds 40,000 gallons, and the supply of water 
for it is taken from the lower reservoir and pumped by a 
rotary steam engine to the high level. The summit tank is 
of wrought iron, and the shell is made of } in. plates of iron, 
strengthened at the horizontal joints with T iron, and the 
bottom is of gin. plates. The tank is supported partly on the 
external walls and partly on three hollow centre columns, one 
of which serves to furnish a supply to the high level district, 
whilst a second forms the rising main from the engine house, 
which has been constructed at the foot of the tower, and the 
third acts as an ovérflow. 

Our engravings include a perspective view, together with a 

vertical and two horizontal sections. From these sections 
the construction of the tower will be clearly seen. The base- 


}ment portion forming the lower tank is 27ft.in diameter 


inside, and the water stands in it to a depth of 27 ft. In the 


for various technical appli- | centre isa brick pier with stone capping, forming the base 


of the three central columns already mentioned, and around 
this the bottom of the reservoir is formed by a brick invert, 
as shown. The bottom rests upon a bed of concrete 4 ft. 
thick, this concrete being laid on a clay substratum at a 
depth of 25 ft. below the general ground level. At the bottom 
of the lower reservoir the walls of the tower are 5ft. 5in. 
thick, and the thickness is gradually decreased to 3 ft. 6in. 
at the level of the surface of the water. Above this level the 
thickness of the walls is diminished from 3 ft. 2in. at the 
level of the basement floor to 14in. at the top of the tower. 
The lower part of the tower forming the lower reservoir is 
surrounded by puddle backing, as shown, this backing being 
carried down to the bottom of the concrete. The total 
height of the tower, from the bottom of the concrete to the 
top of the turret, is 125 ft., the top of the turret being thus 
100 ft. above the general ground level. The top of the tower 
itself is 10 ft. lower, or 90 ft. above the ground level. The 
general design of the tower is exceedingly good, and its ap- 


| pearance is very effective. In conclusion, we should stato 


that our engravings have been prepared from a photograph 
and drawings kindly supplied to us by Mr. Latham. 
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doing, upon the whole, a prett; -— usiness. ‘Ihere has 
been a fair demand for rails me: 4 sheets; there appears, also, 
to be a sustained consumption of Bessemer steel rails and 


him with the view of upsetting his patents, by attempting tyres. The coal trade presents little animation. 
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TUG BOATS FOR THE RIVER GODAVERY. 


CONSTRUCTED BY MESSRS. RANDOLPH, ELDER, AND CO., ENGINEERS, GLASGOW, FROM THE DESIGNS OF MR. JAMES R. NAPIER. 
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Anovt eighteen months ago (vide page 338 of our second 
volume) we gave some general particulars of some light 
draught tug boats for the river Godavery, which were then | 
being constructed by Messrs. Randolph, Elder, and Co., of | 
Glasgow, from the designs of Mr. James R. Napier; and we 
now give, above, engravings which will explain their con- 
struction more fully. These engravings have been prepared 
from those illustrating a — on the subject read by Mr. 
James R. Napier, before the Institution of Naval Architects, 
and from which paper we have also abstracted the following 
particulars : 

Major F. T. Haig, the engineerin charge of the Godavery 
Navigation Works, feeling the necessity of getting some 





steam tug boats and barges, drawing very little water, to 
carry the materials when the river was low, applied to Mr. 
James R. Napier to assist in designing them. Their length 
and breadth were limited by dimensions of canal locks to | 
140 ft. by 26 ft. The draught of water was not to exceed a 
foot. The load was to be carried in barges towed alongside or 
astern, and the power and speed were to be as great as 
possible. The plans submitted by Mr. Napier were approved 
of, and the boats were ordered from Messrs. Randolph, Elder, 
and Co., at Glasgow. 

It was necessary to have the propeller at the stern to 
enable the locks and certain narrow channels to be passed, 
and the boiler and fuel in the fore part of the vessel to balance 
it. An awning was necessary for protection from a vértical 
sun and tropical rains. The post for stern-towing required 
to be near the centre, with freedom for the tow-rope to 
traverse about 90° to each side round it, to allow the tug to 
be easily steered. These considerations led to the gies 
which were adopted. 

The form of bow is one which Major Haig found to give 
very successful results in some wooden vessels of light draught, 
which he had built for the Navigation Works. It is designed 
to give a wholly vertical displacement to the water. Its in- 
clination from the vessel’s bottom to a short distance above 
the surface of the water is about 9}*, or a rise of 1 in 6. Itis 
evidently a form of least resistance in smooth w>ter for 
vessels whose breadth is twenty-five times their depth of 
immersion ; for it = the maximum of carrying power for 
the given length, breadth, and draught of water, and a more 
acute entrance than vessels usually have. 

Some experiments by Sir Arthur Cotton, on the resist- 
ance of vessels covered with different substances, showed the 

t importance of having the surfaces smooth. Carefully 
made steel, besides its great strength, has this quality in a 
high degree. The plating has, therefore, been made of this 
material, and, in order to preserve its smoothness as long as 
possible, it has been galvanised. In the actual plating, how- 
ever, neither the steel nor the galvanising is as smooth as it 
was intended to be, or as a little more care on the of the 
manufacturers would have made it. Socutiion, it is 
smoother than the painted surfaces of iron vessels, and the 
expectation is that it will preserve the steel and keep its 
smoo longer. In one of the six barges, the immersed 
surface has been made of brass, and in another of painted 

















Fic. 4 





(oy 
A! — 


—I 


a 


TT 
VOTO HTT TT 


RANA 








steel, to com their resistances with the galvanised surfaces 
of the other barges. Two of these would have been tried on 
the Clyde, but it was considered that more reliable results 
could be got on the Godavery, with suitable instruments, and 
would be permanently useful there. 

The bottom plating is of cast steel } in. thick, fastened to 
longitudinal frames placed 2 ft. apart. The awning, or roof, is 
made part of the structure. Itis plated with galvanised steel, 
vs in. thick, resting on longitudinal frames similar to bottom, 
but lighter and closer, and connected with the vessel’s bottom 
by two lattice frames placed about two-thirds of the breadth 
of the vessel apart. e stresses on these frames are trans- 
mitted across the vessel at bottom and roof by steel angle bars 
every 9ft. The roof is prevented from eo, bem or pulled 
over by diagonal braces at each of the cross bars. Its height 


| amidships is 10ft., made so high for the comfort of those 


under it, and to decrease the stresses along it, and not higher, 
on account of its decreasing the stability, especially when 
towing in certain cases from the centre post. A short deck 
at the fore part contains a powerful steam capstan with large 
warping pulleys and anchors for getting off sand banks. In 
other respects they are open boats, a light floor of wood laid 
on the bottom frames saves the weight of beams and of thick 
decks. 

There are two rudders, each about 8 ft. long; one was 
thought to be insufficient for the quick steering which will 
probably be required in the rapids. They are 
the paddles, for want of length behind them. The tillers are 
long, to make the steering and steering-rods light. 

e longitudinal direction of the bowl of bottom and 
roof is evidently that which requires the smallest quantity of 
material, for in that direction the forces acting on the vessels 
to deform them are the greatest. The stresses to which the 
various parts of such a structure may be subjected by known 
forces are not difficult to calculate with a precision sufficient 
for practical purposes. 

the mre are propelled by a pair of cylinders of 11 in. 
diameter and 4ft. stroke, supplied with steam at 150 ]b. 
pressure by a boiler differing little from the ordinary locomo- 
tive type. Only the tubes are spaced wider, and the steam 
drum made higher, in order that less attention may be re- 

uired when the river is muddy. There are 14 square feet of 
grate, and about 650 square feet of heating surface, and it 


| is intended to burn wood. The slides are the minimum pres- 


sure valves of Adams and Parson. The cylinders are cast 
close to each other, and surrounded by a steam case. The 
cranks are set at an angle of 90°, and connected bya link on 
their pins, to save the weig't of an intermediate shaft, and 
get the greatest length of paddle. The cranks, half the con- 
necting-rods, and part of the links are balanced by a cylin- 
drical segment weight, to reduce or annul the stresses which 
their vertical vibrations would produce on that part of the 
structure which is otherwise most strained. The paddle arms 
have a radius of 3}ft. to the centre of oscillation of the 
paddles. There is no wheel, the rims having been dispensed 
with, to simplify the construction and facilitate repairs. The 
arrangement is believed to be as light as a wheel of the same 





laced before | 
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strength and dimensions. The contractors have succeeded, by 
hanging the oscillating gear of the paddles on the shaft, in 
giving it a better — and more definite position, than the 
thin sides of the paddle case would afford, and in simplifying 
the connexion of the paddles with their arms and eccentric 


Ss. 

The displacement on a foot of draught’ is 79 tons, and 
about 7 tons the inch above that. The hull is estimated to 
weigh 45 tons, and the machinery 25 tons, leaving 9 tons for 
fuel and other stores. There is a probability, therefore, of the 
1ft. draught being exceeded when there is no limit to the 
draught. When the draught is limited it was permitted to 
remove a quantity of their portable materials into the barges. 
In case of collision with the rocky bed of the river, causing 

eat or sudden leakage, there is provided a steam pump on 
Giffard’s principle, which is expected to discharge between 
200 and 300 tons an hour. ; 

In our engravings, Fig. 1 is a longitudinal section of one of 
the tug boats; Fig. 2 isa cross section; Figs. 3 and 4 are 
respectively a side elevation and plan of the engines; 
Figs. 5 and 6 are a longitudinal and transverse section of the 
bilge pump; and Figs. 7, 8, and 9 are details of the paddle- 
wheel. 








Tus Corton Trapg.—Notwithstanding that short time 
has set in in Lancashire, the deliveries of cotton from Liver- 
1 to the trade this year show a considerable progress, 
wee He averaged 52,070 bales per week, as compared with 
42,280 bales per week in the corresponding five months of 
1867, and 42,210 bales per week in the corresponding five 
months of 1866. The average for the whole of 1867 was 
47,290 bales. , 
IMPROVEMENT OF THE PaTENT Orrice.—A very influen- 
tial deputation, introduced by Mr. Dillwyn, M.P., consisting 
of many M.P.’s, civil and mechanical engineers, and other 
men of science, waited upon Mr. Disraeli last week to bring 
under his notice the great inconvenience and expense, both in 
time and money, incurred by those who wish to take out 
patents, and by the public in general, who wish to ascertain 
what is new and what is old in the history of invention. 
Mr. Dillwyn stated that the difficulty and expense arose, in 
the main degree, from the want of proper “subject matter 
indices.” He mentioned that the matter had been brought 
before Lords Romilly and Cairns, who had promptly signified 
their willingness to recommend the appointment of three 
additional commissioners of patents. The main object of the 
deputation was to secure from the Government the means 
for the expenses involved by such apo and the pre- 
aration of the indices. Mr. Dillwyn, — by 
regory and Mr. Horsfall, strongly urged that the Govern- 
ment should give the requisite assistance, if only on the 
ground that the annual surplus arising from the patent fees 
was 54,0007. Mr. Disraeli expressed himself duly sensible of 
the importance of the subject, and intimated that the repre- 
sentations of a deputation consisting of men of such eminence 
and distinction as those he saw before him would receive the 
utmost consideration from the Government. 
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DEAS AND RAPIER’S PARALLEL SWITCH BOX AND SWITCH INDICATOR. 


MESSRS. RANSOMES AND SIMS, ENGINEERS, IPSWICH. 
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Some time ago (vide page 65, vol. ii.) we gave some par- 
ticulars of the switch box designed and patented by Mr. James 
Deas, of the North British Railway. Further improvements 
have since been made in the switch boxes and indicators, and of 
these we now publish engravings. 

The switch box is still planted in the ground by preference, 
as this saves timber and bolts for fixing, but a pattern has also 
recently been made adapted for bolting on to sleepers in cases 
where the switch boxes have to be placed on arches, and 
sufficient depth cannot be obtained for the planted box. Ten 
switch boxes of this pattern have just been placed in the new 
goods station at Broad-street, for instance. 

The principal improvement on Mr. Deas’s former boxes con- 
sists in the addition of a bell-crank lever fixed on the same base 
plate as the main lever: this is shown in Figs. 5, 6, and 7, and 
the effect of it is, that it enables the switch box to be placed in 
the “ six foot,” and other confined situations, with much greater 
facility and less expense than in the old plan of having a ‘‘ cess- 
pool” box on one foundation and a bell crank and connecting 
rod on another. The handle is also arranged so that instead ot 
aap from him, the pointsman pulls it down, and just to 
such a height from the ground that he can conveniently bring 
his whole weight on it, or he can sit upon it for a rest whilst 
his train is being shunted. 

The switch box with turnover handle has also been improved 
by the addition of a bell crank, and the handle and balance 
weight are cast in one very strong and substantial piece, the 
balance weight being turned so as to face up and down the 
line, see Figs. 7, 8, and 9. One side of the balance weight is 
painted red and the other white, and this enables the drivers and 
pointsmen to see which way the switches are set. It is a very 
common thing to see a switch lever furnished with a piece of 
light chain for holding it over temporarily ; the chain sometimes 
snaps, and then the train is thrown off the road. The frequent 
use of these chains shows that the power of setting the switches 
either way is frequently a desideratum, but until now no means 
of doing this have been suggested, except by fastening the lever 
: some way, and thas interfering with the self-acting nature of 

e points. 

The great advantage of this lever is that it enables the 
switches to be set for either road (at the convenience of the 
pointsman) with perfect safety for vehicles entering the switchee, 
and it is always right for both roads for vehicles leaving ths 
switches, for if anything runs out on the shut side, the wheels 
simply open the tongues, and the balance weight always brings 
the switches back to the positiow in which the pointsman last 
placed them. 

This turnover lever is of great value in sorting sidings and 
junction stations, as it enables a pointsman to send wagons or 
carriages into their proper sidings with much greater ease and 
certainty. In cases where they have been used to some extent 
there have been far fewer vehicles off the road than was the 
case before their introduction, and the fatigue of the pointsmen 
very much reduced, This last is very important. We are all 
familiar with the sight of a pointsman holding switches for 
ashunting train, and then running after the train to hold another 
handle, and immediately running back again to hold the 
first handle again in precisely the same way as before; now 
this turnover lever enables him to set the switches the way he 
wants them for the particular operation in hand, and he can 
then go to the next handle and set it, thus avoiding the fatigue, 
to say nothing of the danger of running after and jumping on 
to trains in motion. 

Deas and Rapier’s indicator, shown in Figs. 1, 2, 8, and 4, is 
a combination of switch lever and indicator in one, and is so 
arranged that a full danger signal is given for the least openin 
of the switches, the signal being of the semaphore type, a 
with the same meaning as the signals of the line to which the 
eye of a driver is accustomed. 

The construction is very simple ; the signal arm and spectacle 
frame are in one piece, pivoted in the centre, the spectacle 
frame being the heavier. When the switches are right for the 
main line the weight of the signal rod hangs on a stud on the 
signal arm, and brings the signal arm down to safety, and the 
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spectacle frame up. Now, if the switches be moved a little, 
the lug on the balance weight lifts the signal rod, and then the 
heavy spectacle frame falls, and brings the signal arm up to 
danger. In practice it is found that the signal goes fully up 
before the switches move 4th of an inch. The switch box and 
the lower part of the signal post are cast in one piece, and the 
upper part of the post,in another piece. This affords ad- 
vantages in carriage, apd also enables different lengths of post 
to be readily adupted) aceording' ‘to the local circumstances of 
each case. 

This indicator is adapted either for facing switches worked 
by hand or for’ switches worked! from a signal box. In the 
Jatter case they are quite.as important as in the former, as the 
indicator shows the signalman whether the switches have really 
gone home or not.’ There have been many instances in which 
the signalman has got his switch lever quite home, and owing 
to some fracture in the rods or other cause the switches have 
not gone home. In such cases this indicator warns the signal- 
man that the switches are not right, and he then keeps his 
distance signal on against the train, and stops it short of the 
danger. 

Very good models of, these levers and indicators were, as we 
noticed last week, shown at the recent conversazione of the 
Institution of Civil Engineers. 


LOCOMOTIVES FOR NOVA SCOTIA. 

We give this week a two-page engraving of an eight- 
wheeled outside engine designed by Messrs. Fox, Walker, 
and Co., of Bristol, this engine being one of several now in 
course of constra¢ction by that firm for the Windsor and 
Annapolis Railway! Nova Scotia. These engines have been 
designed for working either heavy passenger or light goods 
traflic, and they are’specially adapted for a line having steep 
gradients and sharp curves. As will be seen by the en- 
graving, the engine has four coupled wheels and a four- 
wheeled bogie in front, this’ bogie having a lateral play of 
3 in. in addition to it axial movement, whilst, to give further 
flexibility to the engine, a slight amount of lateral motion is 
also allowed to the driving axle. The boiler is made quite 
independent of the frame, so that it is readily removable for 
repairs; and it is constructed for a working pressure of 
200 lb. per square inch, the longitudinal seams being welded 
and the transverse seams, butt jointed and double riveted. 
The principal dimensions of the engine are as follows : 


ft. in. 
Diameter of cylinders tee ose ese 1 4 
Length of stroke ee eee eee oe 110 
Diameter of coupled wheels ... see oo (6 
9» bogie .° gee wo § 
Distance between centres of coupled wheels 7 6 
0» % bogie 99 5 
» from centre of bogie pin to centre 
of driving axle... ove oo 10 3 
Total wheel base 20 3 


Height of centre line of boiler above rail 
level eee eee eve oe 6 

The frames of the engine are each punched out of a solid 
plate 1 in. thick, and are well braced together, a cast-iron foot- 
plate, such as has been much used by Mr. Sinclair, being placed 
ut the hind end to give greater weight on trailing wheels. 
The footplate, it will be noticed, is protected by a cab, this 
being made of polished mahogany, and being furnished at 
the sides with slides for regulating the ventilation. All the 
moving parts are furnished with large bearing surfaces, and 
the driving and trailing axle boxes are fitted with wedges for 
adjustment. Steel also has been largely used in the con- 
struction of the working gear, and the parts generally are 
well arranged and thoroughly accessible. All the details are 
made accurately to gauge so as to be interchangeable in the 
various engines. The firebox is arranged for burning coal, 
being provided with a firebrick and with a deflector plate 
fitted to the firehole. Further particulars of these engines— 
which, we may state, appear well adapted for their intended 
service—are given by the following extracts from the speci- 
cation : 

Boiler.—The barrel of the boiler is 10ft. 6 in. long, and 
4 ft. 2in. diameter, and is made of the best bowling plates 
fzin. thick. The longitudinal seams are welded solid, and 
the transverse seams are butt jointed and double riveted. 
The boiler is fitted with a steam dome 2 ft. 2in. in diameter 
by 2 ft. 3 in. high. 

Smoke Box and Chimney.—The smoke box is formed of 
jin. plate. The tube plate is fin thick, and is flanged to 
join the barrel plates. The chimney is made of } in. plates, 
riveted fair and flush with a burt joint behind. The top of 
the chimney is fitted with a polished copper cap. 

The External Firebox is made of the best bowling plates ,, 
in. thick. It is 4 ft. 10 in. long by 4 ft. 2) in. wide, and 6 ft. 6 in. 
in height from its base to the crown of the arch. Double 
riveted longitudinal stays 1 in. diameter run from the smoke 
box tube plate to the front plate of the firebox shell. 

The Internal Firebox is made of the best copper 4 ft. 2 in. 
long by 6 ft. high, 3 ft. 5fin wide, and yin. thick, except at 
that part through which the tubes , Where it is }} in. 
thick. The sides and ends are stayed byt in. screwed copper 
stays riveted over at the ends, and the pitch of the stays is 
4in. from centre to centre. The crown of the firebox is 
stayed by eight wrought-iron bridge stays bolted to the roof, 
and fastened by strong sling stays to tae roof of the firebox 
shell. The roof stays are secured to the firebox by screws which 
are so arranged as that they can be removed and replaced 
from the inside of the firebox in much less time and at far less 
cost than by the ordinary and more general method of fixing 
the stays. The foundation ring and mouthpiece of the fire- 
box are fo out of a solid wrought-iron ring. Suitable 
brass mud plugs are fitted in convenient positions to the fire- 
box for cleansing out the boiler. 

The Tubes are 160 in number, and are of the best rolled 
brass. They are 2in. diameter, No. 12 B. W. gauge thick at 
the firebox end, and 14)B. W. gauge at the smoke box end. 
_ The Frames are punched from one solid plate of wrought 
iron | in. thick, and are strongly secured to one another by 








deep wrought-iron cross girder stays, and they are further 
strengthened and bound together by the cast-iron footplate 
as well as by the buffer beams. The buffer beams are of 
well seasoned oak 1 ft. 3in. x6 in. 

Wheels and Axles.—The driving and trailing wheels are of 
wrought iron, being fitted with steel tyres, 25 in. deep on the 
tread. They are 6 ft. lin. diameter, and are all turned and 
bored truly to templates and gauges. The axles of the 
driving and trailing wheels are 7 in. diameter. — : 

Bogie.—The front part of the engine is carried on a bogie 
resting on strong wrought-iron cross girders between the 
frames. Tle bogie, besides having the ordinary radial 
motion, is capable of moving in a lateral direction for 
a distance of 3in., when the engine runs into a curve. 
A slight lateral motion has also been allowed for in the axle- 
boxes of the leading driving wheels. The wheels of the 
bogie are four in Humber, and are forged out of wrought iron, 
and fitted with steel tyres 2 in. deep on the tread. The 
axles are of the best sctap iron, 34 in. diameter at the journals. 

Spring Gear —Elliptical springs are fitted to the driving 
and trailing wheels as well as to the bogie. These springs 
are capable of adjustment. To equalise the weight still 
further, the trailing and driving wheels’ springs are fitted 
with compensating beams. To prevent any metallic contact 
all the springs are fitted with numerous circular washers of 
indie-subber: 

Cylinders are of the best hard cylinder metal, and they 
are 16in. diameter, and fitted for a stroke of 22in. The 
cylinders are securely bolted and fastened to the frames. 
The covers are secured by { in. turned bolts and studs. Waste 
water locks are fitted to the cylinders, and are connected by 
suitable levers to the foot-plate, and a double grease cup 1s 
fitted to each cylinder. The slide-valves are of the best gun- 
metal. 

Pistons are of cast stecl, 4in. wide, and have steel rings 
sprung into grooves turned in the body. The rods are of the 
best hammered Bessemer steel, 2§ in. diameter, and are 
forged solid with the pistons. 

The Connecting Rods are of the best hammered mild 
Bessemer steel, and are fitted with heavy brasses, secured 
by steel cotters. 

The Coupling Rods are of the best scrap iron, having steel 
bushes on Mr. Ramsbottom’s system. 

Valve motion is of best mild Bessemer steel. The sheaves 
of the eccentrics are in halves, the smaller part being of 
wrought iron. The eccentric straps are of the best gun 
metal. The link motion is of the shifting link description. 

Slide Bars are of Bessemer steel, and are polished all over. 

The Regulator is fixed at the end of thescopper steam pipe 
in the dome. 

Feed Pumps, §e.—The boiler, which is fed by a brass 
pump fixed on to the frame, and worked from the crosshead, 
and is fitted with a large air vessel—a No. 8 Giffard’s patent 
injector—is fixed on the engine in a convenient position for 
the engine driver. All the feed pipes are of the best copper, 
and are polished. 

The Locomotives are fitted with safety valves and whistle 
mounted upon turned and polished hollow pillars. They also 
carry a large brass bell similar to those in use on the American 
railways. 

Sand Boves are erected on each of the foot plates in front 
of the driving wheels, and are worked simultaneously by 
means of a handle from the inside of cab. 

The Steam Dome Casing is of polished brass. The engines 
are supplied with all the usual fittings as used on the best 
main line locomotives. The tenders are capable of holding 
2000 gallons of water, and are carried upon two four-wheeled 
bogies. They are similar to those running on the Canadian 
lines. 


LIVERPOOL NOTES. 
LiverPoot, Wednesday. 

The Cumberland Tron Trade.—Great depression continues 
to mark the hematite iron trade. The Bessemer makers are 
at present using very little, and prices have been reduced 
fully 20s. per ton below what was realised for the best 
brands a year or two ago. This falling off is attributable to 
the restricted consumption of steel rails owing to the great 
foreign competition which I referred to in my last, and also 
to the inability of so many railway companies to afford the 
first cost of steel rails. Most companies unhappily find it 
easier to replace iron rails when worn out than to lay down 
steel rails at first; and there is not such an appearance 
of activity about any of the English railways as would 
lead us to suppose they would be able soon to use 
the more really economical metal. This, with the 
acsive competition of foreign manufacturers, augurs ill for 
the Cumberland iron trade. Possibly, however, railway 
companies may be holding out until the time when Mr. 
Bessemer’s royalty expires, in the expectation (not likely 
to be realised) of cheaper rates. The only erection of new 
furnaces now going on in the district is that of Messrs. Gil- 
mour, of Glasgow, at Maryport. The West Cumberland Iron 
Company is kept tolerably well employed, chiefly with orders 
for ship plates from Belfast and Glasgow, and there is a 
likelihood that the company will not have any diminution in 
this branch of their business; but so little confidence do they 
_ se in the prolonged allegiance of the men owing to the 
old spirit of trade union disaffection which pervades all 
classes of English workmen, that all their contracts for de- 
livering plates are made subject to the results of strikes. 
The Workington Hematite Iron Company have four furnaces 
out of blast, the West Cumberland have two out and three 
in blast, and the Whitehaven Iron Company have four in 
and two out. 

The Welsh Iron, Tin-plate, and Coal Trades.—The Board 
of Trade returns show a slight increase in the exports of iron. 
The shipment of rails to the United States still continues on 
a large scale, and at present several vessels are loading for 
various American American buyers have been givin 
the greater portion of their orders to Welsh ironmasters, an 
it is believed that most of the requirements for extending 
the railway system, and the relaying of some hundreds of 





miles of permanent way will be taken from Wales. Con- 
tinental business continues on a limited scale, but there is a 
contract in the market for a fair quanity of rails and other 
materials for Spain. Orders from Russia are on a more 
limited scale than was generally anticipated. The home 
trade is on the whole slightly better. There is no change in 
the amount of orders, but they are given out more freely, 
and, as I before intimated, one or two railway companies 
will shortly be in the market for large quantities of rails and 
chairs. Prices are without material change, but pigs of the 
best brands command firmer rates. Tin plates have con- 
siderably improved, owing mainly to several American and 
Canadian houses having increased their transactions. There 
is a very fair demand for both steam and house coal, and a 
further increase in the shipments, foreign and coastwise, is 
expected. 

The Power of the Pennies at Woodside.—This being Whit- 
sun week, there has been a very great traffic between Liver- 
pool and Birkenhead. The number of persons who paid 
their pennies at Woodside Ferry on Sunday was 33,726, and 
on Monday 64,942, making a total of 88,668. The number 
last year on Whit-Sunday was 31,694, and on Whit-Monday 
56,422, together 88,116, showing an increase this year of 
552. This, it must be understood, is quite irrespective of the 
ordinary passengers who contract for crossing. The total 
amount received at the ferry in pennies on Sunday and Mon- 
day was in round numbers 3707. 

The Chain and Anchor Testing Works, Birkenhead.—Mr. 
James Beazley, one of the largest Liverpool shipowners, has 
sent to the Journal of Commerce an account of a visit he paid 
to these extensive works, and the impressions left upon his 
mind by what he saw. He ridicules the current idea that 
anchors and chains tested to the Admiralty proof is all that 
is necessary, and says that a short time ago a ship of his on 
her first voyage to Calcutta lost an anchor and chain in the 
Hooghly, and on herarrival home lost a second anchor and 
chain in the Downs, all of which had passed the Admiralty 
test. The consequence of the second loss was a heavy claim 
for salvage and supplying a new anchor and chain in the 
Downs, and a “ general average” upon ship and cargo. Mr. 
Beazley contends that such circumstances show clearly that 
a strain of 11} tons to the square inch is not sufficient to test 
a cable, and that shipowners, for their own protection, should 
contract for anchors and chains to stand a test of at least 15 
or 20 per cent. over the Admiralty proof, as manufacturers 
are too much in the habit, in these days of competition, 
to calculate to a nicety the exact quantity of iron that 
will stand the required strain and no more, and leave 
no margin over that for exigences. He says that he 
saw an anchor at the above works of such wretched manu- 
facture that he actually removed a piece of it from the 
shank about 3in. or 4in. in size that had been fastened in 
with cement, and blackened over! The Testing Works at 
Birkenhead stand on the South Quay of the Great Float, 
and comprise six distinct compartments. No. 1, a receiving 
room, about 90 ft. in length, where the anchors and chains 
are weighed; No. 2, a compartment of about 120 ft. in 
length, containing two testing machines, one capable of test- 
ing up to a strain of 3000 tons, and the other up to 200 tons, 
each machine being provided with three hydraulic rams. 
The chain, in 15 fathom lengths at a time, is pulled by 
means of a rope and revolving capstan from the receiving 
store on to the machine, and tastened into dies between the 
hydraulic rams and dead weight levers. No. 3 is the room 
where the working of this machine is carried on, and the 
men are sheltered from the broken links, which fly with great 
force should the chain part during’ the testing. The strain 
is applied by means of a small hand-wheel, which regulates 
the hydraulic valves with such nicety that the least motion 
of the hand will increase or stop the pressure. Should a 
chain give way, an index gauge ledges a needle pointing to 
the exact strain at which it parted. " No. 4 is the examining 
room, where every length of chain is spread out after being 
tested for the purpose of a. every link examined 
separately. No. 5 contains two blacking furnaces, over which 
an iron tube is fixed; and while the chain is being drawn 
through the tube, it becomes slightly heated, and, passing 
through the blacking trough, receives a thorough coating of 
tar. No. 6 is the store-shed where the chains are deposited, 
ready for delivery, and is about 200ft. in length. Connected 
with these works—which cost about 30,000/.—are three steam 
engines, and every appliance for economising labour. Mr. 
Beazley states that, on the occasion’of his visit, anchors and 
chains were being tested for a new ship of 1400 tons. The 
chain, a ljin., according to the Admiralty test, should bear 
a strain of 63 tons 5 ewt.; but a superior quality of chain 
having been stipulated for, a number of links were tested to 
the breaking point, and bore a strain of 17 tons to the square 
inch—being 54 tons over the Admiralty test—and only broke 
at a strain of 934 tons, speaking well for the makers, Messrs, 
Parker, of Tipton. The great value of these works of the 
Mersey Docks and Harbour Board is incalculable to Liverpool 
shipowners, and Mr. Beazley hopes a greater interest will be 
taken in them. 





Sresp Rattway Graprents.—A correspondent of the 
American Artisan, referring to this subject, states that at the 
Madison terminus of the Madison and Indianapolis Railway 
there is, in one mile, a rise of 400 ft.—that being the height of 
the hills, or about 1 in 13. The road is straight, and passes 
through two deep cuts, the lower one being more than 100 ft., 
and over an embankment about 70ft. high, the entire road 
being cuts and “fills.” At the foot of the plane the road 
makes a short curve at right angles to its former course. 
Upon the incline, between the rails there is laid a cog-rack, 
the heavy engines used on the incline being provided with a 
pinion gearing therewith. When coming in the trains are 
uncoupled and allowed to run down by themselves, being 
governed only by the brakes. This is the oldest road in the 
State, and has m running constantly for thirty years; 
yet, during all that time, very few accidents have happened 
upon it, and those few haye been unimportant as com: 
with other disasters. 
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PUBLISHER’S ANNOUNCEMENT. 








Notice.—A certificate has been given by a firm of 
accountants to the proprietors of The Engineer, stating 
that the circulation of that journal has largely increased 
within the last few years. The number of copies printed 
when Mr. Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 in 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and to 5000 in June 1862. Its present 
weekly issue is 5300. An untruthful paragraph con- 
linues to appear weekly in the same journal, stating 
that its circulation exceeds, by many thousands, that 
of all the other engineering journals combined. The 
circulation of ENGINEERING now exceeds that of 
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INDIAN ENGINEER APPOINTMENTS. 


Ir will be remembered by many of our readers that 
we have on several former occasions expressed a con- 
viction that the time was not far distant when the 
Indian Government must recognise the necessity for 
improving the position of the civil branch of the Public 
Works Department ; and we have all along advocated 
a better rate of pay on first entering the service, even 
if that were conceded upon the condition of higher 
qualifications on the part of the candidates. Nor have 
we had long to wait for the realisation of our anticipa- 
tions in this respect, in proof of which we must refer 
to an advertisement from the India Office, which will 
be found in another part of the paper, the object of 
which is a notification that at the forthcoming exami- 
nation, to be held early next month at the India Office, 
candidates who may pass that examination, and who 
can show to the satisfaction of the examiners that they 
have been for not less than two years engaged in 
actually supervising important work of construction, 
strictly engineering or architectural, and embracing 
earthwork, brickwork, and carpentry, each on a large 
scale, shall, immediately on arriving in India, be 
appointed assistant engineers of the second grade, with 
a salary of 300 rupees a month, which is equivalent to 
about 360/. a year. 

Previously, engineers appointed by competitive ex- 
amination in this country have gone out as assistant 
capincers of the third grade, on 200 rupees a month 
only; so that, by the present change of ents, 
the higher qualified candidates, who may have com- 
Plied with the stipulated requirements, will receive a 





salary of 120/. a year on first joining, higher than it 
was formerly possible for them to obtain until after 
from two to three years’ service. This concession, 
having only been made at the eleventh hour, may pos- 
sibly not influence to any very great extent the number 
of competitors at the forthcoming examination ; for 
those who considered the terms previously offered too 
low to be attractive, might have been disposed to enter 
the competition for one of the higher prizes so recently 
declared to be open, but the time is now almost too 
short to be of much use in preparing for such an ex- 
amination. The class of men whose services it is hoped 
to obtain by the offer of the higher rate of salary are 
not mere schoolboys fresh from the examining colleges, 
but young men who, having regularly studied for the 
profession, have improved their knowledge and acquire- 
ments by two years actual supervision of important 
work of construction. These acquirements, too, it is 
intended should be very closely tested, for the ex- 
aminers, it is stated, will be required to give a very 
full report of the result of their examination of each of 
the candidates recommended for one of the higher 
grade appointments as regards the knowledge and ex- 
perience they may have gained, and as to the dates and 
exact nature of the employment in which they may 
have been engaged; and they are also to report the 
opinion of the engineers under whom they may seve- 
rally have served as to the way in which their work has 
been done. 

In the event of similar appointments being offered 
at future examinations, it would only be a reasonable 
concession that the ages at which candidates for the 
higher grade will be allowed to enter should be raised 
somewhat above the present limit, allowing them, for 
instance, to enter up to twenty-five instead of now 
drawing the limit at twenty-four years, and then we 
think there would be no difficulty in obtaining any 
number of suitably qualified candidates that might be 
required. 

There is, however, another point to be taken into 
consideration with reference to the present offer of 
appointments in two grades to be competed for at the 
same examination, and which we venture to submit 
for the consideration of the authorities at the India 
Office and the Government of India. In future adver- 
tisements, it should be distinctly stated what number 
of appointments are to be made to each grade, other- 
wise the candidates for the lower grade appointments 
would, in the event of all the appointments being 
carried off by competitors for those in the higher 
grade, have very just cause for complaint. It also 
appears that in order fully and fairly to carry out the 
examination in accordance with the new conditions, 
different examination papers should be given—especi- 
ally in the practical subjects—to the two sets of can- 
didates, and this would, de facto, resolve itself into 
holding two separate examinations ; for we cannot see 
how, in common fairness, in the event of two men 
proving equal in their papers at the examination, one 
should, on account of his additional practical ex- 
perience, be appointed a second grade assistant, whilst 
the other would only be qualified to receive an ap- 

ointment in the third grade of assistant engineers. 
Provided the supply of candidates for the higher grade 
of appointments equals the demand in future years, 
there appears little doubt but that they would be 
prone ts | in preference to those possessed only of the 
lower standard of qualification, as being likely to prove 
more immediately useful in the public works depart- 
ment; and thus we may hope soon to see the lower 
grade of appointments from this country completely 
done away with. 

Whilst on this subject we cannot do better—for the 
information and encouragement of intending candidates 
for appointments in the Indian Public Works Depart- 
ment—than to quote the following passages from the 
report of the commissioners on the famine in Bengal 
and Orissa, in 1866: ; 

“ A regular service has fewer and less valuable prizes 
than the free market of the world; perhaps it is apt to 
be, as a body, less enterprising and original than would 
be men whose advancement and profit more entirely 
depend on their individual forwardness. But it has, 
on the other hand, considerable advantages in point of 
economy and reliability. If a Government cannot 
have the full benefit of unrestricted freedom, if all its 
employment must in some shape take the form of some 
sort of service, ——— by general rules, it seems 
better that it should have a regular service, so arrange 
that it may have, to the full, the advantages of such a 
service, than that it should have that sort of semi- 
service which fails to give it the same advantages, 
while the Government is still in practice debarred 
from the absolute freedom of the private employer. 

“The demands of the State for engineering talent 





and labour in many departments become larger and 
larger every day, and the necessity of a well-considered 
system for the supply of a large body of civil engineers 
is daily more apparent. Like the Indian civil servant, * 
the Indian engineer, to be efficient, must learn much 
beyond his purely professional education. A knowledge 
of the language and habits of the natives, and the cir- 
cumstances of the country, and a willingness to do 
many things beyond the limits of strict professional 
etiquette, are of all things required; and the needs of 
the service can no more be — by professional 
men engaged from time to time for the occasion, than 
could the Indian Civil Administration be supplied by 
filling each appointment from Westminster Hall. We 
cannot but regret the disappearance of the corps 
which has supplied so many distinguished men. The 
existing system of supplying the service by young men 
sent out periodically from England is good in principle, 
but we think that its efficiency is marred by certain 
defects. It seems to us that higher tests of general as 
well as of professional education should be exacted 
from candidates, and that, on the other hand, greater 
inducements to take service in this country should be 
held out. We think that the rules which regulate 
salaries and pensions require revision. The salary on 
which a young civil engineer commences his duties seems 
to be too low, the more so as in the lower grades there 
is an invidious distinction between the allowances of 
civil and military engineers, although holding the same 
appointments. The test of knowledge of the languages 
nl be rather directed to colloquial than to book 
knowledge.” 

Thus it will be seen that there are those in India 
who are alive to the modifications necessary for making 
the civil branch of the Public Works Department there 
more attractive. It is the question of salary which 
constitutes the civil engineer’s chief cause of grievance ; 
and this, it appears, is now in some measure to be 
modified in the manner we have already adverted to. 
The examination tests in Native languages have 
already been considerably modified, and the leave and 
pension rules have quite recently been revised, and 
will no doubt shortly be — in India as they may 
be finally approved by the Government there. There 
yet remains “the invidious distinction between the 
allowances of civil and military engineers,” which we 
must trust that time, and the good sense of the 
authorities in India, will sooner or later remove, by 
recognising the fact that officers equally competent, 
holding similar positions, and doing  areage. similar 
work, must be of equal value to the State, and there- 
fore deserving of equal recompense for their services. 








MINERAL OILS. 


Wiru the development of the mineral oil industry 
in England, Wales, and Scotland, and the extensive 
importation of the rock-oil or petroleum of Pennsyl- 
vania, Canada, and other states, and the consequent 
creation of a demand for burning oil for the purpose 
of artificial illumination, many fires have occurred in 
this country that would probably not otherwise have 
happened. So numerous had they become from lamp 
explosions and otherwise that, more than a year ago, a 
Select Committee of the House of Commons was ap- 
pointed “to inquire into the existing legislative pro- 
visions for the protection of life and property against 
fires in the United Kingdom, and as to the best means 
to be adopted for ascertaining the causes, and prevent- 
ing the frequency of fires.” No fewer than forty-six 
witnesses were examined. The Blue-book,containing 
the evidence adduced, and the report of the Committee, 
was issued at the end of last session, and at present 
there is before Parliament a bill which is founded upon 
the Committee’s zeport. It was introduced into the 
House of Commons by the Home Secretary and Sir 
James Fergusson as a Government bill, and has already 
passed the first and second readings without causing 
much excitement among those persons whose interests 
are threatened by it. It has been designated the 
** Petroleum Act Amendment Bill,” and has been 
specially framed on account of the desirability of 
making further provisions for the safe keeping of 

etroleum and other substances of a like in the 
interests, both of mineral oil makers at home, and of 
the Liverpool and other importers of the natural 
petroleum, are intimately concerned in the passing of 
the bill to which we refer, but for very opposite reasons. 


d| We shall explain a little. 


The American petroieum, now forming so important 
an article of our foreign commerce, is almost invariably 
brought into this country, if not actually crude, with 
a large quantity of light, volatile, and highly in- 
flammable naphtha in it, and yet it gets into the hands 
of shopkeepers and consumers as refined petroleum. 
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Knowing the extreme danger attending the storage 
and actual use of such petroleum, the American Con- 
gress passed an Act last year prohibiting, under severe 

nalties, including both fine and imprisonment, the 
internal use of unsafe petroleum, but leaving the ques- 
tion of exportation unmentioned. The general law 
just referred to made it imperative that safe petroleum 
must have a firing point not under 110° Fahrenheit. 
That means that the oil, if heated to such a tempera- 
ture, should not give off a vapour which is inflammable 
of itself, and explosive, if mixed with atmospheric 
air, in certain proportions. It is but natural to ex- 
pect that the inferior petroleum, such as will not stand 
the American test, is shipped off to this and other 
countries ; indeed, it is within the experience of prac- 
tical persons in this country that such is really the 
case. Purchasers are, therefore, very much at the 
mercy of the importers of petroleum. It is known 
that this substance gets into the market as “ mineral 
oil” without any reference to its source, whether 
natural or artificial ; and thus the unskilled and unin- 
formed poor, who so largely use oil instead of gas, are 
the sufferers, as they cannot distinguish between the 
oils which are safe and those which are unsafe. It is 
known also that many of the explosions and fires 
which have been caused by mineral oil have been traced 
to the imported material, and not to that which is 
made at home from coal and shale. Hence, the 
manufacturers of paraffine oil at home are placed at 
an unfair advantage with the American merchants, 
and the importers into Liverpool, Birkenhead, and 
other ports. They did not object to the Petroleum 
Act of 1862, because the oils which they sent into the 
market almost invariably had a much higher firing 
point than that fixed by the act in question. That 
temperature was 100° Fahr. Many of the home-made 
oils would stand firm with a firing point of 120°, and 
we know that the firing point of the oil sold by 
Young’s Paraffine Light a Mineral Oil Company is, 
practically, never under 135°, and it is even guaranteed 
to be 130°. The Fire Protection Committee, on 
whose report the Petroleum Act Amendment Bill is 
based, were urged by skilled and scientific witnesses 
to recommend that the legal standard should be raised 
from 100° to 120°. Speaking in the interests of science 
and the consumer we poe | almost say amen to the 
suggestion regarding the recommendation; but on 
grounds of public policy we must hold that the com- 
mittee were well advised to recommend a firing point 
of 110°. That was a fair compromise. Looking into 
the minutes of the proceedings of the Committee, we 
find that two out of ten members actually urged that 
no change should be made. If any of our readers 
wish to know who those members are we would refer 
them to the Blue-book containing the report. 

The Petroleum Act Amendment Bill is to come on 
for the third reading in the House of Commons on 
Monday next. Petitions in favour of’ it have been 
mo very largely from the oil districts of Scot- 
and, from lamp manufacturers and wholesale and re- 
tail dealers in Sean from the Mineral Oil Associa- 
tion of London, and one has been presented by Mr. 
McLagan, the chairman of the Fire Protection Com- 
mittee, from the representatives of the London in- 
surance companies. If the bill should be passed, as 
we fully expect it will, we hope the amended Act will 
not be permitted to remain a dead letter like the Act 
of 1862. If its provisions are to be enforced, there 
must be persons specially appointed to institute the 
necessary inspection, and on the inspectors appointed 
must devolve that duty. 





CAPTAIN LIERNUR’S SEWERAGE 
SYSTEM. 

It will no doubt be interesting to many of our 
readers to learn the opinion of the eminent Dutch 
engineer, Mr. F. W. Conrad, on the subject of Captain 
Liernur’s plan for dealing with town sewage, a trial of 
which we described in our impression of lst May ult. 
Mr. Conrad’s position as chief engineer and inspector 
of the “ waterstaat”* of the Netherlands, and of Presi- 
dent of the Royal Institut: of Engineers, as well as 
his deservedly great reputation, give great weight to 
his dictum on matters of this sort ; and the fact of his 
having been consulted on many of the largest city 
drainage works, constructed on the Continent in imita- 
tion of the London plan, which he at the time fully 
: eA ~— Dutch term, signifying all hydraulic works 
for the drainage of the country and its defence against the 


encroachments of the sea, and for the control and conserva- 
tion of the rivers; it also includes what the French class 
under “le department des ponts et chausées,” and thus all 
means of transportation by land and water, railroads, 

&e. We give 


. Coi ’s opinion in another column. 





approved of, give the peculiar feature to his present 
opinion of being the result of a conviction of having 
previously erred on the subject, and of a conversion to 
the new plan. 

To acknowledge this openly for the public benefit, is 
not only a sign that Mr. Conrad prefers advancing the 
cause of improvement above supporting his former, and 
it may be favourite notions, and honestly confesses his 
mistake rather than that others should be led astray by 
putting faith in his former opinions (which does him infi- 
nite credit), but that he possesses in a great degree 
the first quality of the true engineer, in contradistinc- 
tion to the “ routine” members of the profession, of 
being ready to adopt new methods the moment he 
becomes aware of the faults of old ones. 

It will be seen that Mr. Conrad, after summing up 
the reasons why the so-called London plan fails to 
satisfy the high expectation once entertained of it, 
carefully analyses the — of Captain Liernur’s 
plan, pronounces these to be correct, acknowledges 
himself convinced that “it will yield the results ex- 
“ pected therefrom,” and finishes by saying that he 
does not hesitate fully to recommend its adoption in 
preference to any other. 

This agrees perfectly with our own already fre- 
quently expressed opinions on the subject. For with- 
out in the least wishing to detract from the merits of 
our magnificent drainage works, which undeniably 
have improved the sanitary condition of the towns 
where they have been constructed, and reduced the 
annual death-rate from 35 to 26 and 22 per 1000 in- 
habitants, it must still be confessed that this death- 
rate is double what it might be if the air was really 
kept entirely free from the gases resulting from the 
decomposition of the excreta in the sewers—gases, 
the constant escape of which our first sewerage en- 
gineers confess themselves unable to prevent, and 
which the physicians assert are the main cause of the 
many diseases which keep the death-rate at their high 
figure. Another objection of ours touches that pet 
institution of the dion, the ‘“ water-closet.” 
Granting all that may be claimed in regard to its com- 
modiousness, &c., it cannot be denied that it is ex- 

ensive both in purchase and repairs; for no matter 
- constructed, children and servants manage 
to get it out of order, and unless at once mended, it 
is the most thorough nuisance imaginable. This ques- 
tion of expense places it at once out of the reach of the 
working classes, and of those who can barely find 
means to support life—a proportion of inhabitants 
which fully makes up three-fifths of the population of 
most towns. ‘To recommend its general use is very 
much Jike recommending a comfortable cab with a fast 
trotting horse as the very best and pleasantest way for 
everybody to go from one part of a town to another. 
The water-closet has yet many other faults, such as 
consuming large volumes of expensive water, often 
more than can be furnished; such is the case, for in- 
stance, with our metropolis, for Mr. Bazalgette de- 
mands in his report to the Board double the large 
quantity nowemployed. But the great fault of only 
being practicable for a small half of the population is 
enough to vote against any system in which its general 
use is claimed by its advocates as a ruling principle. 

The system by which all drainage, including that of 
fecal matter, is effected by one set of sewers, flushed 
repeatedly with large volumes of water, has another 
great fault which, referring directly to agriculture, is 
of national importance. it seems, however, that the 
only mode of utilisation practicable with this highly 
diluted manure is the one of irrigating rye-grass 
meadows with it. The first requisite for this process 
is, of course, to find the meadows or land capable of 
being converted in them; but how many towns are 
not topographically so situated that this is utterly out 
of the question without giving impracticable instances, 
and where the right of way for the conduits must be 
purchased at enormous rates from objecting land- 
owners? And even when such land is found, what 
results are obtained proportional to the value of the 
fertiliser expended? This value is placed by the best 
judges at 8s. 4d. per head per annum for the ammonia 
alone, and at 10s., including all other fertilising pro- 
perties. When thus the sewage of 150 individuals 
per acre is used (which appears to be about the 
average — we find some 75/. worth of manure 
sacrificed to get a crop of grass which is claimed to 
range in value, in the most favourable cases, between 
20/. and 40/.; in other words, the manure is worth 
about three times more than the harvest. Farmers 
would call this doing bad business, and so do we; 
and what applies to individual farmers applies also to 
municipal bodies. 





Besides, though the harvest obtained may consist, 








perhaps, of average good grass, and though all “flesh 
Is grass,” or is convertible into meat, grass is 
by no means bread and all the other articles of food 
demanded for human stomachs. And even if aj] 
town manure could be thus utilised on meadows 
what is to become of our arable land which agri. 
cultural economy requires to be four to five times 
more extensive than pasture land? Are we always 
to send to Peru for maintaining its fertility? We do 
not mean to say that this process is not infinitely 
preferable to polluting rivers with the sewage, 
and that the skilful engineers (among whom Mr. 
Baldwin Latham stands foremost) have not done 
great service to town and country in saving for agri- 
culture what otherwise would be first a nuisance 
and then lost; nor that towns having sewers, water- 
works, handy meadows, and zo desire still further 
to improve their sanitary condition, and at the same 
time to benefit their treasury or to diminish their 
taxes, should not better adopt this plan than none; 
but we do mean to say that, in the many towns 
where no such circumstances exist or are obtainable, 
and where the people prefer to do what is best for 
themselves and the ae at large, it is better to 
adopt a plan whereby all this good can be really 
accomplished. 

Now, there is no question but that with Captain 
Liernur’s plan the manure is placed at the farmer’s 
disposal still fresh and retaining all its rich organic 
properties, and that by the use of air instead of water 
it remains undiluted, and therefore transportable to 
and useful for arable land. His method, too, of 
directly pouring it into newly ploughed furrows, and 
covering these again henedlitle, is apt to be far 
less unsavoury than running it through miles of open 
ditches (which give a dreadful stench unless con- 
stantly cleaned of their deposit), and is not liable to 
such great loss of valuable organic matter by evapora- 
tion. It is evident that any land that ean bear 
ploughing, can also bear the transportation of a 
stout barrel on a cart, from which this manure 
may be poured; and thus there is a chance of em- 
ploying fecal matter also for our bread-growing 

elds, of saving the large sums now annually leaving 
the country for imported manure, and of the towns 
receiving the full value of this substance, instead of 
the meagre receipts only obtainable in very few in- 
stances, as we have seen. To sum up; with the 
London plan, where utilisation is practicable at all, 
a frightful amount of treasure is wasted, while with 
the pneumatic plan not only a chance is given to fer- 
tilise a// our crop-bearing land, but to obtain the full 
value of the manure collected for that very reason, 
and thus to yield the town, in all cases, a great 
revenue. This surely should recommend it to all. 
Professor Way compared the water sewerage irrigation 
plan to mixing a grain of gold with a bushel of quartz 
and then trying to get it back; we say that to recom- 
mend that system is like advising to mix all such gold 
with quartz, and the more the better, because xow and 
then about one-third of it has been found again. 

Of the engineering merits of the pneumatic plan we 
shall Jet Mr. Conrad speak—we have already often 
pointed them out and given our reasons why—but will 
only add that until now no objections have oon raised 
to it of any importance. The allusion to it in Mr. 
A. H. Jacob’s paper on “The Disposal of Town 
Sewage,” published in our impressions of May 1 and 
15, amounts to nothing. Besides that, this paper does 
not suggest any improvement, or informs us of any- 
thing new, or what has not been said in the very able 
paper of Mr. B. Latham, read before the Society 
of Engineers some two years ago, and still more 
elaborately in Mr. Krepp’s work on “The Sewage 
Question ;” it shows unmistakably, also, that Mr. 
Jacob, B.A., is not well pusted in engineering 
matters. His objections look very much like some 
luminous disquisitions of Zhe Engineer on that ~— 
judging, at least, by their vagueness and absurdity. 

r. Jacob may be a B.A. but he is certainly not a 
M.E., or he would know that air valves can be made 
tight as well as steam valves or water and gas cocks, 
and that, as they have to be worked but three 
hundred and sixty-five times per annum, the chances 
are that they will keep tight with quite as little 
wear and cost of repair as the others, some of 
which we know are worked incessantly every day with- 
out getting leaky. His fear that the main pipe will 
require a great deal of exhausting is just enough— 
it really does—in fact, we may inform him that this 
is done on purpose, like supplying a steamboiler which 
evaporates water quickly with an abundance of that ele- 
ment, thus to get the required motive power ; but then 
seeing that Captain Liernur’s air-pump has shown on 
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trial of exhausting a space of some 200 cubic feet per 
minute, and that 100 running feet of a 5in. tube 
contains barely 14 cubic feet, we should imagine that 
not many minutes are required to create a vacuum 
for getting a good working pressure even if the pipe 
was ten times longer—reasons why it has been proven 
that for a group of houses containing some 400 in- 
habitants the whole performance is over in from two 
tothree minutes. Another trouble Mr. Jacob finds in 
“that the arrangement would be very costly.” 
depends upon by what gauge it is measured. We 
should think that a method by which a thorough 
nuisance is completely removed from among us, and 

ields the snug sum of 10s. per annum per individual, 
might cost a great deal before it is “too costly.” 
But the figure is not so high. Captain Liernur in- 
forms us that by working out the detailed plans for 
Dutch towns, the total cost was found to amount to 
but 26s. per inhabitant; while for a lot of new build- 
ings now being erected in Milan, and which are to 
contain some 15,000 inhabitants, the cost is estimated 
at but about 7s., everything included, owing to the 
peculiar architectural feature of the ge standing 
in groups around courts, which admits of great sim- 
plicity in the arrangements. An additional discovery 
of Mr. Jacob, B.A., is that no provision is made for 
house-slops. Of course not, and for the very good 
reason that the system is especially arranged to 
keep them out. We need not say that Captain Lier- 
nur has repeatedly explained in {his journal how this 
should and can be attended to effectively ; but we may 
remark, that with some men it is a special complaint 
that in this plan two sets of systems are required 
—one for the excreta, and the other for rainfall, house- 
slops, &c.—forgetting all the time that then, and then 
only, the first one is capable of paying for both, and 
leaving in a comparatively short time the town in 
receipt of a handsome revenue, besides doing the 
country good service ; while with the “single” plan, 
after the water is paid for (which also may be called 
a second system just as well, for if not so much water 
for flushing was required the products of rainfall and 
the yield of wells might in most cases suffice for 
domestic gg nothing is left to support either, 
except, perhaps, a little under extra fortuitous circum- 
stances. 

A final fear of Mr. Jacob, B.A., as a sort of climax, 
is, that the matter collected in the iron reservoirs would 
be very offensive. ‘The truism of this statement is 
most remarkable ; it is an unmistakable fact that such 
matter is very offensive; and if Mr. Jacob were 
to get into a reservoir he would no doubt find it so. 
But why would he do so? Has it never struck his fancy 
that this might be the reason why they are made air- 
tight like a steam boiler, and why Captain Liernur re- 
moves the matter so promptly by suction, so as to 
take the gases down, too? We recommend Mr. 
Jacob to read up engineering subjects a little more 
than he has done, before venturing to criticise them ; 
and in composing papers to be read before learned 
societies, to try to say something that has not been 
said by others over and over again. 

To return to Mr. Conrad’s opinion—which will be 
found on another page in the form of a correspondence 
between him and Captain Liernur—we have to say 
that, not understanding the Dutch idiom, in which the 
original is —— we gave a translation from the 
German, published by Dr. P. Thormahlen, Dr. Phil. of 
Altona, which has been kindly forwarded to us. 





THE STRENGTH OF BEAMS.—No. XVI. 


On THE TRANSVERSE STRENGTH OF STEEL Ratts 
AND OTHER ANALOGOUS BEAMs. 


Tue several values of E deduced from the varied 
experiments on steel beams given in the last paper are 
-00008, .000079, 000095, .000089, and 000081 ; we 
we may, therefore, consider the fair average value to 
be -00008, or ¢th of that obtained in wrought iron ; 
that is to say, the relative stiffness of steel and iron 
beams of similar section may be taken as 5:4. The 
deflection of a steel beam within the elastic limit 
will, therefore, be given by the formula 


= ooo0133=F. 


The ultimate deflection of a steel beam will be 
governed by similar conditions to those affecting 
wrought iron ones. As, however, the drawing out at 
the point of fracture even in the softest descriptions 
of steel rarely amounts to $ that we have found to 
obtain with tough fibrous iron, the ultimate deflection, 
or the extent to which a steel bar may be doubled up 
without cracking, will be smaller than that of a similar 


This | 6 


The general formula, excluding this 
3—S* (e+ FE) 
12d ~ 
Some 1} in. square bars of hematite steel, tested by 
Kirkaldy at 25 in. bearings, deflected from 42 in. to 
7} in. The ultimate elongation of the same steel in a 
length of 14 in., being 24, we have e=.18; and since 
F = 50 tons, we have by the formula, 
= 25%(-18+.00008%50)_5 4 in, which is a fair 
12x1.75 
average of the observed amounts. 
The ultimate elongation of the steel in the Metro- 
ay rails was not ascertained by direct experiment, 
ut from a general consideration of the behaviour of 
the rails under other tests it may be estimated at 
15 per cent. With the flange downwards we found 
the ultimate strains were 50 tons compression, and 
38 tons tension per square inch ; hence 
FH 50438 _ gy. 


and since “e=.15, at 60 in. bearings, the ultimate 
deflection would be : 
a> se 
3 60 (.15 +.00008 x 44) =103in. 
12 4.5 in. 
It will be remembered that the average result of the 
observed deflection was 10.5 in. 

With the same rail reversed, that is head down- 
wards, the ultimate deflection was but 5.4in., or only 
about half the previous amount. Upon superficial 
considerations alone this result might appear anomo- 
lous, since the mean moment of resistance of the cross 
section, and the deflection within the elastic limit, is 
the same in both instances. It is, however, easily ac- 
counted for. ‘The strains, at the time of fracture, we 
have found to be 38 tons tension, and 29 tons com- 
pression ; hence, F=33 tons per square inch. But 
the compressive strain is practically within the elastic 
imit, hence the value of e, which is the mean ultimate 
elongation and compression, will be reduced to little 
more than half the former amount, say to 8 per cent. 
Then, since E=.00008, we have, 

3 __60?(.08+33 x .00008) 


which is practically identical with that actually ob- 


iron bar. 
element, will be as before, 














=5.5 in.; 
12 x 4.5 
tained. 


The ultimate deflection of the rail might have been 
determined, and a diagram of the deflected rail con- 
structed by the following method. The radius of the 
deflective curve at any part of the beam being to the 
depth, as the latter is to the sum of the extreme 
elongation and depression of the fibres at the same 
point, it follows, ¢ being the mean of the elongation 
and depression, the radius r= Z We have found 

e 
the value of e up to about half the ultimate resistance 
of the material to be practically equal to F E, and 
beyond that limit to increase very nearly as the square 
of the excess of strain per square inch. In the rail we 
are now considering we have assumed the maximum 
| value of e to be .15 ; hence the radius of deflection, im- 
mediately at the centre of the bearings, would be 
p = £5 im. 215 in, 
2x.15 
within the elastic limit, that is }th the span from each 


4.51n._ =2550in. Between 
22 x .00008 
these points and the centre of the beam the radius 
would rapidly diminish; taking radii at 2in., 5in., 
8in., llin., and 14in, the lengths would be as 
follows: that at 15in, or at the centre of the bear- 
ings, has already been shown to be 15 in. radius: 
15 in. x 15?— 2?=845 in. radius of deflective curve. 





The mean radius for the portions 


bearing, would be r= 


”» ” 52=135 3) ” ” 
” ”» §?= 53 ” ” ”» 
” ”» 11?= 28 ” ” ” 

» 14= 17.3 » 9 


Plotting the deflection curve given by these several 
radii, the ultimate deflection will be found to be 
similar to that arrived at by the original method of 
investigation. The general form of the bent rail ex- 
hibited in Fig. 19 is practically identical with that 
assumed by average rails of the given section under 
actual test at Kirkaldy’s works. 

Having thus deduced formule for the elastic and 
ultimate deflection of cast iron, wrought iron, and 
steel beams of uniform depth and sectional area, sub- 
jected to a stress applied at the centre of the bearing, 
we may, by a few simple considerations, effect the 
modifications necessary to obtain the deflection under 
a different distribution of load or of a different form 
of beam. 

Taking first beams of uniform depth, it has been 
shown that the deflection of such a beam of uniform 








section, sustaining a load at the centre of the span, is 
to that which would take place if the whole of the ex- 
tension and compression on the beam were concen- 


trated at the centre, as the contents of a pyramid is 

to that of the enclosing rectangular prism—that is as 

4:1. On the simple principles of leverage it was 
FIG.19, 





shown that, in the former instance, the deflection 
would be to the extension and compression of the 
semi-beam as the long arm of the bent lever, that is 
the half span, is to the other arm represented by the 


depth of the beam ; therefore = E Multiplied 


by 3rd, this equation gives the deflection for the uni- 
form section with the load at the centre; and it is 
now necessary only to find the corresponding fraction 
for other cases. 

Now if the load, instead of being concentrated at 
the centre, be uniformly distributed over the beam, it 
may easily be shown that the strain at any point—the 
distance, z, from one support—will be to that oc- 





curring at the centre of the span, as Sz—2? — which 


is one of the equations to a parabola; hence, since 
the amount of the total deflection contributed by each 
segment of a beam is, as we have already shown, 
directly proportional to the strain per square inch at 
that segment xby the distance from the end of the 
beam, the solid representing the deflection of the 
beam under this uniform distribution of the load, 
instead of being a pyramid, will be, as represented in 
Fig. 20, a triangle still or plan, but bounded by a 
parabola in the other direction. The contents of such 
a solid may be shown to be equal to ths of the en- 
closing prism ; that, consequently, will be the fraction 
to be substituted for the }rd corresponding to the 
beam loaded at the centre; hence, the equation for 
the deflection of a beam of parallel depth and uniform 








section loaded uniformly becomes, 9x55 PEs 
2 4d 
FIG 20 FIG.21 








It appears, then, under the same strain per square 
inch, the deflection is }th greater than in the former 
instance, or, what amounts to the same thing, with the 
same load it would be ths less. 

For a beam of uniform sfrength, as well as uniform 
depth, the strain per square inch being constant, it is 
obvious the deflection, whether the load be applied at 
the centre only or distributed, will be represented by 
the contents of the wedge, Fig. 21, =} in. that of the 

SFE 


prism, hence the formula becomes 6= oT i 


It follows from this that the deflection of a 
plate girder, uniformly loaded, reduced in section 
towards the ends in proportion to the strain, would be 
3th greater than it would be were the plates at the 
centre carried out from end to end. 

The same result might have been arrived at on other 
considerations; thus, the deflection curve of a beam 
of uniform depth, and with uniform unit strain, being 
obviously a portion of a circle (Fig. 22), it follows, 
since the triangles shaded on the diagram are similar, 
that the deflection, 8, will be to the sum of the extension 


and compression on the half beam, e,=F E, as 4th the 
on we 


span is to the depth, hence a, as before. 





Passing on now to the rather more complicated pro- 
blems involved in the determination of the deflections 
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of beams of uniform strength but varying depth, the first 
thing is to define the limits within which the actual 
deflection must be comprised. The condition of uni- 
form unit strain being given, the depth of the beam at 
any point will obviously be governed by the relative 
sections of the “web” and “ flange” portions of the 
cross sections; the same elements will also govern 
the deflection. The two extreme cases will be, first, 
a beam in which the web portion is small enough to 
be neglected, and, second, one in which there is no 
flange portion proper, that is a beam of uniform thick- 
ness. 

It is obvious that the greater the relative amount of 
metal in the flange portions the smaller the average 
depth, and, consequently, the larger the deflection. 
In the case of a beam of uniform strength without any 
web, the outline when the load is applied at the centre 
will be triangular. For, the flanges being of uniform 
section throughout, the depths at different points 
will be directly proportional to the strain, that is, to 
the distance of the point from the end of the beam. 

Now the deflection due to the elongation and com- 
pression of the metal at any point the distance z from 
the nearest point of support will be to that due to the 
same change of length occurring at the centre as the 
distance x, divided by the depth of the beam at that 
point, is the half span of the beam divided by the 
depth at the centre. In the present instance the 


. £ : 5 
ratio a will be constant, and equal to 3 hence, 
at 20 
the deflection will be the same as if all the compres- 
sion and extension occurred at the centre. Under 
- . SFE 
these conditions we have found é6 = — *; that 


a 


for- 
mula, therefore, will give the deflection of a beam of 
uniform strength, and little or no web subjected to a 
stress applied at the centre. 

All practical cases will be included within the limits 
defined by that equation and the one for a beam of 
uniform thickness, which will now be deduced. 

The strength of a beam of uniform thickness will vary 
as the square of the depth; hence, for a load at the centre 
the depth at any point will vary as the square root of the 
distance from the nearest point of support. The out- 
line of the beam of uniform strength will, therefore, be 
a parabola, the axis of which corresponds with the 
neutral axis of the beam. The deflection due to any 


, 5 

segment of the beam will be, as before,as i 3} hence 
6 a 

since d =\ a, the proportional deflection will also 


vary, as Vz,and the mean value of Vz, will be to 
rectangle, that is, as $: 1. The deflection of the beam 
in this instance will, therefore, be given by the equa- 
S?FE 

3d 

It is only necessary now to consider the modified 
deflections of the two preceding types of beams when 
uniformly loaded. 

With a distributed load and little or no web the 
outline of the girder will be a parabola, the axis of 
which is at right angles to that in the previous in- 
stance, and there will be no practical difference in the 
S?FE 

3d 


Sas the area of a parabola is to the enclosing 


9 


tion § = 


deflection. The same formula é = will con- 


consequently apply. 


structed of either of the materials we have been con- 
sidering, to be determined with accuracy. It will be 
necessary, of course, to remember when dealing with 
beams of unsymmetrical cross section, such as T irons, 
that the value of F will be the mean of the maximum 


compression and tension occurring on the -_ ‘ 
3. B. 





STREET CROSSINGS. 
To tHe Eprtor oF ENGINEERING. 

Srr,—While reading the very interesting description of 
two street crossing bridges in last week’s number of En- 
GINEERING—one proposed for London, and the other at pre- 
sent erected in New York—it struck me that crossing under 
instead of over would possess many advantages in the former 
case, seven or eight steps would suffice. In place of thirty 
steps required to reach a height sufficient for traffic. 

I would propose to construct it thus: From the four 
corners of the quadruple crossing would be four passages 
meeting in the centre, where there would be an ornamental 
shaft for daylight, which could be lighted by one lamp at 
night, thus lighting the whole from the centre. The passages 
to be 6ft. broad and 7 ft. high, lined with Minton’s tiles. 
The perspective views of the streets would not be interrupted, 
and a large saving of cost in construction. 

One objection may be started—I believe, however, only 
apparent at first sight—the erection at each corner for enter- 
ing the passages. An actual benefit may result, as it would 
be the means of preventing carts turning too rapidly round 
to such frequent danger of foot passengers as at present. 
These corners may be made ornamental, and used as a 
drinking fountain ; another for a post box; another for the 
sale of papers (as in Paris) ; the other a station for a com- 
missionnaire. Yours respectfully, 

Bayswater, June 3, 1868. Wii1am SPREAD. 





Tae Batn anp West or Enauanp Society’s MEETING. 
—The exhibition of implements in work on Tuesday last in- 
cluded only grass-mowers ; haymakers and horse-rakes were 
tried on Wednesday, when ploughs and horse-hoes were at 
work, and the reaping-machines cut a crop of light green 
rye. The grass-mowers tried were those of Picksley and 
Sims, J. and F. Howard, Brenton, the Reading Ironworks, 
Hornsby, W. A. Wood, Samuelson, Burgess and Key, 
Bamlett, Kearsley, and the Beverley Company. In the 
show ground the collection of implements and machines is 
more restricted than usual; in fact, the locality is so remote 
that few makers have done more than selected assortments 
of their chief productions. The department of machinery in 
motion is nothing like so extensive as it was last year, the 
number of steam-engines not exceeding twenty, though very 
effectively arranged in one straight row, bringing the funnels, 
fly-wheels, and driving belts into line. Among the objects 
of special interest in this part of the show are Clayton and 
Shuttleworth’s portable engines and a revolving liquid manure 
drill, Brown and May’s well-constructed steam-engines, 
Plenty’s compact little engine and boiler for driving the screw 
in yachts, &c.; Ruston and Proctor’s engines and thrashing 
machines, Garratt’s engines and thrashing machines, and 
Hornsby’s engines and thrashing machines. In walking 
through the sheds there is found particularly worthy of atten- 
tion Bentall’s chaff engines, Picksley and Sims’s mills, chaff 
cutters, and improved grass mower, in which steel cutting 
blades are let into the fingers so as to give a completely 
scissor-like action with the reciprocating knives. On Howard’s 
stand are a new double plough, with braced beams on a new 
plan; a series of light land and other ploughs, jointed 


No further investigation is necessary to enable the 
probable deflection of any given section of beam, con- 


THE IRISH RAILWAY COMMISSION, 
To THe Epiror or ENGINEERING. 
Srr,—Having seen in your paper of May 29th an article 
on “The Irish Railway Commission,” giving the names of 
the inspecting engineers of the permanent-way, I think it 
only fair that you should also give the names of the inspect. 
ing engineers of the rolling stock, whé were Mr. D. K. Clark 
Messis. Edward Wilson, Wardle, Hurst, Dan McNee, Gem, 
C. Gooch, Haughton, Radford, sen., Radford, jun. i 
I remain, Sir, yours faithfully, 
3, East Parade, Sheffield, 8. H. F. Cox, 





June 3, 1868. 








SCREEN OF BRIDGE AT DULWICH. 
To THE Epitor oF ENGINEERING. 

Srr,—Permit me to correct two or three inaccuracies which 
occur in the description of this bridge in your paper of the 
29th May. 1. ‘The engineers of the line were Messrs. Joseph 
Cubitt and Fred. T. ‘Turner, Sir Charles Fox having nothing 
whatever to do with it. 2. Mr. Charles Barry is an architect, 
not an engineer, and merely supplied sketches for the design, 
The drawings and constructional details were all prepared in 
this office. 3. The parapets were not hoisted in one piece as 
described, by which no advantage would have been gained, 
but each piece was lifted into its place separately in the 
ordinary manner. ‘The property does not belong to an indi. 
vidual, but to the Governors of Dulwich College. 

The details of the balustrade, which you describe as very 
neat, are precisely the same as those in the parapet of 
Victoria-bridge at Pimlico. 

I am, Sir, your obedient servant, 
W. H. Tuomas, 
Resident Engineer of the Works. 
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Soutm Austrian, LompaRpy, AND CENTRAL ITALY 
Raitway.—This company has now orders pending for 63 
engines, 100 carriages, and 932 trucks. When these orders 
are executed, the rolling stock of the undertaking will com- 
prise 972 engines, 2496 passenger carriages, and 16,877 goods 
trucks. The company also owns eight steamers employed in 
navigating the Italian lakes. 

From tHE Nortu.—tThe Hartlepool Harbour Commis- 
sioners have made a special appointment of Mr. Dyke as 
their engineer in connexion with improvements projected in 
Hartlepool Bay. 

TELEGRAPHIC COMMUNICATION wit Inpra.—A parlia- 
mentary paper, consisting chiefly of letters, has just been 
published with reference to this subject, from which it ap- 
pears that the commercial communities of Calcutta and 
Bombay have memorialised the Governor-General of India 
to the effect that measures should be adopted to remove 
the present inefficient working of telegraphic communi- 
eation between India and the United Kingdom. The Ben- 
gal Chamber of Commerce records that there is grave cause 
of complaint—(1), as to the time occupied in the trans- 
mission of messages, and the constant interruptions that 
occur on the lines ; (2), as to the very imperfect manner in 
which messages are transmitted ; and (3), as to the irregular 
order in which messages are received in India, those of a 
later date being constantiy delivered some days before others 
of an earlier date. A memorial of the directors of the 
Glasgow Chamber of Commerce states that during a period 
of six months there were sent from a firm in Glasgow to 
Calcutta 21 messages, at a total cost of 124/. 19s., or 
on the average of 5/. 19s. each; that 1 message was 
delivered on the 26th day after its despatch; that 
another, despatched from Glasgow on the 24th of August 
last has never been acknowledged by the Calcutta house; 


that, excepting these 2 messages, the remaining 19 required 





harrows, the “ Plymouth” haymaker, a new form of tripod 
in the chain harrow, improvements in the self-raking reaper 
and in the mowing machine, and an altered form of the 
safety tube boiler for facilitating the removal of deposit. | 
Ransome and Sims exhibit an improvement upon Skelton’s | 
turnwrest plough; an assortment of ploughs for all purposes, | 


jointed harrows, mills, and crushers, and a number of re- | 


markably light-working lawn mowers. Burgess and Key | 
show their M‘Cormick rake-reaper, their grass mower, and | 
combined reaper and mower. On Le Butt’s stand is a 
pretty little contrivance in the form of a hand seed 





With a beam of uniform thickness, on the other 
hand, the deflection will be different to that obtained 
in either of the preceding cases. The strain at any 
point the distance, x, from one pier, and y from the 
other, will be proportional to zy, and the required | 
depth at the same point will vary as the square root of | 
the strain. The proportional deflection due to each 
segment of the beam being as before proportional to 


| 
} 


& . . 
7 that is, to , we have the mean value of that | 
if | 
fraction in terms of that at the centre of the beam | 
=4%, and, consequently, the deflection of the beam | 
2S:FE 

7d ° 

Tabulating the preceding results, we find the com- | 
parative stiffness of independent beams of similar | 
span, depth, and strain per square inch at centre, but | 


with the load and the metal differently distributed to | 


will be given by the formula ¢= 


yer 





be as follows: 

Weight at centre, no web proper, and uniform strain = 1 
do. do. uniform thickness do. = ij 

Weight distributed, no web proper do. =1 
wo. do. uniform thickness do. = 13 
Do. do. uniform depth do. = 3 

Weight at centre 0. do. = 2 

Weight distributed do. and uniform section = 214 

Weight at centre do. do. = 8 


jingenuity has been expended. 


drill—a class of tool about which a good deal of 

The Beverley Iron and | 
Wagon Company have brought out a very efficient’ and, 

at the same time, very low-priced grass mower. Hawkes and | 
Spencer show a new arrangement of barrel and valve aper- | 
ture in a turnip and manure drill; Hornsby and Sons ex- | 
hibit their reapers, mowers, ploughs, &c.; Woods and Cocks- 

edge have a new little steam engine, with upright boiler, of 
one horse power, and weighing but 5 ewt., useful for in- 

numerable purposes of the feeding-house and small manu- 

factures. W. A. Wood exhibits his reaping and grass-mow- 

ing machine. J. G. Rollins has an American pump that can 

be placed in the deepest wells without the necessity of going 

down. Mitchell and Burgess have a handy sharpener for 

reaping machine or other knives, consisting of an emery | 
wheel on an inclined axis, and worked by a treadle. Moule’s | 
earth closets, shown here in a variety of forms, are now re- | 
ported as successfully established on a large scale in prisons, | 
asylums, barracks, and other places where any difficulties 
attaching to the system are likely to be felt. Bradford and 
Co. exhibit for the first time a new churn, called the “ Coun- 
ter current churn,” which actually is “ atmospheric” enough 
to bring butter from cream in four to five minutes. 

Tur Suez Canat Works.—It appears that between April 
15 and May 15, the extraction effected in connexion with 
the Suez Canal Works was 1,797,000 cubic metres, the total 
extraction to May 15 being thus carried to 41,391,000 cubic 
metres, leaving 30,921,000 cubic metres still to be extracted. 
There would thus seem to be a probability of the extraction 
being completed, as promised by it de Lesseps, in the autumn | 
of 1869. t 








| ceptional case) 2 days. 


on the average upwards of 6 days for transmission, the longest 
period occupied being 15 and the shortest (this being an ex- 
During the same period 26 mes- 
sages were received in Glasgow trom Calcutta, costing about 
8l. each, requiring for transmission, on the average, very 
nearly 5 days (the longest period being 13 and the shortest 
2 days). Only 2 of these latter messages were rendered 
accurately, there being about 5 errors in each of the 
others, 10 occurring in one and 15 in another. The memo- 
rialists appear to agree on the advisability of establishing a 


| direct route between London and India, vid Egypt and 


Aden, by submarine telegraph to Bombay, and thence by 
land wires to Calcutta, so that the proposed line would then 
be under one management and control, and would be work- 
ing exclusively by an English staff, and would afford greater 
speed in the transmission of messages. 

Havre International Maritime Exursition.—Havre 


| has followed in the wake of a fashion which has now become 


almost universal among the great provincial towns, whether 
in England or in France, and intends to form a beautiful 
Exhibition of its own. We say, advisedly, intends to form 
one; for though the building was nominally opened accord- 
ing to agreement on Monday last, it is still unfinished, and 
almost empty. When complete, there is no doubt that a 
rare and most interesting collection will be brought together, 
which it will well repay autumnal tourists to turn aside to 
see. The original idea of the Exhibition was to make it 
a speciality. It was to be essentially a Maritime Exhibition ; 
but the first idea soon expanded till the schedule of the 
Havre Exhibition may now literally be said to embrace 
almost everything that can be shown. Its four great ~~ 
consist—first, of navigation ; second, merchandise and trade 
products; third, fisheries ; fourth, fish culture; and a fifth 
supplementary class which takes in everything, such as 
statues, paintings, works of art not specially coming under 
the previous heads. In its present incomplete state, 1t 
possesses comparatively little terest from an engineering 
int of view; but all exhibits of special merit will be duly 
escribed in our pages. When thoroughly arranged the 
Hayre Exhibition will include much that will be interesting 
to the general as well as to the professional visitor, and we 
trust that it will be a success. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Clyde Shipbuilding.—The shipbuilding on the Clyde con- 
tinues pretty brisk, but owing to the joiners’ strike the work 
has been kept a Jittle behind. The strike being now over, 
the trade will likely go on more briskly. The termination of 
the Abyssinian war, and the expected return of a large fleet of 
ships, have caused a backwardness amongst shipping firms to 
complete contracts for new ships. The vessels launched during 
May, and for five months, compared with the corresponding 
periods of previous = were as follows: 


onth. Five Months. 
vis. tons. vis. tons. 
..« BB -v ee ws FB we wee 
Be aw Bin eee ow FS wh eee 
M6... RD an eee ww TW Se 
1865 ... 26 ... 16860 ... 116 ... W300 


1964... 24 ... 14260 ... 87 ... 
Amongst the vessels launched last month were : 


63,650 
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Glasgow Pig Iron Market.—My anticipations regarding 
the unlikelihood of the price of pig iron falling below the very 
low rate lately mentioned have not been realised. The fall since 
last report has been unusually great, down even to 51s. 7d. and 
and 51s, 74d. cash. These price prevailed on Monday—when 
some 8000 tons were sold—and yesterday, and 51s. 9d. to 
51s. 103d. a month. To-day there has been a slight advance, 
namely, to 51s. 8d. and 51s. 9d. cash, both of which prices were 
paid. Coltness No. 1 is still at 57s., but Gartsherrie No. 1 has 
fallen a shilling per ton, and is now quoted at 55s. The ex- 
ports from all Scotch ports for a period of about five months 
are 28,642 tons under what they were in the corresponding 
period last year. The following are the imports of Middlesboro’ 
pig iron into Grangemouth :— : 

Tons. 
For the week ending May 30, 1868 ... we 2,880 
June 1, 1867 ... ee 1,149 


” ” 


Increase ... an ie ose «- 41181 
Total imports till May 30,1868 ...  .. 42,746 
” ” June 1, 1867 eco eco 15,064 
_ Total increase for 1868 ... ase eve 27,682 
In their circular for the ‘past month, Messrs. Connal and Co. 
say, “The market has again been without animation, and 
sige have slightly declined, closing at 51s. 104d. per ton, cash 
or warrants. The stock in Connal and Co.’s yards is 215,132 
tons, with warrants circulating for 201,900 tons; and in Canal 

Co.’s yards 16,265 tons, with warrants for 15,500 tons.” 
Termination of the Ship-joiners’ Strike.—As indicated in a 

Previous paragraph, the strike among the joiners employed in 

the shipbuilding yards in Greenock has terminated. The men 





have agreed to resume work upon the old terms, and the dis- 
pute, therefore, so far as it extended along the Clyde, has ended 
in the meantime. The decision of those who were on strike to 
resume work has been intimated to Mr. Smith, secretary of the 
Employers Association, by the ship-joiners’ union secretary, Mr. 
Paterson, so that it is to be hoped that in the shipbuilding yards 
matters will proceed as harmoniously as heretofore. 

New Graving-Dock at Port-Glasgow.—It is publicly stated 
that Provost Reid, of Port-Glasgow, has eta to construct 
beside his shipbuilding yard a graving-dock, capable of accom- 
modating the largest vessels that frequent the Clyde, at a cost 
of from 40,0002. to 50,0002, 

Lighthouse on Scurdyness, near Montrose.—I referred to this 
project some months ago. It is now stated by the Dundee 
Advertiser that Mr. Scott, the confractor, received the plans of 
the lighthouse at the end of last week, with instructions to pro- 
ceed with the work immediately. 

Transfer of the Hamilton Gasworks to the Corporation.— 
The Town Council of Hamilton, the principal town in the 
Middle Ward of Lanarkshire, have entered into the possession 
of the works of the New Gas-Light Company. It is understood 
that the claim made by the Gas Company for the works, plant, 
good-will, &c., amounts to upwards of 19,000/. The arbiter on 
behalf of the company is Mr. Hugh Bartholomew, gas engineer, 
Glasgow; Mr. Smith, gas manager, Coatbridge, is the arbiter 
for the Town Council; and the oversman is Mr. Andrew Banna- 
tyne, Dean of the Faculty of Procurators, Glasgow. The 
Dundee people and Town Council are promoting a Bill just now, 
at an enormous expense, for the acquisition of the gasworks of 
that town as corporation property. ‘The chief opposition comes 
from the Chamber of Commerce. There is no fighting or waste 
of money in the Hamilton transaction, and thus a worthy 
example is afforded to Dundee by a town of very much less 
importance. 

Coal Pit on Fire near Alloa.—Considerable excitement was 
caused in Alloa on Sunday last by a report that a coal pit in the 
neighbourhood, on the Earl of Zetland’s estate, was on fire. 
The pit in question is about 30 fathoms in depth, and has two 
seams, the lower one being “ splint” and the upper “ cherry” 
coal. It is believed that the fire originated in the fire cube, 
which is about 5 fathoms from the bottom of the ventilating shaft, 
and that it had extended from it to the woodwork of the shaft, 
all of which was soon destroyed, together with the pit cradling, 
and the head gearing, framework, shear legs, po other ma- 
chinery at the pitmouth ; even the coal on the hill was threatened 
with fire, so rapid was its progress. Both the seams of coal in 
situ took fire. Ifncot thoroughly extinguished, the fire was at 
least smothered by closing the top of the shaft which served as 
the “intake.” From 80 to 100 people are for a time thrown 
out of work, but this loss is small compared with the sacrifice of 
seven lives—five men and two women—which occurred through 
a similar sort of conflagration in another coal mine near Alloa, 
in the year 1830. It is so far fortunate that the event of Sun- 
day last happened on Sunday, when all the workers were out of 
the pit. 

Railway Communication with Queensferry.—The Queens- 
ferry branch of the North British Railway system has just been 
opened throughout for the conveyance of passengers. ‘The 
branch, which is about 5$ miles in length, has its junction with 
the Edinburgh and Glasgow line at Ratho, the entire distance of 
the journey from Edinburgh being about 13 miles. It has been 
open as far as Dalmeny, a distance of 44 miles, for more than 
two years, four trains having of late been running in the day 
from Edinburgh, and three from Dalmeny, with one to Glasgow. 
The remaining portion of the line just opened has involved some 
heavy work, being for the greater distance through heavy cut- 
ings of rock, and having its termination on a very steep em- 
bankment, and it was only in March, 1865, that it was begun. 

Kelso Water Supply.—Owing to the bursting, some months 
ago, of a cast-iron tank or reservoir, the water supply of the 
town of Kelso is at present in an unsatisfactory state. The 
people supply themselves as they best can from the Tweed or 
otherwise, but the police commissioners are urged by Mr. 
Brunlees, C.E., London, to depend upon some other source of 


supply. 








NOTES FROM INDIA. 

Bengal.—The total fall of rain in Calcutta, as registered in 
the governor-general’s office, from the 1st of January to the 
14th of April was 2.26 in. against 3.03 in. for the corre- 
sponding period of last year. . 

The Friend of India, in yoyo | on a series of letters 
addressed by a Mr. Graham to an Edinburgh paper, urging 
the colonisation of the Cossyah Hills, states that the records 
of the Bengal Government hardly bear out Mr. Graham in 
his enthusiastic admiration for the Cossyahs; and even 
supposing a scheme of colonisation tenable, an invasion of 
their lands would be the very thing to turn them against us 
altogether. : 

Another of the Irrawaddy Flotilla Company’s new 
steamers was launched at Rangoon early in April last. This 
steamer has all the cabin accommodation on deck, and the 
fittings were all made in England. She has been constructed 
of such light draught as to enable her to go anywhere on the 
Irrawaddy, with the intention of initiating a trade as far up 
as Bhamo. 

Madras.—In the month of March 22,133 ewt. of cotton 
was exported from Madras, valued at 4,95,780 rupees. The 
exports in February last from the Godavery and Kistnah 
districts, and from Tinnevelly, amounted to 11,565 bales, of 
which the greatest portion was exported to London. 

A scheme for supplying water to Ootacamund from the 
high grounds in the direction of Snowdown, as projected by 
Captain Tulloch, has been ordered to be carried out with the 
utmost possible despatch, and the reclamation of the swam 
at the head of the lake at Ootacamund is to be proceed: 
with at the same time. Lieutenant Vibart has also been 
directed to prepare a plan for the internal drainage of the 
town of Ootacamund. ; F 

A great want of water has recently been experienced in 
the Cuddapah district. There are, in the talook, forty-fiv 





villages with a very scanty supply of water, and eighteen 
with none at all. ho supply thus arrangements haye been 





made for the expenditure of 4000 rupees on digging and 
deepening wells. © Govuniens has also photon. o° 3 ex- 
penditure of 15,000 rupees for the construction of three 
roads, with a view of giving employment to the poorer classes 
during the present season of scarcity. ‘ 


Bombay.—On Saturday 25th April the foundation stone °f 
the College for the Sons of the Chiefs and others of KattiawaT 
was laid by Colonel Anderson, the political agent there. The 
idea of this college originated with Colonel Keating and Cap- 
tain Hebbert, and it will be the first edifice of its kind in 
Kattiawar. The plans have been pre by Mr. Bovdth, 
C.E., and the designs, in the Gothic style, will be very hand- 
some. It will be about 180 ft. in length, and 46 ft. in height. 
It will have an upper and lower storey, the ground floor 
being divided into an entrance hall and four large class rooms, 
the upper storey into dormitories and smaller rooms. The 
main building will cost about 30,000 rupees, which sum has 
already been subscribed by the chiefs; but it is also in- 
tended to build quarters for an European superintendent 
near the college, and the cost of this, together with outhouses, 
laying out the grounds, &c., it is expected will cost another 
30,000, making a total of 60,000 rupees. 

It is reported that the commissioner of Mooltan has at last 
been officially informed that the railway connecting Mooltan 
with Kotree will be undertaken before the Peshawur line. A 
staff is stated to have been already organised in England 
which will arrive out about the end of September next, so as 
to be able to set to work the moment the cold weather sets in 
preparing detailed plans and estimates. 

General Abbott, late Commissioner of Oude, has, we are 
informed, been appointed agent of the Punjab and Delhi 
Railways, in the place of Colonel Elphinstone. 

Great complaints continue to be made regarding the 
arrangements for the weekly mail to India, in consequence 
of so low a minimum contract speed as 94 knots an hour on 
the further side of Suez, and 10 on this side. It is very 
justly remarked in one of the}Indian papers, that “at a time 
when the Peninsula and Oriental Company was receiving an 
addition of nearly a quarter of a million sterling to its subsidy, 
and other subsidised companies, such as Cunard’s were in- 
creasing the speed of their vessels and receiving smaller 
grants from the public treasury, it was to be expected that 
greater speed would have been secured between Marseilles 
and Bombay.” 

During the month of March, 807,856 lb. of cotton, of the 
aggregate value of 2,08,030 rupees, were — from the 
ports in Sind to London and Liverpool. . Rivett Car- 
nac’s cotton report states that, as compared with those for 
the corresponding months last year, exports up to April 4 
were 61,986 against 77,248 candies. Cotton was still coming 
into the markets in considerable quantities, and the season, 
it was expected, would continue later than usual. The ar- 
rangements of the railway companies for carrying off the 
cotton have now been made satisfactory. The cotton is 
loaded on the wagons as soon as it arrives in the yards, and 
the goods trains make the journey between Sheagaon and 
Bombay in much shorter time than they did last year. 

The municipality at Kurrachee have recently constructed 
an excellent road to the famous Muggur pier, which will be 
a great convenience to visitors landing there. 

A correspondent of the Levant Herald gives an account of 
the Suez Canal, in which he states that the fellahs have en- 
tirely ceased to work on the canal. Mortality in their ranks, 
and official instructions following upon special conventions, 
have combined to bring about a cessation of native labour. 
The French machines are at work, but make slow progress. 
The low state of the company’s funds is much talked of. The 
contractors will not be paid, it is said, until next August, and 
the works will then be indefinitely suspended. A report is 
current amongst the upper employés that the pro loan‘ 
which the company could not succeed in floating some months 
ago, is now about to be issued in a new form, with accom- 

anying lottery prizes like the Mexican bonds. M. de 

sseps is trying hard to get this plan adopted. If he does 

not succeed, the works will be og in August; if he does, 
they will go on working with the ges. 








Miitary TeLEGRAPHS.—The officers and sappers of the 
Royal Engineers at head-quarters, Chatham, haye com- 
menced their summer course of out-door instruction in field 
telegraphy, under the direction of Captain R. H. Stotherd, 
principal instructor in telegraphy at the Royal Engineer 
establishment. On Monday last the Royal Engineers were 
engaged in practising the new system of military telegraphy 
for field service, by means of which lines of telegraph can be 
carried over a space several miles in length in a very brief 
time. In order to facilitate the operations two large wagons 
have been specially constructed to accompany the feld force, 
containing the whole of the material and equipment for lay- 
ing down a line of telegraph, and for carrying on telegraphic 
operations from head-quarters or to the base of operations. 
In one of the wagons are conveyed the whole of the batteries 
and apparatus for communicating by telegraph, while the 
pent wagon is filled with several miles’ length of wire, 
together with telegraph posts, tools, and other appliances to 
enable the sappers accompanying the working b pom J to run 
out and fix the wires wherever it may be found necessary to 
lay down the lines. Each wagon carries a complete equip- 
ment for laying down and immediately working a line of 
telegraph from four miles to six miles in length. e results 
of the operations which have already been made at Chatham 
show that no mete wg exist, —_ ~~ pn can 
be promptly surmounted, in laying a line of telegraph 
wherever required by an army in the field. 


German Exprepition to THe Nort Pors.—It is 
probably not generally known that a German exploratory 
voyage 1s now being made to the North Pole. The expedition 
is under the command of Captain Charles Roldewey, and it 
cleared from the West Coast of Africa, May 24. The expedi- 
tion will commence its ~~. ieaaee between the 74th and 
75th degrees of north latitude. 
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INDIAN PUBLIC WORKS DEPARTMENT. 


To tus Epiror ory EnGingerine. 


Srz,—In the last number of EnerngeRine there appeared 
a letter signed “ Executive Engineer,” in which some of the 
statements contained in my paper read before the Society of 
Engineers on 16th March last, relative to the prospects of 
dell eagiaems in the Indian Public Works Department, are 
called in question. I am not fond of engaging in newspaper 
controversies, but as silence on my part could not fail to be 
misconstrued, and to be attributed to an inability to sub- 
stantiate what I have previously stated relative to the 
position of civil engineers in India, and to which i= widely 
circulated journal has given general publicity, I feel called 
upon to reply. 

I have stated that after seeing the several attacks made on 
the Indian Public Works Department, which have ——_ 
in letters addressed to the respective editors of The Builder, 
The Engineer, and the Irish Times, I was prepared to 
contradict all the complaints thus publicly made, with the 
exception of those relating to salary; but it must be under- 
stood that I no not thereby mean to state that the service 
does not suffer from other real grievances which cannot be 
satisfactorily refuted, but which are not contained in the 
communications above referred to. Possibly there are 
numerous cases to be found in the Public Works Department 
of individual grievances, but to these I do not refer; my 
remarks having reference only to the general grievances 
under which the civil officers of the department suffer. Were 
it not for occupying too much of your space, I would take all 
the complaints which have been, so tar as I am aware, 
publicly made, and consider them seriatim. I shall, however, 
now confine myself to a confirmation of the average services 
in the different grades, to which also your correspondent 
takes exception. 

I have again carefully gone over the “ Classified List and 
Distribution Return of Establishment” of the Public Works 
Department, corrected up to Ist October, 1867, with a view 
to test the accuracy of my former calculations, and I find not 
only that the figures given in the paper above referred to are 
substantially correct, but that wherever the average comes 
to the fraction of a month, I have treated it as a whole 
month, so as to be on the right side. The services of 
executive engineers of the Ist and 2nd grades are, I admit, 
open to question, as no really reliable data exist for cal- 
culating a correct average; but I think it must have been 
clear from my paper that I had included in the averages the 
services of those who were appointed to the grade of execu- 
tive engineer 4th grade in 1805 and early in 1859. The in- 
cumbents of those grades who were appointed from England 
were all sent out between the years 1854 and 1869, and 
posted at once as executive engineers 4th grade, or as special 
assistants. With regard tothe next grade four of the execu- 
tive engineers 3rd grade are Stanley engineers, and their 
average service before reaching that grade is just 6 years 
9 months. Five of the same grade were appointed in 1856, 
two of whom went out as executive engineers 4th grade, and 
three as overseers, and one went out in 1859 as a 4th grade 
executive engineer. The general average service of the whole 
ten is, as given in my paper, 8 years 8 months; so that by 
ncluding those appointed prior to the competitive examina- 
tions the average, so far as the object of my statement is con- 
cerned, was drawn considerably too high. 

I have no corrections to make with regard to the other 
grades below that of executive engineer 4th grade, with the 
exception that, for the reason stated aboye, the service in 
each grade is represented as at least a fraction of a month in 
excess of the true average. ' 

I am, Sir, &c., 


June 4, 1868. Frep. Cuas. DANVERs. 


CIRCULAR VESSELS. 
To ras Epiror or ENGINEERING. 
Srr,—Having seen a notice in your paper of last week 
headed “Circular Iron Clads,” entering very fully into the 
descriptive features of a vessel of circular form designed by 
Mr. John Elder, of the eminent firm of shipbuilders, Messrs. 
Randolph, Elder, and Co., of Glasgow, I beg to be per- 
mitted to state that some four years ago, when maturing my 
plan for improved approaches from the town of Liverpool to 
the river margin, the peculiar character of that design re- 
quired me to consider some facile and improved system of 
transporting oe and earts across the Mersey; and 
after many practical experiments, pointing to successful re- 
sults (many of them similar to those arrived at by Mr. Elder), 
I designed a circular saucer-shaped vessel, 100 ft. in diameter, 
of very light draught. I did not, however, patent the in- 
vention. The plans were laid before the Mersey Docks and 
Harbour Board, and were fully described to them in more 
than one report. 
Descriptive plans and a general outline of the proposal 
also appeared ia November last in your columns. 
I am, Sir, your obedient Servant, 
Gores Fospery Lysrsr, 
Engineer-in-Chief to th» Mersey Dock Estate. 
Dockyard, Liverpool, June 4, 1863. 











Tae Merroporitay Warse Surpiy.—The water sup- 
_ by the metropolitan companies during the month of 
May contained (according to Professor Frankland’s analysis) 
in 100,000 tons foreign solid matters amounting to 26 tons in 
the Chelsea water, 26 in the West Middlesex, 27 in the 
Southwark, 26 in the Grand Junction, 27 in the Lambeth, 24 
in the New River, 25 in the East London, and 41 in the 
Kent. 100,000 tons of the Chelsea water contained 20 tons, 


the West Middlesex water 19 tons, the Southwark, Grand 
Junction, and Lambeth waters 18 tons, the New River and 
East London waters 17 tons, and the Kent water 27 tons of 
carbonate of lime, or an equivalent quantity of other soap de- 
stroying ingredients. 
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Mr. James McHenry.—It is stated that arrangements 
are in progress between Mr. James McHenry, the contractor 
for the Atlantic and Great Western Railway Company, and 
his creditors, to the effect that they will accept 20s. in the 
pound by instalments, of which 6s. 8d. is to be paid within 
two years, and that creditors to the extent of 2,400,000/., out 
of the aggregate of 3,600,000/., have already agreed to the 
offer. One of the creditors for about 5000/., be objects to 
the deed, has taken out a summons in bankruptcy, but there 
is said to be no doubt that the deed will be legally completed 
by the assent of nearly all the large creditors, so as to prevent 
any proceedings in bankruptcy taking effect. 

2xPorTs oF [Ron anpD StEeEL.—Notwithstanding all the 
talk about foreign competition, the value of the exports of 
iron and steel effected from the United Kingdom, last year, 
amounted to no less than 15,126,9127., as compared with 
13,603,337/. in 1857. Despite some fluctuations, this branch 
of our exports has thus made a sensible progress during the 
last “y years. In fact, last year’s figures were the best on 
record. 

Exports oF British Macuivery.—In 1853 the exports 
of steam engines from the United Kingdom were officially 
valued at 458,376/.; in 1858, at 1,097,278/7.; in 1863, at 
1,595,0367.; and in 1867, at 1,994,9847. Other machinery 
was exported in 1853 to the value of 1,527,160/.; in 1858, to 
the value of 2,502,074/.; in 1863, to the value of 2,772,976/. ; 
and in 1867, to the value of 2,968,928/. It is difficult, in the 
face of these figures, to see how English machinery is being 





elbowed on one side by that of other nations. 
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French Oceanic Steam Navication.—The French 
Government has concluded a convention with the Messagéries 
Imperiales, by which the service of the latter in the Chinese, 
Indian, and Japanese seas will be materially extended. The 
French Government has also connected to the French Trans- 
atlantic Steam Navigation Company a new service from 
Panama to Valparaiso, with a supplementary subvention of 
28,0007. per annum, and a guarantee of interest into the 
bargain. ; 

Braztt.—The vast empire of Brazil boasts of but a single 
coal mine in working order, almost the entire supply for the 
imperial and merchant navy, gas works, — private 
and industrial purposes being derived from England. One 
of the great steam lines running to Southampton has a depot 
on an island in the Bay of Rio Janeiro, and here resort the 
steamers of all the English, French, American, and Brazilian 
lines plying to the ports to obtain their supplies. Coal 
forming such an important article of importation, such places 
as Cardiff and Newcastle are placed in the first rank of ports 
which maintain commercial relations with the capital of the 
Brazilian empire. 

Genoa anp Nicge Rattway.—The Voltri and Savona 
section of the Genoa and Nice Railway, which has just been 
inaugurated, comprises some rather heavy works. The section 
is 18} miles in length, and has been carried almost entirely 
through rock. There are no less than 39 tunnels upon the 
section, the length of the longest being 3920 ft. ; The opening 
of the line was delayed for some time by the slippery nature 
of the earth at one of the tunnels (the Lastroni). 
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SMITHFIELD MEAT MARKET. 

Tue long waited for central metropolitan meat market is 
at last approaching completion. Mr. Horace Jones’s portion 
of the work—the market proper—is sufficiently ambitious to 
enforce attention, but in proportion as that portion has pro- 
gressed the result of the heavier labour involved in the pre- 
paration of the ground by Mr. Fowler has been buried be- 
neath it, till at last a flitting vision, from the windows of 
Great Western or Great Northern Railway carriages running 
to or from Moorgate-street Station, of a dense forest of white- 
washed columns, is the only evidence the public have of the 
existence of a great railway depdt under the meat market. 

A full account of the successive modifications of the original 
design for this work would be instructive and suggestive, but 
voluminous; we must, therefore, confine ourselves generally 
to a description of the depot as it now stands. By the Metro- 

litan Meat and Poultry Act of 1860, the Corporation of 

ndon were authorised to acquire property at Smitlifield, 
and to appropriate part thetedf for the sale of hay and’sitaw 
in wagons, and another part ‘for a market house for: x- 
posure of meat, poultry, and other provisions. Also t @mter 
into an agreement with any railway company for ng 
out the néeessary works for a station, with approaches thereto, 
under the market floor, and communicating with it by ts ; 
provided that the said station were not used by ordin S- 
sengers. ‘Lhe same year the Metropolitan Railway a. 
applied to Parliament for powers to execute this work, in- 
cluding a junction line from Farringdon-road rey 8 
radius of which was proposed to be 3 chains only, the 
gradient 1 in 38, and the London, Chatham and Dovét Rail- 
way Company obtained powers for forming a junc also. 
The following year acts were obtained by the Metropolitan, 
Great Western, and Great Northern companies for construct- 
ing the depdt, and by the former company for executing the 
junction line with a 10 chain curve on 1 in 100 gradient, and 
for extending the line through the market to Moorgate-street. 
In 1863 land was taken to allow the Metropolitan Railway 
proper to be carried outside, and clear of, the market, and in 
the present year powers are sought by the Metropolitan Com- 
pany to construct the junction curve from the London, 
Chatham and Dover Railway at Snow-hill, originally intended 
to be carried out by the latter company. These successive 
acts are landmarks indicating the gradual development of the 
complete system now coming into active operation. 

Referring to the general plan of the depdt, which we give 
on the preceding page, it will be seen one pair of mixed gauge 
lines—the Metropolitan Railway widening, with which the 
London, Chatham, and Dover Railway makes a junction—runs 
in at the north-west corner, and emerges at the east end, from 
which point they are continued to the Moorgate-street Station 
of the Metropolitan Railway. With the exception of these 
two main lines, and the necessary cross-over roads, the whole 
of the northern half of the depot is worked on the narrow- 

uge system, whilst the remainder, belonging to the Great 

Vestern Railway Company, is laid out with mixed gauge 
lines throughout. On each side of the main lines a platform 
is placed, available for passenger traffic to the market as well 
as for goods ; the communication in the former instance being 
»rovided for by a double flight of wide stairs, and in the 
fatter by hydraulic 30cwt. hoists, as at all the other plat- 
forms. The total number of hoists distributed over the entire 
area is fifteen, of which seven are 10 ft. square, and the 
remainder 10 ft. by 6ft. Ample machinery 1s provided for 
unloading and forming trains with rapidity, there being no 
less than fifty-five hydraulic 2 tons, and 30 ewt. cranes, three 
6-ton hand cranes, eighteen hydraulic capstans, three 
hydraulic traverses, and twenty-two turntables. The ma- 
chinery for the Metropolitan and Great Western halves are 
kept quite distinct, with separate engines and accumulators, 
17 in. diameter by 17 ft. stroke. 

The southern half of the depét is accessible to vans by 
means of a circular approach road 40 ft. wide, on a gradient 
of 1 in 24, leading to a 46 ft. road running the entire length 
of the market The retaining walls to this approach (Vig. 1) 
are founded on concrete, and up to a certain height are con- 
structed in solid brickwork. As the excavation deepens, 
concrete backing is added to the brick wall, till the type con- 
struction of the Metropolitan Railway—the recessed wall— 
becomes the more economical system. The crossing under 
the 60 ft. road surrounding the meat market is constructed in 
prickwork ; the depth from road to rail level, which is also 
that of the lower end of the approach, being 24 ft. 3in., suffi- 
cient headway is obtained for three arches 24 ft. span, 9 ft. 
6in. to springing, and 17 ft. Gin. to the soffit of the arches, 
which are five rings thick throughout, except immediately 
under the market wall, where two additional rings are in- 
serted. 

The size of the market inside the walls is 625 ft. by 240 ft., 
and that, of course is the nett size of the depdt underneath. 
The sides of the excavation are retained by vaults 24 ft. 3 in. 
high from rails to surface of pavement, about 16 ft. from centre 
to centre, and 26 ft. deep (Figs. 3,4). The thickness of the 
piers is 3) bricks throughout, with the exception of a length 
of 4 ft. Gin. from the tace, where they are thickened to 5} 
bricks for the piers supporting the main girders, and to 44 
bricks for the intermediate ones. Semicircular arches 7 rings 
thick spring trom the thickened portions of the piers; beyond 
those points the tops of the yaults are constructed in con- 
centric, but segmental, arches, 4 rings thick, backed with 
concrete, and asphalted with two coats jin. thick. 6ft. 
openings are left in each pier to establish communication be- 
tween the several vaults when used as stores. 

The preceding type of vault is adopted wherever prac- 
ticable; at each end of the depdt, however, turntables and 
lines intervene between the vaults and the basement por- 
tion of the market wall ; and other modifications are necessary 
at the exits and entrances of the several lines. The whole of 
the northern side of the depdt also varies considerably from 
the type construction on account of the proximity,of the 
lines of the Metropolitan Railway, which are condel past in 
a 25 ft. covered way, with a semicircular top 6 rings thiek, of 
which the market wall, thickened to 8 ft., forms one abut- 
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ment. With this thickness the line of thrust, under the 
worst condition of loading, lies 2ft. Gin. within the toe of 
the wall. Towards the eastern end thélines converge slightly, 
involving the adoption of a thinner pier ; girders are therefore 
substituted at that point. 

Across the mixed gauge lines the market wall is carried on 
a box girder about 135 ft. long, supported at three intermediate 
points on cast-iron columns ( Figs. 1 to 5) of very considerable 
strength, the largest being 18 in. diameter, and 2} in. thick, 
fitted to a bed-plate 7 ft. square, which is bolted down to a 
brick and concrete foundation. The load carried by this 
column is little short of 400 tons—about }th the weight of 
one of the Britannia Bridge tubes—and the resulting maxi- 
mum pressure on the hard clay foundation is somewhat less 
than 2} tons per square foot. With the exception of these 
three columns, and those carrying the road crossing the same 
pair of lines at the east end of the depdt, the whole of the 
columns are of wrought iron. 

The box girder, 4ft. 6in. deep, is built up of eight angle 
iron Gin. X Gin. X fin., riveted by lin. diameter rivets 
4in. pitch to web plates, varying in thickness from ;% in. to 
}in., and to flanges 2 ft. 6in. wide, varying from {in. to 
ljin. thickness. Stiffening T irons 6 in.x 4in.X}in. are 
riveted at intervals to the exterior and interior faces of the 
webs, and gussets are secured to the latter stiffness in such a 
Manner as not to interfere with the painting of the interior 
of the box girder when considered necessary. 

A skew face girder about 56 ft. span and 5ft. Gin. deep 
carries the parapet of the 60 ft. road on the north side of the 
market, and the space included between this girder and the 
one last described is covered in with brick arches in cement 
two rings thick, and about 8 ft. span, springing from the top 
flanges of ordinary wrought iron girders, tied together by 
flat bars at the required intervals. 

At the east end of the market a somewhat similar bridge 
occurs; all the girders, however, are continuous, the one 
carrying the walla weight of 8 tons per lineal foot being 
4ft. 6in. deep, and the others 2ft. 6in. only. On the same 
side space is provided for the engines and accumulators for 
working the Great Western Railway half of the depdt; pro- 
yision is made, however, for the erection of buildings over the 
frontage portion of this space. 

The platforms, of 3 in. rough planking, ‘ate protected by 
wrought iron nosing, and on the side of the van road by a 
wood fender and tyre iron guard, at a height of 2 ft. from 
the 15in.x12in. granite kerb. Dwarf walls 7 ft. centres, 
carry the joists under the 3 in. planking. 

Drainage of the substructure is effected by one main 18 in. 
barrel drain under the mixed gauge through lines, and by 
another of similar size under the van road. To these the 
various pipe drains from the backs of vaults, and pits for 
hydraulic machinery, are connected. 

Massive foundations are put in at each corner of the depdt 
for Mr. Horace Jones’s towers, some 120 ft. high from the 
bottom of foundations, and 180 brick and concrete foundations 
are provided for as many wrought-iron columns, carrying 
the market floor. The latter is formed of brick arches two 
rings thick, 7 ft. 6in. span, and 1 ft. 9 in. rise, springing from 
the bottom flanges of cross girders which are secured to the 
top tables of main girders placed about 30 ft. apart. The 
cross girders are continuous throughout the entire length of 
the market, except under the centre road, where they are 
lowered to a level of 4ft. 6in. from the surface of the paving 
to accommodate the gas and water mains passing along that 
road. A load of two tons per foot run has to-be carried by 
these girders, and the section given is a 2 ft. 6in. x 3 in. web, 
riveted to 12 in. x § in. inte four angle iron 3} in. x 3} in. 
xX din. (Fig. 9). ‘ 

The main girders are continuous across the entire width of 
the market, 240ft., and the intervals at which columns 
occur varies from 6 ft. to 58 ft.; the ordinary section of these 
girders (Fig. 8) is a 3 ft.x}in. web secured to 18 in. x1} in. 
flanges, by four angle irons 4in.x4in.X{in. When the 
span exceeds a certain amount, box girders are substituted, 
6 ft. in depth. The load sustained by all these main girders 
is unusually great, ranging from 7 to 9 tons per foot run. 

Wrought-iron columns (Fig. 6), formed of channel iron 
12 in. x 3} in. x1} in., and plates 15in.x lim, are adopted in 
most instances. Under the box girders, ‘however, double 
columns of analogous section are substituted (Fig. 7). 

The drainage of the market floor is taken by 9 in. cast-iron 
pipes, supported on brackets secured to the main girders, and 
connected with a sewer on the south side of the market. A 
central road 50 ft. wide, running across the market, and 
another one-half that width traversing the entire length of 
the same, form the main arteries of communication to the 
different blocks into which the market is broken up. 

It may easily be imagined that the exact- determination of 
the required section of the numerous continuous girders 
supporting the market floor would be an extremely laborious 
process if a strictly mathematical mode of investigation 
were adopted. A geometrical process of great simplicity, 
based upon the principle of the identity of the sum of the 
moments of resistance of any continuous girder with that of 
the single moment at the centre of an independent girder of 
similar span, was for that reason substituted in the present 
instance. We propose, however, deferring the consideration 
of this question to a future article. 





Scarcity oF Mecwaytcs 1x Cattroryra—From_ the 
statements of the Californian papers there appears to be a 
great scarcity of mechanics in that country. Wages are 
ranging at from three to four dollars per day im gold for car- 
penters, and it is said that at least one thousand more might 
at once obtain employment there. There is a scarcity of 
hatters, shoemakers, machinists, and workers in all branches 
of mechanical art. Ten thousand mechanics, it is stated, 
would readily find employment. Much of the machinery 
used there is made in England and eastern cities of the United 
States. Leather is sent to Philadelphia and elsewhere to be 
made up and returned. 


CAPTAIN LIERNUR’S SEWERAGE SYSTEM. 
b Mn. 'T. W. Cownan’s Opuxton.* 
Letter of Captain Liernur to Mr. Conrad. Translated 
from the original. 
The Hague, 62, Frederichstraat, Feb. 24, 1868. 
Str,—In view ot the pressing need in this country for 
an improved mode of removing sewage from towns, I have 


the honour to request you to give your opinion of my system, 
and to allow me to publish it. 

My aim is to make an end, if possible, to the indecision 
of municipal authorities regarding what plan to adopt, which 
greatly results from their uncertainty about the merits, or 
otherwise, of 3 | 


system. 
am, Sir, with distinguished consideration, 
respectfully your obedient Servant, 
(Signed) Cuarzes T. Lieryvr. 
To F. W. Conrad, Esq., Chief-Ins' r of the “Water- 
staat” of the Netherlands, President Royal Institute of 
Engineers. The Hague. 
To this straightforward note the following decisive answer 


was returned : 
The Hague, March 4, 1868. 
To Charles T. Liernur, late Captain Engineers. The Hague. 

Sir,—You have communicated to me your desire for my 
written opinion about your sewerage system. 

This branch of engineering is not entirely my speciality, 
and hence I do not like to pronounce judgment on questions 
involved in it; but I am so convinced of the importance of 
the —— that, after a careful perusal of your little work, 
“De Rioolkwestie,” and, above all, after your verbal and 
written additional explanations, I shall willingly try to accede 
to your request so far as I am capable of doing. 

The necessity of an improvement in the present sewerage 
works of most towns in the Netherlands forbids me to stand 
| aloof in contributing something, if possible, towards the in- 

troduction of such useful works. 
| I need but shortly refer to the deplorable results of every 
procrastination in, the application of better means for the re- 
moval of filth out of the towns. 
Medical statistics show the average death-rate per 1000 
| inhabitants to be from 30 to 35 annually, and 15 to 20 annual 
| deaths to result from. diseases caused by inhaling impure air 

or drinking impure water. 

According to statements made, I think, by Dr. Egeling,t 

there are in this county annually 20,000 human lives lost 
| through diseases which could have been prevented by proper 
measures in behalf of public health, the principal one of 
which is to provide pure air and water in the towns. 

In places where pure water is to be had, and the air is not 
acre through the putrefaction of the excreta of the in- 

abitants, the death-rate is barely 15 per 1000. 

If one adds to this awful account the many illnesses having 
the same causes, and preventing us from being usefully 
engaged, then must it be acknowledged that to make a change 
in this matter becomes a duty. 

In your plan to effect this, I notice as the ruling principle, 
not to remove the excreta (which appears to be the chief 
source of the existing evils) by means of the sewers serving 
for drainage of meteor and house water, but by some other 
method. 

The system applied until now in many cities (the water 
carriage plan) seems not to have fulfilled the high expecta- 
tions thereof entertained. 

This may have been caused by the little knowledge then 
had of the particular nature of fecal matter; it was con- 
sidered as something that a tout prix must be got rid of, and 
covered gutters or sewers, flushed through with large volumes 
of water, were deemed the best to effect that purpose. 

The use of water was advocated as the best means of pro- 
moting cleanliness, and also of providing the cheapest mode 
of transport. 

Though these principles were correct enough, it appears 
now to have become evident that such a plan cannot be re- 
commended. 

A sewer should be large enough to store all storm waters, 
in order to prevent flooding of streets, cellars, &c. In ordi- 
nary times it is seldom more than half full. Excreta dis- 
charged therein speedily decomposes, and the gases, thereby 
produced, collect in the empty space above, and ascend the 
inclined plane of the fluid. 

This motion is the natural result of the little specifie weight 
of these gases, and gives them a constant tendency to escape 
through the street gullies and privies. 

The so-called hydraulic traps seem not to be able to prevent 
this. Zechnici who have made a speciality of this matter, 
assure us that the gases escape both when the water in the 
trap is disturbed through the flowing in of additional fluid, 
and when by heavy rains the water, then level in the sewers, 
rises, and thus forces the gases out. 

All the contrivances used to prevent this seem not to have 
done any good, and the chemical means of purifying the sewer 
air are much too expensive. 

The only plan to abate this nuisance is perhaps to allow 
their constant eseape in the streets; but the General Board 
of Health opposes this justly, on account of the evil effect 
which this measure has on the public health, asis fully shown 
by experience. 

Sewerage works upon this system can thus not be recom- 
mended, seeing that thereby just what should be removed re- 
mains in the towh; namely, the gaseous or deleterious part of 
the exereta. . 

But there are still more objections to this system. No 
mortar, however; can long resist the destructive influence of 
the saltpetre and some silts produced by fecal matter. These 
make the mortar porous, and cause, like the rents and 
fissures thereby made in the masonry, that poisoning in the 
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* Mr. Conrad’s opinion is referred to in the course of an 
article on Captain Liernur’s system, which we publish on 
another page of the present number. 

t+ Medical Inspector, Province of South Holland. 
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soil against which the drinking water commission objects so 
strenuously. 

It seems also to be a fact that banks of mud are formed in 
the streams receiving such sewer water charged with excreta. 
This occurred lately in the Thames to such an extent that 
navigation and water-way suffered by it, and regular dredgin 
becomes necessary, which, as justly observed by you, wil 
form no small item in the bill of costs for maintaining these 
works. 

Another objection is that this system required waterworks 

iving an abundant supply, and that a larger volume of 
water is required to prevent the stench of sewers than in most 
cases is obtainable from the prisa d eau. : 

It is further evident that when sewers are laid deep enough 
to drain a town properly, their contents must in most cases 
be pumped up to a free outfall, which also largely increases 
the cost of maintenance. 

There are also many objections against this system in an 
agricultural point of view. ‘ . 

Agriculture demands the excreta of the inhabitants back 
for refertilising the soil; but manure diluted with about 
300 its own volume of water can seldom be utilised. Most 
fields require rather drainage than irrigation, and the latter 
can only be applied to meadows, but not to tillage land. 

It is nearly impossible to transport such manure, and if no 
meadows are found low enough to utilise it by its constant 
flowing over them, nothing remains but to waste it in the 
nearest watercourse, which in that case becomes polluted. 

To satisfy the claims of agriculture, it has been tried to 
separate the fertilising ingredients again from the sewage both 
by artificial evaporation and by precipitation in large basins ; 
but these processes proved too expensive. 

It is then evident enough that a sewerage system by which 
the excreta are discharged in the drainage conduits can in 
no way be recommended. 

Much stress has been laid in the last few years on the use 
of fosses mobi les, or movable vessels, for the removal of 
excreta from dwellings, with the condition that these vessels 
should at least thrice a week be exchanged for empty 
ones, and that the filled ones should immediately be trans- 
ported out of town, in order to utilise their contents. 

As the exchange of these vessels is only practicable in day- 
time, it is necessary that the disgusting wagons required for 
their transport should appear also in daytime in the streets, 
a nuisance just as intolerable as the visit of the labourers in 
the dwellings. Besides this, such a method becomes in busy 
streets absolutely impracticable. The vessels being inodorous 
is a sort of theoretical illusion, only obtainable by far too ex- 
pensive chemical matter for their disinfection, which matter, 
too, greatly diminishes the agricultural value of the excreta. 

The use of .well dried earth for disinfection is, upon the 
whole, not less expensive, and hence none of these methods 
are recommendable. 

Under these cizcumstances, the question arises: whether 
your plan has none of these objections ; and is thus better ? 
“A first requirement is, it appears to me, in all sewerage 
works, that fecal matter is daily removed without entering 
them. 

This leads at once to the conclusion that the only plan that 
remains is the one adopted by you, namely, the one of using 
a separate tubular system with which the privies are con- 
nected. 


To use water for flushing these pipes would, for abov 


deseribed difficulties in reference to the dilution and trans- 
port of the excreta, be very objectionable. , 

The application of air-pressure, as proposed by you is hence, 
in my opinion, the best to affect that purpose. Consequently 
I cannot otherwise than call the main features of your plan 
perfectly correct, and I must acknowledge that it is based 
upon just principles. 

Your system embraces two classes of works, namely, those 
above and those under the ground. 

To the mechanical engineer should be left to judge of the 
merit of your contrivances above ground. No one, however, 
will doubt the practicability of constructing an air-pump 
driven by steam, and capable of establishing, in a compara- 
tively short time, a vacuum, in order by its means to move 
certain matters by air-pressure. 

The form of engine designed by you appears to me very 
good, and the report that it has given perfect, satisfaction at 
the trial in Breda is a practical demonstration of this. Any 
modification which perhaps may yet be deemed aflvisable can 
at any time afterwards be made. 

But in the works below ground no modifications or changes 
are practicable without incurring greet expense and an- 
noyance to the inhabitants ; hence the construction of such 
works demand the greatest care. 

It is not necessary for me to enter into all the details of 
your project. They are far better known to you than to me. 

It appears thus to me sufficient here to declare that a care- 
ful examination of your plans, elucidated by your verbal and 
written explanations, which I hope to have thoroughly under- 
stood, has convinced me that by your system really the results 
can be obtained expected therefrom. 

When the pipes are laid according to your directions, all 
the inverted syphons have the same contents, and the valve 
on the main pipe is opened and shut with short intervals, 
while the air pump continues working ; then must occur that 
which you calculate on, namely, that the reservoir receives in 
the course of two or three minutes the fecal matter first 
collected in the privies. That this matter can afterwardsbe 
i Na a wagon, also through air pressure, is obvious 
enough. 

It 4 a very good arrangement to have the valve of every 
main pipe so constructed that it ean be lifted out in a moment 
of time for purposes of examination ; and the dimensions of 
the pipes are such that little fear need be had of stoppages. 

Nor is there any danger'that small leaks in the tubes will 
do harm, for they will speedily, be,stopped again by some of 
the surrounding soil being, sucked in, Onteaty repairs on 
the air pump engine can easily be % . 

The material employed.by you promises durability, for I 
am informed that cast iron pipes used for frésh excreta have 
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been found on the inside covered with a sort of fatty sub- 
stance which prevented their rusting. The outside can be 
protected by other means. 

Taking all the above into consideration, I willingly express 
here my conviction that your plan is, so far as I am, capable 
of judging, based upon good principles, so that I do not see 
any reason why it should not fully answer the purpose ; 
while, at the same time, it seems to me far preferable above 
any other system for rapidly removing fecal matter from 
cities without, muisance to the inhabitants. Hence I do not 
hesitate fully to recommend the application of your system. 

And though I do not flatter myself that my opinion on the 
subject will be of much weight, I willingly give you the 
liberty of making, according to your request, such use of it 
as may best serve your purpose in bringing about a speedy 
and general introduction of your project. 

to accept the assurance of my distinguished con- 


sideration. 
(Signed) ConRaD. 








THE CARTHAGENA FLOATING DOCK. 
To rue Eprror or ENGINEERING. 

Srr,—I see, in youreport on the models, &c., exhibited at 
the conyersazione at the Institution of Civil Engineers 
it is mentioned that “ Mr. De Bergue exhibited a model and 
“ photographs of, the Carthagena floating dock constructed 
“by Messrs, Rennie on his system.” I should be much 
obliged if you will correct this misstatement. The models 
and photographs of the Carthagena dock were exhibited by 
Messrs. J. and G. Rennie, and there was a label in» lange 
letters stating that the dock was constructed; by Messrs. 
Rennie. The dock was made after a patent of Mr. G. B. 
Rennie, and Mr. De Bergue had nothing whatever to do with 
it. i 
You were: good enough to give an account of the dock 
lifting the Numancia in last week’s number, whith I was 
very glad to see. « 

I am yours, very truly, 
GroreRr B. RENNIE. 

Albion Ironworks, Holland-street, Blackfriars-road, 

London, May 30, 1868. 








LIQUID FUEL. 
To tue Epiror or ENGINEERING. 
Srz,—I observe in your columns a letter, in which Mr. 
Bourne makes reference to what I am doing about liquid fuel. 
I shall in a few days be in a position to give'ample evidence 


that we neither propose to burn gas tar or water, and that; 


superheated steam and creosote, which we do, use,are not 
similar things, ‘nor do they produce similar effects. Ihave no 
doubt that it anyone invented @ mew means of caulking a 
ship, some wiseacre could produce a papyrus or a palimpsest 
to prove that-itwas much the game as whatsNoah used ‘for 
the ark ; but/the pith of the matter is that what other people 
have used did ot answer, and that what Messrs. Wise, Field, 
and Aydon ‘have used, and are using, does: As'for Mr. 
Bourne having invented liquid fuel, 1 fear he is far behind 
the fire-worshippers}and if that is too distant a reference, in 
some of the @arly'works he will find 1797 and 1811 were 
about the dates of the first attempts to burn'gas-tar, &c.,/in 


this country.:’ We have not yet had, and by this apparatus I | 
persuaded we shall have, a practical use of concen- | 


am firmly 
trated fuel for'haval and commercial marine purposes. 

When Ihave sufficietit’ data ‘for another paper, I shall be 
glad to give thém to the public. All I can now say is, that 
so far the results have proved all that has been asserted by 
me. The fuel can be burnt without ‘difficulty or danger. 
There are no residual products. There is no smoke, and there 
are never more than two or three units of calorific value lost 
—out of whatever may be the theoretic heating value of the 
hydrocarbon used—unless by those who do not understand 
what are the appearances and conditions to be secured. I 
should not be afraid to challenge the advocates of “ gas-tar 
and water” to a fair trial of the two things—what we do, and 
what they did; and I don’t wonder that Mr. Bourne does not 
believe liquid fuel equal to coal if he used it in the way he 
describes. You will perhaps allow me..to say a few words 
farther as to two other gentlemen who have been making use 
of my name rather freely in their communications to the 
scientific world. In 1865, Dr. Paul says, as Mr. Bourne says, 
that liquid fuel musi be inferior to coal. | (See paper and dis- 
cussion at the United Service Institution). Im 1868, he 
allows its value may be one-and-a-half times as great, and a 
few days afterwards twice as great. He is rapidly getting 
converted, and there I leave him. 

Mr. Richardson says he tried a plan or rather a remedy I 
proposed to him when he was throwing away ‘the! h ‘ 
up the chimney, and that it only produced @ series of \ mild 
pistol shotsi» He has forgotten to say that tried toimpress 
him with the'necessity of putting wire in the tubes through 
which the oxygen or atmospheric air was introduced tothe 
escaping hydrogen, but that he thought proper to omit: this 
precaution; and I do think that canmever bea good. process 
in which hydrogen is thrown away, carbon is deposited, and 
a considerable quantity of oil runs imto an ashpit, where the 
smoke pervades a dockyard, and. the smell can be perceived 
as soon as you enter the gates. To conclude, I am perfectly 
satisfied with Messrs. Wise; Field, and Aydon’s apparatus. 
The imitations of it I have seen are less economical, and do 


not give a perfect combustion, and I fully intend in the face of 


all opposition to try the question as far as I can, convinced, 
as I have long been, of its enormous importance and its ulti- 
mate assured success. The question of price for a concen- 


trated fuel may be left to competition for settlement, , 1 have 


no fear that it will.eyer become prohibitive, 


Yours truly, - ‘ 
piizthel . H, Setwrxx, Capt, RN. 
Chequer’s-court, Tring, Herts, May 28, 1868, ; 





SELF-LUBRICATING BEARINGS. 
To tue Eprror or ENGINEERING. 
Str,—In Enainerrine of May 8, we notice a description 
of a bearing for shafting patented by Mr. Lyndon. Here- 
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with we enclose a drawing of Méhler’s patent self lubricating 
bearing, which is on much the same principle, which has 
been working very satisfactorily im some of the principal 
mills in Lancashire for several years. 

We are, yours respectfully, 


SHEPHERD, MULLINER, AND GaRsTANG. 
, Blackburn, May 19, 1868. 

[The only difference between Mohler’s bearing, as made by 
Messrs. Shepherd, Mulliner, and Gargtang, and that patented 
by Mr. Lyndon, appears to:be that in the former the 
lubricating collar is formed on the shaft itself, whilst in the 
latter it is formed on a sleeve keyed on the shaft, this sleeve 
also forming the bearing. —Ep. B.] 








Livsry’s Mountain Locomotives.—Among the many 
ingenious models exhibited at the Institution of Civil Engi- 
neers on Tuesday evening last, we omitted to notice one by 
Mr. James Livesey for coupling the driving wheels of the 
locomotive to the wheels of the ‘tender or the adjoining car- 
riages. Mr. Livesey proposes toxeonstruct the locomotive as 
light as it is possible, and to obtain the necessary adhesion by 
utilising the weight of the tender, or the next adjoining car- 
riage to the engine, which in all but.yery extraordinary gra- 
dients would be found sufficient. »The arrangement is ex- 
eeedingly simple, and consists of, # broad pulley fixed on the 
centre of each axle to be driven, but-instead of being keyed 
on to the axle the boss or centre,is ¢onstructed to form a ball 
and socket, or universal, joint.so as to permit the axles to 
assume various angles when rounding the curves whilst the 
pulleys keep parallel to each other. This is the principal 
feature of the invention, which. may be applied to other 
machinery where it is necessary to’ work shafts revolving at 
various angles to each other by means of belts. When ap- 
plied to locomotives, the bands are constructed of vulcanised 
india-rubber and steel wire, and ate much wider than ordi- 
nary driving belts, being from 12 in. to.20 in. wide, and from 
4 in. to gin. thick, calculated to bear the enormous strain of 
from 30 tons to 40 tons, which is, ‘of course, far in excess of 
anything that would be required. ‘The adhesion of so great a 
width of band under ordinary circumstances would be suffi- 
cient ; but, in order to prevent the possibility of any slip 
taking place, the bands have two rows of holes correctly 
pitched at a distance of about 2 in, apart protected with steel 
eyelets. On the periphery of the pulleys are steel pins or 
hemispherical projections working into the holes above de- 
scribed. These pins have very little duty to perform, owing 
to the great width and great adhesion of the belts. In addi- 
tion to coupling the tender or carriage wheels this arrange- 
ment has the advantage of being applicable to bogie or 
radial :wheels. We understand that an enterprising and 
well-known firm of locomotive builders in Glasgow is about 
to put this invention to a practical test, and, if successful, it 
wi:l be a very simple solution of a very difficult problem. 

Tue Raitway over tux Brewner Pass—The height of 
the Brenner is 4800 ft., that of the Cenis 7000 ft. and some- 
thing more. The ascent of the former commences at Bolsano, 
the Brenner road proper terminating at Innspruck. The 
work was commenced in March, 1864, and the line was 
opened to the public in August, 1867, though it might have 
been opened in June. Sixteen thousand men were employed 
in the construction of it, out of whom 1200 perished. The 
length of the Brenner line proper is 16 leagues, and the 
expense of forming what the Italians call the “ossatura,” 
the bare road, was 1,000,300 florins per league ; but for the 
line completed the entire expense was 40,000,000 florins. 
The extreme costliness of this line, therefore, makes it more 
than a doubtful speculation, though for international pur- 
poses it is above all price. Altogether there are 27 tunnels 
on the line, the longest of which is 4500ft., and one is of 
a remarkable curvature. The ayerage ascent is about 24 per 
100. The point of demarkation between the ascent and the 
descent is marked on the top by the courses of the Eisach and 
the Siller—the former foaming down and feeding the Adige, 
which empties itselfinto the Po, ind then flowing into the 
Adriatic; while the Siller empties itself into the Inn, one of 
the handmaids of the Danube. But little expenditure was 
made in the purchase of land ; two millions of florins alone 
were in expropriation. Where land was of any value 
it was near Bolsano. It is to be obseryed, too, that no roads 
were damaged or encroached on} 
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WE give, on the present and opposite pages, engravings of a pair 
of coupled pumping engines, which have recently been completed 
and set to work at the Chicago Waterworks. These engines have 
been constructed at the Quintard Ironworks, New York, from 
the designs of Mr. D. C. Cregier, the mechanical engineer of 
the Chicago Waterworks, and they each have a 44 in. cylinder 
with 8 ft. stroke. Each engine drives a double-acting pump 
28 in. in diameter, and also of 8 ft. stroke, the pump being 
placed immediately below the steam cylinder, and the piston- 
rod being extended through the bottom of the latter and 
coupled direct to the pump bucket. The upper end of the 
piston-rod is connected to the end of the beam in the ordinary 
way, but it is guided by a crosshead working in guides fixed to 
the cylinder cover, instead of by a parallel motion as usual. 
The other end of the beam is coupled by a connecting-rod to a 
crank on the end of the shaft carrying the flywheel, which 
serves for the two engines. By this arrangement the pumping 
power is transmitted direct through the piston-rod from the 
steam piston to the pump bucket, the beam being only sub- 
jected to the strains due to the controlling power of the fly- 
wheel, and the influence of the two engines on each other. 

In our engravings, Fig. 1 is an elevation (partly in section) 
of one engine; Fig. 2 is an enlarged view of one of the delivery 
valves; and Fig. 3 is a plan showing the arrangement of 
the two engines. The details of construction of the engines 
are fully described by the subjoined extracts from the specifi- 
cation; 

The engines to be coupled together, and have direct double- 
acting pumps, with a capacity to deliver 18,000,000 gallons of 
w&ter in twenty-four hours, under a head of 125 ft., with a 
pressure of 25 lb. of steam on the boiler. 

Steam Cylinders.—The steam cylinders to be 44 in. internal 
diameter, and a proper length to allow 8ft. stroke of piston. 
Each end of cylinder to be * counter bored,” to secure uniformity 
of wear. The exterior to be cast plain, (no bands) — lugs 
for securing casing. The general thickness of metal to be 
ljin. The necessary flanges for cover and bottom to be 2in. 
thick, with brackets. Those of the nozzles to be 1}in. thick. 
The cylinders to be provided with lugs for guide rods, also for 
foundation bolts; all the flanges to be accurately faced. The 
cylinders to be made of the best material for the purpose, and 
cast as hard as practicable. 

Cylinder Bottom.—The cylinder bottoms to correspond in 
form and strength with cylinder, provided with the necessary 
flanges, lugs, steam chest, nozzle, &c, Also a stuffing box, of 
suitable size to allow collar on piston rod to pass, provided with 
brass bush. ‘The gland to be fined with brass, and the bolts 
thereof to have brass nuts, with suitable ‘ stops.” 

Cylinder Casing.—The cylinders to be covered with plaster 
of Paris, cased with black walnut staves, secured by polished 
brass screws. 

Cylinder Covers.—The cylinder covers to be “double shell,” 
finished bright. Flanges 2 in. thick, and to be provided with 
suitable stuffing box, eye bolts, and tallow cock. 

Steam Chests.—The steam chests to be provided with the 
necessary flanges, mouldings, hand-hole plates, &c. Metal to 
be Lin. thick, flanges faced to 1} in. thick. Each chest to be 
a with suitable bonnets, finished bright, with stuffing 

xes, &c., for valvestems. The bonnets to be arranged on the 
top of each chest. 

Valves.—Each chest to be fitted with double-balanced steam 
and exhaust valves, made of the best quality of composition 
metal. The seats to be made of the same metal, and firmly 
secured to chests. The valves to be fitted with stems of cast 
steel, 1} in. diameter, and of proper length to meet the require- 
ments of “valve motion.” The ends of stems to be connected 
by single round nut, resting upon steel bushes. The top of 
each lower chest to be finished bright. The bottom to have 

nge, and be secured to foundation plate by countersunk bolts. 

Throttle.—A steam tight valve of suitable form and dimen- 











sions, operated by screw, to be attached to each lower chest, so 
arranged as to serve as a “stop” or “throttle” valve. A 1} in. 
valve and pipe to be connected to chamber and main steam pipe, 
to facilitate its operation. 

Connecting Pipes.—The connecting pipes to extend from 
lower to upper steam chests. The lower ends to be connected 
by flanges 1} in. thick, the upper ends to be arranged with 
Dunham’s expansion joints. The pipes to be finely finished, 
free from flaws or imperfections. To be 1 in. thick, with suit- 
able bands, mouldings, &c. 

Cut Offs.—Each engine to be fitted with Winter’s patent ad- 
justible rotary cut-off, of the most approved construction. The 
adjustment to be controlled and operated by screws. The rotary 
shaft to be supported by bearings fitted to exterior surface of 
connecting pipes. so arranged as to be conveniently removed 
when required. The lifting rods to be of wrought irun, and to 
extend to and connect with valve stems at tops of steam chests. 

Fronts.—The “ unhooking ” handles to be conveniently ar- 
ranged. The throttle valves and injection valves to be operated by 
wheels supported yA ornamental columns, arranged upon cast- 
iron floor plates at front of engines. All the work entering into 
the construction of the “fronts” to be finished bright and free 
from imperfections. All the parts to be accessible for cleaning 
and oiling. 

Working Beams.—The working beams to be of cast iron 
made of the best material for the purpose. To be 18 ft. be- 
tween ends, centres 4 ft. deep at middie and 16in. at ends. 
The webs to have an uniform thickness of 24in. of metal. To 
have heavy rib through the centre, on each side, extending from 
end toend. Each beam to have a main hub, two end hubs and 
one for air pump, of suitable dimensions. A turned wrought- 
iron ring to be shrunk on each side of all the hubs. The peri- 
phery of the webs to be enlarged to 64 in. wide in the form of an 
ellipse. The sides of beams tobe formed into panels with raised 
margins. The eyes of hubs to be accurately bored for reception 
of journal pins. 

Journal Pins.—The main, end, and air pump pins for the 
beams are to be made of wrought iron, properly turned, and pro- 
vided with the necessary journals, collars, &c. 

Main Pins.—The ends of main pins to be provided with 
square studs, forged on beyond the bearing, The end collars 
to be loose, and secured to studs by one bolt. The collars of all 
other journal pins to be forged on. The furm and dimensions 
of these pins to be such as to secure ample strength and wearing 
surface, and be secured to their respective places by one or more 
wrought-iron keys. All journal pins of less than 1} in. diameter 
to be made of steel. 

Beam Pillow Blocks.—The beam pillow blocks to be of cast 
iron of suitable proportions, provided with necessary composi- 
tion boxes, lined with ‘* Babbit metal.” The bottom brasses to 
have flanges on one side only (outside). The binders to have 
bearings upon the outer surface, and be secured by two 2} in. 
wrought-iron bolts with T heads fitted to the inner surface of 
“+ walls” of pillow blocks. Each bolt to have single hexagonal 
nut with suitable ‘‘ stopper.” The beam pillow blocks to rest 
upon cast-iron entablatures of suitable style, and so constructed 
as to render them sufficiently strong to sustain the beams and 
segure the pillow blocks. 

Entablatures, Columns, Pedestals, §c., Gc.—Each entabla- 
ture to be — by four cast-iron Tuscan columns, 154 ft. 
long, 13 in. and 18 in. diameter at base and capital of shaft, the 
lower ends to be square and provided with panels and mouldings. 
Each column to have a turned tenon at the ends, and be con- 
nected thereby to entablature and main —— The general 
thickness of metal to be 2in., exclusive of the various members 
thereof. 

Main Pedestal.—The main pedestals to be 5} ft. square, the 
four sides of each to have appropriate panels and mouldings, 
two of which are to serve as tablets. The upper surface to 
receive the base of supporting columns, the lower surface to be 





firmly secured to foundation plates by an interior flange 2# in. 
thick. The interior to be strengthened by ribs and brack 
the metal of sides to be 14 in. thick, the distance from centre o' 
beam to foundation plate to be about 23 ft. The whole mass to 
be fastened together with 24 in. bolts and nuts passing through 
the centre of columns, extending from flange of beam pillow 
blocks to flange on condenser. 

Wrought-iron Connexions.—The front links main crosshead, 
air-pump links crosshead, and connecting rod to be of wrought 
iron, turned and polished, provided with suitable composition 
boxes, straps, gibs, keys, stops, oil cups, and eye bolts. The 
front links to be 6 ft. long between journals, and 44 to 34 dia- 
meter. The main crossheads to be provided with su'table jaws 
and brass gibs, the eyes for piston rods to be 10 in. deep, the 
air-pump links to be about 19 ft. 2 in. long, 34 to 24 in. diameter. 
The eyes of air-pump crosshead to be 7 in. deep, the connectin, 
rods to be 18 ft. long, 5 in. to 6 in. diameter, one end of each 
to be double (forked). The middle of all the connexions to 
have a band and moulding formed above the surface. 

Piston Rods.—The piston rods of steam cylinders and main 
pumps to be made of the best quality of faggoted wrought-iron 
scrap, the rods to consist of one piece for each engine respec- 
tively, and extend from the main crossheads to water pistons, 
and be connected to each by hexagonal nuts, the former of 
wroyght iron, the latter of brass on the under side. Each rod 
to be about 35} ft. long, and Siu. to 5fin. diameter, provided 
with the necessary collars, tapers, thread, &e., so arranged as 
to be conveniently adjusted. 

Cranks.—The cranks to be of wrought iron, finished bright; 
the large hubs to be 20 in. diameter, 12 in. deep, with eyes 12 in. 
diameter. The crank pin hubs to be 12 in. diameter, 10 in. deep, 
with eyes 6 in. diameter. The webs to have a sectional area of 
135 and 66 square inches on the large and crank pin hubs re- 
spectively. The cranks to be shrunk on main shaft at right 
angles with each other, and secured by wrought-iron keys. The 
crank pins to be of wrought iron, with journals 74 to 6 in. 

Main Shaft.—The main shatt to be wrought iron, finished 
bright, 119 tt. long, 12 in. diameter, with journals 1214in., 
provided with necessary collars and bosses 15 in. diameter for 
flywheel and eccentric wheels. 

Eccentric Wheels.—The eccentric wheels to be of cast iron, 
turned and bored, and secured to shaft by keys and set bolts, 

Eccentric Straps.—The eccentric straps to be of brass, finished 
bright, lined with “ Babbit metal.” 

Eccentric Rods.—The eccentric rods to be of wrought iron, 
finished bright, provided with necessary straps, brasses, gibs, 
keys, &c., to be of suitable diameter and trussed so as to render 
them sufficiently strong and rigid to meet the requirements of 
the valve motion. These rods to be arranged with a “ traversing 
block” in lieu of the usual carrying rod for producing the rota- 
tive motion peculiar to the cut-off referred to. 

Guide Rods.—The guides for crossheads to be of cast iron, 
ornamental in form, the base to conform tothe lugs on cylinders, 
and be securely attached thereto, ‘The tops to be secured by 
foot-walk (in lieu of brace), the working surface to be planed 
2 in. square. 

Fly-wheel.—The fly-wheel to be of cast iron 24 ft. diameter; 
the centre to be 5ft diameter, with a periphery octagonal in 
form, and provided with hub strongly bracketed to be bored out 
and secured to shaft by two wrought-iron keys. A wrought- 
iron ring to be shrunk on each side of hub. 

Arms.—To be eight “skeleton arms.” Their base to con- 
form to periphery of centre, and be connected therewith by 
four turned bolts and nuts in each. The arms to have an 
uniform taper to the rim. The exterior of arms to be circular. 

Rim.—The rim to be composed of eight segments, with 
round corners and two lines of raised moulding. To be 8in. 
face and 12in. deep. The centre of each segment to be con- 
nected to arms by a turned tenon and bolt, the ends thereof to 
be united by an .J shaped scarf key and bolts. 

Shaft Pillow-blocks.—The shatt pillag-blocks to be of cast 
iron. To have a base 4} ft. long, 16 in. ‘Wide, and 3 in. thick. 
The exterior to be fluted; the interior to be strongly bracketed. 
To be provided with composition boxes, lined with Babbit. metal. 
The binders to be secured by two 3} iv. wrought-iron bolts and 
nuts, arranged like those of beam pillow-blocks. 

Foundation Plates.—The foundation plates to be 24 ft. long, 
54 ft. wide, and 2$in. thick. Ribs to extend the entire length 
on each side 12in. deep in middle, tapering to 8in. at ends. 
The upper and under sides of plates to have raised surfaces, 
truly planed, to receive the various parts to be attached thereto, 

Foundation Bolts.—Each plate to be secured to stone foun- 
dation by fourteen 2 and 2}in. bolts and nuts of suitable 
length, two at each shaft pillow-block, four at main pedestals, 
and four at each steam cylinder. 

Bed Plates.—The bed plates to be 15 ft. long, 54 wide, and 
2iin. thick, with necessary brackets, &c. Each plate to be 
provided with ribs, bolts, and raised fitting surfaces similar to 
“foundation” plates. ‘lhe upper side to have a circular rib 
cast on, adjacent to water ag The channel connecting con- 
densers and air-pumps to be cast on upper side of plate, pro- 
vided with the necessary flanges, brackets, &c. 

Condensers.—Two cast-iron cylinders 4 ft. diameter, 74 ft. 
long, with 1} in. thickness of metal, to extend from channels on 
bed plates to under side of foundation plates. The lower 
flanges to be circular, 2 in. thick, provided with brackets. The 
upper flanges to be 5ft. square, 2}in. thick; twelve heavy 
brackets to be cast on each, two at each corner and one on each 
side of the square flange. The interiors to have partitions cast 
in, 44 ft. from lower flange, also flange for jet pipe, and suitable 
openings for exhaust and injection pipes. The lower portions 
of these cylinders to serve as condensers, the balance to support 
foundation plates. 

Air Pumps.—the air-pumps to be 31 in, diameter when bored, 
53 ft. long, and lin. thick, exclusive of bands. The lower 
flanges to be 1Zin. thick. 

Reservoirs.—The reservoirs to be 4 ft. diameter, 3 ft. long, 
Zin. thick. To be cast on pump chambers 8 in. below the tops 
(torming channels for feed water). Reservoirs to be contracted 
to 3} ft. diameter at tops, and pass through foundation plates, 
with interior flanges to receive the covers, which are to be hemi- 
spherical in forms finished bright, provided with stuffing-boxes 
9 in. deep, and eye-bolts for lifting. 

Receiving Valves.—The air-pump receiving valves to be 
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circular, of pure rubber, 26 in. diameter, 1} in. thick, suitably 
arranged with guards and seats. The de'ivering valves and 
seats to be the same as receiving valves. To have in addition 
a stuffing-box and gland. 
Buckets.—The ait-pump buckets to have valves, seats, and 
guards, similar to delivery valves, to be provided with necessary 
follower and space for packing, also suitable hub; the rods tobe 
wrought iron, 4 in. diameter, connected to crossheads by wrought 
fron, and buckets by brass hexagonal nuts. The buckets to 
have a stroke of 44 ff., and be packed with lignum-vilw, actuated 
by steel springs. Each reservoir to have a manhole and plate, 
also cast-iron waste pipes 12 ft. long. ' 
Cylinder Supporting Columns.—Each steam cylinder to be 
supported by four cast-iron columns, 8 in. diameter, with square 
flange and moulding at ends. To extend from bed-plates to 
foundation plates. The interior to be cored fur reception of 
2} in. foundation bolts. 
Pistons.—The steam pistons to be of cast iron, “ double 
shell.” The follower to be secured by eight 14 in. bolts with 
brass nuts tapped into piston. Each piston to be fitted with the 
usual metallic packing rings, actuated by “coffee springs.” The 
water pistons to be made same as steam pistons, extra strong; 
the tops and bottoms to be hemispherical, the packing to be 
lignum-vitw, 12 in. deep, with “ cofiee springs.” 
Water Pumps.—The main water pumps to be double-agting 
28in. diameter when bored, adapted to 8 ft. stroke of piston. 
oo piston to work }in. beyond each end of pump chamber.) 
The pumps to be 1fin. thick, exclusive of bands, &c. Flanges 
to be 2}in. thick, with brackets. The covers to be rough 
finished 2} in. thick, strongly ribbed, and be provided with 
stuffing-boxes. The glands to be lined with brass, the bolts to 
have brass nuts. 
Extension Cylinders.—The valve chests and extension cylin- 
ders to be cast together, the latter portion to be of same dimen- 
sions as pumps. The upper ones to be cast 28} in. diameter, 
and extend from pumps to bed plates. The lower extension 
cylinder to be of like proportions, the interior to be curved, the 
lower flange to be 2$in. thick, 40 in. diameter, with fifteen 
brackets ; these flanges to be secured to cope plates and founda- 
tion by 14 in. wrought-iron bolts and nuts. 
Valve Chests.—The valve chests to be cylindrical, 42 in. 
diameter, about 5} ft. long, and 2 in, thick, provided with ex- 
terior bands and brackets; Hanges to be 24 in. thick, openings 
28 in. diameter, for suction and delivery pipes to be provided ; 
also openings for adjusting the valves pA prota each chest to 
be arranged with interior flanges 2} in. thick for reception of 
valve seats; the upper chests to have 2 in. opening below de- 
livery valve, and connect by valve and pipe to water main. 
Valves.—The suction and delivery valves and seats to be of 
cast iron, and be of the kind known as ‘Cornish valves,” as 
improved by Ed’wd Faron, of N.Y. Each valve to consist of a 
main and supplementary valve, combining four differential beats 
of proportions best adapted to the purpose, each beat to be fitted 
with a pure rubber ring 1} x 1jin., ina suitable groove 14 in. 
wide by 1} deep, secured by bolts. The seats to be of dimen- 
sions to correspond with valves, provided with suitable arms, 
guides, &c., the four seats and the guides to be faced with 
brass. 
Suction and Delivery Pipes.—The suction pipes to be cast 
iron, 28in, diameter, 14 in. thick, with flanges 2 in. thick, 23 ft. 
long, extending from strainers at bottom of pump wells, and 
connected to suction valves by curved pipes, from thence to 
under side of foundation plates, forming a vacuum chainber. 
The delivery pipes to be 28 in, diameter, 1} in. thick, with 
flanges 2} in. thick, connected to lower and upper valve chests 
by curved pipes, and from thence to air mecha Each delivery 
pipe to have a 28 in, double-faced water gate, to be attached 
between valve chests and air vessel, with convenient arrange- 
ment for operating. All the joints of suction and delivery pipes 
to be faced, and provision made for expansion and contraction. 
Air Vessel.—The gir vessel to be of cast iron, with a capacity 
of 350 cubic feet, of sufficient strength to stand 125 |b. per 
square inch, The base to be provided with four openings 28 in. 
diameter, one with flanges, the balance with “bells for spigot 
oints.” 
: Pipes.—The steam pipes to be made of copper, and extend 
(under floor of building) from stop valve on boiler to stop valves 
on lower steam chests, the pipes to be arranged with stuffing-box 
and gland (slip joint), and provision made for connecting to old 
steam pipe, ‘The pipes to be covered throughout with plaster 
of Paris, cased with wood, and secured by iron bands, all pro- 
erly painted, The exhaust pipes to be provided with “ slip 
Joint,” similar to steam pipe. The injection pipes to extend 
from valves on condensers to bottom of pump well, with strainer 
attached. A branch injection pipe and valve to Le connected 
with water-main, 

Feed Pump.—To be one independent steam inne of the 
most approved construction, with a capacity of 200 gallons per 
minute, provided with the necessary pipes and valves, to draw 
from either air pumps, water mains, or pump wells ; also, pipes 
and valves to deliver to boilers or fire hose; also, steam and ex- 
haust pipes and valves to connect to main steam pipes, and 
exhaust in main condensers or atmosphere. All the valves to 
be conveniently arranged, with handles for operating. All the 
pipes to be wrought iron, with cast fittings. 

Miscellaneous.—Suitable valves and cocks, with arrange- 
ments for operating, to be attached to air vessel for indicating 

the contents thereof; to upper and lower cylinder nozzles for 
use of indicator; to lower steam chest, channel of bedplate, and 
wherever it may be necessary to draw off water to prevent 
damage by frost or otherwise; also, the necessary eye-bolts 
for handling the various binders, covers, &c., and socket 
wrenches for followers, valve seats, &c., to be provided. All the 
throughout both engines to be furnished with polished 
rass oil cups of the best style; also to be brass drip-pans 
attached wherever necessary, Each engine to be furnished 
with steain and vacuum gauges; also registers and eight day 
clocks ; likewise one “ indicator,” adapted for a pressure of 30 lb. 
per square inch, with necessary attachments. These instru- 


ments are to be of the most approved construction, cased with 
polished brass, and be artistically arranged in suitable piaces. 
Foot Walk.—A cast-iron foot walk to extend around each 
engine, also between each entablature. The foot walk to con- 
sist of an extension of the “ Frieze” of entablatures, and sup- 


ported by hangers from the roof of building and the cylinder 
guides; for the latter the foot walks will,serve as braces. The 
whole to be enclosed by turned wrought-iron stanchions, with 
brass heads and 2 in. brass hand-rail polished. Like stanchions 
and rail to enclose the engines on the main floor of building. 

Boiler.—To be one multitubular boiler, constructed upon the 
most approved principles, and made of the best. avelty 
American iron ; to be not more than 30 ft. long, mor more t } 
10 ft. diameter of shell; to contain not less. thap 1800 square 
feet of fire surface, nor less than 70 ft. of grate surface, with | 
steam drum about 10 ft. high. The u be connected to 
brick chimney by iron pipe, provided with r; the boiler 
to set on cast iron saddles; the whole,surface,of the boiler to 
be painted and covered with hair felt-and canvas jacket, which 
shall also be painted. 

Boiler Attachments.—The boiler to be provided with stop 
valve, main and surface blow valves, check valve and safety 
valve. The chambers to be of iron, the vulves of brass; the 
blow valves to have suitable pipes, the check valve to be de- 
tached from stem, and be arranged with screw tridge and wheel. 
The safety valve to have lever weight, pulley blocks, and escape 
pipe. The front of boiler to be provided with brass gauge cocks, 
glass water gauge, drip-pans, and a neat syphon gauge with 
register and pipe. The grate bars to be in two lengths in each 
furnace, the furnace doors to be cast-iron lined, the ashpit and 
other doors plain wrought iron. The man and hand-bole plates 
to be fitted with bridges and crowfeet of wrought iron. ‘The 
boiler when completed to be subjected to a pressure of 50 Ib. per 
square inch, 


PUBLIC COMPETITION. 
To tue Epitor or ENGINEERING. 

Srr,—I see a reference made by a “ Civil Engineer” in 
your issue of May 1 to a parsimonious dodge practised by 
the vestry of Camberwell of charging 2s. 6d. to “the needy 
“architects, draughtsmen out of employment, and pupils 
“ with a smattering of engineering,” for whatwas by courtesy 
called a “ plan of the site of ‘Taylor’s-bridge, over the Surrey 
Canal,” consisting of six horizontal lines, and two diagonal 
dotted ditto, to represent the proposed bridge, together with 
a “sheet of instructions for the guidance of competing 
engineers,” which, however, omitted the unimportant “ in- 
struction” as to what the span of the bridge was to be, inti- 
mating vaguely that the “‘ width between abutments” was 
25 ft., but as it afterwards appeared, by another memorandum 
issued a fortnight later, that this dimension was the square 
and not the skew span, it had better have been left out alto- 
gether. At the time of my obtaining possession of this ~ 
cious plan and invaluable sheet of instructions, the clerk 
informed me that he had sold two hundred and sixty (query 
plans or competitors). If only sixty additional plans and 
competitors were sold after that date, their aggregate half- 
crowns would yield the far-seeing magnates of Camberwell 
the sum of 40/., out of which they will generously return 30/. 
in preraiums, and have 10/. left to the good, besides having 
obtained what we may presume will be two well-considered 
and carefully-matured designs for nothing! 

Competitors thus have the honour of subscribing the whole 
of the premiums to be awarded to two of their number, and 
the additional gratification of presenting the vestry of Cam- 
berwell with 10/. towards the reduction of the cost of the 
bridge. 

June 1, 1868. 
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ENGLISH AND FRENCH TECHNICAL TERMS, 
PREMIERE PARTIE. 

Machines & Vapeur (Autres que les Locomotives) et Con- 
structions Mécaniques en Fer. 
PRANCAIS-ANGLAIS. 

(Continued from Page 485.) 

R 
Réglet — parallel _ straight 


Rabot—jack plane. 
edge, winding strips. 


Rafraichir un coussinet—to 
cool the bearing of a steam 
engine. 

Rainure — recess, 
groove. 

Raider—to haul taut. 

Ramoneur—sweeper. 

Rayon—arm, radius. 

Rayon de rowe—paddle arm. 

Rayon régulateur—radius bar 
of parallel motion. 

Rayon de de Texcentrique— 
eccentric radius. 

Recuire—to anneal. 

Recuit—annealing. 

Recouvrement—cover, lap. 

Rechauffement—heating. 

Recipient—receiver. 

Recul—slip. 

Redresser—to reset. 

Refroidir—to cool. 

Réfractaire—fireproof. 

Refonte—recast. 

Refroidissement—cooling. 

Refoulé—upset. 

Refouler une cheville — to 
start a bolt. 

Registre—throttle valve. 

Registre &@ coulisse—damper. 

Regard—eye hole, sight hole. 

Régulateur—governor. 

Régulateur & air—air vessel. 

Régulateur alimentaire—selt- 
acting feed apparatus. 

Régulateur d excentrique — 
governor. 

Régulateur @injection —in- 
jection valve or cock. 


faucet, 





Régler—to regulate. 





Remorque—tow rope. 

Remorqueur—tug boat, steam 
tug. 

Remorquer—to tow. 

Renflement—boss. 

Renfort—reinforcement, sup- 
ply, relief. 

Renvoi de mouvement—gear, 
shafting. 

Reniflard — escape 
swifting. 

Repere—mark, point of 10¢- 
ference. 

Repoussoir—arift. 

Réservoir—reservoir. 

Réservoir de la vapeur — 
steam chest. 

Réservoir & eau chaude—hot 
well, 





valve, 


Ressort—spring. 
Ressort & boudin — spiral 
spring. 


Ressort glat—coach spring. 
Résine—rosin. 
Résistance des martériaux— 
strength of material. 
Resserrer—to throttle. 
Retremper—retemper. 
Retrait—shrinkage. 
Retard—back lash, too late. 
Ridoir—stretching screw. 
Ringard — riper bar, firing 
iron, poker, rake. 
Ringarder—to rake up the 
coals and cinders in the 
furnaces. 
Revolution—revolution (of a 





paddle wheel). 


River—to clinch, to rivet. 

Rivet—rivet. 

Rivet bouterollé — snapped 
rivet, 

Rivet @ téte. fraisée—flush 
rivet. 


Riveur—riveteur. . 

Rivoir—riyetting hammer. 

South sivabted joint. 

Robinet—eock. 

Robinet de cloison étanche— 
bulkhead cock, 

Robinet a gene JSins—four 
way cock. 


Robinet. de. gale — injection 
cock from hold. 

Robinet @incendie—fire cock. 

Robinet graisseur — grease 
cock, 

Robinet jauge—gauge cock. 

Robinet alimentaire — feed 
cock. 

Robinet de stireté—sea cock. 

Robinet de fond de cylindre 
—cylinder cock. 

Robinet @ extraction — blow 
off cock. 

Rochet—ratchet. 

Rodoir—emery stick. 

Roder—to grind. 

Romaine—steelyard. 

Rondelle—washer. 


Sable—sand, ballast. 

Sable de moulage—moulding 
sand. . 

Sable sec—dry casting. 

Sabot de frein—brake block. 

Saindouxr—hog’s grease. 

Salaires—wages. 

Saturer—to saturate. 

Saumon @’étain—tin block. 

Saumon de fer—pig of iron. 

Saumon de plomb—pig of lead. 

Savate, Sabate—shoe of an 
anchor, square washer put 
under the head of a bolt. 

Scaphandre—cork jacket. 

Schiste—slate. 

Scie & archet—bow saw. 

Scie & main—hand saw. 

Scie a deux mains—cross cut 
saw. 

Scorie—clinker, scoria. 

Secteur—link motion. 

Secteur gradué — graduated 
sector. 

Séchage—drying. 

Section—section. 

Sédiment—sediment. 

Seqment de garniture—pack- 
ing segment of the cy- 
linder. 

Segment de tiroir — packing 
block for slide. 

Segment—segment, junk ring. 

Sel—salt. 

Sal ammoniac — sal ammo- 
niac. 

Semelle de palier—planking. 

Semelle en fer—iron face. 

S’enclancher — to fall into 
gear. 

Sergent—clamp. 

Serrage—clamping. 

Serrer—to jam, to tighten. 

Siége—seat. ; 

Siégé de soupape—seat of a 
valve, 
Sifflet a@ 

Tae 
Simple — simple, 
pounded. 
Siphon—waterspout. 
Socle—socket. 
Soie—tongue, pin. 
Sole de foyer—dead plate. 
Sommier de fourneau—bear- 
ing bar for furnace. 
Sonde de pompe—sounding 
rod of a pump. 
Soudure—brazing solder. 
Soudure forte—hard solder. 
Souder—to solder. 
Soufflage—inflation. 
Soufflet—bellows. 
Soufflerie—blowing machine. 
Soufflure — air hole, blow 
hole. 


vapeur — steam 


uncom- 


Rondelle fusible — fusible 
plug. 

Rosette, contre-rivure—rivet 

late. 

Rosture, Rousture—welding, 

Rotation—rotation. . 

Roue—wheel. 

Roue motrice—driving wheel. 

Roue & onglet—mitre wheel. 

Roue de courroie—sheaf. 

Roue dentée—toothed wheel, 
cog wheel. 

Roue dentée de cété—crown 
wheel. 

Roue @ aube—paddle wheel. 

Roue a4 frottement—triction 
wheel. 

Roue d'angle—bevel wheel. 
ue de commande—triving 
wheel. Vs 

Roue & engrenage recevant 
son mouvement d'une vis 
sans fin—worm wheel. 

Rouet de poulie—the sheave. 

Rouille—iron scale, rust. 

Rouleau—pulley. 

Roulette,. galet — friction 
roller. 

Rouster, Roster, Rousturer— 
to weld. 

Rouverain (fer)—redshort. 


Souffle—bore. 

Soufre—sulphur. 

Soupape levante — lifting 
valve. 

Soupape sphérique — ball 
valve. 


Soupape glissante ou a tiroir 
—sliding valve. 

Soupape en D—D-valve. 

Soupape équilibrée—balance 
valve. 

Soupape de purge — blow- 
through valve. 

Soupape d arrét—stop valve. 

Soupape atmosphérique—air 
valve, reserve valve, va- 
cuum valve. 

Soupape en chapeau — cup 
valve. 

Soupape a@ siége — conical 
valve, flap valve. 

Soupape a grille—gridiron 
valve. 

Soupape du navire—King- 
ston’s valve. 

Soupape a charnitre—leaf 
valve. 

Soupape de trop-plein—tre- 
turn valve. 

Soupape de détente — cut off 
valve, expansion valve. 

Soupape de surett — safety 
valve. 

Soupape de sureté & ressort— 
spring safety valve. 

Soupape de cylindre—escape 
valve. 

Soupape 
valve. 

Soutier—trimmer, sweepeg- 

Soute—bunker. 

Soute alimentaire—coal box 
in stoke hole. 

Soute & charbon—coal bunker. 

Sous vapeur—steaming, under 
steam. 

Spenture—hinge. 

Spire—spire. 

Stopper—to stop. 

Suant—fizzing. 

Suie—soot. 

Support—bearer, bracket, lug, 
standard, support. 

Support de parquet — joist 
(the secondary beam of a 
floor). 

Support de grilles—fire bar 
support. 

Suif—tallow. , 

Surchauffage—overheating. 

Surface de la grille—grate 
area. . 

Surface de chauffe effective— 
effective heating surface. 

Surface de chauffe—heating 
surface. 


conique — conical 


(To be continued.) 


Tue Great Inpran Pentnsuta Ramway.—The Great 


Indian Peninsula Railway Company have invited 
r cent. perpetual debenture stock, 


600,000. 4 


by the Indian Government, to 


tenders for 
guaranteed 
be sent in to the London and 


County Bank before twelve o'clock on Friday, the 12th of 


June, at which hour they will be 
rice will be declared. 


minimum 


opened, and the reserved 
the tenders must be ac- 


canned te a deposit of 5 per cent., and the remainder is 


to be met by instalments extending to the 
for the prepayment of which 4 pe 
This is the first issue of 


allowed. r 
any Indian railway company. 


29th of December, 
r cent. interest will be 
4 per cent. debentures by 
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CANADIAN ENGINEERING. 
To tHE Epitror oF ENGINEERING. 


Srr,—In accordance with the concluding paragraph 
of my last letter, I will now draw the attention of your 
readers to a project of the utmost importance to the 
arterial navigation of the St. Lawrence and the Great 
Lakes, and which cannot fail to commend itself to all 
intelligent and unprejudiced minds as affording the 
most certain and effectual means of making this mag- 
nificent water communication, practically, what nature 
evidently designed it for, the outlet of Western and 
North-Western American commerce. I refer to the 
proposed Huron and Ontario Ship Canal. 

his great work will unite the Georgian Bay of 
Lake Huron with Lake Ontario, near Toronto, and 
thereby avoid a detour of about 400 miles, as well as 
the more intricate and unsafe navigation of Lake Erie, 
the strong current of the Detroit and St. Clair rivers, 
and the shoals of Lake St. Clair. The site of this 
canal is the narrow isthmus at the base of the Western 
peninsula of Ontario (lately Canada West). The 
distance to be traversed is about 96 miles, of which 
24 miles are in Lake Simcoe, situated intermediately, 
and which is to be utilised to that extent for the 
urpose of navigation as well as for the water supply. 
here will be about 30 miles of the Holland and 
Nottawasaga rivers to deepen and straighten, leaving 
about 40 miles of canal proper to be constructed. 
The entire rise and fall of 600 ft. will be overcome by 
42 locks, 250 ft. long and 36 ft. wide, with 15 ft. of 
water on their cills, which will give passage to sailing 
vessels and screw steamers of from 1000 to 1500 tons 
burden, and of a character equally suitable for ocean 
and lake navigation. 

It must be distinctly understood that the full 
efficiency of this ocean communication will depend on 
the St. Lawrence canals being enlarged to a corre- 
sponding capacity. There is, however, no reason to 
doubt the willingness of the Dominion Parliament to 
make this necessary enlargement as soon as the pro- 
gress of the proposed ship canal shall warrant these 
works being proceeded with; one of the resolutions 
(No. 69) adopted at the Conference at Quebec, when 
the Confederation of the Provinces was decided upon, 
being in the following terms: ‘The communication 
with the North-Western Territory, and the improve- 
ments required for the development of the trade of 
the Great West with the sea-board, are regarded by 
this Conference as subjects of highest importance to 
the Federated Provinces, and shall be prosecuted at 
the earliest possible period that the state of the finances 
will permit.” It may, therefore, safely be inferred 
that no obstacle, on this account, need be feared, and 
that the works to be executed by the Government will 
be as efficient as those contemplated by the promoters 
of the project under notice. 

The objects to be accomplished by these important 
works may be viewed as direct oe collateral, but I 
must not trespass on your space beyond a meagre out- 
line of them. The direct adva..tages present them- 
selves in a threefold light : 

1. The opening of a sufficient avenue for the trade 
of the West with the Atlantic sea-board and ports of 
Europe under conditions calculated to diminish by 
one-half the costs of freight, charges, and time on all 
property passing through it, must be admitted to be a 
most important advantage to both producers and con- 
sumers, as well as to the entire country traversed by 
such a traffic. The trade of the West, and the rapidity 
of its growth and development, is something wonder- 
ful to contemplate, and has no parallel in the history 
reports of the Chicago Board of Trade, the first shipment 
of grain from that port was made in 1838, and consisted 
of the insignificant quantity of 78 bushels. The ship- 
ments had reached 586,907 bushels in 1842, and have 
subsequently, on the average, been tripled every five 
years till 1862, when they had attained to the stupen- 
dous figure of 56,484,110 bushels. At this period the 
exports of grain were seriously checked by the civil war, 
but, notwithstanding this depressing cause, amounted, 
in the year ending March 1867, to 66,736,660 bushels. 
The port of Millwaukee has also developed an extensive 
eastward export trade in grain. The statistics of its 
of the world. According to the statistics published in the 
trade showthat its first recorded shipments were in 1845, 
and amounted, in that year, to 133,260 bushels, and 
that, with a steadily but rapidly progressive increase, 
they reached 18,726,389 bushels in 1862, when the 

operation of the cause already referred to imposed a 
check to such marvellous expansion; but the record 
for the year 1866 was, nevertheless, 17,627,994 
bushels. Grain is, of course, the great staple of Western 
exports, and the enormous yearly extension of the area 
of production from immigration is a sufficient guarantee 








for a continued and greater ratio of increase in future, 
while the exports of the country, whose commerce 
centres chiefly in the ports I have named, must be 
taken as a fair measure of its ability to import. To 
satisfy any one that there is no danger of the resources 
or production of such a country failing or diminishing, 
it will only be necessary to point to the fact that 
its area comprises 614,548 square miles, of which 
only 39,037 square miles (or 64 per cent.) were under 
cultivation in 1860, while its population had increased 
from 762,507 in 1840 to 4,132,827 in 1860, and is 
now rapidly extending. 


A report, recently submitted to the Board of Pro- 
vincial Directors of the Huron and Ontario Canal, 
abounds in statistics of a practical and valuable 
character, and the candid manner of their treatment 
should inspire confidence in the conclusions drawn 
from them, which show that fully 5,000,000 tons of 
freight may be relied on for the anticipated opening of 
the canal, in 1875, in which a very small tonnage rate 
would secure 7 per cent. interest on the capital re- 
quired. 


2. Another important object of this canal is the at- 
traction to this route of the tide of immigration west- 
wards, and the promotion of the settlement and occu- 
pation of the vast region comprising the alluvial plains 
and valleys of the Red River of the North, the 
Assiniboine and the Saskatchewan rivers, where 
there are now lying, idle and neglected, more than 
300,000,000 acres of as fertile and productive land as 
the sun shines upon. To a country of such attractions 
and promise thousands of families of the poor of 
Britain would rejoice to make their way, and would, 
undoubtedly, find for themselves homes of comfort 
and independence, if not wealth, and not only greatly 
improve their own circumstances, but also advance the 
welfare of the remaining working classes of Britain by 
diminishing the competition for employment. The 
construction of this canal would enable vessels with 
immigrants to land their passengers within 500 miles 
of this desirable region, which distance, divided be- 
tween 250 miles of railway and 250 miles of naviga- 
tion, could be speedily traversed, and the valley of the 
Red River brought within eighteen or twenty days’ 
journey of Liverpool. 


3. A third and most important object of this canal 
and the necessary concurrent navigation improvements, 
is a step towards the establishment of the shortest 
possible route across the Continent, and the securing 
the most advantageous channel for the Pacific trade 
with England through British territory. It must be 
borne in mind that these improvements, and the 
short canal at St. Mary’s Falls, at the foot of Lake 
Superior, already constructed, will give continuous 
navigation from any sea port in Europe to the very 
centre of North America, say midway between the 
Straits of Belleisle, on the Atlantic coast, and the 
mouth of the Fraser river, on the Pacific coast, or 
about 1750 miles (following the course of the necessary 
route) from each of those points. 

All who feel an interest in securing to Britain the 
greatest possible advantage for the prosecution of her 
Asiatic commerce, must appreciate the important bear- 
ing of this branch of the subject, which I propose to 
treat more at large in another letter. 

The collateral advantages to be derived from these 
works are so numerous that their detail would swell 
my letter beyond reasonable bounds ; I shall therefore 
content myself with the enumeration of the more 
prominent of them, classifying them as local, national, 
and political. 

Local Advantages.—The expenditure of 8,000,000/. 
on these works must be of immense importance to the 
country traversed, giving a home and ready money 
market for all descriptions of agricultural produce and 
materials necessary for the works, and the men em- 
ployed on them, besides greatly enhancing the value of 
ak estate, and increasing the pecuniary capital of the 
whole district. 

The draught upon the water of Lake Simcoe will 
secure extensive water power in the valley of the 
Humber river, which, together with the economisin 
of the fall of that river by the canal works, will affor 
a force equal to 70,000 horses, one-third of which, 
made available and rented for manufacturing purposes, 
would bring a very large revenue to the Corporation, 
and be of immense advantage to. the surrounding 
country. Shipbuilding would likewise be greatl 
stimulated, and the western portion of Ontario, ad. 
mitted to a participation in this valuable branch of in- 
dustry, for the prosecution of which it abounds in the 
necessary natural products of timber, iron, and flax. 
The towage of sailing vessels through the canals 


give full employment to a large fleet of small but 
powerful screw tugs. 

National Advantages.—The Dominion of Canada 
would be largely benefited in its pecuniary income by 
these works, as during their construction a very con- 
siderable portion of their cost would find its way into 
the public exchequer through the Customs and Excise, 
not only from the consumption of duty paying commo- 
dities by those employed on the works, but also from the 
extra consumption arising from the improved circum- 
stances of the people consequent on the large expen- 
diture. Nova Scotia and New Brunswick would be 
benefited by having their bread stuffs carried to them 
at much lower rates, and a larger home market would 
be provided for their coal in the supply of passing 
steamers with their sea-going fuel. British interests 
and connexions would be materially strengthened 
throughout the Dominion by the almost hourly com- 
munication which would be established ; the price of 
bread stuffs would be considerably reduced to the 
British consumer, and exchanges of produce for manu- 
factured goods would be greatly promoted. 

Political Advantages.—The completion of a satis- 
factory and sufficient outlet through the channel of 
the St. Lawrence for the trade of the Great West, 
would so blend and identify the commercial interests 
of the United States and Canada, as to greatly 
diminish the asperity of feeling growing out of 
political disagreement, and afford a ready solution of 
such difficulties, while it would constitute an enduring 
and perpetual bond of fraternity, guaranteeing peace 
and goodwill, and would at all times interpose a ready 
check to any tendency towards an interruption of 
international amity. 

I have thus << ae to give a short sketch of 
this project, and of some of the many advantages 
which must naturally accrue from its accomplishment, 
but the most important and interesting question re- 
mains—How is it to be achieved P 

Of all the duties and functions of national Govern- 
ments, it appears to me that the most important and 
imperative is to devise the means by which the people 
may provide for the advancement of their wealth, com- 
fort, and happiness in the most legitimate and eco- 
nomical manner. It is notorious that there are now 
millions of pounds lying idle and unproductive in 
Britain for want of fair opportunity for investment, 
and it is equally well known that there are also thou- 
sands of unemployed poor, depending largely upon 
eleemosynary aid, tending to moral , Be ation and 
the extension of crime. is there, then, no mode of 
action by which the Government could loosen the 
emcee of capitalists for the employment of the 
abourer and artisan in such a manner as would prove 
eventually advantageous to the whole community? It 
seems to me that there is not at present any public 
work or project on the ¢apis by means of which these 
desirable objects could be more readily accomplished 
through Governmental interference, and that with little, 
if any, risk of ultimate loss. 

If the British Government and the Government of 
the Dominion of Canada would jointly guarantee the 
interest, at the rate of 5 per cent. per annum, on 
the outlay on these works, during their construction, 
on the condition of sharing with the stockholders, 
after the canal is opened, in all profits above 5 per 
cent., there is not a doubt that a few months would 
find the works in progress, and a very few years 
witness their completion and satisfactory operation. 

The promoters of this enterprise have not, however, 
asked for aid in that form, but have applied for a 
grant of 10,000,000 acres of wild lands; and as the 
system of our Colonial Government, established by the 
recent Act of Confederation, which transfers the 
control of the public lands to the local Governments 
within the bounds of which they are situated, entails 
delay, it seems to me worthy of consideration whether 
an alternative application, in the form suggested, 
might not ~— the matter to a speedier issue, 

am, Sir, ‘wna obediently, 
Toronto, May 13, 1868. hls 








ENGINEERING IN AUSTRIA.—No. IIL 


Tue capital of Hungary consists of two distinet 
towns, viz., Buda or Ofen and Pesth. The two cities 
lie at the opposite banks of the river Danube, and 
have a total population of 200,000 inhabitants. ‘T'o 
the majority of our readers, and particularly to those 
who live in London, it will perhaps seem strange that 
a large town lying at the two sides of a river should 
from this cause be considered to form two different 
cities, but this will be readily understood when we 





would, of itself, constitute an important business, and 





state that there is only one bridge—the magnificent 
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suspension bridge constructed by Mr. Tierney Clark 
—which forms the sole and only passage and con- 
nexion between the two river sides, and that a toll of 
one halfpenny is charged for every foot passenger, and 
fivepence for every vehicle crossing this bridge. It is 
Obvious that the communication between these two 
towns is not sufficiently provided for, and that a grow- 
ing demand for better accommodation in this respect 
makes itself felt now that the Hungarian capital has 
been suddenly raised to a position of great importance, 
and ‘is growing in size and population at an unpre- 
cedented rate. A committee has been formed by the 
Hungarian Ministry for the improvement of the towns of 
Buda and Pesth, and a considerable number of important 
engineering operations are in immediate prospect. 
The drainage and water supply of Pesth, the construc- 
tion of a large river harbour and docks, the erection 
of a second bridge, and of one or two steam ferries, 
will give ample scope for engineering enterprise in the 
Hungarian metropolis. There can ‘be no doubt that 
the demand for important improvements of the towns 
of Buda and Pesth is sensible and legitimate, and that 
sufficient means for carrying out such improvements 
exist in that country. The harvest of 1867 has 
brought to Hungary about 10,000,000/. over and 
above its average annual sales of agricultural produce. 
In the town of Pesth 14 large steam flour mills have 
been erected within a very short period, and a great 
number of other industrial establishments are rising 
there just at present. Most of these concerns are in 
the hands of limited companies, and we are sorry 
to state that not every company is formed with 
that strict prudence and circumspection, and, withal, 
that honesty on the part of directors and pro- 
moters which is required for insuring commercial 
success, and for inspiring confidence in the re- 
spectability of the whole establishment. It is difficult 


from a distance to sift the corn from the chaff in these | 


matters, and our engineers, machine-makers, and 
merchants will do well to be cautious with regard to 
the terms of credit and payment in doing business 
with Hungarian customers. In this respect, as in 
many others, prudence commands to do the business 
on the spot instead of following the old-fashioned 
method of export upon orders obtained direct from 
abroad. We desire to impress the same caution upon 
those who have dealings with the new railway 
companies now formed, or about to be formed, in the 
Hungarian dominions. Although most of these lines 
are protected and guaranteed by the Government it 
is well known that the attempt to issue a Hungarian 
railway loan has completely failed. In spite of this 
failure the Government have concessioned such an 
enormous mileage of railways that the country cannot 
possibly raise the required capital, or pay its interest 
for along time to come. It is only a repetition of 
the events of last year, viz., an excellent harvest in 
Hungary, andan extraordinarily unfavourable harvest all 
over the Continent of Europe, which could consolidate 
the state of affairs, and raise the real position of 
Hungary to the pitch to which it has been artificially 
screwed up by speculation and excited patriotism. The 
extreme fupprobability of such a combination of 
circumstances is sufficiently obvious, and it is more 
than probable, therefore, that railway property in 
Hungary will have to pass through a period of great 
commercial calamity before it can reach solid 
ground, and take up a secure and consolidated 
position. It is for these reasons, that while drawing 
the attention of our engineers and capitalists to this 
most important and highly promising field of enter- 
prise, we, at the same time, point out the sources of 
danger which might be overlooked. We desire to 
point out the difference which exists between industrial 
enterprise in Austria, and ina British colony or in a 
transoceanic country. In the latter places the Anglo- 
Saxon race has made, or has obtained, the power to 
enforce the laws and customs of our own country; we 
have transplanted the habits and tastes, and even the 
language of Great Britain, into all these distant 
localities, and are “at home” in such places, no 
matter what their geographical position may be. 
In Austria we have to work under different conditions, 
and we are not likely to obtair success unless we ac- 
commodate ourselves to the reyuirements of the case. 
It is unwise, therefore, for British capitalists to create 
— industrial undertakings in Austria unless they 
orm a close combination with Austrian capitalists, 
of high standing and intelligence. It is dangerous to 
send out professional authorities from this country to 
report upon the value of fixed property, and upon the 
technical merits of engineering schemes in Austria, 
unless these authorities are assisted and guided by 
professional men who are well acquainted with Austria 
and the different nationalities inhabiting that empire. 





It is imprudent to give credit to newly established 
companies upon the faith of the respectability of share- 
holders or directors, or upon the ground of recent ap- 
parent prosperity. On the other hand it will not do 
to remain at home and complain about stagnant trade, 
and the low rate of discount, while the French and 

ians are filling their order books, enlarging their 
works and coynexions, and driving us away from the 
most lucrative and promising markets of the world. 
We advise our capitalists to form personal connexions 
and acquaintances in Austria, our engineers to visit 
that country and study its position and requirements 
on the spot, our ironmasters, merchants, and machine 
makers to establish agencies and branches, or depots in 
Austria, in fact, we desire to multiply the points of 
contact and of intercourse between the inhabitants of 
the two countries, and we justly expect to find British 
engineers and British engineering at the head of the 
international race, which has now been opened in a 
semicivilised country in the centre of Europe. It isa 
race for the future commercial dominion im the East. 
The road through Hungary is the future commercial 
main line from West to East, and the Hungarian 
system of railways will be another ‘‘ Suez Canal,” not 
only of a special national importance, but of a truly in- 
ternational character. 

The town of Pesth,.as the future centre of that rail- 
way system, offers a favourable position for industry 
of different branches, but it is only prudent at present 
to lay particular stress upon all the operations which 
are immediately connected with agriculture and agri- 
cultural products. In this respect a great movement 
is visible at present. We have already noticed the 
numerous steam flour mills in Pesth. Of the general 
style and construction of Hungarian steam flour mills, 
we have published a description, and we have illus- 
trated it with drawings of the plant of the mill 
“ Panonia,” the largest and finest flour mill in Pesth 
(vol. ii. page 265). The steam engines and mill gear- 
ing for these establishments are generally made in 
Austria itself. Messrs. Ruston and Co., of Prague, a 
firm of English origin, and M. Gilain, in Brinn (a 
Belgian house), are the most celebrated steam engine 
makers in the country, and most of the Hungarian 
mill-owners are amongst their clients. During the past 
years some engineering works have been laid out in 
Pesth, and they now compete successfully with these 
makers of steam engines. The most important 
amongst these works belongs to a company, “ Pester 
Machinenban-Gesellschaft ;” it is situated close to the 
railway, and in the manufacturing suburb of Pesth, and 
laid out with a very complete and modern plant for 
boiler making and steam engine work. According to 
continental fashion, the numerous tools are crammed 
together within a somewhat narrow area, and the con- 
venience of internal locomotion and facility of trans- 
ports is neglected to a great extent. The productive 
power of the new establishment is therefore smaller 
than may be expected at first sight, and immediate 
enlargements will be the consequence of a rapidly 
growing trade. The tools have been supplied almost 
exclusively by Saxon makers, particularly by Mr. 
Zimmermann, of Chemnitz. They are fair copies of 
British tools, and work with facility and tolerable pre- 
cision. Messrs. Smith and Coventry’s compound cut- 
ting tools, imitated by Mr. Zimmermann, are doing 
good service, only their neat arrangement of the grind- 
stone with its tool-holder insuring the proper angle for 
the cutting edge is not well copied in this instance. 
Against this the Hungarian engineers seem to be very 
proud of having introduced Hirn’s steel rope system 
for transmitting power from the fitting shop to the 
pattern maker’s workshop across a yard some 60 ft. in 
width. While English engineers are trying to work 
every line of shafting with a separate engine, if pos- 
sible, we find the taste of our colleagues in Pesth more 
inclined to economise power by transmitting it, so to 
speak, by telegraph across the yard from shop to shop. 
To show how a bad example is always contagious, we 
may mention that in the vicinity of this establishment 
a similar cable several hundred feet long is employed 
for working a pump from an engine placed at such a 
distance from the pump. The establishment in ques- 
tion is a large distillery connected with an enormous 
stable for feeding 2000 heads of cattle. This distillery 
delivers the residue of its process direct to the feed- 
ing troughs of the stables. The supply of fresh water 
for the distillery must be pumped up from the river, 
and the steel rope is employed in this case to work a 
pump, which has been placed close to the river side 

rom a steam engine situated in the distillery. The 
pump requires about six horse power, and the cost of 
this cable transmission, with all its appendages, is 
about three times as great as that of a donkey pump, 
with boiler and all its fittings; but the charm of in- 





troducing mene things, we suppose, must be 
stronger on the Continent than in this country. To 
return to the machine works, we must mention a well 
arranged foundry, which makes fine and well-moulded 
castings from a mixture of Hungarian charcoal, pigs, 
and grey coke iron, imported from Prussian Silesia. 
New works, for building railway carriages, have been 
started at Pesth, and supplied with wood-working 
machinery from Chemnitz, an establishment for making 
agricultural implements, and several similar works are 
about to be started. 

Sugar manufacture has at a recent date taken a 
prominent position amongst the industrial novelties in 
Hungary. The sugar is made from beetroot in the 
majority of the new sugar works by the diffusion pro- 
cess of Mr. Julius Robert. In Austria an artificial 
stimulus has been given to the sugar manufacture by 
the manner in which the excise duty is levied upon 
the sugar produced in that country. The sugar duty 
is paid upon the beetroot at a rate which corresponds 
to an average of 6 per cent. of sugar contained in the 

lant. In reality the average percentage of sugar 
is much higher. The difference arising in this manner 
takes a great influence upon the export of raw sugar. 
For exported sugar the duty is returned, and it must 
then be assessed in the proportion corresponding 
to the assumed 6 per cent. contained in the beet- 
root. The exporter of sugar, therefore, receives 
a greater drawback than the duty paid by the maker 
amounts to. The Government is in this manner pay- 
ing a premium for the export of sugar from Austria, 
and the consequence is that the cultivation of beetroot 
and the manufacture of raw sugar are taking an un- 
duly prominent position in that country. One of the 
finest sugar works in Austria belongs to Messrs. 
Robert and Co., the inventors of the diffusion process. 
It is at Scelowitz, in Moravia, not far from the town 
of Brinn. The beetroot required for these works is 
grown upon the adjacent land, which is the property 
of the Austrian Archduke Albrecht, and forms an 
area of something like 10,000 acres. One portion of 
this area, about 1000 acres, which lies closest to the 
sugar works, has been levelled and drained, and is 
now irrigated by the liquid refuse from the sugar 
works, which can be conducted to any special portion 
of that field, and regulated in quantity and speed of 
current. The mode of manuring this land is such as 
to supply to the soil the precise quantity and com- 
bination of elements, which corresponds to the chemical 
analysis of the total quantity of beetroot removed 
from that field in the preceding season. A change of 
crops is, therefore, not required, since the soil is not 
required to supply the fresh quantities of soluble 
minerals which ordinary agriculture draws from it. 
The soil is only the vehicle or storeroom for the trans- 
formation of elements which takes place during the 
growth of the plant. The materials for manure Mr. 
Robert collects from all parts of the world. First of 
all the immediate refuse of the sugar works, and of 
the cattle fed on the spot with the solid residue, are 
returned to the soil, but this does not make up the 
analysis of the plant. There are the phosphates of 
alkali and of lime which have gone into the bones of 
the cattle, the substances contained in the hair and 
wool, and those nitrogeneous combinations which have 
remained in their muscles. The restoration of the 
sugar itself is not required, since its elements, carbon, 
hydrogen, and oxygen, are supplied by air and water 
in contact with the soil. The manure for this 
ground is made up of the refuse of wool from 
the cloth factories, from the residue of wood ashes 
from which the potash has been extracted, and from 
similar matter, collected and selected with great care, 
and mixed together in such proportions as to corre- 
spond to the exact composition of the mineral salts 
contained in the annual crop of beetroot. The tillage 
of the soil is done by machinery, but no steam plough 
has been introduced as yet. 

In Hungary the agriculture of the sugar plantations 
does not stand upon a similar level, and larger areas 
are therefore required to supply the demand of each 
factory of equal size. A change of crops is then 
feasible, but with the growing distance of each field 
from the factory itself the expense of transport and 
supervision must increase in proportion. 

Textile manufactures are well advanced in the 
northern portion of Austria, but in Hungary this 
branch is still in its infancy. The north of Hungary 
seems, however, eminently suited for the establishment 
of spinning and weaving mills, and a few factories 
of that kind have already been started during the past 
year. The machinery for textile manufactures is now 
drawn exclusively from England, but the competition 
of Swiss machine-makers commences to make itself 
felt to a certain extent. 











June 12, 1868.] 


ENGINEERING. 


563 








ENGLISH AND FRENCH TECHNICAL TERMS. 
PREMIERE PARTIE. 


Machines & Vapeur (Autres que les Locomotives) et Con- 
structions Mécaniques en Fer. 


FPRANCAIS-ANGLAIS. 
(Concluded from Page 560.) 


Table de foyer—dead plate. 
Table de cylindre—cylinder 
bed. 


Talon—lead. 

Tampon—shot plug. 

Tambour de courroie—drum, 
tumbler. 

Tangerine 

Taquet—peg, catch. 

Tarauder—to tap. 

Taraud mére—tap die. 

Taraudage—tapping. 

Targette—sliding bolt. 

Tas, tasseau—stake. 

Tariére—adrill. 

Té—crossbar, crosshead. 

Té du piston—cylinder cross- 
head. 

Té du tiroir — slide valve 
crosshead. 

Té renversé—cross tail. 

Té de pompe & air—air pump 
crosshead. 

Temps perdu de la vis—end 
play, loss of time. 

Téte de marteau—head of a 
hammer. j 

Téte de vis —screw knob, 
screw head. 

Téton (meche 4)—pin drill. 

Tenailles—nippers, pincers. 

Tenailles de fargeron—tongs. 

Tenailles poingon—punching 
bear. 

Tenailles pour fil de fer— 
pliers. 

Tenon—tenon feather, tongue 


piece. 

Tension—tension. 

Terrain houiller — coal 
ground. 


Téte d’un boulon—head of a 
bolt. 

Téte circulaire—arch head. 

Tiers point—saw file 


Tige—rod. 
Tige conductrice—guide rod. 
Tige de communication—cor- 


necting rod. 

Tige d’ excentrique—eccentric 
rod. 

Tige du tiroir—slide valve 
rod. 

Tige du point fixe— radius 

ar of parallel motion. 

Tige dela pompe & air—air 
pump piston rod. 

Tige de pompe alimentaire— 
feed pump rod. 

Tige de piston—piston rod. 

Timon—helm. 

Timonier—steersman. 

Tirage—draught of the chim- 


ney. 

Tirant—stag, truss rod. 

Tirant d'eau — draught of 
water. 

Tirant darmature — iron 
truss rod. 

Tire bourre—worm of a gun. 

Tire point—waterway boards. 

Tire fond—eye bolt. 

Tire étowpe—packing worm. 

Tirer—to draw off. 

Tiroir—slide. 

Tiroir court—short D-valve. 

Tiroir long—long D-valve. 

Tisonnier—poker. 

Toe—driver, stop. 

7~ @ excentrique—eccentric 
ug. 

Toile métallique—wire gauze. 

Tole—iron plate. 

Tonne—ton, cask can buoy, 
nun buoy. 

Toron—strands. 

Torsion—act of twisting. 

Touage—the act of towing, or 
warping a vessel. 

Touche—steel rod. 

Tour—lathe. 

Toura fileter—screw cutting 
lathe. 


Uniforme—uniform. 

Usine—establishment where 
steam engines are con- 
structed, also a forge. 

Ustensiles de charpentier— 
carpenter’s tools. 


: 


Tour a& archet — hand tool 
lathe. 

Tourbe—turf. 

Tourillon—trunnion journal, 
gudgeon stud. 

Tourillon de balancier—axle 
tree. 

Tourne a gauche—tap wrench. 

Tourner —to turn. 

Tourne vis—screwdriver. 

Tourniquet—roller, swivel. 

Tourteau—central boss. 

Tourteau de rowe— paddle 
wheel boss. 

Tourteauw d@alésoir — boring 

lock. 

Toute volée (a)—full power. 

Toute vapeur (a)—full steam. 

Tourne vire—messenger. 

Tracer les gabarits—to lay 
down the moulds of a vessel. 

Traction—tensile force. 

Transport—carriage. 

Tranche—chisel. 

Tranche & chaud — forge 
chisel. 

Travers d'un navire—beams. 

Traverse—cross bar. 

Traverse de cendrier—clinker 
bar. 

Trémie—hopper. 

Trempe—temper (of steel). 

Tremper glacé—chilling. 

Tremper au paquet — case 
hardening. 

Tremper—to harden. 

Trésillon—heaver. 

Tresse de garniture—gasket, 
plait. 

Trévire—parbuckle. 

Triangle—triangle, triangu- 
lar hanging stage. 

Tribord—starboard. 

Tringle—a thin lath. 

Trop plein—hot well top, 
overflow shoot. 

Trop plein de la bache—air 
cone, drip pipe. 

Trone de cone—frustum. 

Trou de sel—mud hole. 

Trou de robinet—waterway. 

Trou @ homme—man hole. 

Trou & charbon — bunker 
hole, coal hatch. 

Trousquiner — to dress, to 
dub. 

Tube—tube. 

Tube de niveau d eau—water 
gauge glass. 

Tube de graissage—oil pipe. 

Tubulure—neck. 

Tuf pour mastic—portland 
stone. 

Tuyau—pipe. 

Tuyau alimentaire — feed 


pipe. 

Tuyau @ échappement—waste 
steam pipe. 

Tuyau de décharge—delivery 
pipe, waste. water pipe. 

Tuyau de jet de vapeur — 
blast pipe. 

Tuyau. de vapeur — branch 
pipe, steam pipe. 

Tuyau de refoulement—force 
pipe. 

Tuyau. @aspiration — foot 
valve pipe. ‘ 

Tuyau alimentaire — stand 
pipe. : 

Tuyau d aspiration — tail 
pipe. 

Tuyaw d’injection—injection 
pipe. 

Tuyau d apport—steam pipe. 

Tuyau de ge 8 pipe. 

Tuyau de branche—branch 


pipe. 

Tuyautage,  Tuyauterie — 
placing of the pipes of a 
steam engine. 

Tuyére—tuyere, blast nozzle. 


Ustensiles—tools. 

Ustensiles decalfat—caulker’s 
tools. 

Ustensiles de tonnelier — 
cooper’s tools. 

Usure—wear. 


3 
Va et vient—alternative mo- Vive aréte—square edge. 
tion. Virer au cabestan—to heave 
Vaigrage — ceiling, or foot _ in at the capstan. 
walling. Virer & pig—to heave short, 
Valve—valve. or a peak. 


Valve demi-sphérique—semi- Virer en douceur—to heave 
spherical valve. handsomely. 
Vanne—sluice. Virer pour mettre les linguets 
Vaporisation—evaporisation. __—to heave and pawl. 
Vaporiser—to evaporate. Virevant—crab winch. 
Vapeur—steam. Virole—ferrule. 
Vapeur serchauffée — sur- Virure — streak, strake of 
charged steam. planks, continued from the 
Vapeur humide—wet steam. stern to the stern post. 
Vapeur coupée—steam cutoff. Vis—screw. 
Varech—seaweed. Vis & triple pas—triple thread 
‘areuse—canvas over-shirt. screw. 
Varre—harpoon. z Vis d@archiméde — archime- 
Veine du bois—vein, a defect _ dean screw. 
in the wood. Vis de pointage — pointing 
Venir d Vappel dun cable— _ screw. 
to come to the cable. Vis de rappel—adjusting or 
Ventilation—air, ventilation. tangent screw. 
Ventilateur—fanner, blower. Vis de ridage— iron screw 
Ventouses—vents, air holes. used instead of a lanyard to 
Verge depompe—pumpspear. _ sit the shrouds. 
Vergue—yard. Vis de propulsion—propelling 
Verre lentigulaire — bull’s __ screw, or serew propeller. 
eye, lens. Vis de pression—fixing screw. 
Verrin—screw jack. Vis sans jin — endless screw. 
Vibration—vibration. Vitesse—velocity, speed. 
Vidange—sludge hole. Vitriol—vitriol, copperas. 
Vide—vacuum. Voie @’eau—leak. 
Vider une machine—to blow Voie d'eau (faire unée)—to 
off an engine. spring a leak. 
Tider les chaudieres—to blow Voie d’eaw (aveugler wne)— 
out. to fother, to stop a leak. 
Vif de UV eau—spring tides. Volant—fly wheal 
Vilebrequin (arbre) — crank Volwme—bulk. 
race. Voute—counter of a ship. 
Vilebrequin (outil)—wimble. Vrille—drill, giwblet. 


ta 


Yeux de pie—eyelet holes. Youyou—a small gig. 
Yole—yawl. 
Z 


Zinc—spelter, zinc. Zone—zone. 








THE RIVER SUBWAY, CHICAGO. 


Tne rapid and ever increasing development of the inex- 
haustible resources of the States and Territories in the West 
has forced Chicago to its present greatness, by making it the 
centre of exchange; a grand depdt for produce and ay 
In 1830 it possessed 49 inhabitants, and was, what it had 
been for the previous five and twenty years, a military 
station, with a log fort and stockade, garrisoned by two 
companies of United States’ troops, placed there to maintain 
the post, and to protect the settlers, then for the most part, 
agents of the fur companies in the East, from the attacks of 
the Indians. The native name She-kaw-go (Skunk) —— 
a sense of the estimation in which the primeval owners of the 
soil held this spot on the south-western shore of Lake 
Michigan. A flat prairie land, a thousand miles west of New 
York, scarcely lifted above the water level, in some places 
below it, and often partially submerged by the rising of the 
sluggish river, which flows indifferently to or from the lake, 
as the wind may drive it, or by the waves‘which so 
frequently agitate Michigan to its very bed; without natural 
drainage, a lying far away from the direct river highways 
of America ; such is the site on which Chicago has developed. 
Last year the estimated population was 255,000, occupying a 
city which stretches for eight miles along the lake shore, and 
reaches back for three into the prairie... Still growing rapidly 
each year, its avenues, its public and private buildings, 
churches, and stores, are pl only in size and magnificence 
to those of New York. It has become a t inland port, 
shipping corn and lumber to all parts of the world, and 
receiving the bulk of supplies for transport to the Western 
countries, to which it forms the gateway. It is the centre of 
a system of 5000 miles of railways, and the great. network 
known as the Chicago and N orth-Western Rai ; is about 
to centralise in a terminal station, with a frontage.ofa-mile 
and a quarter. The Board of Trade report. shows, that during 
the year ending March 1867, 997 vessels, with an agement 
of 251,077 tons, of which 62 ships, collectively of 18,042 
tonnage, sailed from British . ports, harboured in Chicago 
river. The exports in that year in grain amounted to 
66,736,660 bushels, of lumber 730,057,168 ft., of laths 
123,992,400 pieces, and 400,125,250 shingles. There were 
packed in the city for exportation 672,769 hogs, and 26,998 
head of cattle. 

The Chicago river, which receives, this great and aap: 
increasing influx of navigation, is at its mouth only an inlet 
from the lake, which cuts into the shore, at right angles to it, 
for a quarter of a mile, and then, bifurcates to the nght and 
left, forming the north and south branches. This embou- 
chure was originally obstructed by asand bar, which rendered 
it unnavigable, save for boats of a very light draught; but 
this has been removed, and it is now capable. of receiving the 
largest vessels that sail upon the lakes (1977 tons), and as the 
bulk of the inland marine gravitates to this point, both arms 
of the river have been. converted into wharves to the extent 
of 30 miles. And this forms almost the only great natural 
advantage for commerce which Chicago possesess, for quays 
are at hand everywhere, and each elevator, mill or warehouse, 
can receive or ship its merchandise direct. The only incon- 
venience attendant upon the immense floating traffic con- 
stantly passing to and fro upon the river arises from the in- 
terruption to street business, when the drawbridges are 
opened to allow of the passage of vessels. There are fifteen 








of these structures, connecting the main avenues and streets 
across the river, including three railway bridges belonging to 
the Chicago, Fort Wayne, and Pittsburgh, the Chicago, 
Burlington, and Quincy, and the Galena and Chicago Rail- 
roads. The bridges all turn upon-a centre table, resting 
upon a middle pier, which extends up and down the river for 
the length of each span, which varies from 50 to 80ft. Most 
of these structures are of wood, which, as they fail, are 
being replaced by iron girders. That carrying the Chicago, 
Fort Wayne, an Pittsburgh Railroad, is a Linville truss, and 
has only recently been completed. 

More than four years Mr. E. 8. Chesborough, the town 
engineer, called the attention of the Municipal Board to the 
necessity of increasing the facilities for communication be- 
tween the three divisions of the city, separated by the Chicago 
river and its branches. He urged that.as theconstantly increas- 
ing land and water traffie, conflicting with each other, caused 
incessant mutual stoppages, some new means should be 
adopted by which passengers and vehicles might be enabled 
to cross the river without the inconvenience of waiting while 
the drawbridges were opened and closed; and he suggested 
the construction of subways beneath the river. Acting upon 
the recommendation, the Office of Works in 1865 directed the 
preparation of plans and specifications for the construction of 
a low-level crossing, and invited contractors to tender for 
carrying out the work, which was commenced in 1866; but 
so considerable were the delays experienced in consequence 


.of the failure of the contractors, as well as of the strutting 


and scaffolding they had employed, that the crossing is at 
present only half completed. It is, however, being actively 
pushed forward, and the first cofferdam is in course of re- 
moval from one side of the river to the other. 

The design and construction of the subway is very com- 
pletely shown in the engraving in which Figs. 1 and 2 are 
the general plan and longitudinal section, the other figures 
representing cross sections on the various lines lettered in 
Fig. 1. The crossing is to connect the east and west sides of 
Washington-street, and occupies a total length of 1606 ft., 
made up as follows: 773 ft. of western approach, 200 ft. of 
river crossing, and 632 ft. of eastern approach. For 360 ft. 
on the western side, the work is in open cutting, between 
retaining walls 20 ft. apart, and is only a roadway for vehicles, 
The archway for the side walk commences 90 ft. from the 
tunnel face of the main subway, and is approached from the 
street level by eighteen steps, which are enclosed in a small 
covered building standing in the middle of the street. The 
roadway has a falling gradient on the western side of 1 in 
18}, the side walk, a slope of 1 in 12, until the crossing under 
the river commences, at which point there is a difference 
in level between the two of 5ft. 6in. From here the 
gradients are similar until the eastern approach is reached, 
where the carriage road rises 1 in 16, and the side walk 1 in 
113. Under the river the tunnel is divided into two arches, 
in order to gain a reduced headway. Fig. 5 shows a section 
of this portion of the work. The side walls are 6 ft. thick, 
1ft. concrete backing, 2 ft. 8in. of stone, and 1ft.4in. of 
brick lining, toothed into the stone work. Each carri 
way is 11 ft. wide, covered with a nearly semicircular arch. 
An intermediate wall 2 ft. thick, pleneed, with eleven open- 
ings, divides the two tunnels. A continuous pier of the same 
strength also divides the side walk. All these arches are 
built with inverts 1 ft. 8in. thick, bedded upon a 2 ft. eon- 
crete bottom. The footings underneath the briekwork are of 
stone throughout, and the inverts of the carriage ways are 
filled up with eoncrete to within 7 in. of the ultimate level of 
the pavement. Upon thisa Nicholson pavement is to be 
laid. The footway will be a planked road carried on trans- 
verse joists. The outside of the arches are filled from the 
springing to the crown with stonework, with 6 in. of concrete 
above and 4&0in. of stone superimposed. This brings the top 
of the structure to 14 ft. 4in. below the City datum line (the 
mean lake level) and 3 ft. below the restored bed of the river. 
Fig. 6 is a transverse section of the subway on the line GH, 
the point of approach from the street level to the side walk. 
The carriage road is here in single tunnel, 19 ft. 6 in. wide, 
with a headway of 15 ft. 9 in.; the side walls are 6 ft. thick, 
and spanned beneath by a brick invert. At this point there 
is a difference in level between the two tunnels of 14 ft. 
Fig. 4 is a cross section showing the ordinary construction of 
the two subways, and Fig. 3 a section at the point where the 
rg 7 way is widened from a single arch of 19 ft. 6in. to 
23ft.4in. The side walls are strengthened to 7 ft. from this 
point to the river crossing, where they are again reduced to 
5 ft 


Figs. 1 and 2 show the arrangements made for draining the 
tunnel. In the lowest point under the centre of the river a 
sumph is formed, communicating by a horizontal sewer with 
a second sumph placed just within the river quay, and with- 
out the side wall of the tunnel (Fig. 1), whenee the drainage 
is pumped into a high level sewer. Four inch pipes will collect 
the surface water from the smaller tunnel and pass it into the 
sumph. a are to:be placed at short intervals in recesses 
of the side walls, both of the carriage and foot subways, 

As we have said, this tunnel is an experimental one, and 
should it be found successful, the bridge communication 
between the main streets in om 4 will gradually be super- 
seded by this form of crossing. In that city there is every- 
thing to recommend it—an excessive navigation in a narrow 
river, a constant stream of passengers and vehicles in crowded 
streets, an impossibility of constructing fixed bridges with a 
headway sufficient to give clearance to vessels, and a con- 
stant inconvenience attendant upon opening and closing the 
draws. 








New Rariway Act.—An Act of Parliament has just been 
printed to give further time for making certain railways. A 
company is empowered, on certain assents of the shareholders, 
to apply to the Board of Trade for an extension of time, and 
on the application being entertained, notice is to be given 
and objections can be made. The Board of Trade can extend 
the time for a period of two years from the time limited. 
The applications under this Act are to be made within “one 
year.” 
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WILLISON’S CATARACT MASHER. 
MESSRS. MORTON AND WILSON, ENGINEERS, STOCKTON-ON-TEES. 


(For Description, see Article on “ Brewing and Breweries” in our next Number.) 
FIC.) FIG.2 FIG.3 




















WALKER’S MASH-TUN BOTTOM. 
MESSRS. MORTON AND WILSON, ENGINEERS, STOCKTON-ON-TEES. 
(For Description, see Article on “‘ Brewing and Breweries” in our next Number.) 
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THE STRENGTH OF BEAMS.—No. XVIL. 


On tHE TRANSVERSE STRENGTH oF Sree Ratts 
AND OTHER ANALOGOUS BEaMs. 


Tue subject of the present papers, “The Strength 
of Beams,” considered especially with reference to per- 
manent way, would be but imperfectly elucidated if 
the problems involved in the consideration of the 
strength and stiffness of combined beams of iron and 
wood, upon which the stability of permanent , way 
with longitudinal sleepers so much’ sdepends; were 
omitted from theinvestigation. Thus, thé severést traffic 
——- on any line in the world, that’@i the original 

fetropolitan, has been successfully sustained, as far as 
the absolute strength of the permanentway isanvolved, 
by an iron rail weighing only 604b.) per yard, the 
stiffness and strength of which does not amount ‘to 
fths that of the 84 1b. steel.rail, adopted di" other 
portions of the same line... The, explanation, of this 
apparent anomaly is, that in. the former instance the 
strength of the rail itself is es area by that of a 
longitudinal sleeper 13 in, x 6} i, to which it is 
secured by fang bolts, whe in the latter case, cross 
sleepers alana are emploged, 4 Wiathee the maximum 
bending stress on continuous i ie pemmenens way 
is in practice greater, or less, than that pecareing on 
cross-sleeper roads, ig # question which can only:be 
decided by the indiréét results of lengthened practical 
experience. Some light is thrown upon the subject 
by the successive modifigations in, the strength,,of 
different systems of permanent way with iron sleepers, 
suggested by the defects exhibited in the working of 
the several systems, 

One important, element in the problem, however, 
that of the absolute strength and stiffness of different 
combinations of wood and iron, may be readily arrived 
at. The first step in the investigation of that question 
is to determine the strength and stiffness of thie 
longitudinal sleeper per se. Ample. data, is at hand 
for that purpose in the collected deductions of a host 
of experimenters on. the properties of timber, made 
years before there, were any indications of the ap- 
pearance of the great rival, iron, on the field. 

Unfortunately most of the careful experiments of 
Tredgold, Barlow, and other early investigators, were 
made on small pieces of timber, straight grained, and 
free from knots and other defects, a condition favour- 
able, it is true, to the comparison of the results of 
mathematical investigation with experiment, but, on 
the other hand, leading to errors of much greater 
moment in actual practice, since, as every workman 
knows, a piece of timber uniformly sound throughout 
can never be reckoned upon. The important per- 
centage of loss due to the inevitable defects in large 
scantlings of timber is well indicated in the following 
experiments? 

A piece of English oak, well seasowed and straight 
grained, 2 ft. long and 1 in. square, sustained a load 
equivalent to 84 cwt., applied at the®*eentre of a bar 
12 in. long by 1 in. square. That is, the strength of 
this piece of oak was little less than half that of a 
similar bar of cast iron of fair quality, .The apparent 
strain, F, on the extreme fibres ofa barJ2 m. long and 
1 in. square, subjected to a stress, 9, Will be 

w xX 12in. x 6__ 
+ 
hence, in the present instance, it would amount to 
18 x 8} ewt.=7.6 tons per square inch, a sur- 
prisingly high, and as far as practical»cases are con- 
cerned, a palpably exaggerated result. 

Taking a larger scantling of oak 1) ft. 9 in. long by 
84 in. square, we find the breaking weight reduced to 
that at the centre of a bar 1 ft. long by Lin. square, 
as before, to be 54 cwt. only, instead’ of the 8} ewt. 
sustained by the last cited specimen. The corre- 
sponding value of F, therefore, would be 5 tons per 
square inch in this instance. 

Again, referring to the results of the experiments 
on the largest scantling of oak beam we are aware of 
having been subjected to actualtest, we find the 
breaking weight at the centte of the beam 24 f% Gin. 
long, 12} in. deep, and 103 in, wide, was 19,666 ]b,, 
which corresponds to a load of 2.7 ewt. at the centre 
of the 12 in. x 1 in, square bar. ‘This reduced amount 
shows that the average strength of the timber in this 
large beam was less than jr of that im. the small 
selected piece, and we think no further illustration. is 
required to show the necessity, of neglecting the 
majority of experiments on small scantlings of oak 
when deducing rules for practical application. 

We find the same conclusions hold good with re- 
ference to Riga, Memel, pitch pine, and other soft 
woods, the strength of which, on the. basis of experi- 
ments on small pieces, is stated by various authorities 
to be from 4 to 5 ewt., correspon ing to a maximum 


18 2; 











strain of from 3} to 44 tons per square inch. De- 
ducing results, however, from experiments on beams 
15 ft. long. by 12 in. square, we find the equivalent 
breaking weight to be 2} cwt., or F=2} tons per 
square inch only. Some experiments on creosoted 
sleepers 14in. x7 in., of yellow pine and Memel, are 
of especial value in the present inquiry. The break- 
ing weight at 5 ft. bearings ranged from 13 to 15 
tons ; hence the equivalent ‘oad ow the standard bar 
Would be 1.9 and 2.2 ewt.; and the strain F=1.7 to 
2 tons per square inch. ; 
"rom a general consideration of the preceding re- 
sults, it appears that the strength of fair average 
samples of sleepers may be computed upon the as- 
sumption that the breaking weight at the centre of a 
bar 1 ft. long by lin. square is 2.2 cwt.for pine and 
2.75 ewt. for oak. Hence, 8 being the span in inches, 
and B W the breaking weight in tons, we have for oak 
and. pine respectively : 
=) 2 
BWwe1os 74 


BW=1.32 7. 


a7 


Or the ultimate strength of any beam of rectangular, 
or,other form of cross section, miay be obtained by in- 
serting the values of F=2 tons per square inch for 
ine, or 24 tons per square inch for oak in» previous 
Ofinule for the strength of iron‘and steel beams. 

he really practical branch of the inquiry, considered 
with reference to permanent way with longitudinal 
sleepers, hinges upon the comparative stiffness of the 
eoribined rail and sleeper. In respect of the latter 
nidmber, we find the same exaggerated results given 
by experiments on small scantlings. 

Thus, the mean extension and compression per ton 

er square inch, in terms of the length, will be given 
“ the equation previously deduced for rectangular 

3 
iron bars, p=‘ od Applying. this in the instance 
w 
of some small bars of oak and pine, we find the value 
of E to be very variable in different bars of the same 
timber, and to range from .0012 to .0018. Deducing 
its value from experiments on the large oak beam 
already cited, we have the deflection, §, under aload of 
$198 lb.=2.65 in.; hence, by substitution, we obtain 
E=.0022. Again, taking the large. pine beam, we 
have E=.003; and from the following experiments 
on 14in.X7in. sleepers tested at 5 ft. bearings, we 
find the value to range from .0027 to .004. 
Weight in Tons. Deflection. Deflection. 

in. in. 

075 oll 

-163 25 

2 oi 

J 237 363 
8.5 -263 -425 

Mean deflection per ton 03 046 

We may, therefore, consider the average value of E 
for oak and pine to be .0022 and .003 respectively. 
By inserting these values of E in any of the previous 
equations for deflection, we may obtain that of any 
section of beam under any kind of loading. 

The practical difference in the strength and stiffness 
of oak and pine is less than might have been antici- 
pated. We have found the former to be only ih 
stronger, and 4rd stiffer, than the latter. This per- 
haps is partly owing to the greater irregularity in 
large scantlings of oak. 

Having the preceding data, we are in a position to 
investigate the strength of a combined beam of iron 
and wood, such as a portion of longitudinal sleeper 
permanent way. 

The first question suggesting itself is this: Will the 
rail and sleeper act together, or as independent 
beams? The answer to this obviously is, that it will 
be entirely dependent upon the efficiency of the 
fastenings connecting the two members of the com- 
pound structure. 

The strength and stiffness will, of course, be the 
minimum when the two members act independently ; 
and although in short pieces prepared for testing, or 
even in an entire line of railway when newly laid, the 
structure may be considered to a certain extent homo- 
geneous ; yet, as every platelayer knows, to his cost, 
the most unremitting attention will not secure the 
continuance of that condition. The fastenings, even 
when fang bolts of the best proportions, will work 
loose, and, when loose, it is ebeiana the sleeper and 
rail must act as independent beams. * 

It is necessary, therefore, in estimating the stiffness 
of a longitudinal sleeper road under the worst con- 
ditions, to assume that the fastenings do not contribute 
to the vertical stability of the system. 

On this hypothesis, M being the moment of cross 
section of the rail, M* that of the sleeper, F the 


been dué to “the timber bei 





| apparent strain in tons per square inch on the extreme 
fi 


res of the rail, and ¥? that on the sleeper, we 
have the weight, W, at the centre of the span, §, 
smelt, wat(MF+M: F) 


But since the deflection, 8, is necessarily the same 
both for rail and sleeper, it follows that for an iron 
rail on a pine sleeper of the depths, @ qua fesjec. 

pn 


X 1 t; 

tively, that F: F2 --_“_; .4_, 

ively, tha 008 
ws 
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4( ot 30d 
The stiffness of a rail, or any beam, is directly pro- 
portional to the product of the moment of resistance 
of the cross section (M) into the depth (¢) ; hence the 
stiffness of the combined rail and longitudinal sleeper 

will, in the same terms, be proportional to M d+ rn ; 


Hence, we 


0001 


have F= 


Testing the correctness of this deduction by eom- 
paring the results given by it with those obtained py 
direct experiment on a rail weighing 68 lb. per. yard, 
secured to a 14 in. x7 in, sleeper, we have M=4.5 for 
the rail, and M==* =114.5 for the sleeper; hence, 


since the stiffness of the combined structure is to tuat 
of the rail alone as Md+ > : Md, it follows, the 


depth of the rail being 3 in., and that of the sleeper 

7 in., that the deflection of the rail and sleeper com- 

bined, under a given stress, should be the fraction 
4.53 in. 13.5 ; 

caxd apes tin G08 eee by 

4.5 X3 in. a 


the rail alorie under the same conditions. ; 
The deflections of the rail at 5 ft. bearings were as 

follows : 
W. 





o 
-075 
2 
25 

- * see 45 
Mean deflection ons eee -07 per ton. 

It follows, on the hypothesis made in this investiga- 
tion of the fastenings being inefficient, that the deflec- 
tion of the rail and sleeper together would at the same 
07 in. X135 — ogg in. per ton. 

40.2 

The actual deflections are given in the following 

Table : 
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iON... eve eee -019 per ton, 
Thi Sebesed dellsction, then, was rather senile 
than that indicated by the formula. This’ probabl 
was entirely due to the action of the fastenings which 
we haye shown should be neglected in the comparison 
of practical cases. A. portion, however, might, have, 
of'rather better quality 
than assumed in. the formulay:: This is one of the 
many instances in which ¢dngliifions based upon’ 
correct theoretical, reasoning’ are teally more’ Feliablé: 
than those derived directly from direct experiments 
too few in number. 
Comparing the stiffness of the preceding permanent 
way with that of an ordinary double head rail 5 in. 
deep, on cross sleepers, the moment of resistance of the 


rail (M) would have to be equal to 40.3 8.04. Now 


5 in. 
we have found for a 68 lb. rail of that depth M=7.8, 
hence the weight of the 5.in..rail.on cross sleepers, 
equivalent in stiffness, to. the 3 in. tail, on longitudinal 


sleepers, would be, about 68 1b 8.04 _ 79 Ib. per 


7.8 

yard. 

We will now compare the stiffness of the permanent 
way on the origifial. Metropolitan Railway with that 
adopted ‘at present on. all its extensions. In the 
former instauce*the iron rail, 60 1b, to the yard, and 
3.45 in. deep, has a’moment of resistance M=5.9, 
whilst that of the longitudinal sleeper 13 in. x 6} mn. 
=92; hence,-the stiffmess of the combined structure 


’ ; ‘ 92 x 64 in. 
would be proportional to. 5.9,in. x 3.45 in.+ ” xe 


=40.3, or identiealwith that of the longitudinal 
sleeper road last considered. 
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In the new system of permanent way, with the 84 lb. 
steel rail on cross sleepers, the depth of the rail is 44 in., 
and the moment M=10.05; hence, since we have 
already shown average steel to be one-fourth stiffer 
than iron, it follows that the stiffness of this system 
will be proportional to 1} x 4.5in. X 10.05 = 56.5; 
exhibiting an increased stiffness of 40 per cent. over 
the original permanent way, The actual excess in this 
particular instance is, however, less, on account,of the 
exceptional softness of the steel. 

The deflection within the elastic limit of any section 
of rail, upon any scantling of longitudinal sleeper, sub- 
jected to a stress, W, at the centre of = span. 8, will 

& 
be given by the original equation, 8=——;7—, when 


7 
I 
4 


F=-— —— 
4(M+ 4(M 
vk sleepers. 


Illustrating this formula by its application in the 
instance of the permanent way, the detailed tests of 
which are given in the present paper, we have M=4.5, 
M’'=114.5, d=3 in, d=7 in., S=60 in.) ‘and 
u=.0001; hence the deflection per ton would be: 
ha 60 in. x60 in. x60 in. x1 ton x.0001 =.093 in.; 


6x4x3 in, ( 4.5 + L165 <7 me. 


30 X3 in, 
which is identical with that previously deduced from 
the observed deflections of the rail, on the hypothesis 
that the fastenings were not to be relied upon as in- 
creasing the effective stiffness of the road. 

From a general consideration of the preceding facts 
and deductions, it may be concluded that the inherent 
stiffness of newly Jaid permanent way, with efficient 
fastenings, and of the proportions commonly adopted 
in this country, is the same in continous bearing 
longitudinal sleepers road as in those constructed with 
cross sleepers. But on the other hand, it is also ap- 
parent that the minimum stiffness of the road, under 
the exigencies of actual work, is rather less in the 
former system than in the latter. B. B. 


=,.0001 for iron, or .00008 for steel rails, and when 
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THE SAINT PANCRAS STATION. 

We have from time to time given detailed descrip- 
tions of the design and progress of this great work, 
and illustrated it from a general sketch which ap- 
peared in our first number, to the finished picture of 
the interior which we published last August ; we have 
also given a drawing and description of the large 
staging designed by Mr. Alleyne, of the Butterley 
Ironworks for the erection of t':e roof. 

The intention of the directors being to work the 
communication between the Midland Railway and 
the Metropolitan Railway Widening in July next, 
and to open the station for general traffic in the 
ensuing August, the works are being pushed forward 
with the greatest rapidity, and already the walls and 
substructure of the building are nearly completed ; 
and fifteen out of the twenty-five main principals 
with their complicated system of cross bracing, 
purlins, and wind ties, are now in place. The 
space enclosed between the outside walls is 240 ft. 
wide and 700 ft. long, the whole of this area is 
carried on 690 columns and a system of main con- 
tinuous, and intermediate girders, the spaces between 
which are filled with Mallet’s patent buckle plates. Of 
these 800 tons have beenemployed, representing aroyalty 
of 1220/. to the patentee. Speaking of these buckle 
plates, it is somewhat a curious thing that they are 
invariably employed in the weakest position, that is to 
say, with the convex side uppermost. Reversed, their 
strength is greatly increased, or, what comes to the 
same thing, a lighter section of metal can be employed. 

The columns carrying the substructure of the sta- 
tion building, rest upon foundations carried down to 
the London clay, an average depth of 20ft., and are 
bedded upon a stone surmounted brick pier, resting 
upon 6 ft. of concrete. Every alternate continuous 
girder is strengthened to act as atie to resist the thrust 
of the main principals to which it is secured. 7000 
tons of iron are wl in the construction of the build- 
ing, including the substructure, and 400 tons in the 
screens at the north and south ends of the station. 
The latter are beautiful specimens of ironwork, 
thoroughly well carried out by the contractors. 
The staging for the erection of the roof (ENGINEERING, 
vol. iv., page 524) has answered well, and the advan- 
tage of building it in three separate pieces is great, apart 
from the increased facility of moving it when required. 
There are two of these gantries, each weighing 350 
tons, and each consisting of three separate stagings, 


Referring to the engraving we published in our last 
volume, it will be seen that the staging is wide enough 
to allow of the erection of two principals, and that 
there are seven tiers in each gantry, corresponding to 
the number of joints in the principals (the first two 
lengths being erected without centering). On each 
of these tiers are sliding blocks, the ends of which are 
cut to the curve of the roof at that particular level, 
and just the width of the principal itself;@which is 
clipped on each side by timber cheeks bolted to the 
slidmg block. By folding wedges the position of this 
block is mipeeted, and the roof adjusted to its proper 
shape. 

In shifting the staging great care is exercised, so 
that the last principal, ‘Which has not the full advan- 
tages of being braced to thé adjacent ones, shall not 
be moved or strained in any way. The centres in the 
side gantries are first struck, and the stages méved for- 
ward a distance of 29 ft. 4 in., the space between the 
main principals, the centre portion of the staging beibg 
left keyed up to the crown of the arch and bolted to the 
ground. When the side stages are firmly in position, 
and the sliding blocks driven out to keep the principals 
in place, the centre portion of the*staging is shifted 
to its new station, By this means the end principal is 
never left unsupported. At the time of its erection, 
many doubts were expressed as to the facilities for 
moving these enormous stagings, doubts which have 
been set aside by experience. Sixteen men with levers 
shift each of the gantries the necessary distance (29 ft. 
4in.) in less than six minutes. The 130 wheels upon 
which they are carried, run upon bridge rails weighing 
72 1b. to the yard, bolted to longitudinal sleepers 18 in. 
square. There are 17 lines of rails, each about 70 ft. 
long, a length which allows for a forward motion of the 
staging of 29 ft. 4 in., besides its own width. The rails, 
which are made in two lengths, are shifted from rear to 
front as the staging advances. The arrangement for 
transmitting power to various parts of the work are ad- 
mirable. Midway between the two great gantries, 
which are placed at either end of the station, is a 
steam windlass, moving on a platform, which also 
carries a drilling and punching machine, all of 
which are driven from the same engine. This wind- 
lass works six sets of tackles, three to each gantry, 
which are carried by fixed pulleys to every part of the 
staging. The crane itself is mounted on wheels, run- 
ning upon light rails, and is drawn backwards and for- 
wards by a tackle and fixed pulley attached to each of 
the travelling stages. 

At the north end of the station the two last 
principals ate in place, and the top arched chord of 
the screen is fixed; these principals are 14 ft. 8 in. 
apart, and are stiffened transversely by fifteen parallel 
trussed purlins, acting as abutments to the ordinary 
purlins, which are arched in each of the other bays. 
The bottom chord of the screen will be at an clevation 
of 40 ft. above the rail level, and will be similar to the 
upper member, save that it will be strengthened to 
resist the action of the wind. The main vertical and 
horizontal girders are of similar construction, consisting 
of lattice girders 6 ft. 8in. deep, with upper and 
lower chords 14 in. by $ in., and angle-irons 
33 in. by Zin., with a central stiffening plate 6 in. 
by 3 in. thick; the intermediate vertical girders are 
rolled beams of H section 9 in. deep and 54 in. wide, 
and the spaces between are filled with timber sash bars 
to receive the glazing. The top chord of the screen 
has only just been completed, the movable scaffolding 
having been removed within the last two days to 
give room for the erection of the fixed staging on 
which the horizontal chord will be erected. As 
it is likely that the station will be opened for traffic 
before this part of the work is complete, the staging is 
designed with suitable openings to admit of the 
passage of trains. 

The greatest precautions have been taken on the 
part of the contractors to ensure a perfect fit in each 
joint of the iron work, and in consequence of this 
care, it has followed that no trouble from bad joints 
has arisen on the ground; indeed, hitherto there has 
been no chipping required in the erection of. the 
work. In setting out the first principal, a special 
platform was constructed, and the half roof set out 
full size upon it. This principal has been kept as a 
standard by which all the rest have been made, and 
will be the last one delivered upon the ground. The 
average deflection of the principals after the centres 
are struck is ;4ths of an inch, and in each case they 
are tested threefold; by a theodolite statione# on a 
fixed standard exactly in the centre line of the build- 
ings; by a measuring rod which runs from the top to 
the bottom of the staging, and measures the deflection 
at the extreme crown of the arch, as well as that of 





which can be moved independently of the others. 





the scaffolding ; and by a plumb line which is dropped 


from the centre of the underside of the principal until 
it intersects a transverse line, stretched across the 
building at springing level. 

The diagonal bracing of the roof is partly of flat 
bars 5$in. by }in.; the rest, which extends from the 
crown of the arch to a distance of 75 ft: on either 
side, consists of T iténs. The building will be lighted 
from the top with*@skylight, 160 ft, wide, and the 
rest’ of the roof’ will Bé slated over ‘iiitebiéd Boarding 
1} in. thiek: Sas? saa _ 

The railway approach’ Mfe"%He station is practically 
complete, and the rails are laid up to within 400 
yards of the north end of the terminus. The whole 
of the enclosed area is covered over the buckle plates 
with burnt brick ballast, which will be increased to 
the necessary depth, and form the foundation for the 
rail bed. 

On the east and west of the station shops are being 
arranged within the sides of the building, and these, 
besides improving the appearance of the street b 
breaking ‘the monotony of the long dead wall, will 
yield'a considéerablé rental to the company. 

To desigh and so successfully carry out the largest 
roof yet attempted will bring honour alike to Mr. W. 
H. Barlow, the consulting engineer to the railway, to 
Mr. Ordish, who has planned the structure throughout 
in all its practical and ornamental details, and to the 
Butterley lron Company, who have thus far admirably 
carried out the work entrusted to their charge. 








LIQUID FUEL, 
To tue Epitor oF ENGINEERING. 

Srr,—With reference to Captain Selwyn’s letter to you 
last week, permit me to say that I have made no claith to the 
initiation of the idea of burning liquid fuel, which, I concur 
with Captain Selwyn in believing, must have ®een burnt 
under some circumstances or other from time immemorial, 
nor have I stated my disbelief that coal-tar may be burnt 
without smoke, and with as much evaporative efficacy as coal. 
But what I totally disbelieve and deny is that by any method 
of burning it, the enormous and incredible evaporative power 
can be obtained from it that Captain Selwyn Intely asserted. 
I should be justified in speaking thus confidently on this head 
from the manifest inconsistency of Captain Selwyn’s results 
and those of other experimentalists, and from our knowledge 
of the chemical composition of coal-tar—or creosote, if Cap- 
tain Selwyn prefers that phrase—and from the unreasonable- 
néss of expecting to get more out of tar or anything else than 
there is in it. But I also speak from the results of ex- 
periments, of my own, which were as Varied; as numerous, 
and fis aecurately conducted as any to which Captain Selwyn 
has made reference, and which results were quite inconsistent 
with those accorded by Captain Selwyn.” The amount of 
foreign matter entering into the composition of | coal is 
quite well known, and is quite ‘insignificant.’ The rest is 
either hydrogen or carbon, and the. utmost arfiount of 
superiority which pure liquid fuel can exhibit over pure solid 
fuel is represented by the smail quantity of heat required to 
melt the solid fuel—supposing it to be bituminous coal—or to 
overcome the cohesion of the particles for one another. I 
first employed tar and water allowed to mingle in ‘a small jet 
within a furnace where both were ‘vaporised. But finding 
that this cooled the furnace, I raised both liquids into super- 
heated vapour, and, after being commingled, I transmitted 
them through hollow furnace bars to maintain an artificial 
fire, composed of pieces of fire-brick, in a state of incandes- 
cence. No better plan than this for burning tar has been 
projected, and it accomplished what was desired: But it in- 
volved increased complication, greater risk of fire, and it was 
not productive of the. momentous saving which Captain 
Selwyn alleges. If Captain Selwyn doubts the facts, 
easily substantiate them. If he admits them, I fear the 
inference must be that the great discovery he vaunts in 
liquid fuel is only a mare’s nest. 

Tam, &c., 
Joun Bourne. 








SUBTERRANEAN Fire.—A singular discovery has been 
recently made at the earthenware manufactory of Messrs. 
Powell and Bishop, Hanley, Staffordshire.. A fortnight ago 
it was noticed that the walls of a portion of the building 
called the “saggar” house were gradually falling out of the 
perpendicular, but several days elapsed before it was found 
to be due to a seam of coal, technically known as a “smut,” 
which crops up under that part of the building, having be- 
come ignited by one of the flues of the “saggar” house, and 
the fire had in all probability been smouldering for a con- 
siderable time. A mining engineer was consulted, and he 
advised that a shaft 6 yards deep shaft should be sunk near 
the seam, and the fire cut off by driving lateral galleries. On 
Thursday an immense quantity of water was thrown on the 
fire, but without extinguishing it. It is impossible to say 
low far the fire extends, but a superficial area of at least 
10 yards square is more or less affected, and the damage done 
will be very serious. 

OreninG or New Docks at SuNDERLAND.—On Tuesday 
the River Wear Commissioners opened their new docks of 
11 acres area. The long depression in the shipping trade has 
so reduced the funds at the disposal of the commissioners 
that economy necessitated the avoidance of any costly cere- 
mony. Flags were hoisted at the masts of. nearly all the 
ships in port, and thousands of the inhabitants assembled to 
witness the commissioners run a fine steamer of 2000 tons 
burden and other large vessels into the dock shortly after low 
water, showing what deep water accommodation would be 








afforded at high water. 
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THE STEVENS BATTERY. 
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Iw a letter recently published in Enetngerine (page 535), | of the trunnions, half the thickness of rubber took up the 


headed, “‘ The Staunch v. the Naugatuck,” a reference is made 
to Mr. Edwin A. Stevens’s battery, as applied to the latter 
vessel in 1862. We this week reproduce the drawings and 
description of the Naugatuck ood armament from Holley’s 
“ Ordnance and Armour :” 

“ Fig. 1 illustrates the machinery as designed for the 15 in. 
guns of the Stevens battery. The experimental apparatus 
consisted of the same parts, excepting the water cylinder 
and the steam cylinder, R, for hoisting the ammunition. 
The muzzle, C, of the gun being depressed to receive the 
eharge, the cartridge, P, and the ball, D, connected together 
oy the wooden sabot, E (which also prevents the ammuni- 
tion slipping back) are rolled (not lifted) upon the scoop, 
T, when the latter is in the position shown in dotted lines. 
The scoop is then raised to the position shown, by means 
of the lever, 8, and the steam cylinder, R. By moving the 
handle, H, steam is then admitted to the long inclined cylin- 
der of which the piston rod, J, is the ramrod of the gun ; the 
charge is thus shoved out of the scoop into the gun, and 
home. N and O are the steam and exhaust pipes leading to 
a boiler and to a condenser or into the atmosphere. The gun 
is then elevated (by machinery, in the design for the battery), 
fired, and depressed. The cocx, K, is then turned so as to 
admit water from any convenient vessel into the pump, of 
which L is the hollow plunger. The rammer, M, also a swab, 


up with it the pump piston, L. As the rammer is withdrawn, 
the pump-full of water is forced, by the automatic operation 
of the common pump valves, through the pipe, L, and out of 
numerous orifices in the rammer head, M, upon the whole 
surface of the bore, from the chamber to the muzzle. This 
operation may be repeated in a few seconds, or a limited 
quantity of water may be let in by adjusting the valve, W, 
@: the case may require. The valve, K, is then shut, the 
ammunition having, in the mean tim:, been rolled upon the 
scoop, U, and the loading proceeds as before. The whole 
operation of sponging, cooling, and .oading, may be per- 
formed as quickly as a man can make eight passes with 
levers within his reach. The water from the gun will not 
injure cartridges in metallic cases, and may be conducted to 
any convenient place of discharge. 

“The whole apparatus, if disabled, may be removed b 
knocking out a few keys, thus leaving the gun free for hand- 
loading. 

“ The Bie ae sae Ghovens was mounted on a fixed 
carriage (Fig. 2) like the Nau 
slide, A, being simply backed with eighteen 8in. discs of 
india-rubber 1 in. thick each, to take up the recoil. In front 





, | : | ing at a fix 
is then run into the gun by moving the handle, H, carrying | 


tuck’s (Fig. 3), the trunnion | 


counter recoil; the gun almost instantly stopped in the 
position from which it siarted. 

“The Naugatuck’s gun, shown by Fig. 2, was a Parrott 
100-pounder. The gun is trained with great precision by 
turning the vessel on her keel, by means of twin screws. 
The gun is loaded from below deck, by apparatus resembling 
that shown in Fig. 1, except that it is operated by hand. 
The vessel is lowered, in action, to the deck, by fil ing the 
compartments, mm, with water. 

“ But the gun is not necessarily depressed for loading. In 
a casemate, afloat or ashore, the gun may be wheeled round 
and steam-loaded horizontally. A patented plan for doing 
= in a small space is shown by Fig. 4,* and another by 

‘ig. 5. 

“A turret may be turned, after each discharge, to a small 
shot-proof loading-house on deck. Rough machinery, situated 
within armour or below water, to revolve a gun or its carriage, 
is as practicable as the delicate and complex mechanism of a 
frigate’s steam engine. 

“A gun recoiling to various distances by the old apparatus, 
may be readily placed, by machinery, at the proper distance 
for loading ; a Mr. Stevens’s experiments have shown that 
the axis of the gun need not be exactly coincident with that 
of the loading cylinder, nor the gun always placed for load- 
nd Genes from the cylinder. 

“Mr. Stevens’s experiments are thus described in the 
official report :} Experiments of January 4, 1862. 
gun, procured from the Navy Department, weighing 9883 lb., 
was mounted with india-rubber buffers behind the trunnions. 
This gun was loaded with the full service charge of 11 1b. of 
powder, and a solid spherical ball weighing 124 lb. ‘ 

This gun was loaded by steam power, the muzzle being 
depressed so as to bring the bore parallel with a steam cylin- 
der situated below a platform made to represent the deck of 
the battery. . - The piston rod of this steam cylinder 
was the ramrod of the gun. Upon the upper end of this 


of powder and a 124]b. ball, and. fired four times with the 
same charge. The entire time occupied by the four shots 
being 139 consecutive seconds, and the average time being 
34g seconds. The quickest time was 25 seconds. The average 
was increased by the failure of a friction primer to go off. A 
225 Ib. elongated shot was afterward fired with 4 lb. of powder, 
having been loaded with the same rapidity as the 124]b. 
shots, and the recoil being less.’ It should also be recollected 
that the ammunition was raised to the muzzle, and that the 
gun was elevated and depressed by hand.” 








Tae Norra or Enetayp Iron anp Coat TRADES.— 
Fripay.—The past week has been broken by the interposition 


| of the Whitsun holidays, and no meeting of ironmasters has 


*A 10in. | 


been held. Dulness and apathy have for some time been the 
terms used to convey an idea of the state of trade of the district; 
but such expressions are common to the iron trade through- 
out the country. It is believed here, however, amongst those 
best informed, that they do not bear the same relative signifi- 
cance when applied to the north as to other districts which 
are generally much worse off. Doubtless, the large turn-out 
of Cleveland pig keeps the district more prosperous. More 
is being sent away every day, especially to Scotland, the 
delivery is double what it was twelve months since, and the 
orders in hand for prospective delivery are good. With this 
large influx of iron, the only matter of surprise is that the 

rices of Scotch iron keep up. The make of the district is 
ikely to be increased by the Towing in of new furnaces. The 
general home demand is slack; but continental shi ments 
are busily going forward. The warrant stores at Middlesboro 


| show a decrease, but stocks in makers’ hands are not being 80 


ramrod was a swab which also answered the purpose of a | 


rammer. The cartridge and ball were attached to a sabot, 
and placed on a scoop arranged so as to lift the ball to its 
proper position between the rammer and the muzzle of the 
gun, when steam being admitted to the cylinder, the ball was 
orced home. The gun was then elevated and fired.’ 
“Experiments of January 11, 1862. ‘The 10in. gun, 
mounted as before described, was loaded by steam with 11 lb. 





~ #* James Hyde, patented December 23, 1862. 
+ C. F. Brown, patented June 19, 1862. 
t “The Stevens Battery—Memorial to Congress,” 1862. 





quickly brought down. Fresh orders for manufactured iron 
seem to be scarce. Rails are turning out a large make, 
chiefly on foreign account. Shipbuilding is also very active, 
and more inquiries are made for the future. Prices of all kinds 
to-day at Middlesboro’ are unchanged from last quotations. 
Coal ‘and coke are no better. The supply to London per rail 
during the past week has fallen off nearly one half. The 
“slack” at the pit’s mouth employed for manufacturing 1s 80 
difficult to quit that it has been selling in some instances at a 
rate that will not leave more than Is. 6d. far everything at 
the pit’s mouth. Shipments are moderate. , 

TELEGRAPHS IN THE MEDITERRANEAN.—The Anglo-Medi- 
terranean cable is now in full course of manufacture by the 
Telegraph Construction and Maintenance Company, an will 
be laid in August under the superintendence of Sir 8. Can- 
ning. It is stated that a decided effort will soon be made to 

| continue this line to India by way of the Red Sea. 
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LITERATURE. — 


Examples of Modern Steam, Air, and Gas Engines of the 
most recent ah ge types,'as employed for Pumping, for 
Driving Machinery, for Locomotion, and for Agriculture. 
Illustrated by Working Drawings. By Joun Bovernr, 
C.E. London: Longmansand Co. Part I. 

We have here the commencement of a work to be 
completed in twenty-four parts, which proposes to 
place its readers abreast of the most successful prac- 
tice of the present day in the production of engines of 
every class, partly by laying before them selected 
examples of different kinds of engines in a series of 
working drawings illustrated by a suitable commentary, 
and partly by critically investigating different kinds of 
engines and different varieties of construction, with 
the object of deterring from the adoption of the bad or 
doubtful, and leading towards the use of the best types 
now available. Mr. Bourne says that the works on 
the steam engine which have been already produced 


have toa great extent been of an educational and | just value the inspirations of those who have been accounted | the place of the ancient servant now 
visionary merely because they have seen further than others, appear. 


elementary kind, while, on the growing subject of air 
and gas engines, theré has been no work at all. As, 
however, he expects the steam engine to be superseded 
by some form of air or gas engine, at no distant time, 
he considers that the want of a treatise on those 
engines is one that ought now to be supplied. It is 


partly with the view of satisfying this want, and partly | 
for the purpose of communicating the best and most | 


recent information on the subject of the steam engine 


as constructed by the best makers at the present time, | 


that this work has been projected; and although one 
part is too small a portion of the whole work to con- 
stitute a reliable sample of general quality, we sec 


no reason to doubt that it will be ‘at least equal to | 


anything Mr. Bourne has already produced in this line, 
while the design of the work will necessarily render it 
of a specially practical character. 
shadowed forth in the prospectus be efficiently carried 
out, the work will become an indispensable one to 
engineers, as, while excluding all abstract and elemen- 
tary topics, it will go at once to the points on which 
information is chiefly desiderated, and show in what 
way we may ensure the attainment of the best and | 
cheapest result. 
The first chapter of Mr. Bourne’s work treats of | 
“The Past, Present, and Future of Engines for gene- | 
rating Motive Power,” and here Mr, Bourne relates | 
in what way the prevailing conviction of the wasteful | 
character of the steam engine has arisen, to what 
causes such waste is to be imputed, and what will 
probably be the next kind of motor that will be in- | 
vented to take its place. Mr, Bourne says that the | 
steam engine of the present day is substantially what 
Watt left it, for that although several improvements 
have been made in its details they cannot be charac- 
terised otherwise than as minufe improvements, a 
definition which Mr. Bourne says he has the less | 
hesitation in giving as most of them originated with 
himself, These improvements consist in the use of a 
higher speed of engine, and the application of counter- | 
weights to balance the momentum ; the use of a higher | 
pressure of steam, combined with tubular boilers and 
surface condensation in steamboats; the introduction | 
of donkey engines to feed the boilers and to circulate 
the water in surface condensers; the use of starting 
cylinders and subsequently of starting valves to enable 
large engines to be wasted or stopped easily ; expan- 
sion valves susceptible of adjustment, and which will 
cut the steam off close to the face of the cylinder and 
not at some point inthe steam pipe; marine governors 
for steam vessels; the link motion, and other matters 
of a like character. A great number of these im- 


Should the plan | 
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But it is less important that such an imputation 
should be risked, and even to some extent justified, 
than that we should possess accurate knowledge of 
the facts; and we do not know from what other 
quarter such knowledge could have been obtained. 
Mr. Bourne introduces this subject in the following 
apologetic strain : 

I should gladly have avoided in this historical retrospect all 
reference to my own projects and performances had that 
course been possible, for I am quite conscious of the impa- 
tience with which any statément is received by the public 
which savours of egotism or self-assertion. If, however, I 
were to suppress all reference to what I have myself done or 
proposed in connexion with the improvement of thermo- 
dynamic engines, my historical narrative would necessarily 
be very imperfect, and we should be deprived of those indi- 
cations afforded by the movements of the past of the probable 





} 
} 


| eventualities of the future. Nordo I know how I could better | 





tribution of the steam in the best manner during such 
brief and distant periods is not important, provided 
the engines can be moved promptly in the desired 
direction. This the existence of two engines with 
the cranks at right angles ensures, and in such 
engines, therefore, the use of such a motion would be 
perfectly effective. Mr. Bourne does not say that he 
practically applied this plan to any steamer; but in 
the case of most of his other contrivances, this 
practical application appears to have been made. 

We are unable further to extend this notice, al- 
though we feel that we have given a very inadequate 
j account of the contents of the Part of Mr. Bourne’s 
| work now before us. But this reflection presses itself 
| upon us, as it will, no doubt, do upon our readers, that 
|}such a work coming from such a quarter indicates the 





communicate for the benefit of others the results of my own ex- | impending supercession of the steam engine as a prime 


perience and reflections, than by narrating what 
the flow of events and the tendencies of opinion in connexion 
with steam engine improvement during the period in which 
I have given my attention to that subject. By a proper re- 
trospect of the past, we shall be enabled to appraise at their 


} 
} peetey 
|} and have, consequently, propounded ideas in advance of their 
time. For it is a fair presumption that if in the past these 
advanced anticipations have been generally fulfilled, the same 
result will probably follow similar vaticinations in the future. 
While, therefore, it is both necessary and fitting that I should 
notice my own projects and predictions in common with those 
of others, I am perfectly sensible of the prejudice such a course 
| is almost sure to create; and in accepting the dilemma I wish 
to bespeak the indulgence proper to be given where the fault 
is the result of an extraneous necessity, and is not the result 
of any innate appetite for vain-glory. In speaking of my 
own contributions to the general stock of engineering intelli- 
gence or achievement, I shall endeavour to be as concise and 
modest as I can, and when I may seem to be otherwise I 
trust that the offence will be imputed rather to the exigencies 
of the exposition than to any desire on my part to be raised 
to an unmerited exaltation. 

We have long been acquainted with many of the 
views with which the present work will no doubt 
startle the engineering world, and evidences of this 
knowledge will have been observed by the attentive 
reader of our pages ‘o be occasionally cropping out, 
though we refrained from laying any connected state- 
ment of it before the public. And if engmeers now 
awake to the perception of the great fact that the 


| 


| steam engine is slipping from their grasp—that it is a 


moribund expedient now about to be superseded by 
other motors both more simple and less expensive—it 
will not be without an effort that they will have been 
ronsed from their ancient somnolency, nor will it be 
without much intermediate scepticism that they will 
finally arrive at this salutary conviction. It is pro- 
bably to the antjcipation of this phase of unbelief that 
we must attribute the references which Mr. Bourne has 


| given to his past counsels and predictions—under the 


idea no doubt that his authority would be thereby sufli- 
ciently fortified to lend the necessary weight to his pre- 
sent expositions to ensure their fair and intelligent ap- 
preciation. Most persons who should venture to appear 
before the engineering public with the announcement 
that the steam engine was about to be done away with 
would be in danger of being set down as ignorant 
enthusiasts to whom no heed need be given; but such 
a conclusion can hardly be arrived at when the inti- 
| mation is made by a person already widely known for 
| his intimate acquaintance with the subject, and when, 
| further, it is found that he is the author of most of the 
|improvements which have been introduced into the 
| steam engine since Watt’s time, although the real origin 
| of these improvements has not hitherto been revealed. 
| We do not know that any additional credential—such 
| as a recital of the history of these improvements may 
|be supposed to constitute—was really necessary to 
| ensure the attentive consideration of any view in con- 


I know of | mover, and must be regarded as the beginning of the 


| end. A revolution so enormous has not occurred in 
our day; and the public curiosity will be intensely 
| excited to learn what superior agent is likely to take 


about to dis- 


Table of Loads on Main and Cross Girders of Narrow 
Gauge Railway Bridges. By J. Woop, C.E. London: 
Spon. 

TueseE Tables, we are told, are constructed chiefly 
for office use, to facilitate the estimation of the loads 
which the main and cross girders of narrow gauge 
railway bridges should be designed to carry. They 
are three in number, the first and second give, re- 
spectively, the distributed loads equivalent to a line 
of tender engines and tank engines, completely cover 
ing the given spans; and the third affords the same 
information respecting the cross girders. Formule are 
appended, “ offering a ready method of ascertaining the 
sectional areas of iron cross girders for single and 
double line bridges.” 

So much from the author. On our part, we must 
say that if such tables and formule are required by 
any engineer entrusted with the design of a railway 
bridge, he ought to blush to own it, for it would afford 
unmistakable evidence that he had undertaken a re- 
sponsible work without being acquainted with the 
veriest rudiments of his profession. An engineer, or 
suckling rather, who would follow with child-like faith 
the formule for determining the strength of cross 
girders, given in the tract we are reviewing, had better 
be provided also with a formula for obtaining the area 
of a parallelogram when two sides are given; and if 
he should ever be entrusted with the design of a rail- 
way bridge, at least a dozen more would be required 
to take him safely through the mazes of riveting, cover 
plates, stiffeners, and other like details. 

In this general condemnation of formule, we do 
not, of course, include those deduced from careful and 
exact investigations, involving a certain amount of 





' 
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| 


| use 


preliminary labour which need not be incurred again 
if the final deduction be recorded. Such formule are 
those concerning continuous girders, arched ribs, and 
many other structures, and in these instances no one 
can doubt formule are not only justifiable but highly 
ful. But when we see in print such a silly exhibi- 











| tion as that on the last page of Mr. Wood’s tract it is 
| our duty to protest. 
Thus, for ascertaining the area of flange for a double 
line cross girder, we are presented with the formula 
w(l—11 
sd 
| cross girder by each rail, 7 the length, d the depth of 
|the girder, and s the strain in tons per square inch. 
| But then, we are told, this only takes account of the 


| 
| 
| 


) w being the weight brought upon the 


provements are embodied in a patent Mr. Bourne took | nexion with these matters which Mr. Bourne may | live load ; hence, to obtain the true value of A, it will 


out in 1838 ; but some of them had been introduced 
by him before that time, and others were introduced 
afterwards. 

It is of course desirable that we should know to 


whom we are indebted for the various improvements | 


in the steam engine which have been silently adopted 
into general practice. Nevertheless, although Mr. 
Bourne must have had many opportunities in his 
previous works of affording this information; he does 
not appear to have done so, and we may suppose that 
on the present occasion he would have been equally 
reticent, except that in a work dealing mainly with 
the latest features of improvement, and with’ prognos- 
tications of future progress, it is desirable that there 
should be some gauge available by which the reader 
may be enabled to estimate the probable value of the 
author’s opinion. Mr.° Bourne seems to be quite 
sensible that, in speaking of his own discoveries and 
plans, he is in danger of being accounted egotistical, 
and of offending against the canons of good taste. 





| have been disposed to lay before us. Nevertheless, 
|in most eyes the recital here given will impart addi- 
| tional importance to his present intimations, which, 
| moreover, are interesting in a merely historical point 
of view. 

| ‘The species of link motion invented by Mr. Bourne 
|many years before the existing form of link motion 
had appeared is in reality a double-ended lever with a 
slot bar or other equivalent expedient running from 
snd to end of it, from which slot or bar the motion 
for working the valve is derived. This kind of link 
motion has only one eccentric, and is simpler than the 
common form with two. But Mr. Bourne explains 
that it is defective in this respect, that in reversing 
the engine the lead is not reversed, but is given the 
wrong way, which, however, in the case of engines | 
with ithe cranks at right angles, as in locomotives and | 
steam boats, is not a serious fault, as in those engines | 
the operation of reversing is required only for a 


limited time and at distant intervals, so that the dis- 











| be necessary to add to w, in the preceding equation, 
ee ee oP wl 
the value of w’= 3 (—1l)* 


Now for what reason in 


| the world we are invited by our author to follow thus 
in the footsteps of the gentlemen in the “ Circumlocu- 
tion Office” we are at a loss to guess. Here we have 
a girder with a simple distributed load, and we are 
told to reduce it to equivalent loads at certain other 
points, in order to arrive at the strain on the flange. 
The Tables given are of equal value with the 
formule; we can say neither more nor less. The 
loads on spans ranging from 4 ft. to 500 ft. are stated 
in tons per foot run on ove girder, in tons distributed 
on éwo girders, in breaking weight distributed also on 
two girders, and in central breaking weight on one. 
Had the page been wider we presume we should have 
been indulged with the breaking weight of half a 
girder, and so on, but we have been spared. this be- 
cause, horribile dictu, space was required for inserting 
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the areas of the bottom flanges of cast-iron girders 
up to 40 ft. span! 

However, the lodds per foot run are given us to 
three places of decimals, so what could we wish 
for more. lines using tender engines we 
aré to take 1.096 tons per foot run for a span of 
500 ft., and on lines using tank ergines 1.5 tons per 
foot. If this means anything, it must mean that the 
bridges of aline using the latter type of engine should 
be 50 per cent. stronger than those using the former. 
We commend this interesting and pregnant fact to 
the consideration of locomotive superintendents. An 
ordinary civil engineer, when estimating the strength 
of a bridge exceeding in length two locomotives 
coupled together, would have been guided to a great 
extent by the nature of the traflic, whether heavy 
mineral trains would run over it, and such like con- 
siderations, but this portion of his professional duties 
is ignored.by Mr. J. Wood, C.E. 








AMERICAN SLEEPING CARS. 


In a recent number (vide ENGINEERING, vol. v., page 110) 
we illustrated the interior of the sleeping car Omoha, one of 
Messrs. Pullman’s celebrated railroad coaches, though not the 
most luxurious nor best designed. The picture in question 
was prepared from a poor photograph, and showed the car 
only as it appears by day, giving no idea of its arrangements 
when equipped for night service. We this week publish the 
car Viceroy, both in perspective elevation and in section, 
though, as actually constructed, it differs somewhat in detail, 
as we shall presently point out. 

The long through railway journeys of America, occupying 
sometimes seventy or eighty hours, rendered some device 
necessary by which passengers could rest in comfort at night, 
and sleeping cars were consequently introduced upon the 
main through railways. Many of the companies build their 
own coaches, but, in addition, hire others from independent 
associations. Such cars, though noé actually the property of 
the railway companies, virtually become so. In many in- 
stances they are built at the railway shops, from the designs 
supplied, furnishing all material but upholstery fittings, 
lamps, &c. They also keep the cars in repair, receiving into 
them ordinary passengers at usual fares, while the car com- 
pany pay for the original cost of construction, the wages of 
stewards and other servants, taking as their remuneration the 
additional tolls levied for sleeping accommodation. 

It follows, as a matter of course, that competition. being 
strong between the different companies, and they having no 
interest in reducing the weight of their véhicles, vie with each 
other in- turning out the best, most complete, and comfortable 
cars. From this cause they have been built heavier and still 
more heavily, until the structure which we illustrate, and 
which is a standard type, weighs no less than 75,000 Ib., and 
ough it actually contains accommodation’ for fifty-six 
pedple, it generally happens that only half that number are 
carried, for few travellers occupy a single berth, a whole 
section being taken in almost every case by one passenger, 
thus the ayerage weight of car to each person conveyed is 
over one ton, a matter of no” consequence to the proprietors, 
except, indeed, in the slightly increased first cost, but of vital 
importance to the railway Companies. The night fares levied 
in addition to the ordinary travelling rates are very moderate, 
varying from two shillings and threepence for a single berth, 
or double that amount for a section, to three shillings and 
four shillings and sixpence a berth. 

The Pullman Palace cars running upon the Great Western 
Railway of Canada, the Chicago and North-Western system, 
the Michigan Central and Southern roads, and, indeed, upon 
nearly all the main western lines, have, so far, outstripped 
competition, and the earriage we illustrate is a good example 
of their best and latest style of design. It was constructed at 
Hamilton, Ontario, by Mr. William A. Robinson, the locomo- 
tive superintendent of the Great Western Railway of Canada, 
at a cost of $20,000, or nearly 3000/., exclusive of curtains, 
velvet, and general upholstery, electro-plated fittings, china, 
bedding, &c., all of which were supplied by Messrs. Pullman. 
It may be noticed in passing that at their works in Chicago, 
clever artists are kept-constantly employed designing patterns 
for the various fabrics, all of which are woven in French 
looms, and in painting head linings and panel decorations, 
some idea’ of which latter is conveyed by the vignetted 
pictures engraved on each side of the longitudinal section. 
All the root decorations, and, indeed, nearly the whole of the 
ornamental work, bears strong witness that the artists have 
studied, and that to good purpose, the “grammar of orna- 
ment.” There is, perhaps, no London warehouse which can 
show more costly and magnificent Genoa and Lyons velvets, 
pile carpeting; and rich rep curtains, than are to be seen in 
this establishment out upon the prairio, a thousand miles west 
of New York. 

The Viceroy, like all other carriages of her class, is sup- 
ported upon sixteen chilled cast-iron wheels, grouped at each 
end, and placed under four independent truck frames, which 
turn upon pins bearing upon a separate platform above, in 
the centre of which is placed the pivot upon which the car- 
riage body rests. A complete system of longitudinal and 
transverse springs, and india-rubber blocks, diminish,,as far 
a8 possible, the constant severe sho¢ks attendant upon pass- 
ing Over a rough road, even at moderate speeds, and these 
are ‘still-further reduced by the compensating platform, so 
that even upon such a, terribly bad line as the Chicago and 
Great Eastern, the motion transmitted from, bad and gaping 
ie absence of ballast, or rail heads sheared , off by the 
lineal foot, is converted into a rolling similar to that of a ship 
in & moderately heavy seaway, with the same result to sus- 
ceptible  babion anything’ like smooth liries—and 
there are ne road. beds.in Americas.as witness the Pennsyl- 
Vamla Raiload,..mostly stcel laid, the Camden and Amboy. 
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the Baltimore and Ohio, and one or two others—the cars run 
with a scarcely perceptible oscillation. 

The Viceroy is 66 ft. long, and 11 ft. in width outside, with 
a timber framed body, carried on wooden trussed girders. 
Up to the string course, which runs along beneath the 
windows, the sides are cut up into narrow vertical panels 
with an appropriate device, and the name of the car is em- 
blazoned in the centre; above the windows is placed con- 
spicuously the title of the proprietary company, while the end 
corners are rounded off, and the curved panels are illuminated 
with small paintings, many of them fairly executed. 
Access is obtained in the usual American fashion, from plat- 
forms at each end. The roof is curved and extended so as to 
protect the platform beneath. A raised roof, or so (mis) 
called dome, runs down the whole length, with ventilating 
windows at the side, which, however, are used too seldom to 
have much actual value. At each end the outer door leads 
into alobby, on one side of which is the steward’s state room, 
and on the other a water-closet, lavatory, and iced water re- 
servoir. The floor is matted, and the sides and roof are of 
dark polished walnut, with elaborate mouldings; stained 
glass windows, fitted with Venetians, light these outer oflices, 
and a handsome mirror overhangs the marble washstand and 
basins. Curtains, tastefully festooned, give a finished and 
furnished air to these needful accessories to a sleeping car. 
From the lobby, access is gained to the main saloon by a 
glazed door. A passage, 2 ft. wide, covered with pile carpet-q 
ing, runs through the whole length, except at the ends, where 
a width of 6 ft.is obtained, at a sacrifice of some sitting ac- 
commodation, couches, instead of transverse seats, being 
placed at the ends. These couches are 6ft. long, spring- 
seated, and covered with Utretcht velvet, beyond them seats, 
placed transversely, and back to back, each accommodating 
two persons, extend up both sides to the centre of the car, 
where two presses, containing the necessary linen, are placed. 
A space of about 1 in. is left between the back of each pair of 
seats, and in the space slides. panel, which by night is lifted 
up, and forms the partition between the berths, and an addi- 
tional support to the upper tier. The windows are of plate 
glass, and double throughout, so that no draught can possibly 
penetrate when both sashes are closed. The spring fasten- 
ings used are neat and worth noticing, as the same pattern is 
universally employed on all American railways. It consists 
of a small spring bolt, placed at the bottom and to one side of 
the sash; the frame adjacent is reeessed, with holes at dif- 
ferent levels, to each of which the bolt adjusts’ itself as the 
window is raised, and the somewhat antiquated central strap 
arrangement is altogether dispensed with. The sashes and 
window-frames, and, indeed, the whole interior woodwork of 
the car, is of polished walnut, except that ina few places 
rosewood mouldings are introduced where a*heightened effect 
has been thought expedient. The windows are spaced wide 
enough apart to leave room for a small oval mirror, which is 
placed between each pair of seats, and is set in a wooden 
frame, well and delicately carved into foliage. Green and 
gold curtains, running upon plated rods, are looped back in 
the day to brackets of the same material; at night they 
are drawn closely over the windows. Tables can be 
placed between tlie seats, at the pleasure of the pas- 
séengers for their greater convenience in reading, card 
playing, or, as in the case of the Delmonico, for taking 
refreshments. At both ends, over the lobby door before 
mentioned, a large mirror is placed, and the panels on each 
side and below, are carved into delicate devices by no mean 
hand. The appearance of the upper berths during the day, 
as well as at night, will be thoroughly understood from an 
inspection of the longitudinal section. They are hinged to 
the sides of the car, and drawn upwards and forwards until 
their outer edge coincides with the moulding, immediately 
beneath the centre lifted roof. Thus the bottom of the upper 
tier forms the ceiling for the seats, springing just above the 
top of the windows, and inclining forward at an angle of about 
40°, They aré painted in some few instances with great 
taste, with central landscapes, or, still better, with geometrical 
arabesques. <A long the raised roof from end to end runs 
the rail from which at night depend the curtains, hiding 
the berths, and converting the open central passage into a 
narrow aisle. Lamps, harmonising in design and material, 
are suspended at’ intervals, and during’ the summer months 
pendant baskets. filled with cut and growing flowers and 
creepers (of which more than one variety may generally be 
met with in sleeping cars) are hung from the roof. The car 
is divided across the centré by festooned drapery, over which 
the title is embroidered in gold letters. 

The heating arrangements in the Viceroy, Pacific, and 
other cars of the same class, are new and better arranged 
than in the general plan, where end stoves are employed, 
which occupy space, and render the seats in their vicinity 
almost unbearable. The longitudinal section we. have. en- 
graved shows the end stove arrangement; actually, however, 
the Viceroy has a circular firebox 15 in. in diameter placed 
in the centre of the car, and countersunk flush with the floor ; 
around it the carpeting is cut away, and a perforated plate 
for admitting air is substituted. The fire is lighted from the 
top, and a down draught is obtained through a flue placed 
underneath the car and carried up on the outer side. This 
firebox occupies a central position in an annular boiler, fed 
from a reservoir placed about 6 ft. above the floor level, so 
that it is always under pressure, a small pipe is taken from 
it to a height above the water level, and to it a. steam gauge 
is attached. Communicating with the upper part of the 
boiler is a series of circulating tubes grouped along each side 
of the car, and enclosed in a light open brags casing to 

revent accidental contact. The y Me tube is of a larger 

iameter, and connects with the bottom of the boiler, forming 
a circulating medium. By the arrangement there is no 
evaporation or loss save by leakage, and the apparatus will 
run for months without the water requiring renewal. 

It is at night, that a handsémely equipped sleeping’ car, 
such as we have illustrated and daca , should “be sean. 
By day it appears at best a nondescript vehicle, monstrously 


apparent till passengers are ready to turn in. ‘Then, the 
seats are found to be loose in their frames, and hinged so as 
to slide downwards and forwards, that the pair may meet in 
the middle, and form the foundation for the lower berths. 
Then it is seen, also, that the bedding is compactly stowed 
away beneath these seats. The sloping or): with the 
painted panels, is unfastened from the top, and lowered till 
it is horizontal, and 5 ft. 6in. from the ground. They are 
supported ly by flat brass rods, doubling with a rule 
joint, and also by light steel wire ropes, which are fastened to 
the berth fgame, and pass upwards to the roof over small 
pulleys to the central space before alluded to as being occu- 
pied a a linen press. As each berth has two ropes, there is 
quite a cluster of them in the centre, where they fasten to 
a counterweight which moves up and down with the motion 
of the car. e panels between the seats are raised, and 
little brackets slipped in them further to support the upper 
berth. Spring mattresses are laid in both tiers, and are 
spread with clean linen, and gay coloured striped blankets, 
of which, however, passengers with susceptible temperaments 
should beware. Handsome silk curtains, or of the fashionable 
upholstery material called “rep,” are hung from the top rail, 
and sweep the ground. The berths are thus all effectually 
and exclusively divided from each other, and travellers can 
enjoy a really good repose, from which they are sometimes 
awakened by flames and general wreck, as was so recently the 
case on the Erie Railroad, 

Messrs. Pullman have worked up the capacities of their 
sleeping cars to a surprising extent, and their precautions to 
ensure cleanliness are praiseworthy; no linen, once laid in a 
berth, is used again unwashed, even ifthe bed remain unoccu- 
pied. At their laundry in Chicago, 200,000 pieces are col- 
lected monthly from their cars. We would, however, sug- 
gest increased facilities for reaching the upper berths, and a 
little more exclusiveness; a car devoted entirely to ladies, 
with a stewardess in attendance, would be preferable to a 
masculine bedmaker and promiscuous morning ablutions. 

It must not be supposed that such cars as we have de- 
scribed are to be met with everywhere ; there are plenty of 
dirty sleeping coaches, the memory of which is painful. 

In an early number we shall illustrate the last new device 
in luxurious travelling, as exemplified in the Delmonico 
Hotel Car, running between Chicago and St. Louis. 








NOTES FROM INDIA. 

Bengal.—One of the principal events in Calcutta to be now 
reported is the meeting of the shareholders of the Port 
Canning Company on Ist May last. Mr. Schiller, after great 
contention, presided, and resolutions were passed condemn- 
ing the action of the present directors with reference to the 
suit against Mr. Schilter, declaring them to have forfeited the 
confidence of the shareholders, removing them, and appoint- 
ing others in their stead. 

‘he Government of India, having perceived that the rules 
of the Telegraph Department applicable to service messages 
are far from being strictly observed, have ordered a circular 
to be sent to all the local Governments and heads of depart- 
ments with the intimation that all messages regarding pay, 
promotion, leave, or appointment, or other matters of a pri- 
vate character, must be paid for by the person sending them, 
unless it is perfectly clear that the public service would have 
been injuriously affected if the message in question had not 
been sent by telegraph. 

Mr. F. G. Teale, superintendent, Ist grade, and personal 
assistant to the Director-General of Telegraphs in India, has 
been appointed to officiate as Deputy Director-General 
during the absence, on leave, of Major Murray. 

A fearful accident took place on the Eastern Bengal Rail- 
way on 7th May last, in which twelve natives were killed and 
eight seriously injured. The disaster is said to have been 
caused by the negligence of a pointsman, who reversed the 
points before the whole train had passed. 

Punjab.—Iit is reported that a very satisfactory consulta- 
tion on the extension of irrigation works has taken place at 
Delhi between Colonels Strachey and Crofton, and Major 
Gulliver. The prospects of Punjab irrigation are brightening, 
and it is to be hoped that native chiefs, such as the ahaoiok 
of Puttiala, will avail themselves of this opportunity of better- 
ing their territories on such conditions as may be fair to both 
the Government and themselves. 

The whole city wall of Delhi has been levelled between the 

Cabul and Cashmere gates, the former gate having been sold 
at publie auction, a short time since, for the sum of 300 
rupees. 
Madras.—Recent reports from those districts which have 
been suffering from a deficiency of rain during the last north- 
east monsoon, show that no improvement has yet taken 
place. In order to provide against the possible contingency 
of increased distress, the senior member of the Board of 
Revenue has been deputed to visit the districts of North 
Arest, Cuddapah, and Salem, and to confer with the collectors 
on the state of their several districts, having in view more 
especially the supply of food at present on hand, and the 
prospects of the country in the event of a defective south- 
west monsoon. He is to note particularly how far the measures 
of relief already sanctioned and in operation have sufliced to 
meet the present requirements of the case, and in the event 
of his recognising anywhere the necessity for further imme- 
diate action, he is to be vested with full powers to order the 
immediate commencement of relief works, or the establish- 
ment of relief houses. 

In Cuddapah work has been already set on foot in Kadiri, 
and the roads entered in the Local Fund Budget for 1868-69, 
and on tl.e road from Royachoti to Kadiri, for which a 
special | chee of 5000 rupees had been made, and it was 
expected that in a day or two there would be additional ex- 
penditure on wells. Sanction had also been given toa special 

rant of 10,000 rupees for the road from Royachoti or 

‘oolicoontah to Balasamudrum, and the collector was to set 
in hand at once such works as unskilled labourers could 
perform along the whole line from Kadiri by Pulivendla and 





heavy, extravagant in its appointments, and with a heap of 
@ontrivances and little “ dodges,” the,uses of which are not 


the Mullappa Pass to Moodanoor Station. 
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PUBLISHER’S ANNOUNCEMENT. 








Notice.—A certificate has been given by a firm of 
accountants to the proprietors of The Engineer, stating 
that the circulation of that journal has largely increased 
within the last few years. The number of copies printed 
when Mr. Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 in 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and to 5000 in June 1862. Its present 
weekly issue is 5300. An untruthful paragraph con- 
tinues to appear weekly in the same journal, stating 
that its circulation exceeds, by many thousands, that 
of all the other engineering journals combined. The 
circulation of ENGINEERING now exceeds that of 
The Engineer and Mechanics’ Magazine combined, and 
it is very rapidly increasing. 


Adwertisements cannot be received for insertion in the cur- 
rent week later than 6 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING to annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 11. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 


Cheques and money orders to be made payable only to Mr. 
Charles Gilbert. 


Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 


Subscriptions for the ANNALES DU GENIE CIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEav PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the sour 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. Subscription price, ten dollars yearly in 
currency. 

ENGINEERING may be obtained in Russia, by sub- 
seribing for it at any of the Post-offices in the Empire: 
The price is 10 silver roubles per annum in St. Petersburg, 
and 12 silver roubles in other parts of Russia. 
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THROUGH CANADA TO THE PACIFIC. 


Tae Canadians often complain that they are mis- 
understood in this country, and that we do not ap- 
preciate at their true value our possessions in that 
part of the globe. It is doubtless to be regretted for 
many reasons that we know so little of them. Through 
that country lies our nearest and most direct route 
to China and Japan. On the occasion of the motion 
of Sir H. Vernay in the House on Tuesday for the 
appointment of a Royal Commission to inquire into 
the whole question of our communications with 
Canada, Lord Milton spoke at length, and dwelt 
strongly upon the importance and the value of that 
territory. That so little is known generally of 
Western Canada is to be regretted, since it offers 
one of the most promising fields for engineering 
enterprise. The St. Lawrence, a stream navigable 
to vessels of considerable tonnage, forms a natural 
inlet to the very heart of Canada. Its navigation is 
maintained by a succession of great lakes, none of 
which are more than 620 ft. above the sea. From 
the largest of these, Lake Superior, to-the: base of 
the Rocky Mountains, the natural features of the 
country are such as to afford almost unprecedented 
facilities for the establishment of a through com- 
munication by water. Notwithstanding the opposition 
offered to the guarantee granted to the Intercolonial 
Railway, there can be no doubt the decision of Par- 
liament was wisely come to, and the same opinion 
might be hazarded with reference to a similar guaran- 
tee to the scheme we are considering. Hitherto, Eng- 
lish investments in Canada have not been so successful 


as could be wished, but still, there is certain work 
which must be done. 

The Americans have extended their system of rail- 
ways to the base of the Rocky Mountains, and next year 
they will be placed in direct communication with Cali- 
fornia, Similar energy must be displayed on our side,and 





more perhaps would be required to effect the same work. | 
Some 500 miles to the north takes us to a climate 
imposing a a amount of labour and demandin 
a corresponding increase in the energy of all engage 
in carrying out such a scheme as that proposed. 

We think the whole bearings of the case were 
concisely summed up by Lord ‘Milton when he ex- 
pressed his hope that “ the present discussion would not 
terminate in vague promises, for the time had come for 
something more substantial to be given. Much as he 
disagreed with many things in the United States, it 
was but just to say that a great deal of the limited 
amount of prosperity in our Pacific colonies was due 
to the energy and enterprise of individual Americans. 
The various accounts sent home showed that the 
interior of British Columbia was one of the most 
Tey and most fertile regions owned by Her 

ajesty, and if it were intended to develope it the 
requisite steps should be taken without delay, for 
otherwise the country would be developed by the 
Americans.” 








BOMBAY MUNICIPALITY. 


THE annual report of the Municipal Commissioner 
of Bombay for 1867 has recently been issued. It in- 
cludes the report of the Health Officer and Executive 
Engineer to the Municipality, and embodies a toler- 
ably complete survey of the social and sanitary 
-statisties of the city and island of Bombay, which, it 
is satisfactory to find, show a steady and decisive 
improvement. In 1864 the death rate was over 1 in 
32 of the population, and in 1865 it was 1 in 28; 
but in 1867 the returns show only 1 death in 52. 
Notwithstanding this striking improvement in the 
vital statistics of Bombay, the Health Officer, in his 
elaborate report, refers to numerous removable causes 
of disease which still exist in the island, and points 
to the deficiency in good surface drainage, the exist- 
ence of pestilential nuisances on some portions of the 
foreshore, and the annual swamp called the Flats, 
which is the greatest natural drawback to the civic 
capabilities of Bombay island. The cost of the Health 
Oflicer’s Department, which comprises a total of 1625 
officers and labourers, amounted, in 1867, to 7,06,461 
rupees; in Calcutta, with a population of little more 
than half that of Bombay, the Sanitary Department 
there comprised 1452 persons, though the area under 
the Calcutta Department is only 7807 square miles, 
and in Bombay 18.62; but in Calcutta the cost of 
cattle and labourers is very much less than in Bom- 
bay. ‘The removal of the night soil, though under 
regulations by the Health Department, is a charge 
on householders over and above the cost of the De- 
partment ; no system of drainage, or any other modern 
plan of conservancy, seems available in Bombay to 
effect this removal. 

The cost of metalling and repairing the roads, in 1867, 
was 4,30,822 rupees, but they are still unequal to 
the traffic. The Municipal Commissioner has now ob- 
tained from England a 28-ton steam roller, a descrip- 
tion of which was given in a previous volume of En- 
GINEERING, from which great service is anticipated. 
The chief municipal improvement as yet affected, is in 
the providing of abattoirs, at some miles distant from 
the town, and also new markets. These last, though 
the whole system is not yet completed, have conferred 
great good on the people, who now purchase their food 
in fresh air and daylight, instead of in dingy and fetid 
sheds as aforetime ; “ places,” as the commissioner 
says, “the very sight of which was loathsome and dis- 
gusting.” Iron buildings, which will form’ store 
rooms for the completed general markets now in course 
of erection, have been for some time opened as fruit, 
and vegetable, and mutton markets, and the com- 
missioner hopes that the substantial new general 
markets, which have a well-designed frontage to the 
esplanade, will be finished during the year 1868. The 
total area under cover will be 56,600 square feet, 
having a double iron roof of 50 ft. span, and providing 
688 stalls calculated to yield an income of 42,000 
rupees. The total cost of the market (the site, com- 
prising 72,000 square yards, being given by Govern- 
ment) is estimated at four lacs of rupees, or 40,0007. 
There are some other improved markets besides this 
central one, the total number of stalls or shops being 
2002; the whole are to cost the municipality 7,71,214 
rupees, and the revenue from them will be 1,04,860 
rupees, being 134 per cent. upon the outlay, whereas, 
three years ago, when the new municipality was 
organised it received no income from its markets, 
which were utterly unfit for the people to congregate 
in 


The commissioner reports that the drainage scheme 





allowed on account of its t cost, no progress has 
been made towards oovidie the island with a system 
of sewage, except hat Mr. R. Rawlinson has again 
been asked to report on the subject; but the commis- 
sioner complains, and that very justly, that during all 
the recent discussions he has “ failed to obtain any 
admission that the State should contribute to the cost 
of draining the second largest city in Her me 
dominions, the principal seaport of Hindostan.” e 
voluminous report of the commissioner is somewhat 
relieved by a few photographs being interspersed 
through its pages. ‘These are visions of the future, 
being copies from architects’ designs of public build- 
ings in posse, all of which, however, are actually com- 
menced, The new secretariat is the most important 
and imposing one, and the Sassoon Mechanics’ Insti- 
tute and the Elphinstone College are after elegant 
designs. Conspicuous by their absence are the Victoria 
Museum eran in 1864 as a loyal memorial, 
but ruined before being roofed) and the European 
General Hospital, one of the most urgently required 
buildings for Roker: The foundations for this hos- 
pital were laid three years ago after a somewhat costly 
plan that was disallowed by the Supreme Government, 
which has since frustrated all subsequent efforts to 
carry forward an edifice which is sorely needed by the 
sailors and poor European population of the city. 

The total current expenditure of the municipality 
during 1867 was 172,119/., being about 47002. over 
the actual current income of the year; but the out- 
lays and repayment on account of permanent works 
provided for by loan or charged to debt during the 
year are much in excess of the current account above 
quoted, and it is not easy to deduce from the commis- 
sioner’s report a correct statement of the — ac- 
count of the municipality. The population of Bombay 
is taken at a little above 800,000 on a total area of 
11,500 acres; the number of houses, with other 
separate properties, assessed in 1867, was 22,829, of 
the rateable value of 1,630,953/. There are also in 
Bombay 440 Government properties, including many 
dwelling houses, of an aggregate rateable value of 
112,000/., all of which property is by law exempt 
from municipal taxation. ‘The commissioner, in con- 
cluding his report, remarks: “That Bombay may well 
congratulate itself on the improved state of the public 
health, and on the fact that three years of unexampled 
commercial disaster and distress have not injured the 
revenue of thecity. On every side we now see symp- 
toms of reaction, and signs that Bombay still pos- 
sesses much substantial wealth, and generally desires 
municipal improvement.” 








CELLULAR CONSTRUCTION. 


In the Builder of May 16 a description’is given of a 
mode of building with cellular tubes in lieu of bricks, 
the invention of which is attributed to two architects, 
Mr. Samuel Parr and Mr. Alfred Strong, by whom it 
is also said to have been patented. Now, whilst 
giving the above-named gentlemen every credit for a 
full belief in, the originality of their ideas on the 
principle of cellular construction, it may be interest- 
ing to many of our readers to know that a somewhat 
similar mode of building was adopted by Lieutenant 
Fife, in Sind, so far back as the year 1851; and, 
to show that it was not even new then, the Super- 
intending Engineer in Sind, writing on the subject 
in 1852, stated, “Lieutenant Fife’s attention was 

robably attracted to the style of roof by the circular 
frollow-tiled Syrian roof, which has, I believe, been 
largely adopted in Madras, and of which the dome of 
the ice-house in Bombay is a specimen; but the great 
superiority of his invention consists in the peculiar 
form of the hollow tiles, from which a vault can be 
built with perfect safety (as yet 22 ft. span is the 
anges) without any a whatever.” 

t is certainly true that at the date referred to above 
the hollow tiles employed by Lieutenant Fife were 
used only in the construction of arched roofs sup- 

orted by piers and walls formed of ordinary solid 
Cctaks, but it must have been quite clear that the 
rinciple was equally applicable for other parts of the 
uilding. In a report of 24th of December, 1851, 
Lieutenant Fife states, “The buildings at Shikarpore’ 
are being constructed on this plan—the traveller’s 
bungalow lately sanctioned, and a barrack and quarter- 
guard for the Upper Sind Police. The first of 
these was commenced very lately, and the vaulting 
had not been executed when I left Shikarpore. The 
main vault is to be 16 ft. span, and will rise 5 ft. 4in. ; 
walls, 2 ft. thick, of sun-dried bricks, The verandah 
vaults are to be 8} ft. in span, and will rise 2 ft. 10 in. ; 
walls, 1} ft. thick. The walls of the quarter-guard 





devised by the executive engineer haying been dis- 





only have been constructed. The vaults are to be 
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the same as those of the traveller’s bungalow, The 
main and verandah walls are also respectively 2 ft. 
and 14ft. thick. The barrack is nearly completed. 
It consists of two vaults, 240 ft. in length, with bind- 
ing arches about every 30 ft., except in the centre, 
where there is one interval of 50ft. The vaults are 
semicircular, and of 15 ft. and 9ft. span. It was 
originally intended that this last building should be 
domed, and, with this view, its walls had been com- 
in thickness. There would have been 





menced 5 ft. 


FIG. 4s. 
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fourteen domes of 15 ft. span on the main walls, and 
the building would have been divided into as many 
compartments by thirteen massive binding arches. 
When, at the suggestion of the Commissioner, Cap- 
tain Stanley consented to have this building constructed 
on my plan, I carried the walls up about one-half the 
thickness that had been determined on, omitting more 
than half the binding arches, and carried the remainder 
up to within a few feet of the vault; thus not only 
reducing the walling and arch-work by about one-half, 
but also obtaining better ventilation by having the 
building open from end to end, an advantage but im- 
perfectly attained in the original plan. This building 
is a very good example of the advantages of the new 
plan.” 

Turning now to the Syrian, or cylinder, roofs em- 
ployed formerly in Madras, from which Lieutenant 
Fife borrowed the idea, and which, as their name 
implies, are of very ancient origin, but which he after- 
wards improved upon, we find a memorandum on the 
subject in the first volume of ‘ Professional ~~ of 
the Madras Engineers,” by Captain George Under- 
wood, dated 20th December, 1838, where it is stated 
that this description of roof, without any woodwork, 
was composed entirely of hollow earthenware cylin- 
ders, formed on the wheel, about 9in. long, 5 in. to 
Gin, diameter at the larger end, and about 3in. or 
34 in. diameter at the smaller, the relative proportions 
of the two ends varying, of course, with the curve 
they were to form when erected. They much re- 
sembled in shape a quart bottle with the neck off, the 
bottom being flat. “The centerings being prepared, 
(and very common ones are suflicient), having com- 
menced the intended arch with solid brick and 
chunam, on the two side walls of the room, and having 
raised these portions to a height of about 3 ft. or 
about 3th of the curve on either side, so as to form 
solid haunches, the hollow cylinders are laid side by 
side in chunam along the length of the room, with 
their small ends pointing inwards. On these, in the 
intervals between every two, well imbedded in chunam, 
another row is now laid, and so on, row on row (both 
sides df the arch rising equally) till the last course, 
forced in on the top, completes the whole.” Overa 
roof thus made chunam well diluted was plentifully 
spread ; two coats of flat tiles in chunam were after- 
wards placed over the arch, and the exterior polished 
with fine chunam. In a postscript it is stated that 
since the foregoing description was written, a dome 
of 32 ft. span composed of hollow cylinders, with solid | 
brick chunam ribs, was constructed for the 


and 


Medical School at Madras, and a Syrian roof of aj suitable for arched roofs, for which they appear far 


yarabolic shape was to be constructed over the new 
oe House at Madras. It is also stated that a chapel 
at Bangalore was built with a Syrian roof, which had 
stood for some years very well. 

In Upper Sind there is no teak wocd except what 
is brought up from the sea coast, far south of Sind, at 
enormous cost, and there are only one or two kinds of | 
indigenous timbers which are even tolerably secure | 
from the ravages of white ants. Upper Sind being 
almost a rainless country, a terrace roof of a very | 
common construction, and covered with mud plaster, 
was generally used. ‘The destruction of the woodwork 
by insects, however, was so rapid, and the weight of 
the mud plaster so great, that the falling in of a roof 
was a constant occurrence. This unsatisfactory state 
of things led Lieutenant Fife to think of the Syrian 





| exhibited for many years, has recently been turned 


roof, and it then occurred to him “that by adopting 
the principle of the hollow tile, but making it a com- 
plete voussoir, and hexagonal in shspe, and cutting its 
ends off obliquely, a still more perfect construction 
| might be attained, which would be stronger than the 
Syrian roof, and more economical, from not requiring 
the aid of centering.” After several experiments 
Lieutenant Fife succeeded in making one which 
| answered extremely well. “It was only one-fourth 
the weight of the solid voussoir, and could not be 
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made lighter without making it too weak, and its 
oblique shape admitted of its being used much as thin 
bricks are used in Upper Sind and in other parts of 
India, aswell as in Italy, for constructing vaults with- 
out the aid of centering.” 

These hollow voussoirs were made in hexagonal 
wooden moulds, and: hollowed out upon a potters’ 
wheel, both ends being closed over whilst in course of 
construction. In the accompanying illustrations Figs. 
l, 2, and 3 are sections of a hollow voussoir, Fig. 





) 
| 1 being a vertical! section, Fig. 2 a section of the top, 
and Fig. 3 a section of the lower or thin end of the 
voussoir. Fig. 4 is a developed plan of a vault in 
course of construction, the method of which was as 
follows: “The haunches and end walls having been 
carried up to the requisite height, the first voussoir is 
let into the end wall at the crown of the curve, other 
voussoirs at proper intervals are then similarly let into 
the wall till the haunches are reached. About one- 
half of each voussoir ought to project outside the wall, 
and the interval between each should be sufliciently 
large for the reception of half a voussoir and its 
cement. The vaulting is then commenced at the 
angles, which are gradually filled in, each course of 
voussoirs being commenced at the end wall, and 
carried obliquely down to the haunch in the following 
manner: The sides of voussoirs 6 and 7, and the wall 
in front, being covered with cement, No. 8 voussoir is 
thrust in (care being taken in doing so to keep the 
top parallel to the direction of the vault) with two or 
three blows from the hand. It penetrates like a 
wedge, making the joints quite smooth. After this 
the joints should be closed above and below, to make 
them air-tight, till the clay has stiffened a little. 
No. 9 is then thrust into its place in the same way as 
No. 8, forcing the latter, if possible, still tighter mto 
| its place. This completed, No. 10 in the next course 
| is placed; and so on throughout the whole length of 
the rail.” 

Thus, then, we have shown clearly enough that 
there is not only nothing new in the use of cellular 
bricks in construction, but that even the very shape, 
proposed by Messrs. Parr and Strong, was in use 
many years ago. By making the sides of the cylinders 
parallel, instead of sloping off to form voussoirs for 
arches, similar bricks may, of course, be made suitable 
for building perpendicular walls; but we should very 
much question whether, on the whole, they will be 
found preferable to ordinary bricks, excepting in 
situations where extreme lightness is desirable. For 
this reason cellular tubes have been found very 





| 








better suited than to take the place of ordinary brick- 
earl 
WOrk. 


THE CHURCH OF NOTRE DAME 
DE FRANCE. 
Tne circular building in the north-east corner of 
Leicester-square, in which Burford’s Panorama was 


to an ecclesiastical use, and converted into an elegant 
Roman Catholic place of worship. The treatment of 
the edifice by a French architect is able and ingenious, 
and presents a good example of what may be done 
under the most unfavourable circumstances—a bad 


ground plan and a scarcity of money, It is more- 


mg in brick and iron. Four octagonal brick 
columns are placed equidistant in the middle of the 
building, and rise to a height of some 15ft., sup- 
porting the corners of galleries, which are, besides, 
carried by Gothic brackets and smaller columns. The 
extremely disproportioned lightness of these latter 
contrasting with the heavy brackets is the one fault 
apparent in the design, Around the octagonal piers 
before mentioned are grouped four cast-iron 
columns, the cluster terminating in a_ highly 
ornate capital, from which rises, fan-like, the main 
groining of the roof. Wrought-iron arched girders 
span the roof diagonally from column to column, inter- 
secting in the centre overhead, and similar girders 
springing from the same spot stretch backward to the 
walls, intersected by smaller girders, giving a variety 
and intricacy to the groining. After these girders 
were erected, they formed the centering for the roof, 
which consists of a single course of bricks laid on 
edge and lined with boarding. A light wrought-iron 
roof is erected over the brick groining, for the sake of 
giving a better finish to the building from the outside, 
and to regulate the amount of light passing into the 
church fromthe ceiling. The original timber roof of 
the old building still remains, and is enclosed between 
the two new ones just described. A curious effect, 
—- by the peculiar architectural treatment of the 
body of the church, is that the circularity of the en- 
closing walls ceases to be apparent—an effect ascribable 
to the strongly marked rectangular lines introduced by 
the alterations and deep shadows cast by the galleries. 
The altarpiece is worth noting as awonderfulproduction 
in terra-cotta. It is most elaborately ornamented, 
and the twelve Apostolic figures, who are enshrined 
in niches around it, are beautifully modelled. It comes 
from the atelier of the largest manufacturer of terra- 
cotta in France, from which also were sent the elaborate 
gothic windows of the same material. The church is 
worth visiting and studying as a good example of 
architecture and engineering. 


THE HAVRE EXHIBITION. 

Ar the present time little else but the building itself, 
which we illustrate this week, p. 574, is in at all a complete 
state. It is quite useless to pretend to give an idea now of 
what the display inside is likely to be, as a small percentage 
only of the machinery is placed. Decidedly, the most in- 
teresting exhibit we saw was the small centrifugal pump of 
Messrs. J. and H. Gwynne, described in a recent number, 
and which we intend to illustrate next week. We must 
defer for the same period the description of the other objects 
of interest to be seen at the Havre Exhibition. 








Tue Warrior, MinoTauR, AND BELLEROPHON.—The 
Controller of the Navy reports the result of a recent trial of 
the speed of these three ships at the measured mile, and for 
six consecutive hours’ steaming outside the Isle of Wight, in 
fine weather, The speed of the Minotaur at the mile was 
14.411 knots per hour, but at the six hours’ trial only 14.165; 
of the Warrior, 14.079 and 13.936; of the Bellerophon, 
13.874 and 14.053. The indicated horse power in the Mino- 
taur declined from 6702 at the mile to 6193 in the six hours’ 
trial ; in the Warrior, from 5267 to 5092; but the Bellerophon 
increased the horse power from 6002 at the mile to 6199 at 
the six hours’ trial, showing that if the expected horse power 
were realised, the calculated speed of the ship would be 
assured. The Bellerophon had the disadvantage of having 
been 21 days out of dock when tried for six hours, or twice 
as long in the water as the other two ships, at a time of yes 
when the growth of weeds is very rapid. The Controller 
considers that these experiments prove that, with good coal 
and good stoking, there is but little difference between the 
results of a trial at the measured mile and one lasting for six 
hours on the open sea; that the bad performances of the 
Warrior, Minotaur, and Bellerophon during their cruise last 
autumn arose from causes over which the designers of these 
ships had no control, and that any judgment on their quali- 
ties dependent on such records would have been illusory and 
misleading. Tables of the trials are given. 


Society or Enerneers—On Friday, June the 5th, the - 
Society of Engineers met at the Great Northern Railway 
Hotel to inspect the new Midland Railway Terminal Station 
now in course of erection. The gentlemen who assembled 
were conveyed over the works by Mr. Clark, the resident 
engineer for the contractors, and Mr. Grier, the assistant of 
Mr. W. H. Barlow, consulting engineer to the Midland Rail- 
way Company. 

Tne Parts Exurstrroy.—Two volumes have been issued 
among the Parliamentary papers, an instalment of a series of 
six volumes of reports on the Paris Universal Exhibition of 
1867. One volume will contain the general report, with 
statistical tables ; four volumes will be occupied by reports 
on the various classes; and the sixth volume is devoted to 
returns relating to the new order of reward for success 1n the 
development of a spirit of harmony among those ——— 
in the same work, and in making provision for the materia 
moral and intellectual well-being of the workmen. The re- 
ports on the various classes were prepared for the Science and 
Art Department in accordance with the direction of the Com- 
mittee of Council on Education. ‘The two first volumes first 





over a good specimen of architectural engineer- 


issued are Vol. IL. and Vol. VI. 
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FORTIFICATION.—No. X. 
Fies. 36 and 37 are an elevation and section of a 
slockade, or timber wall, loopholed for defence by 
musketry. Stockades are mostly made of pieces of 
iimber, square in cross section, so thick as to be shot- 
proof, 10 to 12 ft. in length, the end 9 or 10 in. square, 
sunk 2 ft. in the ground, with loopholes—as in other 
parapets—3 ft. apart, 6ft. from the ground, thence 
requiring a banquette. If lower, there should be a 
ditch in front, as in Fig, 37, to prevent the chance of 
the enemy coming too near and using them for his 
own purpose. In advance of this ditch palisades, 
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A very formidable Bhootan stockade, an enclosed 
work, is described by Lieutenant Collins, R.E., 
in the Royal Engineer professional papers, which 
he was ordered to reduce. When he came to it 
he found it had been abandoned by the garrison, 
who, nevertheless, had adopted very effective means 
for driving out the ‘see soe After an outside 
inspection, and thanking his stars or his good angel 
that it was not necessary for him to force a work of 
such strength, adequately defended, he went inside ; 
but he was met by an odour so repellent, produced by 
pigs’ blood and fat, with which posts, doors, &c., had 





FIG. 37. 


















































abattis, and crows’ feet may be placed, or ¢rous-de- 
loup constructed, with great advantage to the defence. 
Stockades are sometimes made of young trees set so 
far apart as to leave openings between of sufficient 
width to fire through, aud the interstices filled with 
half trees to the necessary height of the loopholes, 
leaving loopholes of such form as shown to the left in 
Fig. 36. Stockade defences are thrown across streets, 
ravines, passages of all sorts, the gorges of field works, 
ditches for flanking defence. ‘They are often con- 
structed to cover gates. Their trace is then of the 
Redan or Y form, with the vertex pointing outward, 
and the inner extremities of the flanks so far from 
the wall of earth or masonry, on each side of the gate, 
as to leave suflicient passages for ingress and egress. 
A great advantage of a stockade compared with a low 
earthwork is, that it is much more difficult to get over 
it. It is always a decided obstacle as well as a cover. 

Stockades are very favourite defences in India. 
The following is the description of one by Major 
Straith: “A native stockade of Donoobow, in Bur- 
mah, extended for nearly a mile along the sloping bank 
of the Irrawaddy. It was composed of solid teak 
beams, 15 ft. to 17 ft. high, driven firmly into the 
earth, and set together as closely as possible. Behind 
this wooden wall the old brick ramparts of the place 
rose to a considerable height, strengthening the front 
defences by means of cross beams, and offering a 
firm and elevated footing to the defenders. Upwards 


of 150 guns and swivels were mounted on the works, 
ST, 
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and the garrison was protected from the shells of the 
besiegers by numerous well designed traverses and 
excavations. A ditch of considerable width and 
depth surrounded the defences, the passage of which 
was rendered more difficult by spikes, nails, holes, and 
other contrivances. Outside tlie ditch were several 
rows of strong railing, and in front of all an abattis. 
This formidable enclosure was sufficiently breached 
with heavy artillery to allow of its being stormed by 
the British troops in 1826.” 

Another Burmese stockade, carried, in 1826, by Sir 
Archibald Campbell, had a breastwork with loopholes 
and crows’ feet outside, made of pointed bamboos, har- 
dened in the fire, which gave such severe wounds as 
in many instances eaused the loss of limbs. Beyond 


these were palisades, a line of abattis, next this a 
ditch, inside there was a covered shed all round the 
work—the exceinte. 











been smeared, that to remain was impossible. This 
reminds us of the defence of Chatté, a town and for- 
tress in Lorraine, besieged by the French. Formid- 
able breaches had been effected by the besiegers’ bat- 
teries. The party directed to mount these breaches, 
and force the place, were in the ditch, when some 
ready thinker suggested that a number of bee-hives 
near the rampart should be thrown among the as- 
sailants. The idea was directly adopted, and was 
eminently successful. The hives were thrown over, 
and they at once seemed to thoroughly imbibe the 
spirit of the defence, to feel the importance of their 
duty, and evince a resolution to perform it, regarding 
which there could be no question, or to be inspired 
with an irrepressible hatred of those to whom they 
were so unceremoniously introduced. They directly 
assumed the offensive—as a strong defensive force 
will always do when inspired by a sense of superiority. 
They attacked the Frenchmen so fiercely and with such 
effect that they retreated with a degree of celerity 
worthy of their high character for rapid movement, 
retaining for some time a stinging remembrance of 
their defeat. Chatté was saved, and the fame of the 
bees was established for ever. 

Stockade revetments are often adopted in the scarps 
of important field works. Trunks of trees form the 
best revetments of this class, set vertically, touching 
each other, firmly bound together with their ends 
sunk 3 ft. or 4 ft. inthe ground. Plank revetments 





strengthened by triangular frames, as shown in Fig, 
FIG. &76 





37a, may be constructed, when this class of timber 
may be had in sufficient quantity and time is not 
limited. A more simple construction is shown in 
Fig. 37b. Sometimes the escarp is constructed with 
the natural slope of the earth and the trees forming 
the stockade set at its foot, or 4ft.in front of it, loop- 
holed for musketry, thus adding an additional line 
of fire to the defence. The ditch in such case is 
given, of additional depth, in front of the stockade 
to prevent the enemies’ chance of using the loop- 
holes—it being their office to give, not to receive. 
Fascines are long cylindrical fagets (see Fig. 38). 
The trees which supply the best material for them are 
the oak, chesnut, hazel, willow, and alder, with their 
long flexible branches. They are made in lengths of 
| 10 ft. and Yin. in diameter, 20 ft. and 12in. in dia- 
| meter. The usual dimensions in our own service are 
| 10 ft. in length and 9 in, in diameter. They are used 





for many purposes by the military engineer, but the 
principal use is for the revetments of parapets. Great 
care and considerable practice is required in making 
them as they should be made, straight and solid as 
compression can make them. The strong green 
brushwood of which they are made is laid in a bed or 
cradle of trestles, as shown in Fig. 38, set about 4 ft. 
Fre. 39. 


Fie. 38. 





apart. The longest and straightest are always laid 
outside the cylinder. When what is considered a 
sufficient quantity of brushwood has been laid in the 
cradle the fascine is compressed by levers, as shown 
in Fig. 39, united by a rope or chain termed a 
“choker.” The pressure is exerted by two men on 
opposite sides till the diameter is reduced to 9 in., 
which is indicated by marks on the choker by which 
the girth is seen to be 28}in. If after due com- 
pression the girth is seen to be more or less than 
this, brushwood is taken or added as the case may 
require. Before the choker is removed the fascine is 
bound by strong withes called “gads,” or rope yarn, 
9 in. to 18 in. apart. No part of the work pe 
more care than this, as upon it depends much of the 
value of the fascine. A fascine 18 ft. long 9 in. in 
diameter usually weighs 140 lb., and can be made by 
five men in an hour. Stakes, termed ang¢horing 
pickets, are, or should be, prepared at the sante time, 
six for each fascine, 4 ft. long and 14 in. in diameter. 
These are driven through the fascines vertically, to 
hold them together, and perpendicularly to the face of 
the interior slope of the parapet of which they form 
the revetment. They will thus support a slope of 
+ (with a base one-fourth its height). 

The number of fascines required to revet a parapet 
is calculated by dividing the length of the parapet by 
the length of a fascine, dividing the height by the 
length of the diameter of the fascine, and multiplying 
one quotient by the other. For example, let the 
parapet be 90 yards in length and 7} ft. in height, 
90--3$=27, and 74 ft. or 90 in.+9 (the diameter of 
the fascine)=10. Therefore, 27 x 10 = 270 is the 
number of fascines of these dimensions required for 
this revetment. 

Fascines called “safe fagots,” 3 ft. in length and 
9 in. in diameter, have yet to be referred to in our de- 
scription of siege operations. J'rench fascines, used for 
a different purpose, are usually 6 ft. long and 9 in. in 
diameter. Water fascines are 18 in. in diameter, and 
6ft. to 9ft. in length. These are used to cover soft 
ground, and in crossing wet ditches. In the latter 
case they are often used with stones to form a causewaye 








Bie Guns.—Some interesting practice was carried on the 
other day at Shoeburyness with the 12in. muzzle-loading 
rifled gun of 23 tons, firing common shell of 600]b. weight, 
with the ordinary charge of 601b. of powder. The gun is 
mounted on a wrought-iron carriage ply platform placed on 
a turntable in rear of a wooden structure representing an 
iron fort, through the —— or embrasures of which the 
gun is laid and fired. The object was to ascertain how 
quickly the gun could be loaded, aimed, and fired by an 
ordinary detachment of one officer, one non-commissioned 
officer, and seventeen gunners. The gun was carefully laid 
each round at a small target at a 1000 yards’ distance, and 
five rounds were fired in 7 minutes and 39 seconds, or at an 
average of 1 minute 30 seconds for each round. ‘The prac- 
tice was excellent. We leave our readers to imagine what 
would have been the effect produced on an enemy’s ironclad 
had she been under the above fire with Palliser projectiles 
fired with battering charges. She would have been struck 
every time, and in less than eight minutes would have re- 
ceived from one gun alone the impact of 3000 lb. of iron, 
representing a total “energy” of 24,300 foot-tons.—Pall- 
mall Gazette. 

Steam Fire Enernes.—The corporation of the borough 
of Wigan have recently purchased of Messrs. Merryweather 
and Sons, of London, the large size double cylinder steam fire 
engine, L’Empereur, one of the engines which the firm ex- 
hibited at the Paris Exhibition of last year, where, it will be 
remembered, the first prize and only gold medal was awarded 
to them. The trials made with this engine at Wigan have 
shown that the engine is quite capable of projecting and 
maintaining a stream l}in. diameter to a height of over 
200ft., and of raising 1001]b. pressure of steam from cold 
water in time from ten to eleven minutes. By way of ex- 
periment, jets of 2in., 24in, 24in., also four of 1in., and 
eight of jin., were delivered by this powerful machine. 
Whilst doing this great amount of work the engine remains 
perfectly steady. It has two steam cylinders, each 84fin, 


diameter, and two horizontal double-acting pumps, each 7 in. 
diameter, with 24in. stroke of steam and water pistons. 
Engines of similar size have been supplied by these makers 
to five of our Royal Dockyards.| 
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We illustrate this week a novel design for a locomo- 
tive engine, one which, although not likely ever to be 
carried into execution, will be of interest to many of our 
readers. It certainly shows in a strong light how much 
scheming may be expended in working out an idea. The 
whole thing will be explained by an inspection of the en- 
gravings. It is hardly necessary to remark that the problem 
of facilitating the working of coupled engines round curves is 
left unsolved. One step only in the process is attained. The 
wheels on either side of the engine are at liberty to revolve 
independently, and a certain amount of grinding action is 
thus undoubtedly obviated. But, after all, on a 10 chain 
curve the slip of an ordinary coupled engine would only 
amount to one revolution of the wheel in a quafter of a mile 
or more, and if this amount be excessive for the engine, it 
will be equally so for other portions of the rolling stock. The 
engine is designed by Mr. Tyrrell, of the Stamp End Works, 
Lincoln. 








MERRIFIELD’S BALANCED RUDDER. 
To tHe Epitor or ENGINEERING. 

Srr,—At the last meeting of the Institution of Naval 
Architects, I mentioned a balanced rudder and stern ar- 
rangements, which I had devised with a view to giving a 
little more mechanical compactness to the after end of twin- 
screw steamships than most of the existing ones possess. I 
now send you a drawing of the arrangement suggested. 

In the case of the Bellerophon, the support of the rudder 
is taken at the neck and also at the heel. The latter support, 
however, looks, in the drawings, somewhat weak, and, more- 
over, is not applicable to twin-screws. Ido not regard the 
device of bracketing out the twin-screws by means of wrought- 
iron supports, as a snug device, and I do not think that the 
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double stern of the Penelope class is quite a satisfactory | 


solution of the problem. With considerable diffidence, 
therefore, I thought it right to offer the present sketch as a 
step (and, in my opinion, by no means a complete one) to 
the development of the question. On a careful re-examina- 
tion, it appears to me that it is really a step in the solution, 
while there are grave doubts in my mind as to the propriety 
of its adoption in its present shape. 

Taking the Penelope’s complete double stern as our starting 


| 





point, it will be seen that I propose, in the first place, to cut | 


away the two deadwoods up to the twin-screw bosses. This 
diminishes what is called the twnnel in her after part, and also 
takes away much of her resistance to coming round in imme- 
diate obedience to her helm. For the two rudders, I then 
pro to substitute a single one, with no support at the keel. 


here will, of course, be a tremendous bending strain | 


brought upon the rudder head, and this has to be met. I 
Propose to meet it by substituting a trunk for the usual 
spindle of the rudder, and by carrying this trunk toa pivot 
on the upper deck. In this way I make the rudder, in re- 
Spect of strains from the sea, a cantilever instead of a door. 








| centre of lateral resistance, else the ship will steer wild. If, 


This has its disadvantages; the pressure on the bearing, as | 
compared with a rudder like the Bellerophon’s, is fourfold. 
I have hoped to meet this by increasing the bearing from 
that of a 12 in. spindle to that of a 4 or 6 ft. trunk. I think 
this more than sufficient as regards strength ; but, as regards 
turning, the friction will be at least four times as great. I 
think, also, that for iron ships it will not be difficult, with 
the help of the trunk bearing, to make the rudder strong 
enough to take its shocks, and the bearing strong enough to 





meet them. 



























I must freely admit that I look upon the scheme with 
much diffidence. We really know very little about the 
action of the rudder, and for myself, at least, I would not 
dream of predicting the effect of a rudder on which the water 
was not led by the usual deadwood and keel. One thing is 
certain, that in all ships having their propellers aft, the 
centre of weights (or of gravity) must be kept forward of the 


therefore, we cut away the after deadwood as I propose, it 
will not only be necessary to reduce everythingin the shape 
of gripe; but it will also be ae to have the beam 
carried pretty far forward, for that is the most direct way of | 
getting the centre of gravity forward of the centre of lateral 
resistance. 

I attach very little importance, on my own behalf, to 
details, at the same time that I think the success of the 
method will depend upon them. But I have published my 
ideas simply for the sake of making them known, and I am 
very anxious to claim nothing for them than is strictly 
justifiable. 

What I regard as the characteristic points in my sugges- 
tion are: 





Bn The carrying of the screw shafts wholly within the 
8 


ip. 

2.) The abandonment of any deadwood below the screw 
shaft line. 

(3.) The abandonment of all support to the rudder outside 
the rudder hole. 

(4.) The taking the strain of the rudder on two decks. 

(6.) Meeting the bending strain by substituting a trunk 
bearing, say, of 4ft. diameter for a rudder 8 ft. broad for a 
mere spindle. 


£1G.2. 



































(6.) Getting a balance by the portion forward of the 
centre line of the trunk. 

(7.) Getting local strength for the rudder by working from 
the trunk as a base. 

I am not prepared to recommend the proportions of the 
drawing herewith-as final. I think it likely that each ship 
would require special consideration. All that I wish to do 
in this communication is to complete my original object of 
a a suggestion with sufficient precision to pre- 
vent its being patented against me, and to add to that ac 
statement of what seems to me its drawbacks as well as its 
advantages. 

Iam cote a model made which will probably be ex- 
hibited in the South Kensington Museum this winter. 

am, &c., 
C. W. Mernrrrrexp. 








Srzam Provenine iv France.—aAt the recent agricul- 
tural exhibition in Ailly-sur-Voges (Somme) Messrs. Avelin 
and Porter were awarded the gold medal and a prize 
800 francs for the superiority of their steam ploughing tackle 














































_578 


ENGINEERING. 


[JUNE 12, 1868. 








OSCILLATING VERSUS BEAM EN GINES. 

Tne following paper has been prepared by Mr. Horatio Allen» 
of the Novelty Ironworks, New York, and submitted by him to 
the president of the Pacific Mail Steamship Company. Many 
of the terms employed in it will appear somewhat strange to 
the ears of English engineers, but they will, nevertheless, we 
have no doubt be understood. 


The following paper has been prepared with the intention of 


facts and considerations which determine the 


presenting _ 
, in reference to commercial interests, should be 


pre ference tli 


given to one ae of marine engine for side-wheel steamers | 


over other plans. 

The considerations apply in the main to all plans of engines, 
but with ayiew to the special object at this time receiving 
attention, they 


steamers. 
Being tor sea-going steamers, it is assumed t wor the depth of 
hold is such that an oscillating engine can be used. 
In order to make the comparison as practic " as _— le 
reference will be had to engines of a particular ay 85 in. 
cylinder and 8 ft. stroke, of which sizes we have all the 
from engines actually built and run. 


S1ze, & 
tacts, 


I begin with the statement that the power developed in the | 


of same dimensions and revolutions is the same, 
when same pressure of steam, same quantities of steam and 
same degree of expansion are used, and, therefore, the power 
applied to turn the water-wheel shaft will be the same, if the 
friction of the two engines isthe same. It will be seen from 
statement herein, that the friction is substantially the same, and, 
therefore, that there is no ground of preference e for one plan 
over the other, so far as reference is made to the power applied 
to turn the wheel in the two cases. If these positions are not 
admitted, it is easy to show that they are strictly true, but as 
it is not probable that they will be questioned, it is only neces- 
sary to state them as among the facts of the case. 

It is believed that all the essential particulars, in which one 
plan of engine can differ from another plan, are sts “x in the 
following Table. If any are omitted, they can be adde 

The particulars are presented together in a tabular fin, in 
order that a general view may be had. 


two engines 


Cylinders 85 in. diameter, 
8 ft. stroke. 
Particulars. Beam. Oscillator. 
Room occupied 
engine ... «+. 
Proportion 


by the 


eee leee 347 50 cub. ft. 8.500 eub. ft. 


6.250 cub, ft. more than Os- 
cillator. 
152 tons 138 tons. 
14 tons more than oscillator. 


Difference dan § 


2. Weight of engine re 
Difference 22.0 eco ave 
Proportion eco 

. Number of parts through 
which the power is 
transmitted ... 
Difference ... ... 
Proportion eee eee cee 

4. Number of parts to be 

constructed in true line 
and relation to each 
CUROE ccc ave 

Difference ... 

Proportion . 

Namber of bearings and 

their brasses to be kept 

in adjustment and lu- 

eee 18 5 

Difference ... ... ... 8 more than oscillator. 
Proportion coe cee one 2.6 l 

6. Friction of engine .... ... 13.7 percent. 13.7 per cent. 
Difference ... . None. 

7. Power transm itted to ‘shi ait 86.3 percent. 86 

Difference ... None. 

Structure through ‘whi ic ch 

A gallows «| 


the power is transmitted 

from cylinder to crank | frame of wood | necting pillow 

pin <— held down by }blocksofTrun- 

holding - down | nions with e 

bolts, low blocks « 
shaft. 


v None what- 


ever. 


9 1 


5 more than oscillator. 
2.25 


6 3 
3 more than oscillator. 
» 


5. 


& 


columns 


| 

om | 
More or less 
{toes the 
gallows frame. 
Wood in com- 
+ ~ bination with 

iron. 

As the 


9. Strain on bottom of vessel 


10. All iron. 


Materials of structure 


oscillations of the 


will be stated only in the comparison of the | 
beam engine with the oscillating engine for marine side-wheel | 





.3 per cent. | 


Wrought-iron | 
con- ; 


being 6250 cubic “y more in the beam engine, or in the pro- 
portion of 1 to 1.7 

2nd. The weight of oscillator is 138 tons. 

» beam engine is 152 tons. 

being 14 tons more, or in the proportion of 1 to 1.11. | 

3rd. Number of parts through which the power is trans- 
mitted from piston to crank, each part having in succession to 
sustain the whole power of the engine. 

a are in the beam engine: 

Piston. 

. Piston-rod. 

8. Crosshead. 

4. Pair of head links. 

5. Pair of end centres. 

6. Pair of beam centres. 

7. Pair of end centres. 

Beam. 

9. Connecting-rod which acts on crank pin. 

And in the oscillating engine the parts are; 
Piston. 
Piston-rod. 
Pair of trunnions. 

The piston-rod acts on the crank | 

In the beam engine 9; in oscillator 3, 3, of which 3 , two (piston 
and piston-rod) are common to all engines. 

1. Number of parts to be constructed in true line and rela- 
tion to each other. 

In all combinations of machinery, by which power is trans- 
mitted, the greater number of the Ite rvening parts, the greater 
the skill and care required to have the parts all in true relation 
and proper adjustment, and the greater the opportunity for un- 
satisfactory performance, through inaccurate or careless adjust- 
ment. 

Tly parts that are to be constructed in such true relation in 
the beam engine are: 

- Water-wheel shaft. 

2. Crosshead. 

Pair of end centres. 

4. Beam centres. 

5. Pair of end centres. 

6. Crank pin. 

And in the oscillating engine: 

1. Water-wheel shaft. 

2. Pair of trunnions. 


Gin. beam engine. 3 in. oscillating engine. 
5. Number of bearings and their brasses, to be kept in proper 
adjustment and lubrication. 

In the beam engine they are : 

Two main shaft journals and their brasses. 

One crank pin journal and brasses. 

Two end centre ,, 

Two beam centre ,, 

Two end centre ,, 

Two head links 

Two guides ise 

And in the oscillating engine: 

Two main shaft journals and the brasses. 

One crank-pin journal and brasses, 

Two trunnion journals and brasses. | 

13 in beam engine; 5 in the oscillating engine. 

Of the 13 in beam engine, 7 are in motion through space. | 

Of the 5 in oscillating, 1 is in motion through space. | 

Of the 13 only one can be said to be in engine room. | 
| 


” 





3 are 20 ft. away on the engine shaft. 
6 are overhead in connexion with the walking beam. 
Of the 5 in the oscillating engine, all are in “the engine room | 
and under the eye of the e ngineer. 
Friction of the engines: 

As with a known pressure on the piston, and known revolu- 
tions of the engine, there can be known the actual pressure on 
each journal, and the extent of motion of rubbing surface, the 
friction of the two engines can be known as positively as any 
other matter of fact. 

That fact has been ascertained, and in each engine the friction 
will absorb about 12 per cent. of the entire power, there being 
no material difference in the friction of the two engines. As 
regards friction, therefore, the two engines are substantially | 
alike. 

7. Power delivered on crank pin: 

The total power developed being the same, and the amount 


| of friction being the same—viz., 12 per cent., it is plain that the 


power delivered on the crank pin is the same—viz., 88 per cent. 


| of power developed. 


cylinder aid to carry the oscil- | 


Relative advantages in a 
as a single engi 


lat ing engine over its centres, 
it has a positive advantage over 
Vea beam engine in being used 
(for a single engine. 
Tons coming to a state 
of rest as engine yeaee 
its centre .., 
Tons in motion to ‘aid | in 
passing its centres... 


20 tons. 6} tons. 

None. 30 tons. 
( The oscillating engine re- 
‘ } quires more parts by which to 
Valve gear and working } operate the valves, but involves 
by hand ... ... . } Ro ne w mechanic al combination 
| by which the working of the 

Lvs alves is ‘effected. 


Nothing inter- Nothing in- 


venes, tervenes. 


12. 


Accessib ty of journals on 
the cylinder for valve 
and hand gear ... ... 

The Table is a summary statement and comparison of the 
facts. The particulars may be referred to more fully as 
follows : c 

Ist. The room occupied by the oscillator is 8500 cubic feet. 

pe beam engine, 14,750 


» ” 


| the kelsons, and are held by nuts 


| require to be screwed up, and that in no particular are judg- 





8, 9, 10, structure through which the power is transmitted 
| from cylinder to crank. 

In beam engines the pillow block on top of a gallows frame 
of wood is the fuleram through which, by means of the beam, 
the power is transmitted to the crank. On this beam pillow 
block double the power of the engine acts; at one time to force 
it down, at another to force it up; the down strain is met by 
the legs of the wooden frame, “supported by the kelsons, and 
the up strain by the holding down bolts, which pass through 
and washers. 

In beam engines of great power, and especially when the 
diameter of the cylinder is large in relation to the stroke, ex- 
perience has shown that this com bination of the gallows frame 
with the kelson is the most difficult part of the construction, 
and that after great taken to have it well 


pains have been 
secured, it is not many the } 


months before holding down bolts 
ment and mechanical ability, on the part of the engineer, more 
essential than in his attention to the condition of the gallows | 
frame, and the adjustments which are found to be necessary 
from the changes that take place. 

In the beam engine combination, the strains of the engines 
are not provided for within its own structure ; in greater or less 
degree a strain is thrown on the bottom of the vessel? 

The gallows frame being of wood is liable to decay, and the 
cases are not unfrequent where decay does take place, and the 
enewal of the frame becomes indispensable. 

In striking contrast with these particulars are the frame of | 
the oscillating engine, and the manner in which the strains are 
met. | 


| the beam engine. 


| this part 


| subject by obtaining the verification of 


| be no difference as to the truth of the separate facts. 


The pillow blocks of the water-wheel shaft in the oscillator 
are directly over the pillow blocks of the trunnions of the engine, 
and these two pillow blocks are connected by large wrought- 
iron columns capable of sustaining the whole power of the 
engine either in separation or crushing, and within this iron 


| structure, bound together in the most. ‘direct manner by four 


wrought-iron columns, must all the power of revolution be 
developed, without any transmission of up and down strain 
on the bottom of the vessel. 

11.—Relative advantage in being used as a single engine: 

In the beam engine all the working parts of the engine 
come to a state of rest as the engine passes its centres, and 
the engine, when single, is carried over its centres by the 
momentum of the water wheels. 

In the oscillating engine the weight coming to a state of 
rest is much less than in the beam engine, and the oscillations 
of the cylinder are at their highest motion at the time the 
engine passes its centres, and thus the momentum of the 
oscillating weight is a cause to aid in carrying the engine 
over iis centre. 

In the beam engine, the weight coming to a stand still, 
and to be started again, is 20 tons. 

In the oscillating engine, the same weight is 64 tons. 

In the ¢scillating engine, the weight in oscillation is 30 tons, 

12. As to valve gear and working by hand: 

The valves and valve gear are substantially the same in the 
two engines, but in the oscillator, the parts operated by the 
eccentrics receive their motion through a segmental slot to 
allow for the movement of the cylinder ; this adds an additional 
part of the valve gear, and, in order that the cylinder may be 
balanced, one steam chest is on one side of the cylinder, and 
the other is on the other side; this makes necessary four rock 
shafts instead of two, and four arms to work them instead of 
two, 

In the same manner the working by hand requires two trip 
shafts and two arms. 

It would require too much space and description to present 
fully the difference between the valve gear and hand gear of an 
oscillator, as compared with the valve gear and hand gear of 
the beam engine. As both are represented in model, a correct 
idea of the arrangement and parts can be formed by reference 
to the model; such reference will show that the number of the 
parts is increased, but that they are used in the same manner 
as the working parts of a stationary cylinder. 

13. Meaus of working the air pump: 

In the beam engine the air pump is worked from the motion 
of the beam. 

In the oscillator the air pump is worked from the motion of 
the cylinder. 

If a jet condenser were used, then the cylinder could not be 
used without special arrangements, but when the surface con- 
denser is used, and the water causing condensation is supplied 
by an independent circulating pump, then the working of the 
air pump is reduced to one-fifteenth of that required for the jet 
condenser, and the cylinder is used without objection. 

14. Accessibility of journals on the cylinder: 

Every journal carried by the cylinder of the oscillating en- 
gine is as accessible as the journals carried by the cylinder of 
Oscillating engines of large size make 10 to 
15 revolutions per minute, at which motion the lubrication of 
| journal and adjustment of brasses can be readily effected. 

15. Balance of the engine: 

In the beam engine the weights at the opposite ends of the 
beam are sufficiently near a balance. 

In the oscillator the weight of the piston and piston rod re- 
quire to be balanced by using a sufficient number of cast-iron 
buckets on the water wheel. 

Lubrication by continuous flow of oil: 

It has been fully established that the friction, when oil is 
app lied ina manner merely to keep the journ: ls. cool, is one- 
half greater than the friction when oil is applied by continuous 
flow over the journal. The time is near by when advantage 
will be takeneof this fact. 

The oscillating engine, he aving its five main journ: als, viz., 
two shaft journs als, two trunnion journals, and crank journal, 


| all so near together, and so conveniently situated in reference 
| to each other, presents a very favourable opportunity for using 


the system of lubrication by continuous flow. 

Displacement of that portion in the length of the vessel that 
contains the engine, shaft ‘and wheels of an oscillating engine 
in reference to the weight placed in that length: 

The question having been r: sed whether there was not, in 
the use of the oscillating engine, an excess of weight put in 
that part of the vessel, it becomes necessary to state that the 
weight does not equal ‘the buoyancy due to the displacement. 

It has been claimed for the beam engine that the parts not 
being connected by a rigid combination may, to some extent, 
get out of line without injurious result. ‘The beam engine in 
icular has no advantage over any other form of single 
engine. No single engine, either side lever or oscillating, within 
my knowledge, has been found to be inferior to the beam engine 
in this particular. 

In the double engines using centre shafts there has been much 


| trouble in the rigid cast iron pillow block, one casting being 


used for both engines, and the use of double beam engines has 
shown that they, also, are not well prepared for the strains to 
which the centre shaft is subjected. 

It is believed that no essential fact or consideration, entitled 
to weight as ground of preference by itself considered, has 


| been omitted; but if any has escaped notice it should be added 


and have full attention. 

If these statements reeeive the attention of other parties, it is 
of the first importance that they be fully satisfied as to the 
question of the correctness of the statement as to each separate 
tact. This can be done by those conversant with the matter by 
their own examination, and by those not conversant with the 
the truth, or the dis- 
closure of any error, from those competent to ascertain and 
report. However different may be the inferences, there should 

Each 
admits of clear determination and statement. 
Horatio ALLEN. 

Novelty Ironworks, June 28, 1867. 
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THE LATE MR. WILLIAM TAIT, ENGINEER, 
GLASGOW. 


Ir is with extreme regret that we have to chronicle 
the death of the gentleman whose name heads this notice, 
and we feel satisfied that many of our readers, both at 
home and abroad, who now learn of that event from our pages, 
will join with us in expressing regret at the too early death 
of Mr. Tait, and at the loss which mechanical engineerin 
has consequently suffered. The firm of which the mate | 
gentleman was a member, that of Messrs. Mirrlees and Tait, 
Glasgow, is one whose reputation has not a “local habita- 
tion and a name” only, but extends even to distant parts of 
the world. While announcing the death of Mr. Tait, we 
should do an act of injustice to his memory if we did not give 
a brief outline of a career which terminated in the attain- 
ment of an eminent position among the many eminent en- 
gineers of Glasgow and the West of Scotland. 

Mr. Tait was born on January 13, 1810, in the parish of 
Cambusnethan, in the Middle Ward of Lanarkshire. His 
father was a master blacksmith in such a humble way of 
doing as is customary with blacksmiths in a country village. 
The early years of young Tait were partly spent in his native 
ay and partly at Maybole, in Ayrshire, whither his father 

ad transferred his small blacksmith business. He was 
trained in his profession with Messrs. Gray and Company, 
Glasgow, with whom he served an apprenticeship of seven 
years, and afterwards a year or so as journeyman—the former 
terminating when he was nearly twenty-one years of age. 
It will serve to indicate that Mr. Tait was almost certain to 
attain prominence as an engineer when we mention that he 
was frequently employed during the latter part of his ap- 
prenticeship as one of Messrs. Gray and Company’s “leading 
Pands.” Mr. Tait was employed during the next two years, 
chiefly as outside foreman, with Messrs. Stark and Fulton, 
Glasgow. The firm just named, although now no longer in 
existence, had an excellent reputation, as might be inferred 
from the fact that the post of general manager was held by 
Mr. John Yule, and after him by Mr. Peter McOnie, two 
gentlemen whose names are well known in the engineering 
annals of Glasgow. 

Being desirous of acquiring a thorough knowledge of all 
the branches of his profession, Mr. Tait left Messrs. Stark 
and Fulton’s, and spent the next three or four years in the 
employment of Messrs. Mather and Dixon, locomotive and 
general engineers, Liverpool. It was then that locomotive 
engineering was gaining considerable importance, and as 
this branch of the profession had as yet practically gained no 
position in Glasgow he found that he could not do better than 
study it with the above-named Liverpool firm. 

The desired practical and theoretical knowledge of locomo- 
tive and general railway engineering being acquired, Mr. 
Tait returned to Glasgow to superintend the railway and 
locomotive engineering business, then being commenced by 
the firm of Messrs. J. M. Rowan and Company. Parentheti- 
cally, we may mention that this same J. M. Rowan was pre- 
viously a fellow-workman with Mr. Tait, that he commenced 
business before he was twenty-one years of age, and that he 
is the principal of the well-known Atlas Devanet Steel 
Works, Glasgow, more than once mentioned in ENGINEERING 
some months since. 

Before Messrs. Rowan and Company commenced to build 
locomotives, only a very few specimens of such engines had 
been turned out from Glasgow workshops. The manufac- 
ture of locomotive engines, however, was henceforth to 
become localised in Glasgow, and to Mr. Tait is undoubtedly 
due the credit of being chiefly instrumental in establishing 
this as a new branch of local manufacture. In the year 1844 
Mr. Tait was entrusted with the management of the Hyde 
Park Engine Works, then belonging to the firm of Messrs. 
Neilson and Mitchell. The establishment in question was 
then—and till Mr. Diibs commenced the Glasgow Locomo- 
tive Works, previously described in our pages—the only one 
for locomotive engine-building on the banks 8f the Clyde. 
Mr. Mitchell retired, and the firm became Neilson and 
Company, Mr. Tait remaining the manager till the year 1850. 

After passing a year or so as the manager of Messrs. 
Mitchell and Wallace’s iron-founding, boiler-making, and 
engineering works, he entered into partnership with Mr. 
J. B. Mirrlees, of the firm of McOnie and Mirrlees, manufac- 
turers of sugar and other colonial machinery. The new firm 
of Mirrlees and Tait entered the same line of business, and it 
gradually acquired such an éxtent that the works then oc- 
cupied by them (now by Messrs. James Howden and 
Company, marine engineers and steam ship builders) were 
found to be much too small. Some ten or a dozen years ago 
new works were erected from plans and designs made by Mr. 
Tait, and now the Scotland-street Ironworks are amongst the 
best equipped, most complete, and extensive engine works to 
be found in Glasgow. Under Mr. Tait’s active superin- 
tendence the firm prosecuted the exclusive manufacture of 
machinery and plant for the West Indies and Spanish 
Colonies, including sugar mills, and other machinery, stills, 
&e., and became highly successful in it. In order that he 
might make himself thoroughly conversant with the peculiar 
requirements of the sugar planters, Mr. Tait twice visited the 
West Indian Colonies, and from the special knowledge thus 
gained, combined with his own great energy and professional 
ability, he eventually placed his firm in a first-class position 
in this department of engineering, one which has indeed 
become quite a speciality in Glasgow. 

Our own pages have, during the last few months, given 
practical illustrations of the extent and style of work executed 
by Messrs. Mirrlees and Tait ; we may just now refer, how- 
ever, to the piece of workmanship displayed by the firm in 
the machinery annexe of the International Exhibition of 
1862. Many of our readers doubtless remember the sugar 
mill and the accompanying steam engine and gearing, 
specially made for that Exhibition by Messrs. Mirrlees and 
Tait, and since known as the “ Exhibition mill and engine.” 
The mill was of the 3-roller description, the rollers being 7 ft. 
long by 33 in. diameter, and in practice capable of expressing 
4000 gallons of juice (equal to about two tons of sugar) per 





hour. The mill, gearing, and engine weighed, if we remember 
correctly, about 1434 tons, The third mill and engine from 
the same patterns are now being made at the Scotland-street 
Ironworks, Glasgow. 

About two years ago Mr. Tait began to suffer from ill- 
health. He had naturally a vigorous constitution, but it was 
not proof against the insidious attacks of liver disease. He 
was induced to resort to Spa last summer, in the hope of 
recovering from his illness. After being apparently at 
death’s door for several months, he grew strong enough to 
return home at the end of the autumn, and the improvement 
was so marked, that he was able to give a considerable amount 
of attention to business during winter and the spring of this 

ear. Notwithstanding the improvement which had shown 
itself, and which had led his friends to hope confidently that 
he would be spared to them yet a few years longer, a fresh 
attack of his ailment set in about the beginning of April, and 
on the last day of that month he finally succumbed and 
yielded up his spirit, at the age of fifty-cight years. 

Mr. Tait’s distinguishing professional characteristics were 
rapidity of conception and promptness in decision, combined 
with a strong love of his profession. His counsel and in- 
fluence were always cheerfully given, and many who now 
occupy good positions in the profession owe their first step 
upward to his good word. Mr. Tait was married in 1845, and 
leaves a widow and a large family to mourn his early de- 
parture. While an apprentice he was a diligent student in 
the classes of the Glasgow Mechanics’ Institution and 
Anderson’s University, and at his death he was one of the 
trustees of the last mentioned institution, and one of the 
original members of the Institution of Engineers in Scot- 
land. 








LIVERPOOL NOTES. ; 
LiverPoor, Wednesday. 

Trial Trip of a Dutch Monitor—One of the monitors, 
being built by Messrs. Laird Brothers, of Birkenhead, for the 
Dutch Government, made her official trial trip a few days 
ago, having on board her guns and ammunition, seventy-five 
officers and men and their effects, stores, provisions, and coal 
for five days; in short, was completely fitted for sea. The 
full boiler power at the measured mile gave the following re- 
sults: First run, 10.583 knots; second run, 7.659 knots; 
third run, 10.345 knots; fourth run, 7 912 knots; fifth run, 
10.027 knots; sixth run, 9.062 knots—giving a true mean of 
9.062 knots. Revolutions of engines, 114; indicated power, 
643. The starboard boiler having been shut off, two runs 
were made with the following results: First run, 7.287 
knots; second run, 7.982 knots—giving a true mean of 
7.632 knots. Revolutions of engines, 89; horse power in- 
dicated, 312. After completing her trials at the measured mile, 
the monitor was taken outside the harbour, when there was a 
heavy swell on, and was found particularly steady, free from 
vibration, and steered well and easily under the circumstances. 
Experiments were also made in revolving the turret by means 
of the steam gear, which gave very satisfactory results. 
The dimensions of the monitor, which I gave a few weeks 
ago, and may now repeat, are as follows: Length, 180 ft. ; 
breadth of beam, 44ft.; depth, 11 ft. 6in.; she is armour- 
plated with 5}in. plates from 3 ft. below the water-line to 
the gunwale, reduced at extreme ends to 4 in., resting 
on teak 10 in. thick; the inner skin of iron 1in. thick, 
strengthened by longitudinal iron girders. The turret is 
protected by plates 8in. thick, increased to 11 in. at the 
ports, carrying two 300-pounder 123 ton rifled guns, 
which can be fired in line of keel forward, and within 
4° aft. The turret is fitted both with the usual hand gear, 
and a complete set of gear for working by steam power. 
She has twin-screw engines of 140 horse power nominal, not 
fitted with surface condensers. 

Newry Steamship Company.—An effort is being made to 
effect an amalgamation between this company and the Dun- 
dalk Steam Packet Company. The directors of the Newry 
Company have suggested this arrangement as being most 
likely to facilitate the important object of opening a new line 
of steamers between Newry and Liverpool. There is a good 
trade being steadily denned between the two ports, and 
greater facilities for transport are likely to be appreciated. 

The Widnes Metal Company.—This new joint-stock en- 
terprise has just been announced. The capital is 20,000/., 
in 200 shares of 100/. each, and the oBject of the company is 
to work the burnt ore obtained from cupreous pyrites. To 
acquire certain premises at Widnes, or elsewhere, and the 
construction and maintenance of works and manufactories, and 
for carrying on at Widnes, or such other places, the business 
of metal extractors, smelters, and dealers in ores, minerals, 
and metals. 

The Cambrian Railways—A special general meeting of 
the shareholders, debenturetiolders, and general creditors of 
the Cambrian Railways, Company was held yesterday at 
Oswestry, under the presidency of Mr. Bancroft, deputy 
chairman. The chairman said that the undertaking was 
at the present time in a state of great embarrassment, both 
legally and commercially, and the directors had found it 
necessary to take extraordinary measures to rectify it, and, if 
possible, to place the company in something like a sound 
yosition. With that view they had introduced a measure 
into Parliament which had received the sanction of the House 
of Lords. That Bill embodied the proposals made in the scheme 
submitted tothe last meeting for raising and disbursing 100,000/. 
for coast and 47,3001. for inland purposes. All the receipts are 
to be thrown into one fund, out of which the working ex- 
penses of both the inland and coast lines are to be paid. The 
surplus is to be divided between the coast and the inland 
undertakings, in the proportion of 35 per cent. to the coast 
and 65 per cent. to the inland for the first three years; 37} 
per cent. to the coast and 624 per cent. to the inland for the 
next four years; and after that an arbitration to be ap- 
pointed by the Board of Trade is to determine the further 
proportion according to the value of the respective under- 
takings, and irrespective of the provisions of the Act of 1865. 
A resolution approving of the Bill was subsequently put to 





the meeting by the chairman and carried by an overwhelming 


—, 

he Welsh Iron, Tin-plate, and Coal Trades——Even the 
most sanguine as to the future of the iron trade are obliged to 
acknowledge that the signs of improvement are not making 
much progress. The Birmingham Post says that additional 
orders are not yet offered with that freedom which was 
looked forward to a few weeks ago by many parties. Three 
or four of the principal railway companies are in the market 
for large quantities of rails for relaying, but the majority of 
the buyers are only making suflicient purchases to meet 
immediate requirements. The United States continue 
to be large customers, and are likely to be yet larger 


purchasers, as it is said that the stocks in the hands of New, 


York houses are quite exhausted. Shipments of rails for the 
South American markets are inconsiderable. Russian exports 
are improving, and Sweden is likely to require larger supplies 
before long, for some contemplated large railway extensions. 
Pigs are unchanged, and in the tin plate trade, things 
remain about the same as last week. There are a good many 
orders for steam coal, but prices are very low. 

The Trade of the Midland Districts —The Whitsuntide 
holidays have interfered with business. In the foreign 
department business is tolerably steady, but the merchants 
are only giving out moderate orders. The trade with Brazil 
has received a check by the decline in the Exchange to 18d 
advised by the last mail. The West Indian trade Leaye up 
well, but the Continental orders are small, especially for the 
French markets. The metal rollers, brass founders, and 
electro-platers speak favourably of the state of business in 
those departments. There is a slight increase in the demand 
for manufactured iron. Recent orders for rails, and the re- 
quirements for plates for iron shipbuilding has diminished 
the competition for iron in the Cleveland Fistricte, and it is 
thought that more orders will now go to Wolverhampton. 

The Liverpool Cotton Market.—The market has been ex- 
eeedingly dull this week. There has been a slightly better 
demand for the last two days, but small holders press their 
stocks for sale, and prices do not improve. Large holders, 
such as Baring Brothers and others, have withdrawn their 
stocks from the market until prices for American advance. 
Spinners hold aloof very perseveringly, and the Manchester 
market being so dull, there seems to be no immediate 
prospect of a change for the better in Liverpool. 


THE PARIS EXHIBITION PRIZE MEDAL. 

Wes illustrate, on another page, the obverse and reverse of 
the first-class medals distributed at the late Paris Exhibition. 
A sum of 32,000/. was devoted to prizes, which were awarded 
to exhibitors in the Fine Arts, and the products of Agricul- 
ture and Industry. In addition to this, special orders of 
rewards were instituted in favour of persons, establishments, 
or localities, which by special organisation had developed a 
— of harmony among their workmen, and provided for 
their material, moral, and intellectual well being. Of this 
latter class, ten prizes were awarded, of a total value of 4000/., 
and twenty honourable mentions. In the first class (that of 
the Fine Arts) 139 prizes were awarded as follows :—17 each 
of the value of 80/., 32 each worth 321/., 44 valued each at 
207., and 46 at 167. In the Industrial Department there was 
a total money and medal award of 10,000/., including 100 of 
the “grand prix” medal, which we illustrate, each worth 
40/., 1000 silver medals, and 3000 bronze medals ; there were, 
besides, 5000 honourable mentions. 

All the medals were similar exceptin material. In the die, 
the centre tablet in the reverse was movable, and on each 
the name of the recipient was stamped. 














Trrat Trip or THE Stauncu.—The experimental iron- 
built, unarmoured twin screw gun vessel Staunch, 200 tons, 
25 horse power, carrying one 12-ton 9-in. rifled muzzle-load- 
ing gun, was put through her official trial of speed over the 
measured mile in Stokes-bay, near Portsmouth, on Tuesday. 
Under the most favourable circumstances of weather, and at 
a —— of water of 5 ft. 10in. forward, and 6 ft. 6in. aft., 
a speed of 7.653 knots was realised as the mean of six runs 
over the mile, the load on the safety valve being 25 1b., and 
t an revolutions of the engines 139. The temperature on 
deck was 70; in the engine room, 76; in the stokehole, star- 
board side, 103°; port side, 94°. The most efficient and 
interesting part of the trial of the Staunch, as a minia- 
ture fighting machine, was her performance in circling, 
thus exhibiting most satisfactorily the extreme facility with 
which twin screws working independently of each other can 
be made to manceuvre the vessel as the carriage of the 
gun, and train the latter rapidly upon any desired point. 
This gun-training power, however, as possessed by the 
Staunch will be best understood by a reference to the sub- 
joined figures of the time occupied in making the circles, and 
the conditions under which each cirele was made: No. 1 
circle, both engines going ahead, and the rudder in use. To 
starboard, half circle, 1 min. 15 sec.; full circle, 2 min. 35 sec. 
To port, half circle, 1 min. 16 sec.; full circle, 2 min. 22 see. 
No. 2 circle, one engine going ahead and the other astern; 
the rudder in use: To starboard, half circle, 1 min.; full 
circle, 1 min. 47 sec. To port, half circle, 56 sec.; full circle, 
1min, 52sec. Nos. 1 and 2 circles were timed at startin 
with the vessel going at full speed. No. 3 circle, vesse 
started on the circle with both hull and engines previously 
motionless, port engines going ahcad, starboard engine 
stopped; rudder in use: to starboard, half circle, 1 min. 
36 sec.; full circle, 2 min. 57 see. To port, half circle, 1 min. 
37 sec.; full circle. 2 min. 53sec. No. 4 circle, vessel started 
on the circle as before, with both hull and engines pre- 
viously motionless; rudder fixed amidships; starboard en- 
gine going ahead; port engine stopped: haif circle, 2 min. 
9 sec. ; full circle, 3 min. 56sec. Port engine going ahead ; 
starboard engine stopped: half circle, 2 min. 9 sec.; full 
circle, 3 min. 57sec. At the conclusion of the day’s trials 
the Staunch returned to Portsmouth harbour, where, it is 
understood, she will be attached to the Excellent gunnery 
ship as an experimental tender. 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 
State of the Glasgow Pig Iron Market.—Since this day 
week there has not been much change in the state of our local 
ig iron market. Prices have come down again a little further, 
bot for two or three days they have been almost stationary at 
Bis. 6d. to 51s. 7d. cash, and 51s. 9d. to 51s. 10d. a month. 
Coltness No. 1 is quoted at 57s., and Gartsherrie, Summerlee, 
and Calder at 55s. The following are the imports of Middles- 
boro’ pig iron in Grangemouth :— 





Tons. 

For the week ending June 6, 1868 ... wo «ne 
oo ” June 8, 1867 ... ow» 1,830 
Increase ... eee eco 2,840 
Total imports till June 6, 1868 46,916 
= a. June 8, 1867 16,394 
Total increase for 1868 ... eve ee 80,522 


The Iron Trade in Lanarkshire.—In the pig iron trade a 
slight improvement has recently occurred in some quarters, but 
manufacturers purchase very sparingly. At Gartsherrie, 
Summerlee, Coltness, and some others of the principal works, 
the transactions are somewhat numerous, but the lots are 

enerally small. Some makers are increasing their stock, as 
ree is comparatively cheap, and there is an opinion that as 
the summer advances a better tone will pervade the trade. 
Glasgow stocks of pig iron are at present decidedly larger than 
at the commencement of the year, consequently prices have 
lately been somewhat affected, and are likely for a time to have 
a drooping tendency. At a majority of the works a portion of 
the blast furnaces still remain out, and at the Glasgow works 
(Mr. Dixon’s) all the furnaces are out, and there is no appearance 
of operations being resumed. Cleveland pigs are pushed into 
the hands of manufacturers at something like 9d. per ton under 
the above-named rates. In the malleable iron trade a moderate 
steady business is being done at profits that are not large. The 
Richardson process of —_ malleable iron is still causing 
great interest, and at Parkhead the method has been extended 
to a large number of the puddling furnaces. 

The Coal Trade and the tive Miners’ Strike.—There 
is little if any improvement to note in the coal trade, on which 
80 matiy thousands in this country depend. The deliveries for 
home use have, in some instances, been rather better lately, but 
shipments both coastwise and abroad are below the average of 
years. Coke is at present =. more extensively used by iron 
manufacturers than usual. ‘The threatened strike which is 
announced to take place throughout the oa on the 18th 
instant, unless the men obtain an advance of Is. per day of 
wages, is causing little uneasiness amongst the masters, and as 
little interest among a large class of the miners themselves. 
Already they are — some privations, and to come out on 
strike without funds would, they declare, only tend to cause an 
incalculable amount of misery. In many cases the week’s 
work only brings 10s. in the shape of wages. During the past 
week a number of the employers have been requested to give the 
1s. advance, but all have as yet declined to be the first to move 
in the matter, so that, from present appearance, the men have 
little expectations of obtaining the wages asked. 

Mr. Whitworth's Exhibitions.—The authorities 
of Glasgow University have been very prompt in awarding the 
preparatory exhibition placed at their disposal for the present 

ear by Mr. Whitworth. They have awarded it to Mr. Henry 
Dyer, apprentice engineer with Messrs. James Aitken and Com- 

ny, Glasgow. The value of the exhibition is 251, and the 
olfer of it undertakes to prepare himself to compete for one of 
the Whitworth scholarships in engineering and mechanical 
science, of the value of 1002, at the examination next May. 

The Sugar Trade at Greenock.—This important branch of 
local trade does not seem to be in the way of falling off, if 
we may judge by the large arrival of sugar-laden vessels at 
Gresneak since the beginning of this month. Up to mid-day 
yesterday (the 9th) there had arrived no fewer than sixteen 

vessels laden with sugar-—a total of 5300 tons. During the 
same length of time there were altogether thirty-three arrivals 
from foreign ports, including steamers from New York and the 
Mediterranean, so that the sugar vessels formed about one-half 
of the whole arrivals. During the five months ending 31st May 
the Greenock imports of sugar amounted to 41,886 tons, cer- 
tainly a very respectable total; but the amount imported last 
year in the same time was even larger. 

i Gun from the Clyde.—In the shipments 
of gunpowder from the Clyde we have outgoings of a sort very 
different from the incomings referred to in the preceding para- 
graph. During the month of May the shipments of gunpowder 
from the Tail of the Bank amounted to the large total of 
816,240 lb. The following are the particulars: 47501b. to 
Colombo, per the ship War Cloud; 5000 1b. to Monte Video, 

James; 11,200 Ib. for Lye ges per Cavalier; 12,500 Ib. 
or Havana, Thomas; 15,000 Ib. for St. John, N.B., ow H. 
Stenorth ; 20,000 lb. for Melbourne, per Sevilla ; 21,000 Ib. 
Ocean Spray, 35,800 1b. per Constance, and 40,000 lb. per Val- 
darno, for Africa; 75,000 Ib. for Ja sat see ment -_ 
75,000 lb. for Valparaiso, per Rosedale. ing of gunpowder 
exports, reminds me of the fact that the Lochfine Powder Mills 
are announced to be sold by public auction, in Glasgow, on 


Wednesday next. 

The Cage Chamber of Commerce and the Government 
T ill,—It was resolved on Monday last, at a meeting 
of the directors of the Glasgow Chamber of Commerce, to = 
tion Parliament in favour of the (overninent Telegraph Bill. 
The meeting was officially informed that the Liverpool Cham- 
ber had resolved to petition in favour of it, and Glasgow was 
asked to co-operate. Mr. Fleming, the secretary of the Cham- 
ber of Commerce, submitted the draft of a petition, in which 
the memorialists expressed the belief that a great benefit would 
accrue to trade and commerce from the establishment of a 
cheap and widely diffused system of telegraphy, and stated that 
it was expedient that the Postmaster-General be authorised to 


uire the undertakings of the existing telegraph companies as 
prpened by the bill; that the public advantage wath bo best 
secured by i bill during this session, and that such 


giving the widest extension hout the United Kingdom of 
telegraphic communication, and for securing to the newspaper 
at modified rates of charge the use of the telegraph on 
or the transmission of intelligence of public interest. e are 
informed to-day that the debate on the second reading in the 
House of Commons yesterday was adjourned. There is room 
to fear that the bill in question may be one of the “ innocents” 
which will have to be deoghtaned in order to make way for the 
dissolution of Parliament and the attendant general election. 
Petroleum Act Amendment Bill.—It is reported here that 
this bill will require to undergo some modification before it 
becomes law. It was to have got into committee on Monday ; 
but it did not, and we are not informed when it will actually 
reach that stage. The mineral oil people in Scotland are very 
anxious about the success of the bill as it was originally 
drafted, and they were, therefore, naturally very much surprised 
to learn from the Scotsman on Monday last that the opponents 
of the bill had succeeded in influencing the Home Secretary 
in such a way that the temperature of 100° Fahr., as in the 
Petroleum Act of 1862, would be continued in the amended act. 
The Home Secretary is said to have submitted the scientific 
bearings of the igniting or exploding point of mineral oil vapours 
to a committee of scientific experts—Doctors Letheby and 
Attfield, and Professor Abel, the chemist to the War Depart- 
ment. Those gentlemen reported, last week, that a mineral 
oil, with a vapour igniti int at 100° and upwards, can be 
used with perfect safety for illuminating purposes. The report 
has some redeeming feature, however, as it recommends a mode 
of testing the oils which is so delicate as practically to have the 
effect of raising the igniting point of ull oils tested several 
degrees — than the present mode of testing them does. 
Many Poor le will doubtless be anxious to see the report referred 
to, and to which Doctor Attfield is one of the signatories, as 
that gentleman’s evidence before the Fire Protection Committee 
was regarded as very convincing, seeing that it was based 
on many carefully ted experiments 
New Waterworks at St. Andrews.—The scheme for an 
additional supply of water for St. Andrews having been com- 
leted, the works were formally opened on Friday afternoon 
ast by the Water Committee. The scheme now so satisfac- 
torily completed was at first contemplated to procure pro tem. 
an additional supply of water to serve present need, until 
another scheme of greater magnitude to procure a permanent 
supply could be completed; but so far as the supply of water 
obtained by the temporary scheme surpassed the anticipations 
of the commissioners that it has been found to be more than 
sufficient for all city purposes; and, consequently, there is no 
necessity for adopting any other scheme. ‘The supply of water 
now obtained is so ab t and of such pure quality that it 
will, it is ——— be more than sufficient to meet the wants 
of the city for the next fifty, if not even for the next huadred 








years. 

Scottish Society of Arts Technical Education Movement.— 
On Saturday last, at a meeting of the general committee ap- 
pointed at the Society of Arts Conference on Technical Educa- 
tion, held in Edinburgh two or three months since, it was re- 
solved to memorialise the Science and Art Department so to 
extend the provisions of the Government Science Scheme of 
examinations and payments, as to embrace all classes of pupils 
and teachers, and to grant payments to teachers of science in 
day schools as well as to those who conduct evening schools and 
classes. It was also resolved to request that the department 
should make arrangements for holding the examinations for 
teachers’ certificates apart from the many examinations for 
pupils. If instruction in the principles, methods, and results of 
science is to be systematically imparted to the rising generation, 
it would seem that the system already in operation through the 
medium of the Science and Art Department is really a good 
basis to work from; where it is incomplete let it be extended, 
and where it requires modification and pruning let it get them. 

Shipbuilding.—Since my last, quite a small host of vessels 
have been launched on the Clyde. My monthly summary will 
make mention of them. After one of them, the Ralston, had 
been launched by Messrs. Steele and Co., Greenock, the keel of 
another ship of about 1000 tons was laid, and the stern part put 
up in about two hours. That was certainly smart work. Messrs. 
Denny and Brothers, Dumbarton, have just contracted to build 
for Messrs. Jardine, Matheson, and Co., an iron screw steam- 
ship of 1700 tons, for their China and Calcutta trade. 








Tue Exasticiry oF Gorp.—An additional reason lately 
suggested for the apparently unconquerable indisposition of 
the public to invest in ordinary railway stocks seems to de- 
serve consideration. At the time of the gold discoveries in 
California and Australia, eighteen years ago, it was pointed 
out that while the depreciation that must inevitably ensue in 
the ing power of gold, would proportionably affect 
the value of the income to be derived from all fixed forms of 
securities, it would not affect those investments of an elastic 
character, such as land, houses, &c., where the SSOr 
would have the power of increasing his demands for rent. 
Railways, it was urged, came into the same category, since, 
although the cost of labour and materials must steadily 
advance, while the value of the money in which fares were 
to be paid must become less, the companies would always 
have the power to meet these processes by readjusting their 
charges accordingly. There is no doubt that on the faith of 
this reasoning many persons embarked their means, and it is 
now contended that if any such readjustment be forbidden a 
time may come when it would be absolutely impossible for 
these concerns to yield not merely a moderate dividend, but 
even to meet their working expenses. Of course this suppo- 
sition is an extreme one, but it is logically correct, whother 
the time required for the result might be 20 or 200 years, 
and the prospect would be more serious but for the constant 
tendency toward the discovery, under pressure of necessity, 
of more economical methods of management. The only 
remedy for the difficulty that could be satisfactory to the 
public would appear to lie in some ment being come to 
that at certain periods, such as once in every seven years, the 
entire question of tolls should be subject to Parliamentary 
revision.— . 


STREET CROSSINGS. 
P mn To THE a oF cy 
1R,—The question of street crossin ing again been 
brought forward in — paper, I poe pe of an ar- 
rangement which I saiiel ame time ago, and then laid 
before the Metropolitan Board of Works. I think bridges 
inadmissible, and subways to be efficient must be the shortest 
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possible, well pee and ventilated, the entrance easily 
noticed, and the direction of the passages unmistakable. My 
plan satisfies these requirements, causes no obstruction, but 
affords additional space at the corners where most required, 
and the whole can be carried out so as to have a good effect 
as well as prove a desirable accommodation. 

I am, Sir, yours &c., 
65, Morton-road, Islington, N. J. A. NoRBERG. 
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TRADE OF THE Nortu-East Ports or Eycuanp.—The 
eneral state of trade in the north-eastern ports is a trifle 
Better, and there is more confidence in commercial circles 
from the improved state of feeling on the Continent, and the 
rospects that there are of an early and bountiful harvest. 
Past week, more general merchandise was shipped from the 
Tyne, and the arrivals of cargoes from abroad were tolerably 
. About a score of cargoes of esparto fibre reached the 
tyne in the month of May; but the uirements of the 
paper-makers caused them all to be sent off direct by rail, 
and more were added to stock, which is low. The chemical 
trade of the Tyne is extremely slack, and the price of all kinds 
of chemicals is low. The coal trade is a little better. Some 
more collieries will be opened shortly in North Durham; and 
the immense pumping establishment at Willington is at full 
work, clearing of water the long drowned-out pits in the 
once famous Wallsend district on the Tyne. A screw steamer, 
built by Messrs. Redhead and Softley for Mr. Robertson, has 
recently been despatched to the Orkneys from the Tyne. 
The same firm are building a double screw steamer for the 
same owner, to be employed in the tug trade at Constanti- 
nople. Messrs. Palmer and Co. (Limited), Jarrow, launched 
on Monday last a handsome steam yacht, magnificently fitted 
up, for Earl Vane. Coal rates in the coasting trade keep 
retty steady. There is less demand for iron screw colliers 
in the Black Sea grain trade, and freights to the Baltic and 
the Mediterranean for shipping generally undergo little 
change. Seamen are plentiful in the seaport towns of the 
Tyne, and wages are low. The ‘erring trade has begun very 
actively in the pe peg 8 and the boats fishing from 
the Tyne, Wear, and the lepools are doing very well. A 
number of Scotch fishermen are engaged in the fishing. 
Prices are low.—Scotsman. 

Frencu Postat Competition.—The French Government, 
by the creation of huge monopolies for favoured speculators, 
seem certain to prevent the possibility of any vigorous growth 
of their commercial marine. Hitherto the Send mail service 
in the South Pacific has been performed with unbroken 
efficiency by the British mail line of steamers without the 
cost of a single franc to the Imperial Exchequer, but a con- 
tract is now about to be submitted for the approval of the 
Chamber of Deputies for the establishment of a French line, 
with a subsidy of three times the mileage rate paid by our 
Government, in addition to which they are to have a loan 
from the Government of 160,000/., and a guarantee of 5 per 
cent. to their shareholders. In return for all this profusion 
the only consideration to the French Government is to be a 

icipation to the extent of one-fourth in any nett earnings 
yond 8 percent. By these means the new company may 
be enabled to drive off all competition, but, as they can do so 
only by putting their fares below a remunerative rate, the 
result will siraply be that the French Government will 
voluntarily sustain the burden of ing on the passenger 
and postal traffic in the Pacific for the whole world on terms con- 
siderably below the actual cost ; so that, instead of subsidising 
French citizens, they will actually subsidise all forei 
countries. But this is not the whole of the evil to be brought 
on the French taxpayer. The inevitable result of the system 
will be indifferent management and inattention to all econom- 
ical contrivances, until a time will arrive when rival steamers 
will be able without a subsidy to drive them in turn from the 
field; and the nation will then find that, after having fora 
series of years carried on a service at their own cost for the 
benefit of foreigners, they have extinguished the possibility 
of their holding even a share in the enterprise of that 








the uring 
amendments should be made as might be deemed necessary for 








region.— Times 
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(See Page 579.) 





RECENT PATENTS. 


Tue following specifications of completed patents 
are all dated within the year 1867; and that year 
should be given in ordering them, at the annexed 
rices, from the Great Seal Patent Office, Chancery- 


ane. 

(No. 2756, 8d.) Edwin Powley Alexander, of 47, 
Lincoln’s Inn-fields, patents, as the agent of Francis 
Ellershausen, of Ottawa, Canada, a method of manu- 
facturing cast steel. According to this plan it is pro- 

sed to use a species of cupola furnace divided by a 
Loaleental division of refractory material, so as to form 
an upper and lower furnace. The steel is to be pro- 
duced by the melting together of cast and wrought 
iron and iron ore; but the methods of proceeding pro- 
posed would require more space to describe than we 
can devote to them here. : 

(No. 2758, 10d.) Henri Adrien Bonneville, of 38, 
Porchester-terrace, Bayswater, patents arranging a 
spinning loom so as to effect the doubling, twisting, 
reeling, and spooling wool, and similar fibrous mate- 
rials in one machine. 

(No. 2759, 8d.) James Grafton Jones, of the 
Blaina Iron Works, near Newport, patents a form of 
clip drum for hauling ropes. This drum has a V-groove 
around its circumference, and to the sides of this 
groove are fitted sliding pieces, which are pressed out- 
wards by springs placed beneath them. The sliding 
pieces are of such form that they clip a rope placed 
over the pulley, a strain put upon the rope causing 
the pieces to slide down the inclined seats in which 
they work and grip the rope more closely. 

(No. 2760, 10d.) George Allibon, of Worcester, 
and Alexandre Manbre, of 81, Baker-street, patent 
apparatus for the conversion of cereal and vegetable 
substances into saccharine matter, and for treating 
and purifying saccharine matter extracted from malt, 
&c. The patent includes a method of making a 
vessel for withstanding a heavy pressure, of flanged 
segments, each segment being covered internally with 
a sheet of lining metal, and this lining being clipped 
between the flanges when the segments are bolted 
together. 

(No. 2763, 8d.) William Mitchell, of Manchester, 
patents apparatus for sharpening the knives of reap- 
gin machines. In one form the sharpening is per- 
formed by an emery wheel, and in another by a 
wooden or metal foundation, covered with emery, and 
used like a file. 

(No. 2768, 8d.) Richard Hobbs Saunton, of the 
Star Tube Works, Birmingham, patents methods of 
producing strips of iron to be used in the manufacture 
of boiler tubes. The patent refers to certain methods 
< iding up the piles from which the strips are 
rolled. 

(No. 2773, 8d.) James Henry Nelson and Thomas 
Briggs, of Wakefield, patent heating the feed water of 
boilers by passing it through a kind of auxiliary boiler 
placed in the flue leading from the main boiler to the 
chimney. 

(No. 2777, 8d.) Charles Mace, of 14, Green- 
street, Sunderland, patents forming, in the sides of 
marine boilers, openings through which the spaces be- 

tween the rows of tubes can be cleaned, these openings 








being surrounded by a casing, having a removable 
cover. 

(No. 2788, 2s.) George Mellor, of York, patents 
machinery for manufacturing spikes and nails. It 
would require the aid of drawings to describe these 
machines. 

(No. 2789, 4d.) Arthur Thomas Becks patents a 
method of utilising Bessemer scrap. According to this 
plan, the scrap is put into a charcoal or coke fire 
urged by a blast, a little chalk or lime being added. 
The scrap, after being softened, is welded up into a 
bloom in the ordinary way. 

(No. 2791, 10d.) Samuel Johnson, of Crook, near 
Darlington, patents an arrangement of brick mould- 
ing, perforating and pressing machinery, which it 
would be impossible to describe without the aid of 
drawings. 

(No. 2792, 6s. 8d.) Henry Pinkus, of 62, Mans- 
field-road, Haverstock Park, patents ‘ improved 
“methods of constructing steam generators for 
“ engines, new furnaces connected therewith, and 
“ the mode of working them with machinery in com- 
“bination with the uses to which they are ap- 
“ plicable.” This patent is so voluminous, and the 
number of details claimed in it are so great, that 
: would be impossible for us to give an abstract of it 
here. 








TELEGRAPH STATIsTICs.—Some interesting facts in the 
history of telegraphic communication are given by Herr 
Neumann in an official report recently published at Vienna. 
It angeeee from this report that a line of telegraph was 
opened between Persia and Russia vid the Caucasus so early 
as 1859. Telegraphic communication between Europe and 
Northern Asia was also first established by the Russian 
Government, which laid down a line between Moscow and 
Omsk in 1862, and extended it to the sea of Japan vid 
Itkutsk and Kiachta in 1864. A Russian telegraphic agency 
exists at Pekin, through which messages are transmitted 
from the Atlantic to the Pacific ocean. The line is now being 
carried to Behring’s Straits by Okhotsk; and if the plan of 
the United States Government to establish a telegraph 
— the territory lately ceded to it by Russia is carried 
out, there will soon be an uninterrupted line of telegraphs 
round the earth. The longest line in the world is that 
between San Francisco and St. John’s, Newfoundland, a dis- 
tance of 900 geographical miles. Herr Neumann annexes 
to his report some statistical tables, showing that the total 
length of the European telegraphs is 53,340 geographical 
miles; of those in America, 14,239; of those in Asia, 4736; 
of those in Australia, 1842; of those in Africa, 1604—exclu- 
sive of submarine lines. There are in all 1200 telegraph 
stations, and the number of persons employed in them is 
about 38,000. The total weight of the wires is calculated at 
1,300,000 ewt., and there are about 7,590,000 telegraph 
posts, which it costs 200,000/. a year to keep up. The capital 
expended in the construction of the various telegraphs is 
16,500,002. 


British Minzs.—D the year 1866 there were pro- 
duced from mines in the Cnited ingdom 101,630,544 tons 
of coals, valued at the place of production at 25,407,63651. ; 
4,523,897 tons of pig iron, valued at 11,309,7427.; 11,163 
tons of fine copper, valued at 1,019,1687.; 67,890 tons of 
metallic lead, valued at 1,381,509/.; 9,990 tons of white tin, 
valued at 885,368/7.; 3,192 tons of zinc, valued at 69,9161. ; 
636,188 tons of silver from lead, valued at 174,9511., and 
other metals, valued at 95,000/., so that the total value of 
coal and metals taken from British mines in the year above 
referred to was 40,346,946/., including 743 oz. of gold, valued 
at 2,656/. 





Tue Cuassepot Rrriz.—It ap from a recent report 
addressed to the Emperor by the Minister for War that the 
whole of the infantry of the French army is now armed with 
the Chassepot rifle, pattern of 1866. © issue commenced 
as an experiment in September, 1866, with the chasseurs of 
the Imperial Guard, who were chosen to make the first trials 
of the new arm. The supply to the army generally did not 
begin until March, 1867, and was completed in May, 1868, 
that is to say, in little more than a year. The “regulated 
effective range” of the new rifle-is 1000 metres, and may 
easily be increased to 1100 metres (1094 to 1203 yards). The 
projectile, with an initial velocity of 491 y a second, 
traces a trajectory which at a distance of 250 yards is not 
more than 1.64 ft. above the line of fire. The nifle is stated 
to be fired by the soldiers seven, eight, and even ten times a 
minute when taking aim, and up to fourteen times without 
aiming. The report adds that the old infantry rifle onl 
onal its ball 655 yards with an initial velocity of 365 yale 
a second, while expert soldiers could not under the most 
favourable conditions fire more than two rounds in the minute. 
Instruction in the use of the arm not having yet reached in 
the greater part of the a the point at which practice is 

rmitted, the reports of the firing are as yet only partial, 

ut are stated to have shown from the commencement a 
“very sensibly superior” accuracy to that attained by the 
old arm, the number of shots per cent. placed on the target 

being as follows :— , 
Averages at the following Distances : 


218 | 436 | 655 | 874 | 1094 
With the oldrifled | Yards.) Yards.| Yards.| Yards.| Yards. 
musket : 
Infantry of the line ...| 30.8 | 16.8 8.3 ove eee 
With the 1866 pattern 
rifle : 
Infantry of the line (in- 
struction recently 
commenced) ... ...| 35.6 | 26.2 | 19.7 | 143 8.2 
Infantry of the guard 
(instruction more 
advanced) ... ...| 59.4 | 37.3 | 26.0 | 21.0 | 16.0 
Chasseurs of the guard 
(instruction com- 
pleted ... .. «| 69.8 | 46.6 | 36.1 | 28.4 | 24.7 


It is confessed that many “ inconveniences, much exaggerated 
at first,” arising from various causes, but due, for the greater 
part, to faults of detail in the manufacture, showed them- 
selves in practice with the rifle. The faults have ceased to 
be of a ae character since the men have got to know the 
arm. e principal faults mentioned in the report are the 
breaking of the needle and escapes of gas at the breech. 
The average number of accidents under the former head is 
stated not to have reached lately the average of broken 
— in the time of the old musket. The escape of gas is 
said to occur only at the first discharge, and although it may 
incommode the soldier, it does not injure him. The new 
rifle, which is lighter than the former one, and, “ graceful in 
form, pleases the soldier ; full of confidence in his weapon, ho 
loves it, and surrounds it with especial care.” Notwith- 
standing the statement that the whole army is now furnished 
with the Chassepot, the manufacture of the arm proceeds 
with activity; in the week between the 10th and 17th of 
May an average of 1600 rifles was turned out every day. 
The same report proposes a novelty in the establishment of 
shooting — i the camps at Chalons and Lannemezan 
among Officers o: ranks dete ly given 
by the Emperor, in order to extend a “ taste” for Hie doot. 
ing in the army. 

Tae Tames EMBANKMENT.—A Parliamentary return. 
prepared by the Metropolitan Board of Works, shows tha 
the estimates for the embankment (north and south) amount 
to 3,167,515/.; Mansion-house-street, 2,227,837/.; other 
ora, 173,0001.; total, 5,568,3521. The expenditure to 
the 6th of May, 1868, reached 3,572,013/.; there was 
157,3391. available for further expenditure, leaving a further 
sum of 1,839,000/. required. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS. 
Blasting with Nitro-glycerine. 

A paper read before the Society, March 4, 1868, by 
Epwarp P. Norra, C.E. 

I have been led to introduce to your notice the subject of 
this paper (Nitro-glycerine, or Nobel’s Blasting Oil) because 
its application to — is comparatively new, and, conse- 
quently, not generally known. As over three-fourths of a 
ton has been used on the New Canaan Railroad, of which I 
am now in charge, I may, perhaps, be able to convey some 
ideas of information and interest, I have, however, to regret 
that no accurate accounts of the comparative cost of quarry- 
ing with powder and nitro-glycerine have been kept on this 
road, and that I can only give impressions as to the cost. 
It may be as well here to give a little sketch of nitro- 
glycerine, and to compare it with powder and gun-cotton. 

Gunpowder is composed of a variable quantity of nitrate 
of potassa, sulphur, and earbon (charcoal), the nitrate of 
potassa being replaeed-in cheap powder by nitrate of soda. 
Some Prussian sporting powder, analysed by Professor Bun- 
sen, of Heidelberg, contained 


Nitrate of potassa .... «+ KO,NO* .,.. +. 78.99 
8 eee eee 3. 9.84 


Sulphur eee ose eee 
Cc 7.69 
} H 
oO 


Carbon 

Hydrogen 0.41 
3.07 

On buring it, he found remaining-as residue ees 

And the gas amounted to 


Oxygen 


100.00 
68.06 
31.38 


99.44 
The residue consisted of— 
Sulphate of potassa ... 
Carbonate ne KO, CO? 
Hyposulphite ,, «. KO, 8,, 0, 
Sulphide of potassium ~—r : 
Sulpho-cyanide of potassa ... K Cy, 8, 
Nitrate os - KO, NOs 
Sulphur 8 aes 
Carbon eee 
Carbonate of ammonia 


Residue ... 

The gas consisted of — 
Nitrogen 
Carbonic acid one 
Carbonic oxide 
Hydrogen oo 
Hydro-sulphurie acid 
Oxygen ee 


KO, SO* 42.27 
12.64 
3.27 
2.13 
0.30 
3.72 
0.14 
0.73 
2.86 


cae Dahet iii eteiliaebereds «4 Jem 
NH*, 0, CO# 


68.06 


9.98 
20.12 
0.94 
0.02 
0.18 
0.14 
81.38 
.. Gun-cotton was discovered by Professor Schonbein, about 
1846, and its manufacture was almost immediately com- 
menced, but never with financial success till lately. It is 
now being made in England by Professor Abel and Messrs. 
Thomas Prentice and Sons, a very interesting account of 
whose process can be found in the last volume of ENGInEER- 
ina, pages 408, 431, and 467. 

Nitro-glycerine was discovered, in 1846, by Sobrero, but 
nothing was done with it till 1863, when Alfred Nobel 
patented its application to blasting. Gun-cotton and nitro- 
glycerine are made, the one from cotton and the other from 
glycerine, treated with nitrie and sulphuric acid, the action 
of the sulphuric acid being, in each case, to intensify the 
action of the nitric. In the case of gun-cotton, cotton which 
has a formula of C,,, H,,, O,,, is dipped into a mixture of 
three parts of sulphuric acid and one of nitric acid, by weight. 
Some of the oxygen in nitric acid goes to the hydrogen, 
forming water, aud the formula stands C,,, H,, 3 (NO,), 
‘+,o+6HO, three parts of the hydrogen in the cotton being 
replaced by three parts of nitrous acid. On its explosion it 
is all resolved into gases, namely : 


By vol. By weight. 
28.96 ... 29.97 
20.82 83.86 

7.24 4.28 
8.16 0.24 
12.67 13.16 
1.82 1.62 
25.34 ... 16.87 


co 

COP nce 
Cs, He ... 
H 


Carbonic oxide 

» acid seb = 
Light carburetted hydrogen 
Hydrogen on eee 
Nitrogen : bee “< Bw 
Carbon ost eae wow © one 
Steam 0 je Ug 


100.00 100.00 


leaving no residue. As to its relative strength, the article 
in Eveineerine already referred to says it is ten times 
stronger than powder. According to Von Lenk, in blasting 
11b. of gun-cotton is equal to 6.274 lb. of powder. Accord- 
ing to a commission appointed by the French Government, 
the explosive power of gun-cotton depends, in a measure, on 
the degree of compression, and, in the mean, is about three 
times that of gunpowder. When uncompressed, it will burn 
more freely than gunpowder, but by compression its rate of 
burning can be brought below that of gunpowder. 

Gun-cotton, acco to Professor Abel, when well made, 
can be kept for a long time withcut undergoing change, and 
can be transported as safely as powder; but when impure 
and agid, a gradual decomposition takes place, the result of 
which is an explosion. 

Nitro-glycerine is made by treating glycerine, which has 
the formula C,, H,, N,, O,,, with nitric and sulphuric acids, 
as in the case of cotton, and the chemical reactions are nearly 
por on it bei ~ tee case of the substitution of nitrous 

or a of the hy n. By explosion, according to 
an article othe London Me ics’ Ma zine, September, 
1865, one volume of oil is converted i 29 volumes of car- 
bonic acid, 564 volumes of steam, 39 volumes of oxygen, and 
236 volumes of nitrog 1,298 vol in all, for one volume 
of liquid oil being thus theoretically five times more effective 
than its bulk in gunpowder ; but, the greater amount of 
heat generated by the explosion, and the consequent higher 








tension of the gases, it is really thirteen times more effective 
by bulk, and eight times by weight, than the same. The United 
States’ Blasting Oil Company, in a pamphlet published by 
them, assert that nitro-glycerine has thirteen times the 
strength of powder by volume, and ten times by weight. It 
is a hightish, yellow, oily liquid, with a specific gravity of 1.6, 
nearly insoluble in water, not volatile, taking fire at 360° F., 
and freezing at from 40° to 36°F. When impure and acid, 
it decomposes spontaneously, with an escape of gas and the 
formation of oxalic, C,, O,, 2HO, and glyceric, C,, He, Os, 
acids. Under these circumstances it is liable to explode. 

My attention was first called to the use of nitro-glycerine 
by the fact that our contractor, Lawrence Ww. Myers, was 
losing money on account of the extreme hardness of the rock 
in one cut, and its wetness in another. As I advised the use 
of nitro-glycerine, I, of course, took a great deal of interest 
in its suecess, loading and firing a great many of the holes 
myself. I will give a sketch of the circumstances and re- 
sults as they appeared. In one cut, whieh in its deepest 
part was about 12ft., the rock was mostly feldspar and 
mica in large cystals; but it was very wet, springs forcing 
themselves up through the bore-holes, so that they could not 
be puddled. Here the fact that nitro-glycerine was entirely 
unaffected by water rendered it particularly valuable. The 
mode of procedure was this: A single hole was put down to 
grade about the centre of the cut, a foot or two further back 
from the face than the depth of the cutting, so as to have the 
line of least resistance a vertical one; from 51b, to 8 1b. of 
nitro-glycerine were poured in. A tin cartridge, about 4in. 
long and jin. in diameter, filled with powder, into which a 
waterproof fuse was introduced, was put into the nitro- 
glycerine, and the hole filled with water. These charges 
were very effective, in some instances loosening over 100 cubic 
yards, so that it could be readily barred out, while that im- 
mediately around the charge was burned to a soft white 
powder. The quarrymen said it had turned to lime. About 
50 per cent. of the rock was usually so fine as to be readily 
thrown into carts without sleaging or block-holding, while 
that furthest from the charge was in masses of two or three 
cubic yards. 

In the other cut, which, for about 50 ft., was 21 ft. deep, and 
contained about 8000 cubic yards, the rock was very hard 
feldspar and quartz, so that sometimes drills were used up 
faster than one to aninch. In this cut it was found better 
to have the line of least resistance a horizontal one. There 
was no grain to this rock, it not splintering or breaking 
more readily in one direction than another. This cut was 
worked from both ends, one foreman using small holes, and, 
of course, more of them, while the other sank his holes in the 
centre, nearly to grade, and tried to throw out the cut at one 
shot. Though the plan of single holes was not always suc- 
cessful, still, on the side on which it was tried, there was an 
economy of about 10 per cent. in labour per yard moved, and 
a slight loss in the quantity of rock per month, which latter 
item I think due to the fact that too much was put before the 
single holes, as the rock in the face of the cut was sometimes 
in masses of five or six cubic yards, requiring block-holding. 

As this cut was perfectly dry, and water had to be brought 
from some distance, water-tamping was dispensed with. 
The same cartridges were at first used as in the wet cut, only 
the fuse was cut off short, and they were dropped into the 
hole after being lighted. This was found objectionable, as 
there being nothing to confine the gases generated by the 
explosion of the powder, they would sometimes fail to pro- 
duce either heat or concussion enough to explode the nitro- 
glycerine, though they would ignite it and cause it to boil 
and smoke sometimes. After about ten minutes, the glycerine 
would either go out or go off, which produced a delay, as the 
men did not like to go and drop in another cartridge. A 
large copper cap, known as Nobel’s patent eap, that fitted 
closely over the end of the fuse, and contained percussion 
yowder, was also used, but failed for lack of power or heat. 

‘he plan finally adopted was to pour in the glycerine, and 
then put down a light wad of hay or dry grass, on which 
some powder was poured, with which the fuse was connected. 
The hole was then filled with loose sand and fired. After 
having seen many holes fired with and without tamping, I 
doubt if tamping is of much more use than to ensure the 
explosion of the glycerine. 

The United States Blasting Oil Company, in the pamphlet 
already referred to, recite as one of the advantages accruing 
from the use of nitro-glycerine, that smaller holes can be 
used, which, I think, is poor economy, unless it be in excep- 
tional cases; that it is better to have the hole large, so that 
the charge of glycerine can be in as compact a position as 
possible. 

The effect of nitro-glycerine differs from that of powder in 
consequence, I suppose, of its greater force and quickness of 
explosion, in that, that powder, when fired, when the line of 
least resistance is a vertical one (the bore also being vertical, 
and the rock homogeneous), will form a tolerably uniform 
crater, with the sides sloping, according to the hardness of 
the rock. When.the line of least resistance is a horizontal 
one, and not too long, the rock being solid, the rock will 
throw out what is before it, leaving the back uncracked, and 
no sign of action below the botiom of the hole. 

Nitro-glycerine, on the contrary, in the firsi case, will form 
a well, and if the rock is not too hard, the bottom diameter 
will be greater than the top. Nor, as far as I have seen, will 
the action ever be concentrated on the line of least resistance, 
but will extend back from the hole and downward to a greater 
or less distance, according to the hardness of the rock. I 
think that this action of nitro-glycerine, in connexion with 
the fact that its explosive force is uninfluenced by the pre- 
sence of water, will tend to, its being the only explosive r 
used in all subaqueous operations; for with any depth of 
water it will be unnecessary to drill holes, only to sink a flask 
of nitro-glycerine into the rock and fire it. 

The harder or wetter rock is, the greater will be the profit 
of nitro-glycerine over powder; and though I think the old- 
fashioned way of squibbing holes, and then using —— 
charges of slow-burning powder, is the best for blasting - 
pan or partially indurated clays, I think for slate, or any- 





thing harder than that, there will always be a saving of 
money in the use of nitro-glycerine, besides a great sayin 
of time. . 
Mr. Myers, our contractor, who has had a great deal of ex. 
lag os in blasting operations, says that in hard dry ledges 

e thinks full double speed could be better made with glycerine 
than with powder, and in wet ledges fully four times the 
speed with the same force of men; for besides a less number 
of holes being required, there is no necessity for puddling the 
holes or water-proofing the blasting charge of powder, and a 
hole can be loaded and fired in much less time with nitro. 
glycerine than with powder; and as a matter of economy 
he would prefer to pay $1.12} per Ib. for nitro-glycerine, to 
having power given to him for hard dry ledges, or to having 
$10 per keg given to him for all the powder he would use in 
blasting wet ledges. He also thinks nitro-glycerine much 
safer than power. From the fact that nitro-glycerine 
explodes with $0 much violence that it would burst any 
cannon, its strength cannot be ascertained as that of powder 
ean, and I think it will be difficult to arrive at any exact 
measure of its strength. I can, however, give one or two 
examples. I once put a little over a pound of glycerine in a 
hole (in the hard ledge above mentioned) 2 in. in diameter 
that was 184 ft. deep, and 22 ft. from the face of the cut at 
the bottom of the hole. This charge was fired without any 
tamping over it. It made a crack about 8 in. long on the 
surface, that ran down the hole as far as I could see, and 
cracks were made in the faee of the rock so that smoke was 
blown out of them. I afterwards put 23 lb. of glycerine, as 
nearly as I could measure, in the same hole, poured in some 
powder, and filled the hole with dry sand. 210 cubic yards 
of rock were loosened, so that it was mostly barred out 
though some masses required block-holding, but the quantity 
mentioned was removed without any large blast, and the 
back of the cut was left well shattered for the next blast. If 
nitro-glycerine is used in the city, the blasts should be well 
covered, for a house standing about 1200 ft. from the cut, 
and on somewhat higher ground, had a stone come through 
the roof, apparently falling vertically ; and the men always 
ue about 400 ft. from the blast, and often had to dodge at 
that. 

In regard to the relative safety of gunpowder, gun-cotton, 
and nitro-glycerine, I think the last-named is the safest agent. 
I do not wish to be understood to underrate the disastrous 
effects that would, probably, and have occurred from an ac- 
cidental explosion ; only to say that I think, with properly 
made, unfrozen nitro-glycerine, the cans packed in plaster of 
Paris, as the law requires, it is safer than powder. I speak 
of its being unfrozen, because during the use of jt on this 
road, from last September until the middle of January, the 
only instance in which any glycerine was exploded without 
the aid of powder was a small frozen piece that was crushed 
between two stones. Nitro-glycerine was placed in the hands 
of six different foremen, and by them in the hands of the 
men; was carried unprotected in 601b, cans up and down 
the line, frozen and unfrozen, in dump carts, and was gene- 
rally treated with the recklessness with which Irishmen 
treat powder. And as blasting material is nsually used on 
roads, it must be the safest of the three; for as there is no 
necessity of any tamping but water tamping, if a charge 
miss fire, there is no solid tamping to cut out—at the danger 
of the driller’s life—as with powder. For if water has been 
used, another cartridge can be dropped in in a minute; or 
if sand has been used, a portion of it can be scraped out, and 
a small charge of glycerine poured in and fired on top of the 
old charge. Besides which, gun-cotton will ignite and ex- 
plode not only from a light spark, but from a flame, thus 
making it the most dangerous of the three; while powder, 
though it cannot be ignited without the aid of a spark, or 
something red hot, can be ignited by any spark, such as one 
flying from drills or from rocks falling ; and nitro-glycerine 
cannot be exploded, even if ignited, unless confined, and in 
that case a spark could hardly reach it. 

I will now read from the pamphlet already referred to: 

Experiments made at Stockholm, September 28, 1865. 

First Trial.—A quantity of nitro-glycerine was poured on 
a flattened stone; a red-hot iron bar was then made to wear 
along the surface of the nitro-glycerine without igniting it, 
and finally placed into the blasting oil, spread on the stone, 
which, after being warmed, partly took fire, and burned with 
a flame, but without exploding. After removing the iron 
bar, some undecomposed oil remained on the stone. 

Second Trial.—A cavity in a stone was filled with nitro- 
glycerine ; a burning wood-shaving was introduced, and on 
stirring it, the nitro-glycerine burned with a flame, but with- 
out exploding. The combustion ceased as soon as the shaving 
was consumed. 

Third Trial.—Several glass bottles were filled with nitro- 
glycerine ; these bottles were thrown with great force from a 
height against a rock below. The bottles were shattered, but 
without, however, exploding the oil. 

Fourth Trial—On the suggestion of some of the gentle- 
men present, who desired that the preceding trial should be 
repeated with the nitro-glycerine warmed to more than 
ordinary temperature, three bottles filled with this agent 
were heated in warm water to 50° Celsius, or 120° Fahr. 
These bottles, thrown with great force against the rocks, 
a likewise, without causing an explosion of the blast- 
ing oil. 

Fifth Trial—A cartridge of tinned iron, filled with nitro- 
glycerine, was placed in a kettle with boiling water, without 
producing any result. 

Sixth Trial—tTwo flasks of tinned iron (of the same kind 
as those used by the Nitro-glycerine Company) filled with 
nitro-glycerine, were packed into a wooden box, as is cus- 
tomary in forwarding them. After having serewed down the 
cover, this box was thrown from a height of 9ft.or 10 ft. 
upon the rock below, and without any result. . 

You will have noticed that we found difficulty in exploding 
the glycerine, and I think that all of Nobel’s patent lies in 
the application of sufficient heat or concussion. to effect the 
woe ‘ 

regard to the accidents that have occurred: the one in 
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New York almost surely occurred from the nitro-glycerine 
having leaked into the sawdust in which it was packed, and 
oxidation and combustion followed, as surely as if oil had been 
put on the same sawdust, and then put in a warm place, only 
the combustion was rather more rapid. I have been informed 
that the accident at the Express office in San Francisco oc- 
from the same cause. As there is now a law against 
transporting nitro-glycerine in glass, or in any mode except 
in tin cans, packed with plaster of Paris in wooden boxes, we 
will probably have no more such accidents. ' 

At Aspinwall, a case of nitro-glycerine was dropped into 
the hold of the steamship; few of us would have cared to 
have been on the deck when a barrel of gunpowder was 
treated in the same way. At Bergen, red-hot iron was 
prought in contact with tin and solder that melts at from 
360° to 475° Fahr., and nitro-glycerine would be of little use 
as a blasting material if it had not proved disastrous. At the 
risk of reiteration, I will sum up the advantages possessed by 
nitro-glycerine over gunpowder and gun-cotton. ‘ 

1. That, being of greater strength, there is a great saving 
in drillers’ wages, as fewer holes have to be made, and the 
charge of glycerine can be put into the rock much more com- 
pactly. ‘or instance, if, to break up a certain rock one foot 
of depth in the bore-hole was required with glycerine, 13 ft. 
would be required with powder, which would necessitate 6 ft. 
of additional drilling if but one hole was used ; but 13 ft. of 

wder could not be exploded in a 2in. or 2}in. hole so that 
it would be effective, on account of the slowness with which 
it burns, so that additional holes would have to be drilled, 
with in each an allowance of at least rds of the depth for 
tamping. With gun-cotton there would not be so much 
difference. 

2. That nitro-glycerine is not injured, either permanently 
or temporarily, by water or moisture, which enables us to use 
water tamping, a great saving of time and risk of life, im- 
possible with either of the others; and it can be stored in 
damp cellars, or under water, without the necessity of drying 
it before using, as in the case of gun-cotton, or having it 
ruined, as with gunpowder. 

And, lastly, the difficulty of exploding it renders it the 
least dangerous to human life. 





SIEMENS’S PNEUMATIC DESPATCH.* 


On some Preliminary Experiments made to Determine the 
Laws of the passage of Air through Pipes. 

Tue following experimental investigations were carried out 
in the spring of 1863 in Messrs. Siemens’s laboratory, at Berlin, 
witb a view of determining the best relations of pressure, &c., 
to be employed in the arrangement of the pneumatic despatch 
system described in our impression of the 29th of May. 

There existed already a great number of formule which 
profess to give the speed of gases moving in tubes; but they 
are almost without exception fallacious, being based upon ex- 
periments with comparatively large canals, and very small 
difference of pressure. They are, therefore, quite inapplicable 
to the higher pressures and smaller tubes employed in the 
pneumatic despatch systems as at present in use. The constants 
for the approximate formule were, therefore, redetermined 
with as much exactness as the time given for sending in the 
tenders, &c., allowed. 

Leaden tubes of various lengths and diameters were pro- 
vided and experimented upon, both when coiled and when laid 
out straight. Each end of the tube was inserted into a 
large metallic reservoir supplied with the necessary pressure 
gauges, whilst the air was kept in circulation by means 
of a pump supplied with a fly-wheel. ‘The velocity of 
air at any point was measured by inserting an experimental 
gas-meter, constructed for the purpose by Mr. Siegmar Elster, 
of Berlin. The pump was arranged so that it could be made to 
exhaust air from, or compress it into, either of the reservoirs, or, 
at the same time, to exhaust it from one and compress it into 
the other. By having the reservoirs sufficiently large, and 
turning the handle of the pump quickly, not only could the 
pressures at the ends of the tubes be kept constant, but the 
strokes of the piston became quite inappreciable to the mercury 
we gauges; thus a practically continuous current could 

kept upfor almost any oath of time. The gas-meter was 
rovided with a dial, divided into thousandths of a cubic foot, 

y which sufficiently fine readings could be made. The mea- 
sured quantity of air which passed through the tubes in a given 
unit of time, divided by their section, gave the velocity with 
which the air, under atmospheric pressure, entered the gas- 
meter from the tube, when a superior pressure was brought to 
bear upon the other end; or the velocity with which it entered 
the meter when a partial vacuum was established at the further 
end. As the same quantity of air must always, in the 
same time, enter or leave the tube, when the current has 
once become constant, it is easy, by knowing the quan- 
tity of air which enters or leaves one end under atmo- 
spheric pressure, to calculate, by means of Mariotte’s law, 
the velocity with which it passes in or out at the other 
end, when a greater or less pressure is applied. For example, 
when the air in the reservoir was rarefied to $ atmosphere, 
while the measured velocity of entrance into the gas-meter at 
the other end was 50 ft. per second, it is evident that, as the 
air under the lesser pressure in question must occupy double 
the volume; its velocity at that point would be 100 ft. per 
second. In the same way, by inserting pressure gauges at 
different points of the length of the tubes, the velocity of the 
alr passing in those points could be caleulated. But when this 
was done the tube was always cut, anda reservoir inserted in 
order to prevent the rush of air past the opening of the pressure 
gauge making a partial vacuum in it, and thus giving a false 
reading. By repeating these experiments with tubes of equal 
diameters and different lengths, as well as with tubes of equal 





The first series of measurements was made with the same 
tube with various differences of pressure at the two ends. The 
apparatus was arranged so that one end of the tube was inserted 
into one of the reservoirs, which was brought into immediate 
connexion with the air pump. The pressure of the air forced 
into it was read off by means of the mercury gauge. The other 
end of the tube was connected with the gas-meter, from which 
the air escaped into the room. During the experiments, from 
time to time, the barometric column was observed, and re- 
mained constant at 0.76 met. The tube used in this experi- 
ment was 348 ft. long, and had a diameter of 0.25in. The 
results, with differences of ure at intervals between 
0.016 met. and:0.028 met. arearranged in Table I.: 














hh. | _ Q. Velocity. 
In Centi- — In Cubic 
metres. h Feet. Observed. | Calculated. 
1 2 8 | 4 5 
16 0.174 0.47 22.6 22.( 
18 0.192 0.51 24.6 24.3 
20 } 0.208 0.55 26.6 26.2 
22 0.225 0.59 28.6 28.4 
24 0.240 0.64 80.5 80.2 
26 0.255 0.67 32.2 82.1 
28 0.270 0.71 34.0 84.0 

















Column 1 gives the differences of pressures at both ends of 
the tube; Column 2, the .relation between these differences to 
the higher :pressure; Column 3, the quantity of air which 
flowed through the tube in one minute; Column 4, the observed 
velocity of passage; and Column 5, the calculated velocity, in 
feet, per second. The last column is calculated upon the 
assumption that the velocity is directly proportional to the dif- 
ferences of pressure and inversely to the higher pressure. Al- 
though not strictly correct, it is evident from the Table that 


~* -gueamaaa of practice, in the.-eonstruction..of ..pneumatic 
ines. 

The second series of experiments was made with the view of 
determining the relation of the velocity to the pressure. The 
tube was cut in two halves, and the gas-meter inserted between 
them. A.reseryoirwas placed in circuit-at one end of the tube 
and connected with the pump, which was -used in this case to 
exhaust the air. The other end of the tube was connected with 
the other reservoir, into which the air was compressed. The 
pressure was measured)by gauges inserted at the meter and 
reservoirs. After working the pump steadily for some little 
time, the pressure in the middleof the tube at the gas-meter 
could be kept constantly.-equal to that of the surrounding air. 
This series likewise heael the correctness of the law that the 

ressure in a tube diminishes in direct proportion to its length. 

he results of a series of measurements, with differences of from 
0.07 met. above and under, to 0.16 met. above and under atmo- 
spheric pressure, are collected in the following Table: 




















Pressure Quantity of Air passing. 
No. in ——— ee essere ¢ ae 
Centimetre.|{n the middle.| At the end. | Calculated. 
1 2 3 4 | 5 
I om. 7 0.186 0.205 0.201 
i | +10 0.240 0.277 0.270 
i | 412 0.267 0.317 | 0.311 
Iv | ~16 0.313 0.396 | 0.896 





Column 3 gives the quantity of air measured in the middle of 
the tube, under atmospheric pressure; Column 4, the quantity 
flowing out at the end, calculated with the help of Mariotte’s 
law; Column 5 contains the quantities calculated from the suc- 
ceeding values. 

The dependence of the velocity upon the length of the tube 
was arrived at as follows: A length of the tube was measured 
and then cut down and remeasured, and so on, until the same 
pressure was used throughout. One end of the tube was in- 
serted in the pressure reservoir, the other in the gas-meter, the 
outflow quantity being measured. In the following Table which 
contains these results, the figures in Column 7 are calculated 
from the first value (34.3) with the whole length, under the 
supposition that the velocities are reciprocally proportional to 
the square roots of the lengths. 





























| 
h—h, | Diameter Length! Quantity Velocity. 
No. in in in jin Cubic |—— — 
Inches.| Inches. | Feet. | Inches. Ob- Calcu- 
served. | lated. 
1 2 3 4 5 6 7 
1 6 0.25 112 0.7 34.3 34.3 
2 a 84 0.8 39.2 39.6 
3 i ‘ 56 1.0 49.0 48.7 
4 pa » | 2 | 14 | 682 | 68.6 
Lengths of each 100 ft. of tubes of three different diameters 


were ‘then inserted betweon the pressure reservoir and gas- 
meter,.and the quantitieswead off withtwo different pressures. 











length and different diameters, the law of the d pend 
velocity of the air current upon the length and section of the 
tube was arrived at, the purpose of the series being to obtain 
the velocity-as a function of the pressures at the ends, the 


dimensions of the tubes, as well as of the nature of the interior 
surface. 
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| Velocity. 
| h—A \Length) p; y 
No. in in — ee 
Inches.) Feet. mat Ob- | Calcu- 
served. | lated, 
1 2 a1 A 5 i A . 
of the ssdhseaeniateidie Lata 
1 12 100 | 6.75 0.860 | 42.1 | 421 
i a » | 5.20 0.450 | 36.4 36.9 
Bal, sta a 8.25 | 0.185 | 27.0 26.0 
4 | 10 A 6.75 0.810 | 39.6 39.6 
i ee ie 5.20 0.401 | 382.2 34.6 
a i 3.25 0.161 23.4 24.4 





this assumption is sufficiently near the truth to fulfil all:the}: 


The figures in Column 7, in lines No. 2 and 3, are calculated 
from No. 1; and those in lines 5 and 6 from No. 4. These 
figures show that the velocities are directly proportional to the 
square roots of the diameters of the tubes. 

The results of this series of experiments may be briefly stated. 
The exit velocity, v,, of the air frame, or oylindrical tube, is: 


(1.) vats, [% 


in which J is the length of the tube, :d@ its diameter, 4 the higher 
pressure, A, the lower, and @ a constant with the aid of the 
data contained in the above Tables, the value of this constant as 
dit stands in formula (1) is: 
(2.) &=15950. 
According to Mariotte’s law, the influx-velocity may be cal- 
culated from thatiof the exit of the air, andthe mean of both 
gives: 
3. = 
(3) =a wa 
The.mean velocity of air tubes of 13,000 ft. long, for example, 
of different diameters when the pressure employed—(a) 1 atmo- 


sphere pressure; (6) 1 atmosphere vacuum: (c) 4 atmosphere 
pressure and 4 atmosphere vacuum—are as follows: 





Boh? VT 
s: 











Mean Velocities. 
Diameter in —— 
Inches. 1 Atmos. 1 Atmos, 4 Atmos. over. 

over. under. |} Atmos, Vacuum. 

2h 23.9 32.0 | 28.4 

3 26.2 35.0 31.1 

34 28.3 87.8 } 33.6 

4 30.3 404 | 35.6 








The formule given and assumed as above re evidently:only 
approximately true; but they are, as we said before, sufficiently 
near to the truth to supply all that is necessary in enabling the 
ammeoee to calculate tke -dinmsoter-of any given length of ‘tube 

ithe pressure required to give a required welocity:of transit 
‘of the despatch carriers. The mean velocity of their tubes 
decreases in reality in a slightly greater proportion than the 
square roots of their diameters. This difference is probably 
occasioned by the molecular attraction which retains a stratum 
of air immovable upon the inner surface of the tube, and which, 
in narrow tubes, is of considerably greater influence than in 
wider ones. But thiscondition:may:be:disregarded in the con- 
struction of pneumatic.systems,.as the wider the tube the less 
influence it exerts, and as, after exceeding-a certain diameter, 
the effect becomes infinitely small. ’ 

The last Table shows that when long tubes are employed 
with a moderately large diameter, and with the employment of 
pressures which are employable in practice, a sufficient velocity 
of transit can be attained to render such @ system practically 
available for the transmission of despatches. And this is 
especially the case when the carriers are constructed so as to 
move through the tube without much friction. For this pur- 
pose the carriers in the pneumatic system laid down in Berlin 
were supported upon wheels of a diameter very little smaller 
than that of the tube itself. The pressure employed was half 
an atmosphere in the pressure reservoir, and half an atmo- 
sphere vacuum in the other one, This pressure was considered 
to be the most practical, as it allowed the station: inserted in 
the middle of the circuit to be under almost the same pressure 
as that of the atmosphere; whilst the pressures, both over and 
under this at the central station, were more easily retained than 
if the same total difference of one..atmosphere had been em- 
ployed either in compressing or in exhausting. 


SWEET’S DUPLEX NAIL-MAKING MACHINE. 
In the ordinary process of making cut nails a strip of 
plate, of a width corresponding with the length of the re- 
quired nail, is held at an angle, against a stop, between a 
pair of shear cutters, which severs from the end of the strip ,, 
a tapering blank, which is subsequently headed, and forms | 
the nail, the plate being turned at each stroke, the blanks so 
cut off naturally alternate heads,and points, thus the whole 
strip (except what is held in the clamp by which it is turned) 
is used up without waste. 

Many devices have been schemed to turn the plate by 
machinery, and also to avoid turning the plate altogether, 
but none so complete and simple as to universally supersede 
the old hand process. 

In the above machine, of which only enough of the tools 
are shown to illustrate the process, a different principle is 
adopted. A punch and die is employed for making the cut 
in of theshear used in the old.machines, and that 
part of the nail which is:to form the second blank from 
the end, is punched into the die, cutting off the piece which 
would form the first blank, thus making two blanks at the 
same time, leaving the nail plate at the same angle as before. 

The machine is so arranged that the punch works in 
nearly a horizontal direction, and the nail plate in a vertical 
one; hence, as the blanks are cut from the lower end of the plate, 
and the punch drawn out of the way, the plate, falling on a 
stop ready for the next cut, always takes care of itself. 

‘he invention, as so far explained, was made some years 
ago by William A. and John E. Sweet, of Syracuse, New 
ork ; but the disposition and system of heading the blanks, 
as shown by the above we acne been recently brought 
out by John E. Sweet, :at works of the Patent Nut.and 
Bolt Company, Limited, Birmingham. These anterested in 
such matters will be enabled to follow out the ‘ifferent move- 
ments of the two blanks by tracing the ‘diferent diagrams, 











A, B, C, &., and bearing in mind that the punched blank, 
while in the die, is moved about ysth of its length endwise for 
the double purpose of enabling it to be brought back out of 
the die freely, and so that the large end shall: project over 
the small end of the other blank that it may receive its head 
without the heading tool, at the same time'striking the point 
of the other blank. This movi af ‘the.ene! blame wise, 
and bringing it back outof the die, is the only motion given to 











either, except what is given to them by their own gravity. 
The blanks fall about three times their width after being 
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NAIL-MAKING MACHINE. 


BY MR. JOHN E. SWEET, BIRMINGHAM. 
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moving the blank endwise in the die, and H H, heading 
| hammers. 

It will be noticed that all these tools are formed of bars of 
steel, which are parallel in the direction of their length, and 
may be kept in order by simply grinding off their ends, and 
setting them up from the back either by set screws or liners. 

By this principle, in its simplest form, brads are made 
with almost unlimited rapidity, the limit, in fact, being 
that at which the plate will fall into the machine, there 
being no working parts except what is necessary to give 


cut when they are griped and headed, and then fall out of the 
machine. 
In the drawings, Fig. 1 is a view of a nail plate with the 
two blanks partially severed from the bar. Fig. 3, a finished 
nail. Fig. 2, an edge view of the nail-plates, punch, die, &c. 
Fig. 4, a view looking towards the die, and Fig. 6, the cutting 
cal of punch and griper. Like letters refer to corresponding 
parts, A is the nail plate, B, punch, C and D two bars of 
steel, which together form the die, the lower one, D, also 
serving for the stationary griper jaw, E, movable griper, 
actuated by the same motion that operates the punch, F, | the punch its reciprocating motion. é 
tipper backed by a spring, which serves to throw the blank | us far we have given only the key note of the machine of 
out of the die when the punch is withdrawn, G, finger for | which we may at some future time publish full illustrations. 





COLES’S DRILLING BRACE. 
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We give, above, engravings of a very neat arrangement of | which the lever or handle can work. From the stud just 
drilling brace desi od by Mr. Coles, of the London Works, | mentioned the spring is carried round the collar on the drill 
Birmingham. In this brace no ratchet is employed, the | socket, and its other end is attached to the handle in the 
motion being transmitted from the handle to the airill socket | manner shown. The end of the hand lever next the drill 
| socket is so formed that when a pull is exerted on the handle 

| in one direction, the spring is made to clip the collar forcibly, 
The ment 

e tool 


by means of a steel spring, which is made to clip a collar 
formed on the latter. The manner in which this is effected ( 
will be understood by reference to Fig. 3. From this it will | and motion is communicated to the drill. ar 
be seen that one end of the spring is attached to a stud fixed is exceedingly simple, and it acts perfectly, giving 
in a plate, which also carries a pin, forming a centre on | many advantages over braces with ratchet teeth. 





LIQUID FUEL. 
To THE Epizor or ENGINEERING. 

Srr,—Will you | permit me to say a few words 
relative to liquid fuel. I will first inform Captain Selwyn, 
in reply to his note in your last number, that I have a copy 
of the drawing he sent me at Woolwich in October 1865, and 
that there is no wirework of any kind shown in it. I can. 
not conceive what such wires as he describes could have done. 
They would have been shot out of the pipes, which would 
have become more really pistols than they were. Let Captain 
Selwyn burn his hydrogen as succesfully as solids produce 
combustion of about 19 lb. of water for each pound of oil for 
ten hours daily, and get that result repo officially, and 
then he is welcome to announce that my system is wasteful ; 
he will make enough smoke and enough smell in all 
conscience before he succeeds. Mr. Paul, who has always 
been a constant opponent to the use of liquid fuel, must have 
been embarrassed at the quantity of what he politely termed 
“ serious errors,” he had to answer both at his own lecture, 
and that of Captain Selwyn’s ; for instance, that an evapora- 
tion of 23 1b. of water per pound of oil was easy; that 
300,000 tons of creosote was obtainable in this country for 
use as fuel; that it would be better to distil Newcastle coal 
for the sake of its oil than to burn it in its natural state, to 
the recommendation of Thames water as fuel; the latter by 
a party who holds a patent for the use of sawdust as the 
correct thing. ‘aul must have been embarrassed, he 
could have exclaimed with Hudibras, 


“ May I be curst 
If I know which to answer first.” 


The opposition of Mr. Paul to the use of liquid fuel can 
be explained ; he has made himself the representative of the 
coal interest, has publicly announced, that “ the introduction 
of oil as fuel in steam navigation would be attended with a 
depreciation in the value of coal, which would be a national 
calamity,” so that my yearly coal bill, and yours, Sir, you who 
are kindly reading this letter, your yearly coal bill must be kept 
to its present amount to avoid a national calamity, according to 
Mr. Paul. Our mines are to be worked at fever heat, at a 
cost to human life of about five hundred yearly, our best 
steam coal to be quickiy worked out to be sent abroad, ships 
like the London and Amelia are to be lost with all on board 
through being overladen with that bulky article, coal, and all 
in order to prevent the introduction of a fuel that would carry 
out steam navigation to its utmost possible limit, would make 
our ironclads serviceable by dispensing with their coal bunkers 
and two-thirds their present masting and sailing gear allow- 
ing them to keep the sea for weeks instead of days ; but, Sir, it 
is not this country that will first use oil as steam fuel. So 
strongly was this impressed upon me at Woolwich that I 
could not get myself to advance the cost necessary to bring 
the common service boiler into operation, although the latter 
could easily have been done. The lectures of Mr. Paul and 
Captain Selwyn only show a tithe of the opposition and 
censure passed upon me. The great principle of the process, 
the combustion of water, is flatly denied both by engineers 
and chemists. 

There is now nearly ready at my engineer’s a small water- 
grate intended to prove om show the combustion of water, 
and its effect in obtaining the full theoretic value of the oil 
fuel burnt with it. The water will be seen constantly 
trickling in, and as constantly being turned into vapour, de- 
composed, and its gases burnt. It can be placed under any 
boiler, and will, I expect, be able to burn naphthaline, and 
the black greases, such being put in in small quantities with 
a shovel. I submitted “this grate for purchase to the 
Admiralty, but it was not accepted, as I delined 
having any more experimenting. Now, our chemists tell us 
that a belief in the possibility of using water as an auxiliary 
to fuel is one of the many examples of self-delusion practised 
by those who are in search of physical impossibilities as they 
would have us believe that the important natural law, that 
the heat required to drive off or decom the s of 
water, being only equal to that obtained from their sub- 
sequent combustion, is useless to man, as if any natural law, 
made by the beneficent Creator, could be useless to man. 
But the world stands by every old lie till it is found unten- 
able, and opposes every truth till it proves irresistible. It is 
only by this water combustion that liquid fuel can be 
mastered without waste. It is certainly a more scientific 
method of combustion than the world is yet prepared for; it 
belongs to a higher degree of civilisation than on nr | we 
have at present arrived at; but within twenty years a loco- 
motive or marine engine using coal or coke as fuel will be 
looked upon as a curiosity, a relic of the olden time, as well 
as a rare piece of stupidity; and then the greatest and 
proudest sight an engineer will give in his engine-house, 
equal to his finest working engine, will be the splendid 
smokeless fire in his furnaces. 

I am, Sir, yours, &c., 
C. J. RicHaRpson. 

21, Carlisle-terrace, Kensington, W. 








Tue Horsorn Vatiey. mprovemEent.—Workmen are 
now engaged in paving and forming the circus at the end 0 
Hatton-garden communicating with the new street to 
Farringdon-road, which will be open for traffic in a few days. 
The substructure of the viaduct from Farringdon-street west- 
ward may now be said to be almost complete, and could in 4 
comparatively short space of time be devoted to the public 
use ; but that would be of no value until the — across 
Farringdon-street is constructed. That part of the work 
appears to be quite at a standstill. The whole of the iron- 
work is ready, but the stone for the supporting columns 15 
wanting, and until that is supplied the bridge cannot be pro- 
ceeded with. The eastern portion of the viaduct, from 
Farringdon-street to St. Sepulchre’s Church, proceeds 7 
slowly, and until the contractors get ssion of the = 
of the property in Skinner-street and Snow-hill they canno 

ush forward the works so speedily as is desirable —City 
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PASSENGER CAR TRUCK, PENNSYLVANIA CENTRAL RAILROAD, U.S. 
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On hesasboes railways it is, as is well known, the universal 
Practice to make the cars of great length, and to carry them 
on trucks or bogies. Generally speaking, but two four- 
wheeled trucks are used ; but in some special instances, as in 
the case of the sleeping car, which we iNustrated on page 569 
of our last number, four trucks are em loyed. Asa good 
example of the construction of four- wheeled truck generally 
used on American railway cars, we give above engravings of 
the standard truck used for passenger carriages on the Penn- 
sylvania Central Railroad, this truck having been designed 
by Mr. E. H. Williams, the locomotive superintendent of the 
line. As will be seen by the illustrations, this truck is of 
simple construction. It consists of side frames, 9in. dee 
at the centre by 44 in. thick, connected at their ends by head- 








stocks, 54in. deep by 4} in. thick, and near the centre of 
their length by cross bearers 9 in. deep by 44 in. thick. The 
above mentioned pieces, together with longitudinals 5} in. 
deep by 3¥in. thick, placed at a distance of 11 in. within 
the side frames constitute the whole of the main frame of the 
truck. 

The cross bearers already mentioned are placed at a distance 
of 12} in. apart, and between them works a bolster or swing- 
beam 12} in. wide by 8 in. deep, on the top of which is fixed 
a casting bearing against a corresponding casting on the main 
carriage frame, a centre pin, 2 in. in diameter, passing 
through the two castings. Each end of the beam bears 
upon three elliptical plate springs 3 in. wide, placed side by | m 
side, as shown in the figures, these springs in their turn 


; the receipts fi 





bearing upon a cross beam 12}in. wide, by 2}in. dee’ 

ends of which are slung from the cross bearers of the aw 

as shown in Fig. 4. his arrangement allows the swing- 
beam to have a free movement laterally. To transmit the 
pressure to the axles, the following arrangement is employed : 

—The two axle boxes on one side of the truck are connected 
bya ree 3$in. by 2} in. thick, and of the form shown by 
Fig. 3, this beam bearing against a pair of india-rubber 
springs interposed—at a distance of 2 ft. 4 in. apart—between 
it and the underside of the carriage frame. 

The horn plates are of cast iron, and are bolted to the out- 
side of the side frames, whilst the inner longitudinals — 
guard irons which encircle the axles, as shown in Fig 
The brake blocks are of cast iron, and are fixed to beams 
which are slung from the headstocks, and which are of 
sufficient length to carry the brake blocks for one pair of 
wheels. The arrangement of the levers, &c., for putting on 
the brakes will be readily understood b reference to the 
plan, Fig. 5. The truck has chilled wheels 2ft. 9 in. in 
diameter, and the axles are placed at a distance of 6 ft. apar 
from centre to centre. 








ITALIAN RAILWAYS IN 1867. 

Tue following statement showing the receipts of the rail- 
ways in Italy in 1867, as compared with those in 1866, has 
recently been ublished by the Minister of Public Works. 

From this document it appears that during last year the 
total — of the railways including passengers and goods, 
were as follows: 

francs cents. 


Upper Italian network ° 51,753,486 69 

Roman Railway Company ... 14,899,291 53 

Southern Railway Company .. 8,686,034 10 

Victor Emanuel Compan: 853,407 65 

nae <p on the Tabes "Sui 562,595 68 
and Gard 


Total 76,254,815 60 
In 1866 the total receipts of the railways and the naviga- 
tion on the lakes amounted to 79,743,815 francs. 19 cents. 
Notwithstanding the opening of 161 kils. of railway in 1867, 
ai short of that of the previous year by 
3,543,000 francs ; this difference may be attributed in some 
measure to the extraordinary movement of troops during the 
war in 1866, but with all this there has been a notable falling 
off in commercial movement. 
The following were the lines of railway opened in 1867 : 
Roman Railway Company (Northern Section) : Kils. 
Nunziatella to Chiarone, opened 27th June... 10 
Southern Railway Company (yran | aap 
Naples to Caserta, opened 7th May 35 
Southern Railway Company (Adriatic network) : 
Foggia to Bovino, opened 27th January 
Southern Railway Company (Lombard network): 
Pavia to Vo a opened 15th November ... 25 
Victor Emanuel Railway Com, pan (Sicilian ala 
Giardini to Catania, opened 3rd January .. oe 


Total no at 
The following is the total length of railways opened to 
traffic in Italy to 1st January, 1868. 


Upper Italian Railway pel Kils. 
Piedmontese network ... eo ooo eee 1045 
Lombard s ove ooo ove oo 477 
Central Italian ,, ons ins one coe ©6204 
Venetian od one oe ooo oo 439 

Total soe eos 2255 

Roman Railway Company (Southern Section) : Kils. 
Naples to at, and Cancello to 8S. Severino... 181 
Ancona and Orte line ... ww» 238 

Roman Railway Company (N orthern Section) : 

Leghorn and Aretina lines... oe 707 

Empoli, Siena, and Orvieto lities eee oop oo. 216 

Total eve ooo eve 1842 

Southern Railway ee. Kils. 

Tyrian network . oe ove oo» §=— 86 


Adriatic ,, eve eee ooo oo0 «. 896 
Lombard ,, se oa ese ose oe 124 


Total eee eee +» 1106 


Victor Emanuel Railway Company : Kils. 
Palermo and Termini ... eee a | 
Messina, Giardini, and Catania ioe oe 48 
Reggio and Lazzaro... oes oe oo 17 

102 
Total length 4805 


Besides this, there are 23 kilometres of horse railway 
from Settimo, near Turin, to Rivarolo. 








Tue Courting Beer Tar.—Among the many improve- 
ments in articles for domestic use, by which time is 
saved or the work done better, we think that Rooker’s 
cutting beer tap may stand next after Kent’s knife clean- 
ing machine as a boon to housekeepers. We need hardly 
remind those who are in the habit of having a cask of 
beer in the house of the many accidents and inconveniences 
in tapping with the old-fashioned tap. With the one under 
notice, however, all difficulty is removed, there is no paper 
required round the stem or mallet to drive it in. In the 
cutting tap the end of the stem is formed like a circular 
gouge, which being pressed against the middle of the bung 
and turned round at the same time cuts its way through, 
carrying inside it the cylinder of cork cut out. In this 
process there can be no loss of liquid or the least distesbonee 
of it ; the ons of cork retained in the stem of the tap can 
afterwards be easily taken out, and it is again ready for use. 
There being no mallee or hammer used with Rooker’s tap we 

ay predict that one will last (and in good order) longer 
than two or three of the old kind. 
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CRESCIT EUNDO; 

Awnp it cannot be said with more truth of anything 
than of engineering that “it increases as it goes.” 
The extent to which the great modern inventions have 
been applied is, if possible, more wonderful than 
the inventions themselves. With the little Liverpool 
and Manchester Railway in full work, and paying good 
dividends on its one million of capital, who was to have 
said, thirty-five years ago, that tive hundred millions 
of capital would be embarked in like undertakings in 
the United Kingdom in 1868? When, thirty years 
ago, the London and Birmingham line, originally 
estimated by Robert Stephenson at less than two 
millions, was opened, who then saw in it the sapling 
trunk of a vast future system of 1346 miles, extending 
to Carlisle on the north, Merthyr Tydvil on the south- 
west, and through nearly all the midland counties of 
England, a system representing a capital of nearly fifty 
millions, and earning its 133,000/. a week? And 
there is the still longer system of the Great Western, 
1366 miles, and that, yet longer, of the Caledonian, 
1390 miles, besides the North Eastern, of 1248 miles. 
And we shall find yet more extensive, if not as 
costly undertakings abroad. The greatest extent of 
line under one proprietary is now, of all countries, 
in Austria nd taly —the South Austrian and 
Lombardo-Venetian Company working 2652 miles of 
railway, or nearly twice as much as the London and 
North-Western. But the Paris, Lyons, and Mediter- 
ranean, although on/y 2368 miles long, is ¢he great 
railway company of the world, earning as it does its 
170,000/. a week, while the Paris and Orleans system, 
although earning but half as much, is 2089 miles long. 
There are now 37,000 miles of railway in the States, 
and there are at least two railways in India already 
earning, each, nearly as much as that singularly profit- 
able concern, the caneethe and Yorkshire. The 
earth is already scored with 100,000 miles of railways, 
for which, alone, its hills and mountains are pierced 
by 200 miles of tunnels, and its rivers and valleys 
crossed by probably 500 miles of bridges and viaducts, 
while 30,000 locomotives are flying over this vast 
terrestrial network, which, as a single and continuous 
pair of rails, would reach two-thirds of the way to the 
moon, a direction, by the way, in which some few 
thousands of miles actually appear to have been built. 

Railways represent but one ~ of the growth of 
engineering works, or of what, borrowing a Shakes- 
perian word, may be called the crescive art—crescit 
eundo. 

Steam navigation is even older than railways, but 
what was the wonder, thirty years ago, to behold a 
steam ship, the Great Western, setting out upon a 
voyage across the Atlantic, although, in point of fact, 
a Canadian steamer, the Royal William, had actually 
crossed to England in 1833. But no great amount of 
time was left for continued wonder, for steamships 
are far more numerous now than were sailing ships 
then. Including the German and Havre lines, there 
are now at least ten fleets of steamers crossing the 
Atlantic to New York alone, the Cunard, Inman, 
Allan, National, Guion, Anchor, Hamburg, North 
German Lloyd, Companié Generale, and Great Western, 
fleets which include, some of them, more than a dozen 
and a few upwards of twenty vessels. And to where 
else, wherever there is water enough to float a keel, 
and give “ hold” toa screw, has steam navigation xo¢ 
extended ? And not only in number but in structure, 
size, and speed have steamships grown rapidly. Not 
to refer to that great white elephant, the Great 
Eastern, we have iron steamers now, where not so very 
long ago they were all of wood; screw steamers where 
once they were all paddles; and 14 knots at sea 
where once it was 10—an increase truly represented 
only by the eudes of these numbers, or by 2744: 1000. 
In size our ships are growing at such a rate that we 
can actually see them grow. Again, turning from that 
huge Daniel Lambert of unhappy memory, the Great 
Eastern, we find that ships 350 ft. long, and of 5000 
tons displacement are now common enough, whereas 
even ten years ago there were bu‘ very few indeed. 
And Bibby, of Liverpool, has had at least two ships 
built of a length of 400 ft., and the visible tendency is 
to go further yet. Shall we ever get a steam pipe 
“laid on” to the North Pole, so as to thaw out and 
open up the region round about it, and thus send our 
ships wid Spitzbergen and Bhering’s Straits to the 
Pacific, the distance that way being no greater than 
from Southampton to Havannah? Who shall say ? 

The little wire, which, a few years ago, then extend- 
ing only from Paddington to Reading, was neverthe- 
less long enough to catch and hang Tawell the 
murderer, has grown into a few millions of miles—we 





forget just how many, but no matter. And the ear 
cable, laid across the Straits of Dover in 1851, has 
multiplied like the serpents of Pharoah’s magicians, 
although none of its offspring are likely to be swallowe 
by those Aaron’s rods of telegraphy, the great 
Atlantic sea serpents of 1865 and 1866. This one 
instance of growth, possibly the most marvellous of 
all, conveys more hope, more of that firm, yet not 
over sanguine, reliance upon the future, and con- 
fidence in the ultimate happiness of all mankind, than 
anything of which we can yet form a rational con- 
ception. Let those ask who care “What more can 
yet be done ?” As well might it have been questioned, 
before Shakespeare was born, “‘ What English 
better than we now have can yet be written ? 
may, without,in any way underyaluing the present or 
thepast, be honestly discontented with the former never- 
theless, in so for, at least, as to rest assured that 
what is yet to be will, greatly surpass what now is, 
just as the present surpasses what has been before. 

There are wars yet, speaking.not of the pre- 
sent moment, but . of the present time in. a 
somewhat larger sense. There will be more. But 
how have the means of war, and the mode 
of conducting it, been changed! When, before 
Sadowa, could a great nation be overthrown in a 
week? When, before Magdala, could a handful of 
troops.destroy a brave and well armed, though semi- 
savage enemy, in open fight, without the loss of a 
man? Ordnance, armour, ships of war and the en- 
gines for driving them, have all been growing so fast, 
that we could see them grow. ‘The majesty of the 
grand old three-deckers first paled and went down, 
and then followed. the long, low, rakish frigates with 
their big guns and bigger engines., But what a con- 
trast between those ugly pachyderms, the plated gun- 
boats built for the attack upon Kinburn, and the iron- 
clad channel.squadron of the present! Some of our 
guns, too, once thought heavy, might, by knocking off 
their trunnions, be popped: imto the bore of others 
now made, and fired off, bodily, as oldiron. We be- 
lieve our own guns to be as yet the most powerful 
against armour, yet the Americans have some tre- 
mendous ordnance. They have a number of 20in. 
cast-iron smooth bore guns which the Federal Chief 
of Ordnance, General Dyer, reports have been fired 
with 200 lb. of powder and 1100 lb. round shot, 
sending it, with an elevation of 25°, over four miles 
and a half. But armour is growing, too. The French 
Emperor began with 4in. plates. The resistance of 
plates increases as the square of the thickness, and so 
almost does the difficulty of making them; yet Sir 
John Brown has rolled one 15 in, thick, and Charles 
Cammel, who “ never says die,” has just started anew 
mill to work up to 18 in. 

Turning from the larger examples of engineering 
progress, we find almost as remarkable an advance in 
respect of the various branches of construction and 
in machinery. Telford’s bridge over the Menai was 
for a long time the most stupendous work of the kind 
in the whole world, although we are not to forget that 
he designed a bridge over the Mersey at Runcorn with 
a single span of 1000 ft. and two side spans of 500 ft. 
each, and afterwards a single cast-iron arch of 600 ft. 
span on the present site of London-bridge. But the 
Menai bridge, while now exceeded in span by nearly 
130 ft. by that over the Avon at Clifton, is in reality 
far inferior in grandeur of design and in usefulness to 
the Britannia bridge near it, and in boldness to the 
extraordinary structure which spans the Tamar at 
Saltash. Even as a suspension bridge it is exceeded 
in clear span by 250 ft, by the great railway bridge 
over the river Niagara, and by nearly 500 ft. by the 
suspension bridge of 1057 ft. clear span over the Ohio 
at Cincinnati. And as for the grandeur of unexecuted 
designs, Mr, Roebling has planned a bridge of 1600 ft. 
clear span between New York and Brooklyn, while 
another American engineer of high eminence has 
planned a suspended girder of, 1600 ft. to carry rail- 
way trains across the Hudson at an elevation of 150 ft. 
above the water, which, at the point chosen, is 117 ft. 
deep. But it will be as well to pull the rein upon.all 
mere designs, even if they indicate progress, for we 
are to remember M. Oudry’s scheme for a bridge of 
four spans of 3280ft. each across the straits of 
Messina! Even those who like to look beyond what 
has actually been accomplished, and, as far as they can 
into the remaining possibilities of construction, would 
find some difficulty in believing that M. Oudry’s 
scheme could be well carried out with the materials 
now at our command. 

As for ordinary bridging, wrought iron, which was 
but just beginning to be thought of only twenty years 
ago, is now employed as freely as if it were bricks and 
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mortar, and whenever such works are required we 
have engineers, some of our very best men, too, who 
are ready to put up any number of wroughit-iron spans 


d | of 600 ft. 


It is not so long since the roof of the riding school 
at Moscow, erected fifty years ago, was reputed the 
widest in the world, yet its clear span is but 147 ft., 
and its length 574 ft., although it has often been said 
to be 235 ft. wide. Of course, if an arched iron bridge, 
to carry heavy loads, can be made of a span of 300 ft., 
400.ft., or even 600 ft., as it may be, hardly anything 
should be impossible in arched roofs. Yet when one 
stands under the great roof, 864 ft. long, and averag- 
ing 200 ft. in span, of the Birmingham railway station, 
or that 200 ft. in span and 675 ft. long in Cannon- 
street, or what is yet reared of the greatest roof of 
all, that of 240 ft. clear span and 700 ft. long, at St. 
Pancras, he is struck with the sense of immensity. 
There are no such roofs elsewhere. One of the cleverest 
and soundest roof designers in England, Mr. Ordish, 
who has had so much to do with what may be called 
exhibition architecture, or the design of great exhibi- 
tion buildings, had planned a dome 400 ft. in diameter 
for the exhibition this summer at Belgium. 

In tunnelling, where tunnels are a necessary evil, 
engineers now go to any length. The three-mile 
tunnels—and there are three of them—through the 
* backbone” of England will, by another three or four 

ears, be far out-miled by the great “gallery” under 
Mont Cenis, a tunnel over 74 miles long, and which is 
being made without a shaft. And as for tunnelling 
under water, the subaqueous work of the elder Brunel 
now appears as nothing, for Chesborough, in America, 
has tunnelled two miles under Lake Michigan, and 
thus obtained pure water for a city of a quarter of a 
million inhabitants. But far beyond such short lengths 
we have Mr. Hawkshaw’s bold proposition, seriously 
made, to tunnel from Folkestone to France, under 
30 fathoms of water. True, this has not been done, 
whereas the Chicago tunnel is a fact for the ages, and 
herein is a difference. 

Recurring to railways; to what heights they have 
attained, and with what climbing of locomotives. So 
far the Americans have laid their rails to the highest 
point above the sea, viz. 8000 ft. on the South Pass 
summit of the Pacific Railway, and to 7042 ft. in the 
Sierra Neveda tunnel of the Central Pacific of Cali- 
fornia, and passenger trains are regularly working 
through this tunnel. Mr. Samuel, however, is work- 
ing, slowly but, we believe, hopefully to carry forward 
the Mexican Railway, once—alas! for poor Maxi- 
milian—called the Imperial Mexican, and this will 
have a summit of 8400 ft., the city of Mexico being 
itself elevated 7340 ft. The next highest pass is the 
Mont Cenis, 6870 ft., and the next the Brenner, 
4484 ft. The summit of the Copiapo Extension in 
Chile is 4470 ft., and itis intended to carry one of the 
branches to a height of 6624ft. The summit of the 
Alar and Santander line in Spain is 3524 ft. above the 
sea, while that of the Great Western of New South 
Wales is still higher, viz. 3656ft. The Bangalore 
branch of the Madras Railway attains a height of 
3000 ft. Below this altitude all railway summits may 
now be considered aslow. The Semmering is 2887 ft., 
the Valparaiso and Santiago Railway summit 2640 ft., 
the Baltimore and Ohio Railway summit 2626 ft., the 
San Paulo, in Brazil, 2550 ft., and so the list descends 
until we stop for the present at the summit of the 
Highland Railway in the Grampian hills, and 1488 ft. 
above the sea. lt was once thought wonderful! for a 
locomotive to work on a gradient of 1 in 37, the pitch 
of the Lickey incline of the old Birmingham and 
Gloucester line. Now such gradients are common 
enough ; not but that all gradients are evils, except in 
a case which will presently be made to appear. There 
are gradients of 1 in 37 on lines in Italy, and also in 
India up the ghats near Bombay. There are long 
inclines of 1 in 27 on the Mauritius Railways, and this 
inclination will be adopted for the Hampstead section 
of the St. John’s Wood Railway, and there will be a 
nearly continuous incline of 1 in 27 of a length of 
i miles on the Mexican Railway. Last of all comes 

ell’s railway rising 1 in 12 or 1 in 13, not but that 
temporary inclines of 1 in 10 have actually been worked 
for regular traffic by locomotives, and others (in two 
instances at least) of 1 in 17 have been worked for 
periods of a few years, although they are now super- 
seded by very much easier gradients. 

The cases where gradients, and steep ones, too, 
would be useful would be on town lines having sta- 
tions at very short distances, at which all trains stop. 
For such lines there should be a considerable hollow 
between every pair of stations, and it could be readily 
shown that the Metropolitan Railway Company might 
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save nearly one half of the present cost of their loco- 
motive power, could the tunnel be lowered, without 
too great cost and inconvenience, between cach pair 
of stations. And there would be a further saving, a 
large one, too, in maintenance of way. While upon 
the subject, is not the Metropolitan Railway itself an 
instance of the astonishing growth of engineering 
practice—a line earning its 50,000/. per mile yearly, 
and which has carried 120,000 passengers in a single 
day! What a property the whole underground system 
should be when finished and at work! As a large 
shareholder once said of it, it is a shop with three 
million customers, and a counter eleven miles long. 


The locomotives have grown with the railways. 
There are (two at least) eight-coupled tank engines on 
the Great Northern which weigh 56 tons. The pas- 
senger engines of the North London and Metropolitan 
Railways are, as passenger engines, the most powerful 
yet built, excepting only the 45 ton six-coupled St. 
Jolin’s Wood engines, with 20 in. cylinders, and which, 
with 100 lb. steam in the pistons, have a tractive force 
of 20,000 lb., equal to one-fifth of their own adhesion 
weight. The French have still larger engines, tank 
engines with four cylinders and twelve coupled wheels, 
weighing 60 tons. Whether, now that steel rails 
seldom break, and will wear so long, we shall get to 
100 ton engines, who shall say? If we do, it will be 
a reproach upon our permanent way engineering. 
Railways should be made as George Stephenson 
always wished to make them, as nearly straight and 
level and as true of suface as possible. ‘The resist- 
ance of passenger trains at 50 miles an hour, ought 
not to exceed 121b. per ton on a level, nor that of 
goods trains, at 20 miles an hour 8b. In reality the 
resistances are nearly, or quite, twice as much. 

In marine engines there has been a healthy growth 
not so much in bulk and weight as in power for a 
given weight. The Arabia and La Plata, built many 
years ago, had engines of 103 in. cylinders and 9 ft. 
stroke, and were enormously heavy in proportion to 
their power. But where are the old side levers made 
now? It was once said that it required an iron mine 
to make a pair of large paddle engines and a coal mine 
to work them. Now, with the almost universal pre- 
ference for the screw, we have quick going engines of 
the simplest possible construction, working up to six 
times their nominal power, and that with less than half 
the coal per horse power per hour that was once ex- 
pended. There has been growth here, and of the right 
sort. Yet ifit comes to mere size, there are the engines 
of the Hercules, with 127 in. actual, and 118 in. effec- 
tive diameter of cylinders, and the Monarch’s of 120 in. 
But the one will, it is hoped, work to 7200 indicated, 
and the other to 6600 or so. 

We once boasted of our great pumping engines, and 
Harvey, of Hayle, sent 144in. cylinder engines to 
drain the Haerlem lake, a work which they fully 
accomplished. But the end of such engines, for low 
lifts, came at last. A few years ago there was a toy 
known as the centrifugal pump. Now it has grown 
to something like a giant in power, although it never 
will be much of a giant in bulk. Yet some of the 
pumps made by Gwynne and Co., and Easton, Amos, 
and Sons, and some especially now making by John 
and Henry Gwynne, are quite as large as the round 
table of King Arthur, and a pair of them will manage 
their 500 tons of water per minute on a 5 ft. lift, easily 
enough, while another great advantage of these pumps, 
besides their simplicity, is, that without change of 
speed they pump, within limits, to any height; although 
of course the greater the height the less the quantity. 

In the iron manufacture, and especi:lly in steel 
making, there has been tlie most astonishing growth, 
and few yet realise what new resources the engineer 
ees in what is practically a new metal—steel. 

Vhere blast furnaces onee smelted 150 tons of iron 
weekly, there are now found some in the Cumberland 
district which turn out 400, and sometimes even 600 
tons. But the great wonder of modern metallurgy is 
the Cleveland district, with more than one or two or 
three furnaces, over 100 ft: high, and many 75 ft., 
furnaces, containing from 16,000 to 27,000 cubic feet, 
where 6000 was once thought large, and which make 
their ton of pig with a ton of coke from a re- 
fractory and lean stone which, under the old practice, 
would have taken two tons of coke to the ton of pig. 
All the gas is taken off, the blast heated to double the 
temperature practised by Neilson, and there are the 
most perfect. mechanical appliances for their purpose 
of which we can conceive. 

_ As for steel the growth has been beyond all estima- 
tion. Krupp has raised a vast town at Essen, but 
Bessemer has ereated a far greater industry by his 
discovery, 








From the little primitive contrivance exhibited by 
the late John Fowler, twelve years ago, at Chester, 
has grown the steam plough of 1868, and this is 
growing still, and we believe an order lately went 
down to Leeds for two eight furrow ploughs to work 
a stiff soil, and to be driven by engines capable of 
working up to 70 actual horse power! The more 
steam, the cheaper ploughing, and farmers will yet 
find that for all heavy pulling, and ploughing is but a 
question of pulling, there is nothing so extravagant as 
horse or other animal power. 

“Do you intend,” once asked Sir Humphrey Davy 
of Mr. Clegg, “ to use the dome of St. Paul's for a gas 
holder ?”? The external diameter of the grand old 
dome is 145 ft., but, even if gas-tight, it would not 
hold a three hour’s supply from one of our large 
metropolitan gas statious. In 1813 Sir Joseph Banks 
recommended that an Act of Parliament should be 
passed prohibiting the storage of more than 6000 
cubic feet of gas im one holder, and that only where 
the latter was enclosed in a strong building. At last 
gas holders of half a million feet become somewhat 
common, finally those of 150 ft., holding a million feet, 
and still later came the 200 ft. holders, of which there 
are now four or five in London, some storing a million 
and three quarters, and one.of them, 80 ft. high, hold- 
ing 2,500,000 ft. All have been lately surpassed, 
however, by the fine holder, 230 ft. in diameter and 
64ft. high, at the Fuliam station of the Imperial 
Company, a holder which, containing 3,000,000 cubic 
feet of gas, is not only the largest but probably the 
handsomest in the world. The Paris Exhibition was 
described as a huge gas holder, but although larger it 
was not nearly so handsome as the great gas temple at 
Fulham. 

The extent to which engineering and manufacturing 
establishments have grown, and the magnitude of the 
forces employed, or not long ago employed, by some 
of the great contractors of the present day, are not 
the least indications of the great progress of the 
peaceful arts. It is not so long since Sir Morton 
Peto could say that his firm employed 100,000 men. 
Platt, Brothers, of Oldham, have employed as many 
as 7000 men and boys in their workshops, indeed, they 
are probably the largest private employers of purely 
mechanical labour in the whole world, although 
12,500 have been “on” at one time at Woolwich 
Arsenal. The largest private employers of labour in 
fixed establishments were, once, the Ebbw Vale 
Company, who, a few years ago, kept 15,000 people 
going. ‘Ihere are often 9500 employed, above ground 
and under ground, at Dowlais. Schneider, at Creusot, 
has employed the same number, and Krupp’s force is 
understood to muster 8000 men and boys. After 
these huge firms a force of 2000 or 3000 men, like 
that of the great armour plate and steel rail works in 
Sheffield, or even the-4000 men and boys in the Crewe 
shops would seem small, were it not that, in the latter 
case at least, most of the work done is of a much 
higher order than. that of digging coal and ironstone, 
and working furnaces and rolling mills. 

And how our own profession has grown, although 
its growth has been but a corollary from the very 
growth of engineering works. The Duke of Bridge- 
water’s clever but unlettered engineer, Brindley, re- 
ceived but 3s. 6d. a day for years, and even forty 
years ago engineering was counted as but acraft. Little 
need be said of the position of engineers now, now 
that their representative body, at their annual social 
gatherings, is honoured by the presence of princes 
and the first nobles in the land. Of a few it may be 
said that they are wealthy, while there are many hun- 
dreds, if not a few thousands, whose worldly success 
has left them little cause for complaint. ‘The present 
influence, the example of self help, the charities, and 
the prospective opportunities of engineers point alike 
to a still more distinguished position for our profes- 
sion. What professional man other than an engineer 
has ever given to the nation so princely a gift as Mr. 
Whitworth’s scholarships ? Who, of other professions, 
have given, as engineers have so often given, their 
thousands for so many works of public good? And 
will not the future of engineering be even brighter 
than the past? Assuredly, if the genius and skill 
which confer the very highest material benefits upon 
mankind are to obtain tie full measure of appreciation, 
to which they are really entitled, an appreciation which 
is in a great degree manifested already. The de- 
sultory review of the growth of engineering works 
just given, contains nothing of the less striking buat 
not less valuable progress of that practical science 
upon which the design and execution of engineering 
works so greatly depend. . The instances chosen are 
those rather of increasing magnitude and numbers, 
but these are only the natural sequences of those 





splendid discoveries which, immortal in themselves, 
are likely to lead by suggestion, by analogy, and by 
the higher inductions of thought, if not by inspiration, 
to still more glorious discoveries yet to come.—Z. C. 








BESSEMER STEEL MAKING. 
To tux Eprror or ENGINEERING. 

Sr1r,—The following remarks may be interesting to some 
of your readers connected with the manufacture of Bessemer 
steel. A great difficulty has always existed to produce by 
the Bessemer process a very soft product, one which would 
at the same time offer the same facilities in working as 
wrought iron and stand the highest heats. _ Ferro manganese 
has been used for the purpose in England and in this coun- 
try with some success. Objections to its use were, however, 
made, and its success was not sufficiently general and decided 
to prevent the discontinuance of its manufacture. 

Guided by certain scientific principles, I lately tried to use 
Glasgow ferro manganese in small quantity and in solid 
pieces as a recarburiser, and had the'satisfattion of obtaining 
excellent results. The operation has to be conducted in the 
following manner—the only one to insure success: The 
charge is blown to almost complete decarburisation, as is 
the usual practice in all the English works. The vessel is 
then turned down and ferro manganese, broken in small 
pieces, and heated to a red heat, in quantity of 14 per cent. 
of the pig iron used in the charge, is thrown in. A lively 
reaction takes place between the full-blown metal and the 
ferro manganese, which lasts one or two minutes. The vessel 
has to be kept in a horizontal position during this time. 
When the reaction has subsided the metal is poured into the 
ladle as usual. No spiegeleisen is used. ‘The metal pours 
lively when from a hot charge; but having, like wrought 
iron, a very high melting point, it chills more easily than 
other Bessemer steel, and the teeming of the ingots has to be 
managed with some care. 

The product resulting from this mode of operating the 
Bessemer process is a real wrought iron of the host quality. 
It bends double and close home when cold, without the 
slightest crack, and stands hammering at the highest heats 
like the best wrought iron made in charcoal fires. It welds 
well when made from a good pig iron, though not quite as 
easy as,iron. It does not take any temper when heated to a 
white heat and cooled suddenly in water. It is then easily 
filed, and can be bent double without annealing. When 
worked down under the hammer into a thin plate it bends 
double unannealed without eracking.' Tt develops a fine 
fibre when rolled, or when ‘worked out i one direction under 
the hammer, preserving, however, a close and uniform struc- 
ture, as may be seen when a bar is nicked and broken. 

There can be no doubt that this iron will prove an excel- 
lent material for Marge forgings, boiler plates, wire, and for 
many other purposes, 

We have worked a considerable number of charges after 
this method with good and very constant results. in what- 
ever place or instance-the results obtained by the use of 
ferro manganese have not proved quite satisfactory, may 
haye been caused in every single instance by one or several 
of the following circumstances : 

1. Too large a quantity of ferro manganese has been used, 
if I am Soll informed, never below 4 per cent., which per- 
centage is much too high, Ferro manganese contains about 
18 per cent. of metallic manganese. The manganese takes 
the oxygen out of the molten mer metal, and carries it 
into the slag. But if manganese is used in a considerably 
larger quantity than is necessary to combine with the oxygen 

present a part of it remains in the metal, and as manganese 

is in itself hard and brittle it makes the metal also hard and 
brittle. Too large a ou of ferro syste pomery put into 
the vessel in pieces makes the metal cold and skulling, and is 
also injurious in this respect. 

2. The ferro manganese has been melted in reverberatory 
furnaces, and run into the converter over open spouts. In 
this case, according to the better or worse construction and 
management of the furnace, and according to the higher or 
lower temperature of the molten ferro manganese, more or 
less manganese is oxidised before coming into the vessel, and 
an exact control over the quantity that is really made effec- 
tive is impossible. Thus, it may happen that the metal 
retains oxygen, combined or dissolved, which escapes when 
the metal chills in the moulds, makes it boil up and causes 
hollow or unsound ingots, or remains in the metal in the 
shape of oxide of iron, and causes flaws in the worked metal. 

8. In many instances the converter was turned up and the 
blast let on for a short time after the ferro manganese had 
been put in. It is evident that by this operation the oxygen 
is at first removed from the metal, and a certain quantity of 
oxygen is blown into it directly afterwards, destroying more 
or less the favourable effect of the ferro manganese. , 

4. If the metal, instead of being retained in the vessel for 
some time, is poured into the ladle, before the reaction of the 
ferro manganese has extended to whole of the charge, 
and before the temperature of the whole of the metal is again 
very nearly equalised, that part of the metal, which has been 
cooled down considerably by the. immediate contact with the 
ferro manganese, drops into the ladle first, chilling round the 
stopper and skulling all over the bottom; and, on the other 
hand, the rest of the metal, not being sufficiently deoxidised 
nor recarburised, produces, when poured inte the moulds, the 
effects described under paragraph 2. : ei 

All these mishaps will be avoided by strietly observing the 
simple rules of management, as given above. . |, 

I do not intend to recommend the exclusive use of ferro 
manganese in the place of spiegeleisen ds a’ general ‘practice, 
but, I think, when used as above, it is a highly valuable 
material for making a very soft, tough,\and'easily workable 
Bessemer iron. I hear that attempts are made in this 
country to produce ferro manganese or a similar compound, 
the manufacture of it having ceased in E F 

Dr. Apotpn ScHMIDT, 

Bessemer Steél Works, Troy, New York, U.S. 

June 3, . se 
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MASHING APPARATUS AT MESSRS. MILLER’S BREWERY, ST. PETERSBURG. 
MR. SCHOTTLANDER, ENGINEER. 


(For Description, see ‘‘ Brewing and Breweries.’’) 
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BREWING AND BREWERIES.—No. XIII. 


APPARATUS EMPLOYED IN THE PROCESS OF 
MasuHIne. 


Havine explained the manner in which the process 
of mashing is carried on we must next describe the 
apparatus employed. A mash-tun in its simplest form 
is merely a vessel of convenient size and shape, in 
which the malt and water can be mixed together, 

rovision being made for draining off the wort formed. 
n the majority of instances mash-tuns are made of 
wood ; but in many of the large breweries in London 
and elsewhere cast-iron mash-tuns are employed. A 
mash-tun should have a capacity of from three to four 
barrels per quarter of malt to be mashed in it. Re- 
specting the construction of wooden mash-tuns there 
is little to be said; they are simply pieces of coopers’ 
work, being formed of staves and hooped in the 
ordinary way. Examples of wooden mash-tuns are 
shown in the engraving of a portion of Messrs. 
Miller’s brewery at St. Petersburg, which we give 
on the opposite page, and also in the illustrations of 
Messrs. Allsopp’s brewery, which we published in our 
numbers of the 13th and 20th of March last. 

Cast-iron mash-tuns are built up of segments bolted 
together, the connecting flanges being either planed 
and truly fitted to each other, as is by far the better 
plan, or rust joints being used. An ordinary method 
of forming the bottom of a cast-iron mash-tun is to 
build it up of segments around a central casting 
having as many sides as there are segments. Cast- 
iron mash-tuns should be cased in order to retain the 
heat, and the smaller the mash-tun the more essential 
it is that it should be thus protected. At Messrs. 
Truman’s brewery, where there are six cast-iron 
mash-tuns, three of them capable of mashing 160 
quarters each, care has been taken by Mr. King, 
the engineer to the brewery, to protect them thoroughly 
by a coating of felt cased in wood, and he has further 
fitted each with a very neatly arranged cover which 
we shall describe presently. At some of the other 
London breweries where cast-iron mash-tuns of large 
size are employed, the protection by a casing in this 
way is neglected, although there can be no doubt 
that a certain benefit would be derived from its use 
even in the largest vessels. 

We have said that the smaller the mash-tun the 
greater the necessity of protecting it by a casing of 
non-conducting material; and it is very evident why 
this should be the case. The smaller the mash-tun the 

reater is the area of exposed surface in proportion to 
its contents, and the greater, therefore, is its tempera- 
ture likely to be affected by radiation. In the case of 
the very large mash-tuns, sometimes over 20 ft. in 
diameter (at Messrs. Watney’s there is a mash-tun 
26 ft. in diameter) used in the London breweries, the 
contents are so great in proportion to the surface ex- 
posed that the protection by cleading becomes of less 
importance, although even in these instances it should 
not, we think, be neglected. If an iron mash-tun is 
not cased by non-conducting material, it is probable 
that the process of radiation goes on rapidly until a 
layer of the goods in contact with the tun has been 
cooled down to a temperature considerably below that 
of the remainder of the mash, when this layer will, to 
some extent, form a non-conducting lining within the 
tun. The thickness of this layer will vary according 
to circumstances, the stiffer the mash the thinner it 
will be. In the case of mash-tuns of large capacity 
the diameter is usually much greater in proportion to 
the depth than in smaller tuns, and in such cases it 
should be remembered that the top and bottom sur- 
faces are the most important to protect. Thus in the 
case of a mash-tun having a diameter equal to twice 
its depth the combined area of the top and bottom 
will be but equal to the exposed surface of the sides, 
whereas when the diameter and depth are in the pro- 
portion of four to one the combined top and bottom 
areas are twice as great as the side surface. This 
shows that in large mash-tuns the bottoms should be 
well protected, and that the tuns should be well 
covered down whilst the mash is being made. 

To enable the worts to be drained from the goods, 
mash-tuns are made with perforated false bottoms 

laced a short distance above the bottoms of the tuns. 

hese bottoms are sometimes made of wood, some- 
times of cast iron, sometimes of galvanised sheet iron, 
and sometimes of copper. When wooden false bottoms 
are used, the holes in them should be burnt, not bored, 
so that they may not be liable to close up by the 
swelling of the wood when damp, and they should be 
well countersunk on the underside. In the case of 
the cast-iron false bottoms, the holes are also counter- 
sunk on the underside, the countersinks being cast in 
the plate, whilst the holes themselves are drilled, or 





punched by hand. In the galvanised iron and copper 
false bottoms the holes are merely punched or drilled. 
The false bottoms are usually made in segments, so that 
they are readily removable for cleaning, &c., and where 
copper or ps hee ne iron plates are used these are 
ny fastened to wooden frames of the proper 
orm. 

Provision is usually made for drawing off the worts 
from the mash-tun at four or more points independently, 
so that in the event of the wort drawn from one portion 
of the tun not being clear, the tap communicating with 
it can be shut off. On page 565 of our last number 
we illustrated another plan for attaining this end, 
namely, an arrangement of mash-tun bottom designed 
and patented by Mr. Walker, of Ohio, U.S., and which 
is now being made by Messrs. Morton and Wilson, of 
Stockton-on-Tees. 1n our engravings Fig. 1 is a part 
section of a mash-tun with this apparatus applied; 
Fig. 2 is a corresponding plan; and Fig. 3 is a per- 
spective view of the draining pipes, &c., removed from 
the tun. Fig. 4 is a plan of slightly modified arrange- 
ment intended for mash-tuns in which rakes are used. 
The peculiarity in this form of mash-tun bottom is that 
the wort is drawn off from a number of points at one 
and the same time through a series of radiating tubes, 
H, of various lengths. The pipes, H, communicate 
with a central chamber, F, fitted with aremovable top, 
G, and from this chamber are led the pipes through 
which the wort is conducted from the mash-tun. The 
space below the false bottom with which the pipes, H, 
communicate is divided into compartments by the 
strips, D, on which the false bottom rests, and the 
whole apparatus is constructed so that it can be 
readily removed from the mash-tun for cleansing pur- 
poses. The patentee states that the apparatus enables 
a better and clearer wort to be obtained than can be 
ensured with the arrangement ordinarily employed ; 
but we are unable to speak of its practical merits upon 
disinterested authority. Theoretically, however, the 
arrangement should give good results. 

Next as to mash-tun covers, ‘These vary greatly 
in their construction and efliciency, and in some in- 
stances, as in the case of the mash-tuns used for porter 
brewing at the City of London brewery, they are even 
dispensed with altogether. This, however, is clearly 
an objectionable practice, particularly, as we have 
already pointed out, in the case of large mash-tuns. 
Probably the simplest form of cover is that consisting 
of a plain wooden disc fixed a short distance above the 
mash-tun; the space between the disc and the tun 
itself being closed by sacking whilst the mash is being 
made. Mash-tun covers of this kind are used at 
Messrs. Reid’s and many other breweries. At Messrs. 
Mann, Crossman, and Paulin’s, flat wooden covers are 
also used; but in this instance the covers are sus- 
pended so that they can be lowered down close upon 
the mash-tuns. This is a much neater plan than using 
sacking to fill up the gap, and it is also more effective. 
Another form of wooden mash-tun cover is that shown 
in the engravings of Messrs. Allsopp’s brewery, which 
we published in our numbers for March 13th and 20th 
last. In this instance the mashli-tuns are each covered 
by a permanent wooden roof, carried by a framework 
extending above the sides of the mash-tun proper, this 
frame being fitted with sliding shutters, which can be 
closed or opened as desired. This is a neat arrange- 
ment of wooden covering, and is much used in the 
Burton breweries. Another plan is to form the cover 
of wooden segments of convenient size, which can be 
readily lifted off as required. This form of cover is 
also much used at Burton, and it is especially applic- 
able to mash-tuns of moderate dimensions. At Messrs. 
Hoare’s brewery there is a very large cast-iron mash- 
tun, capable of mashing 190 quarters, fitted with a 
cast-iron cover of very neat design. This cover is 
~. Shaped, and the central portion is fixed whilst 
the curved rim is formed of a number of flaps hinged 
to the centre, so that they can be raised as 
desired. This mash-tun was made by Messrs. 
Spence and Co., of Dublin. The last form of 
mash-tun cover, which we shall describe here, is that 
to which we have already referred as being used at 
Messrs. Truman’s brewery. Of this form of cover, 
we gave an engraving on page 541 of our last 
number but one, this engraving having been prepared 
from a drawing supplied to us by Mr. King, the en- 
aye of the brewery, by whom the cover was designed. 

this engraving, Fig. 1, is a part elevation and part 
section of one of these covers, and Fig. 2 a corre- 
sponding half plan. These covers are formed of sheet 
copper, stiffened by brass ribs of T section; and each 
cover is formed in two parts, the central portion being 
carried by suspension rods at afixedheight above the tun; 
and the outer part, being hung from chains, which pass 
over pulleys, and are pried with balanced weights, 


so that this portion of the cover can be raised and 
lowered readily. The point between the two portions 
of each cover is formed as shown in the enlarged view, 
Fig. 3, the outer portion carrying a projecting flange, 
which bears upon a ring of iadiooabher carried by a 
corresponding flange on the central part of the cover. 
The suspending chains are attached to iron eye-bolts 
screwed into, but not through, bosses cast on the 
stiffening ribs of the cover, and the arrangement at 
the centre where the shaft for working the mash- 
ing apparatus passes through the cover is also 
worthy of notice. It will be readily understood 
by reference to Fig. 1. These covers are the neatest 
we have seen, and from the materials of which they are 
composed, they are of course very durable. They are 
made to fit the mash-tuns closely, and they pre- 
vent the escape of steam very thoroughly ; it is, how- 
ever, a question whether in the case of large mash-tuns 
it would not be better to cover them with a non-con- 
ducting material, and thus still further increase their 
protective powers. 

We find that we are compelled, from the demands 
— our space, to defer until next week a description 
of the various mashing machines of which we have 
already published illustrations. 








RAILWAY CURVES. 

Tue resistance of curves depends not only upon 
their radii, the width of gauge, the super-elevation of 
the outer rail, and the speed of the train, but very 
largely upon the character of the rolling stock em- 
ployed. Theoretically, or, in other words, with 
theoretically perfect rolling stock, curves should offer 
no resistance at any speed whatever. Except for the 
slight friction of its pivot, it requires no more power 
to keep a pendulum moving in a curved path than it 
would to maintain its motion (regularly accelerated 
and retarded during the same intervals) in a straight 
line. Or, to take a preferable case of uniform motion, 
it requires no more power to keep the rim of a fly 
wheel in circular motion, at the rate of, say, 30 miles 
an hour, than it would to move the same weight at the 
same speed in aright line. For the friction of the 
journals arises not from the mere fact of circular 
motion per se, but from the combined effect of weight 
and motion, and even this friction may be diminished 
indefinitely, as the friction of a body rolling on a 
straight railway may be also diminished by “ anti- 
frictional” bearings. 

In order that curves on railways shall offer no re- 
sistance, of themselves, to the motion of trains, or, to 
put it differently, in order that carriages shall traverse 
straight lines and curves with equal ease, the following 
conditions only are requisite : 

1. The axles must be always exactly radial to the 
curve. 

2. The wheels on each axle must either revolve in- 
dependently of each other; or else with ordinary fixed 
wheels, and supposing the vehicles to be always 
running round the same curve (a complete circle), the 
outer wheels must be larger than the inner in exactly 
the same proportion as the outer rail is curved to a 
longer radius than the inner. If, with a complete 
circle of 1000 ft. diameter between the inner rails, the 
gauge is 5 ft., then the diameter of the inner and outer 
wheels, keyed fast to the same axle, must be as 
1000: 1010. 

8. The super-elevation of the outer rail must be 
such that the transverse inclination of the line must 
give a gravitating tendency inward, or toward the 
centre of the curve, exactly equal to the centrifugal 
force acting outward, or rather tangentially, at the 
given speed. The super-elevation will vary inversely 
as the radius of the curve and directly as the square 
of the speed. The centrifugal force in terms of the 
weight, of a body moving In a circular path, is ex- 

2 


pressed by the formulaYv~= cent. force. 


W=vweight (Ib., ewt., tons, &c.). 

V=velocity in feet per second. 

R=radius of curve in feet. 

32 =accelerating force of gravity. 
Thus if, with any weight, moving ata given velocity on 
a curve of given radius, the centrifugal force be found 
to be, say, one-tenth of the weight itself, then the trans- 
verse inclination of the line should be one in ten, so 
as to give a corresponding gravitating force inwards, 
or towards the centre of the curve. ‘This inclination 
of 1 in 10 will correspond, on a 4 ft. 8}in. gauge, to 
a super-elevation of the outer rail of 5.65in.; on a 
5 ft. gauge, of 6in.; ona 5 ft. 6in. gauge, of 6.5 in. ; 
on a 7 ft. gauge, of 8.4 in.; and so on. 

Thus dealt with, curves, upon whatever gauge, 





would offer no resistance beyond that of straight 
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level lines of the same gauge. ‘The great argument 


of the advocates of the 3 ft. 6 in. gauge for cheap lines 
in Queensland, India, New Zealand, Canada, and Nor- 
way, viz., that they can safely employ sharper curves 
and thus secure cheaper construction, than with a 
wider gauge, would thus disappear, since no curve oa 
either the 3 ft. 6in., or the 7 ft. gauge would offer 
any resistance at all at any speed whatever (the super- 
elevation of the outer rail being, of course, exactly 
adapted to that speed). 

ith the usual class of rolling stock, the resistance 
of curves arises from at least two causes; viz., the 
axles are not radial to the curve, and the wheels on one 
side must slip. If, too, the super-elevation of the 
outer rail is too little for the particular speed at which 
the train is going there will be a further resistance 
from the rubbing of the flanges against the outer rail. 
If the super-elevation be too great for the particular 
speed at which the train is going, the rubbing will 
take place against the inner rail. 

With two parallel axles under the same carriage 
frame neither can be exactly radial to the curve, and 
the wheels must, in rolling, perform also a grinding 
action upon the rails. The flange, too, of one of the 
front wheels will impinge against the inner side of the 
outer rail, and the flange of one of the hind wheels 
will also impinge against the inner side of the inner 
rail. 

This want of radiation of the axles to the curves 
causes the chief resistance due to curvature. The 
greater the distance between the parallel axles the 
greater this resistance, which, indeed, increases as the 
square of the distance between the axles, a 20 ft. 
wed base causing four times the side strain upon 
the rails that would be caused by a wheel base 10 ft. 
long, the axles being parallel in both cases. The 
reason for this is easily seen; the versed sine corre- 
sponding to a 20 ft. chord on any given curve being 
four times that corresponding to a 10 ft. chord on the 
same curve. 

But the resistance due to the want of radiation of 
the axles, or rather the resistance due to the parallelism 
of the axles with any given wheel base or distance 
between axles, and on a curve of any given radius, is 
the same for all gauges. This, the principal resistance 
due to curvature is, ceferis parihus, no less on a 3 ft. 
6 in., than on a 7 ft. gauge, and for reasons which any 
one can readily comprehend, even if he have no know- 
ledge of engineering. Describe with the compasses 
any curve representing the centre line of the single line 
of curved way, and from the same point as a centre 
describe the concentric curves representing the outer 
and inner rails respectively for, say, a 3 ft. 6 in. gauge. 
Describe also other concentric curves representing the 
outer and inner rails respectively of, say a 7 ft. gauge, 
these curves being, like those for the 3 ft. 6in. gauge, 
equidistant from the curved centre line of the way. 
Then draw, parallel with any radius, and equidistant 
from such radius, two straight lines representing two 
parallel axles, and mark the points where the flanges 
of the wheels upon these axles would touch the rails 
on both gauges. It will then be seen, that in 
consequence of its shorter radius, the inner rail of the 
broad gauge receives the impinging action of the inner 
hind ood at a sharper angle than the inner rail of the 
narrow gauge; but when we observe the outer rails 
the opposite is the case, the broad gauge having the 
advantage on one side, and being at a corresponding 
disadvantage on the other side of the curved centre 
line common to both gauges. But even here we are 
to remember that this seeming advantage and dis- 
advantage are practically extinguished in the fact that 
for a curve of given length the inner rail of the broad 
gauge is shorter and its outer rail longer than the 
corresponding rails of the narrow gauge. 

But, it is said, 5-chain curves are successfully 
worked on the 3 ft. 6in. gauge. One is tempted to 
reply that, even with ordinary rolling stock, so they 
may be on any gauge. We lately described and illus- 
trated the engines which worked successfully for two 
or three years, and on the 5 ft. 3 in. gauge, on the tem- 

orary line ot the Dom Pedro Railway, of Brazil—a 
ine having curves of only 34 chains radius. Curves 
of the same extremely short radius were also worked 
successfully with passenger and goods trains, and for 
nearly five years, on the “‘ mountain top track” of the 
Virginia Central Railroad—a temporary line of 4 ft. 
8} in. gauge, carried over the Alleghany Mountains in 
America, and maintained in regular work while a long 
tunnel, without shafts, and in very difficult rock, was 
being made beneath. Indeed, there is a 5-chain curve 
on the North Woolwich line, near London, which has 
been regularly worked for years. All such curves are, 
of course, objectionable, still they can be worked, if 
necessary, on any gauge. 








But the explanation of the fact that 5 chain curves 
are worked, with comparative ease, on the Queensland 
railways is this. The engines and carriages have 
double pivotting bogies, the greatest distance between 
any pair of parallel axles, when on a curve, being 
6 ft. 6in. only in the case of the engines, and 5 ft. in 
the case of the carriages. With the same extremely 
short wheel bases, 5-chain curves could be almost as 
easily worked on any gauge. Were the lengths of the 
wheel bases of the separate bogies doubled, they would 
still be short in comparison with the ordinary wheel 
bases of English rolling stock on the 4 ft. 8} in. 
gauge, yet they would, from the cause already ex- 
plained, produce four ¢imes the side strain and oblique 
or grinding action on the line that they now do. 

There is one reason, and one reason only, why, with 
a given radius of curvature, and with all else the 
same, the resistance is greater on a wide than ona 
narrow gauge. This is because of the slipping, upon 
the rails, of one of the wheels of each axle, in con- 
sequence of the difference in length between the inner 
ana outer rails. But the difference of 2 ft. or 3 ft. in 
the gauge makes comparatively little difference in this 
resistance even on lines of considerable curvature. 
This resistance is readily calculable. We will sup- 
pose a train of 200 tons’ weight, moving at 20 miles 
ar hour, to encounter a curve of 10 chains’ radius 
and forming th of a circle, the gauge being 5 ft. 6 in. 
We will suppose the 10 chains’ radius to apply to the 
inner rail. The circumference of a complete circle of 
this radius would be 4146 ft., and the curve forming 
4th of the circle would be 518} ft. long. The outer 
rail would be 4.32 ft. longer, and this is the distance 
through which one-half of the train, or the wheels on 
one side only, representing 100 tons, must slip in going 
round. If the co-eflicient of sliding friction were 
even as high as one-fifth of the weight, we should have 
20 tons or 44,800 1b. of resistance through 4.32 ft., 
or 193,536 ft. pounds of work lost. The mean 
length of the curve (at the centre of the way) being 
520 ft., it would require not quite one-third of 
a minute to pass round it at a speed of 20 miles 
an hour, and thus for this single ¢hird of a minute, the 


work expended on the curve would 


33,000 
=17.6 horse power. If the train were running con- 
tinuously on a circular railway, at this speed, this 
would represent the constant loss due to slipping, 
caused by the difference in the length between the 
inner and outer rails. But even on the 3 ft. 6 in. 
gauge the loss would be 10} horse power, or but about 
7 horse power less, whereas the whole power expended 
in keeping the train in motion, on a level, would be at 
least 176 horse power even on the narrow gauge— 
supposing the resistances to amount to but 164 lb. per 
ton. But with one such curve in every half mile (and 
such a line would be a remarkably crooked one) the 
average resistance due to slipping on curves would 
require but 3$ horse power on the 5 ft. 6in., and 
2 horse power on the 3 ft. 6in. gauge, the difference 
being practically inappreciable, when a total horse 
power of from 170 to 200 is considered. 

It is in respect to slipping only through the difference 
in length of the inner and outer rails that the narrow 
gauge has the least superiority over the broad. It 
must be added that, if the speed maintained upon a 
given curve is not that for which the super-elevation 
of the outer rail has been fixed, there will be a further 
resistance due to the rubbing of the flanges against 
one or the other rail. But even this difference 1s not 
great. Practically it may be said that any curve that 
may be worked on a narrow gauge, may, with rolling 
stock of the same lengths of wheel base, be worked with 
very nearly the same ease on the broad. 

It may be said that the 10 chain curve assumed in 
the foregoing illustration is too easy to show the rela- 
tive working of the wide and narrow gauges. If a 
5 chain curve be taken, the respective resistances 
would be twice what has been shown, but these re- 
sistances would be encountered for but half the time, 
since a 5 chain curve, changing the direction of a line 
through a given number of degrees, is but half as long 
as a 10 chain curve. The result, in the work ex- 
pended per minute or per journey, in slipping, would 
be the same. 

These considerations deserve the careful attention of 
those engineers who attach so much importance to the 
question of curves as related to the width of gauge. 


Rattways ty Catapria.—tThe entire line from Reggio 
(Calabria) to Cape Spartivento will shortly be opened tor 
tratlic. The first portion of the line, 17 kils. in length, from 
Reggio to Lazzaro, has been opened since last year. A trial 
of the remaining 56 kils., from Lazzaro to Cape Spartivento, 
took place on the 3lst of May, and the locomotive passed 
over the whole line. 


be 193,536 x 3 





ENGINES FOR THE MAURITIUS GOVERN- 
MENT RAILWAYS. 


One of the two-page engravings in our present number 
represents the heavy eight-coupled tank engines designed by 
Mr. John Hawkshaw, U.E., for working the long a heavy 
inclines of the Mauritius railways, for which Mr. Hawkshaw 
is the consulting engineer to the Agents of the Crown 
Colonies. A section and description of one of these lines 
appears on another page, where it will be seen that a con- 
siderable portion of its length varies in steepness from 1 in 
27 to lin 40, while that part on which the gradients are 
against the heavy sugar traffic coming from the south- 
eastern quarter of the island presents inclines of from 1 in 
30 to Lin 32. The gauge of the line is 4ft. 84in., and unless 
the two 56 ton eight-coupled tank engines made some time 
ago for the Great Northern Railway be excepted, the 
Mauritius engines are probably the heaviest yet made in 
England for the narrow gauge. 

The cylinders, inside and inclined as shown, are 18 in. in 
diameter and the stroke is 24in. The eight coupled wheels 
are 4 ft. in diameter. 

The boiler and firebox shell are made throughout of }in. 
best Yorkshire plates, the barrel of the boiler being 13 ft. 
long and 4 ft. in diameter inside the smallest part. The 
firebox of 4in. copper is made to burn coal, and has a grate 
of 18 square feet, the horizontal length, inside, being 6 ft. lin. 
long and the width 2ft. 10fin. Itis fitted with Jenkins’s 
smoke burning apparatus, as shown, and there is a regulating 
air slide in the door. The boiler contains 159 brass tubes, 
13 ft. 3}in. long, 2in. diameter, set }}in. apart (2}}in. be- 
tween centres) and ferruled with steel at both ends. The 
copper tube plate is fin. thick, the front (iron) tube plate, 
Zin. A steam dome of good size and fitted with a 4in. 
safety valve, is placed near the front end of the boiler, 
and two 3} in. safety valves of Ramsbottom’s arrangement 
are placed over the firebox. The water level is kept well up, 
as the difference between ascending and descending inclines 
of 1 in 27 causes a variation of about 9 in. in the gauge glass, 
the whole internal length of the boiler being nearly 20 ft. 
The boilers are single riveted with } in. Yorkshire iron rivets, 
pitched 1jin. apart. The working pressure is 120]b., and 
the boilers of all the engines of this class were first tested 
by hydraulic pressure to 200 lb., and afterwards by steam to 
140lb. The boilers stand at a good height above the rails, 
considering the small size of the wheels. The top of the 
firebox is 9 ft. above the rails. The chimney, 16 in. in dia- 
meter, stands 14 ft. high, and the mouth of the blast pipe is 
protected by one of Moriarty’s spark arresters. 

The wheel base of the engine is 15ft. 6in. The trailing 
wheels are placed directly beneath the firebox, the ash-pan 
being formed as shown, and having a damper both in front 
and behind, so that either may be opened according to the di- 
rection in which the engine is moving. The trailing and 
driving wheels are 5 ft. liin. apart, the driving om next 

air forward 6 ft. 13in., and from these to the leading wheels 
is 4ft.3in. All the wheels are flanged. There are no com- 
pensating levers between any of the springs. Each wheel is 
fitted with a strong brake, and there is a sand pipe also to 
each wheel, the levers to the sand valves being worked from 
the foot plate. 

End play in the brasses is allowed to all the axles but the 
driving axles, and it will be seen that the coupling rod pins 
are made spherical. 

A saddle tank, of 1500 gallons capacity, is placed over the 
boiler, and the latter is fed either by a single pump on the 
left hand side of the engine, or by a No. 10 Injector, or by 
both if required. An awning with a double rvof and inter- 
vening air space is erected over the foot plate. 

With 120 lb. steam in the boiler, and a mean effective 
pressure, at slow speeds, of 100 lb. in the cylinder, these 
engines would exert 16,200 Ib. tractive force, less their own 
internal resistances, amounting for about 45 tons, to 600 Ib., 
and corresponding to about 3 lb. per square inch of the 
pistons. ‘Taking the engine weight as 45 tons, and the 
resistance on a level of engine and train as 16 lb. per ton, the 
load drawn on an incline of 1 in 27 would be 120 tons, or, 
with engine, 165 tons ; but as a less mean effective pressure 
than 1001b. would ordinarily be maintained upon the pistons, 
say 801b., the corresponding load would be 87 tons, or, with 
engine, 132 tons. In the latter case the tractive force, less 
600 lb. internal resistance of the engine, would be 12,360 Ib., 
or about 53 tons, or less than one-eighth the weight of the 
engine, with 1500 gallons, or nearly 6} tons of water in the 
tank, and less than one-seventh its weight with the tank 
empty. The adhesion would thus appear to be ample in‘all 
cases, the railway being a surface line and having therefore 
no tunnels. And should the wheels slip, at any time, sand 
can be instantly let under each wheel by means of a lever 
worked from the foot plate. 

Six engines of the construction shown have been made for 
the Mauritius Railways, by Messrs. Sharp, Stewart, and Co., 
of Manchester, and they are well spoken of in the report of 
the general manager, Mr. J. R. Mosse, and the locomotive 
ego, Mr, W. H. Scott. ’ 

Tpon the Northern and the Midland lines, of a total 
length of 64 miles, there were employed at the end of 
December last, 21 locomotives, 13 of which are tank 
engines. This number includes six of the heavy engines 
which we have just described. Formerly high priced 
coal was imported from England, but the much 
cheaper coal of New South Wales is now used, and with 
marked success and economy. The average consumption 
for February is given as 31.8]b. per train mile, and for 
November last as 55.8 lb., the great difference being due to 
the variability in the weight of trains taken, those run in the 
sugar season being of course the heaviest. On the Midland 
line the average cost of fuel is given as 8d. per train mile, the 
total cost of locomotive power as 1s. 84d., and the total work- 
ing expenses of all kinds as 5s. 7id. 








Foeeta anp Canpeta RArtway.—The railway from 
Foggia to Candela, 39 kils. in length, was opened to the 
public on the 14th of May, with four trains a day. 
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THE CLIFTON SUSPENSION BRIDGE AT 
NIAGARA FALLS. 


Tue existing Niagara railway suspension bridge of 822 ft. 
span, from centre to centre of towers, crosses the river about 
two miles below the great cataract. A light roadway bridge, 
chiefly for foot passengers, is now being erected just below 
the falls, the clear distance, from centre to centre of towers, 
being 1268 ft., and the clear width between the edges of the 

itous faces of the rock 1240°ft. The work is being 
Spidly carried out by Mr. Samuel Keefer, a Canadian 
engineer, and an American corre 


gin ent has kindly supplied 
us with the following particulars of it. 

The chasm tobe spanned is 1240 ft. wide between the face 
of the rock cliffs at the level of thé roadway of the proposed 
bridge, and 800 ft. wide at the surface of the water 180 ft. 
below the.roadway,., The depth of the water is unknown, as 
every attempt at sounding it has been unsuccessful in conse- 

uence ‘of the strong currents'and eddies below the surface. 
the cliffs on both sides are of soft friable limestone, with a 
dicular or even overhanging face of nearly a hundred 
dépth, below whith is'a slope to and below the water's 
diigo, ‘composed of broken fragments of the cliff of every size 
from 50 tons down to shingle. 

The Niagara river discharges 900,000 cubic feet per second, 
ér nearly one hundred''million toas per hour, and this vast 
rush of water is constaifly wearing away the soft rock. The 
Falls ‘Were at some remote period, several miles further down 
the river, at Queenstown heights. The royal engincers, and 
also those of the American coast survey, have established 
land ‘marks to determine the rate of this recession of the 
breast of rock over which the water falls; but the time has 
been. too short to'observe any positive result. 

One ofthe bestiwiews of the great falls is had from the 
Clifton dlouse, and another excellent one was once afforded 
from thedeek of the little steamer, Maid of the Mist, which, for 
years, was run hourly into the foaming waters just below the 
main fall. 

The view which will be afforded from the middle of the 
Clifton Bridge;| when it is completed, will be superior to any 
that visitors hitherto could obtain except Blondin, who so 
often crossed, on a hawser stretched nearly on the line of the 


Pf Chinon br 

Clifton: bridgo was projected for the accommodation of 
visitors to the falls, who will be able to cross the river on a 
direct line between the great hotels, and save the carriage 
drive of five miles over the lower Suspension Railway Bridge 
at.a.costiof ten dollars, or by a crazy insecure “lift” on the 
face.of the American cliff, and ferryage in a small two-oared 
boat across the turbulent river. The bridge will, therefore, 
be chiefly used by passengers on foot, and is to be but 10 ft. 
wide between the parapets. Carriages will, however, be 
allowed to cross in a single line alternately from the right 
and left banks at stated intervals of the half hours. When 
the pleasure travel for the season is over, the floor of the 
bridge will be removed, The spray from the great fall floats 
off, and in. the cold winter season falls upon the rocks, trees, 
and buildings in its vicinity, and aggregating in great ice 
coverings, presents at, that season of the year one of the most 
beautiful views to be had, The branches of trees half a mile 
from the falls are broken down by the accumulation of this 
frozen spray. The flooring of the bridge might be covered 
with so deep an acecmulation as to overload the cables, and, 
therefore, as it is not, required at that season of the year, the 
flooring will be removed. 

As late as the 10th of May last a “mountain” of ice was 
observed under the American cliff just below the fall, a mass 
which would then require another month of warm weather to 
remove, and hundreds of other bodies of ice, but smaller, were 
to be seen along the American shore, made by the six months 
of intense frost, during which the thermometer was often 


below zero, Fahr. 


The Present Condition of the Work on the Clifton Bridge. 

The towers on each side of the river are completed, as well 
as the anchorage pits and anchor plates to receive the links 
to connect with the wire cables. The main cables, stays, 
suspenders, and guy ropes are all ready for use now that the 
season of fine weather has arrived, and the work will be 
pressed forward with great despatch. 

Last winter an ice bridge was formed entirely across the 
river just on the line of the site of the bridge, and it was 
availed of, to stretch across the chasm two wire cables of 5 in. 
circumference, by means’ of which the main cables will be 
stretched across. 

In two months it is expected to have the bridge open for 
foot travel, and a month later ‘or carriages. 


General Deseription of the Structure. 

The plans of the work in all its details have been wholly 
arranged by Mr. Keefer, the engineer, the economical views 
of the managers not allowing him any assistance. 

On each side of the river, and near the precipitous face of 
the cliff, are erected two towers of heavy timbers, braced and 
tied together, and founded on the solid rock. These towers 
are 100 ft. high, and each one is composed of two truncated 
pyramids 40 ft. apart at the top, and tied and braced 
together, each pyramid being 28ft. at’ the bottom and 4 ft. 

uare at the top, thus forming a bese of 68 ft. by 28 ft. 
Each of the eight corner posts is ccmposed of four inclined 
timbers, each 12 in. square, firmly bolted together, and 
standing in cast-iron shoes, bolted to the rock. The roadway, 
10 ft, wide in the clear, is 1240 ft. long between the face of the 
rock cliffs, It consists of double transverse floor beams 5 ft. 
apert, 24 in. by 10 in. bolted together, and covered with two 
coutses each of ldin. pine plank, which are to be bolted to 
the floor timbers. The roadway is stiffened by a wooden 
truss on each side 64 ft. deep, which will form the side 
parapets and protection. The roadway is suspended from 
the cables by vertical, wire ropes at intervals of 6 ft. 

The two cables are each com of 7 ropes of 931 wires, 
No, 9, Birmingham gauge (.165in. diameter), made up 
as fi of the wires was drawn out to the whole 





length of the cable, or 305 fathoms. A centre wire of soft 
iron is first laid straight, around this is placed spirally 6 wires 
hard drawn, and outside of thésé are laid 12 more wires, 
forming a strand of 19 wires. A rope is then made of seven 
of these'strands, viz., one laid central and straight, and six 
circumscribing and laid spirally around the central. The 
cable is composed of seven of these ropes, one central and 
six circumscribing; but all of them laid parallel and not 
spirally. 

The wire for these cables was drawn by Richard Johnson 
and Nephew; of Manchester, and the ropes laid by Newall 
and’Co., of Newcastle ; each wire was warranted to stand a 
breaking weight of 1900 Ib., and each rope (133 wires) to 
stand'100 tons. Mr. Keefer selected one of these ropes, cut 
off 30 ft., and had it testedin the machine at Birkenhead. 
The test was carried up to 964 tons and then the fastenings 
gave way, and he Sind wot time to repeat the test. The 
method adopted of fastening the cables to the shackles, is, 
to provide in the latter a conical hole of the size of the ro 
at the small end, and twice that diameter at the large end; 
each of the 133 wires is then unlaid, bent over, and driven back 
into the shackle hole, and melted lead is then poured in. 

Our correspondent observes, “ These are the most beauti- 
fully made ropes that Ihave ever seen, and I have no doubt 
but they are as strong and well made as it is possible to get 
them. They cost but 30/. per ton.” 

The horizontal distance between the centres of the towers 
is 1268 ft. The cables are to have 91 ft. vertical deflection at 
a temperature of 66° Fahr, They are to be placed 12 ft. 
apart m the centre of the bridge span, and 42 ft. apart at the 
towers, which gives a swayed length of 1286 ft., and of 
1829 ft. to the points of anchorage, or rather to the shackles 
connecting with the anchor links. The cables are carried 
behind the towers to the anchorage on the same plane. The 
anchor pits are 15 ft. deep below the surface. On the Canada 
side they are excavated ito the rock, and on the American 
side into the earth, and built up with massive masonry. 

Each of the seven ropes forming each cable‘is attached to 
the anchorage links of oor iron, 6 by 1 in., alternately 
single and double, and these again to heavy cast-iron plates 
embedded in the masonry at the bottom of the anchor pits. 
These links are also covered with heavy masonry for a height 
of 20 ft. at the extreme ends. The links defiect vertically 
about 20° from the tangent line of the wire cables, and thus 
reduce the direct strain upon them about 10 per cent. The 
ropes will be stretched out full length on a level railway em- 
bankment, strained to 30 tons (the estimated strain when 
the bridge is loaded), and accurately measured and marked 
before they are placed in position. 

The link connexions are arranged to take up about 6 in. 
of length at each end, to provide for any undue stretching or 
inaccuracy of measurement, and to adjust the strains on each 
of the ropes and cables. 

The anchorage is to be enveloped in hydraulic cement 
which is supposed to be a preventive against oxidation. Mr. 
Roebling found no corrosion in the iron anchorage of the 
Alleghany bridge after seventeen years of exposure. There 
are sometimes used, in America, water pipes of sheet iron lined 
and covered with hydraulic cement. Some of these pipes, 
taken up after an exposure of a dozen years to salt water, 
show no oxidation. 

A feature of this bridge, as in Mr. Roebling’s great bridge 
at Cincinnati, is that the main cables are required to support 
only the middle half of the*roadway. One fourth of it at 
each end will be sustained by independent stay cables, ex- 
tending from the flooring over the top of the towers and back 
to the anchorage, where they will each be secured as before- 
mentioned for the main cables. Seven such stays are used at 
each tower, makingtwenty-eight to carry the roadway nearest 
the towers. 

The roadway is stayed horizontally and vertically as in the 
Niagara railway bridge by a great many guy ropes extending 
down to the face of the rock cliffs. These are necessarily of 
a length to allow for the greatest contraction in the coldest 
weather, and are only useful in warm weather to check 
great oscillations. 

Mr. Keefer at one time contemplated staying the bridge 
from vertical and horizontal vibrations by a pair of inverted 
cables attached to the middle of the bridge, and splayed off 
wide and attached to the rock near the river’s edge 180 ft. 
below. These inverted cables were to have been attached at 
their ends and to the middle of the bridge ; arranging for the 

reatest extreme of cold, and the elongation of the direct and 
inverted cables by the temperature to be taken up by means 
of ropes attached to the middle of the inverted cables, and 
extending horizontally to the shore, after passing over 
pulleys attached to a large box, which would be loaded to 
one half of the breaking strength of the inverted cables, and 
thus this weight would eww the stay cable in a state of tension 
during all changes of temperature by the self-acting raising, 
and falling of the weights. By arranging a system of connect- 
ing ropes to the inverted cables both from the bridge floor and 
from the compensating weight pit or pits an extraordinary 
degree of stability might be given to a very flexible roadway. 

Mr. Keefer thoroughly one rstands the principles involved 
in the eonstruction of bridges of this character. More than 
a quarter of a century ago he built one at Ottawa, which has 
considerable merit. 

In the discussions at the Institution in London a year or 
more ago, the profession were then divided in opinion, some 
contenting that a suspension bridge made as rigid as a truss 
or tubular one involved the use of an equal amount of metal, 
and others agreeing with the Astronomer Royal, that rigidity 
could be obtained with much less metal. In America and in 
our own colonies the engineer has a problem like that at 
Niagara presented, where the chasm is too wide for any 
except a suspension bridge, and where a moderate outlay 
only is available. In these cases a considerable degree of 
flexibility is admissible, and the roadway may be moderately 
stiffened so as to even allow railway trains of moderate weight 
to cross at slow speed, and thus enable the engineer to carry 
his line over with a very moderate expenditure. 

True engineering consists in accomplishing the objects de- 





sired by the application of such materials as are accessible, 
and in America one of the chief materials, money, is often 
deficient. The Clifton bridge cannot be fairly criticised 
without regarding this rule of engineering. 

The object desired was to accommodate the pleasure travel 
at a summer watering place, and for more than half the year 
the bridge would be closed against travel. Mr. Keefer has 
designed a bridge suitable to this object, and will execute it 
for a sum so small as probably to astonish many when the 
exact cost has been ascertained. 








THE HAVRE MARITIME EXHIBITION. 


THE maritime exhibition at Havre has now attained a stage 
of comparative completeness, and some opinion of its contents 
may at last be formed, whereas during the opening week 
this would have been well nigh impossible. It must be at 
once confessed that it is notably deficient in subjects of special 
interest to the naval architect, marine engineer or shipowner, 
and that it includes a great number of objects, like silks, 
ribbons, shawls, trinkets, and other articles for personal use 
or ornament, which appear to bear but a remote relation to 
a maritime exhibition, and which are, of course, exhibited 
only by way of advertisement, not but that this is an element 
in nearly all exhibitions. Coming so soon after the great 
display at Paris the show at Havre indicates no distinctive 
progress either in invention or manufacture, and it requires 
a good deal of faith to believe that enough visitors will be 
attracted to a second rate seaport town, of but 75,000 in- 
habitants, and one having but few, and those not the best, 
hotels and lodgings to make such an undertaking finan- 
cially successful. In Havre itself but little interest appears 
to be taken in it, and it has thus far been visited 
by so few that their number would dishearten the treasurer 
of any English exhibition of like pretensions. How many are 
likely to come from Paris, 142 miles away, remains to be 
learned, and yet the capital, it would seem, is expected to 
supply its quota of visitors, or else the show would have been 
better placed at Marseilles. It was a remark of the first 
Napoleon that “Paris, Rouen, le Havre ne forment qu’une 
“seule ville, dont la Seine est la grand rue,” and the Pari- 
siens, if they are really fellow townsmen of the Havrais, may 
come, after all, out of pure local feeling. The English ex- 
hibits are scanty, and t»ose from America are shown by 
fifteen exhibitors only. Yet it is not impossible that this 
Exhibition may be the forerunner of others of great ultimate 
importance, and it was in France that industrial and commer- 
cial Exhibitions originated, years before our own great 
World’s Fair of 1851. There is in France a great deal of 
commercial é/an, and even greater naval ambition, although 
that country, with its 1500 miles of sea coast, has but few 
good harbours, and her best, those of Brest and Toulon, are 
not where they should be to be of the greatest commercial 
value, although they are fully available for naval pur- 
poses. None need be told how the growth of the French 
navy has compelled us to incur vast additional sums 
in reconstructing and increasing our own, and the French 
Government is giving the most liberal encouragement 
to the steam packet companies of that country. Thus 
the company of the Messageries Impériales, whose steam 
vessels had increased in number from 45 in 1857 to 63 
in 1865, and the displacement of its ships from 49,209 tons 
to 112,146 tons respectively, and their cost from 1,351,000/. 
to 3,347,000/. respectively, received in imperial subventions 
during the same nine years nearly 3,200,000/., whereas the 
nett earnings for the same time were but 1,500,000/., and 
but for the subvention there would have been a dead loss of 
nearly 1,700,000/.in working. The Compagnie Générale Trans- 
atlantique has a fleet of 21 steamships, with a displacement 
of 80,000 tons, several of them built on the Clyde and on the 
Thames, and two of which, the Pereire and the Ville de Paris, 
are the fastest on the Atlantic, having made an average 
speed for a whole year’s service of 12.8 Sere an hour, while 
one voyage from New York to Brest, was performed, last 
year, at the high average speed of 14 knots. With such large 
and effective fleets it is not remarkable that the French 
aspire to a large share of maritime power. This idea is well 
expressed in a passage from the official journal of the Exhi- 
bition, which is as follows: 

L’idée fondamentale de cette exposition peut se résumer 
dans ces deux mots: navigation et exportation. La France 
a actuellement un commerce extérieur d’exportation qui se 
représente par le chiffre énorme de 4 milliards et plus d’un 
quart, et la navigation dans ses ports est de 52,000 navires 
jaugeant 9,400,000 tonnes. Notre pays ades conquétes com- 
merciales & faire dans toute l’ Amérique du Sud, sur le littoral 
africain, dans les Indes, en Cochinchine, en Océanie: un im- 
mense avenir s’ouvre 4 elle dans ces régions. Elle produira 
largement de quoi vétir, loger, meubler, orner, satisfaire, de 
toutes les facons, les peuples de ces contrées. Elle n’a qu’é 
s’appliquer & leur expédier ses produits sur des navires 
solides, bons marcheurs, et exigeant un fret peu élevé. 

There are, in France, extensive shipbuilding yards and 
marine engine factories, from which very good, and in some 
cases excellent work is turned out. The larger shipyards are 
those of M. Auguste Normand, Havre; John Scott and Co. 
(also of Greenock), St. Nazaire; M. Armand, Bordeaux; La 
Société des Forges et Chantiers de la Méditerranée, at La 
Seyne, in the harbour of Toulon; and the yard of the Mes- 
sageries Impériales at La Ciotat, a few miles east of Mar- 
seilles. The marine engine works are, the imperial factory 
at Indret, near*Nantes and the mouth of the Loire; Messrs. 
Schneider and Co.’s, at Creusot, (a few miles to the north 
of Lyons); Messrs. Mazaline’s, Havre; M. Nillus’s, 
Havre ; La Société des Forges et Chantiers de la Méditer- 
ranée, Marseilles; and the Messageries Imperiales at La 
Ciotat. Small steamboat engines are made at various esta- 
blishments, among others by M. Normand, of Havre. At 
Indret, Creusot, at Mazaline’s, and at Marseilles, the very 
largest class of marine engines up to 1000 horse power are 
made, although it is but just to say that no one of these en- 
gines has ever worked up to the proportion of indicated to 
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nominal power, say, from 5 to 6, or even 6}, so often attained 
by English engines of the same area of piston. 

The exhibition, however, owes little to the shipbuilders or 
engine builders of France. To have sent ships was, of course, 
out of the question, as there would have been small profit in 
docking a crack vessel worth 50,0001. or more, for the five 
best months in the year, even in the fine basins of the port of 
Havre, and very fine basins they are, too. There are large 
and excellent steamers to be seen afloat, however—those of 
the Compagnie Générale—but they are of English and 
Scotch build, and one does not care to go all the way to 
Havre to see what may be as well or better seen in London 
or Liverpool. By the way, however, there is a Thames built 
vessel of the largest class, the Napoleon III., which was 
lying in the Florida dock during the first week of this month, 
and she ought to lie there for ever, unless sold for old iron. 
Her hull is doubtless as good a job as anything the Thames 
Ironworks ever turned out, but the engines, made by a firm 
at the East-end of London, whose name we forget, are of 
greater specific gravity than anything of the kind which we 
have seen before. The ship is literally loaded with engines, 
and she is, if not the slowest, certainly the most extravagant 
vessel which the General Transatlantic Company now have. 
It may have been that the builders of the engines, whoever 
they were, were not so much to blame, for perhaps M. 
Forquenot (not the well-known railway engineer, his brother, 
of the Paris and Orleans Railway) had something to do with 
their design. Two other but somewhat smaller ships of the 
same line, and from much the same designs, viz., the 
Washington and the Lafayette, have had their clumsy side 
lever engines taken out and twin screws and engines sub- 
stituted in place. 

But the French builders, with the exception of the Medi- 
terranean Company, have not even sent models of their 
ships. Not that we attach much importance to so-called 
models, which at most are only models of external form, end 
show nothing of structure. The English shipbuilders could 
send only models, however, the half breadth kind, mounted 
upon a plank background, which, valuable as they are to the 
builder, convey about as definite an idea to the ordinary mind 
as would be formed of a mountain from an examination of its 
contour lines upon a map. We shall refer, further on, to 
some of these models, but shall not attempt to describe them, 
as words cannot convey more than a meagre notion of the 
lines of a ship. To be of real service these lines require to be 
exactly reproduced upon paper, or in the mould loft. 

There is not a marine engine in the exhibition, although 
the Mediterranean Company send a few well made engine 
models. Even the Havre engineers have done little in any 
way. Mazaline is the maker of the 25 horse horizontal en- 
gine employed in driving the machinery in motion. It isa 
very well-made engine, so far as can be judged from an ex- 
ternal view only. The cylinder is steam jacketted. There is 
a separate expansion valve working, not on a flat face, but 
in a V (the French engineers must a ingenious or nothing), 
and its joints are lubricated with a very neat lubricator, of 
which more presently, and the stuffing box glands have the 
cat’s claw oil chamber first employed by Messrs. J. and H. 
Gwynne, and shown in their elegant little centrifugal pump- 
ing engine. és illustrating the insecurity of exhibition brick- 
work, we may mention that the foundations of Mazaline’s en- 
gine gave way altogether last week, and that the engine was 
only got to work again on Sunday last. There are drawings of 
some of the large three-cylinder marine engines of 1000 horse 
power made by the same makers for the imperial marine, 
from the designs of M. Dupuy de Lome, whose position in 
the French navy is that of Mr. E. J. Reed and Mr. Thomas 
Lloyd, combined in one, in our own. We s0 fully described 
and so carefully criticised these engines last year, that we 
need hardly refer to them here, further than to say that they 
are monstrously heavy, and, that from taking steam from 
the boiler into the middle cylinder only, and expanding 
thence first into one and afterwards into the other of the 
side cylinders, of the same diameter, they cannot exert a high 
measure of power on an emergency, as in chasing, ram- 
ming, or escaping. We fully described these engines in 
ENGINEERING of May 17th and August 30th, last year, and 
in our number of November 29th we gave a most unfavour- 
able criticism upon them by M. Normand, jun., an unpre- 
judiced and most able French engineer. Mazaline’s, now 
called the Ocean Company, and which, it is understood, is 
just now in disfavour with its best customer, the Govern- 
ment, and that for reasons of a private nature—send draw- 
ings also of the oscillating engines made by them for 
the Emperor’s timber-built yacht, TPAigle, built several 
years ago, and presenting nothing new or peculiar. The 
same establishment has taken up the manufacture on 
a considerable scale, of the Worthington pump, as made by 
the engineer of that name in New York. It was patented in 
England, without his sanction, by Mr. Lee, and was at one 
time “taken up” by Messrs. Easton, Amos, and Sons, who 
adopted it in a steam fire-engine, made from Mr. Lee’s plans, 
for the competition at the Crystal Palace in July, 1863. This 
pump, of which Mazaline sends several sizes to the exhibition, 
consists of a pair of steam cylinders laid horizontally side by 
side, and a pair of double-acting pumps worked direct from the 
piston rods without cranks, shaft, or fly-wheel. The only 
peculiarity is that the steam valve of each cylinder is worked, 
through levers, from the piston rod of its fellow cylinder, and 
with this arrangement it is impossible for either pump to 
hang at any part of the stroke. Mazaline made a steam 
fire-engine on this plan, but it has not been disposed of. We 
first saw it, eighteen months ago, at M. Ganneron’s agricul- 
tural machinery depét on the Quai de Billy, Paris. It after- 
wards went to the Paris Exhibition, and now it turns up 
again at the shipping show at Havre. The makers, who do 
not appear to be able to get rid of it, should make a present 
of it to the Emperor, who might find it useful in case of a 
Continental conflagration. While referring to Henry Worth- 
ington, it may be added that he makes the simplest water 
meter yet known. It has double measuring cylinders like 
his steam pump, and the valve of each cylinder is worked 


ployed by wholesale oilmen for measuring oil, as their indi- 
cations are unerring. ‘They will work with a “head” of 3in., 
or less than 2 oz. pressure per square inch, and they will 
register accurately even when the smallest possible stream is 
escaping. In the Havre Exhibition, M. Charles Michel, of 
7, Boulevard de Denain, Paris, exhibits these meters. Worth- 
ington obtained his English patent about nine years ago, and 
Jopling, whose double-barrelled meter is also known to some 
extent, repatented nearly the same thing, hardly more than a 
month afterwards. 

Mazaline sends several good tools, one or two of them of 
large size. One is his vertical paring machine, nearly or 
quite the same as exhibited by him last year at Paris. 

Ketin, Brothers, and Co., of Blangy-les-Arras (Pas de 
Calais) exhibit a fine casting, weight about 14 tons, of a con- 
denser for a marine engine. It was cast for Mazaline, at 
whose works similar castings are occasionally made. It was 
moulded without patterns; it contains the seatings for the 
air pump barrels or bushings, and the chambers for the air 
pump valves, and it has all the flanges and openings for the 
exhaust pipes, delivery pipe, air pump rods, &c., all in one. 
The iron is sound, and the surface very good indeed. 

There are so very few steam engines that we may mention 
a small one, horizontal, by Durenne, of Courbevoie, near 
Paris, merely to say that it isa very ordinary job. 

There are anumber of French portable engines. One is by 
Albarat, who managed to obtain a prize, last year at Paris, 
in competition with Aveling and Porter's engine, far better 
than his own, as the full and circumstantial report by the 
director of the Conservatoire des Arts et Metiers, which we 
lately published, will sufficiently show to those who know 
what most French portable and traction engines are. There 
is another which an English agricultural engineer would like to 
see put upon the brake, and, generally, under the discipline 
of the Royal Agricultural Society in their prize trials. It is 
an engine by Weyher, Loreau, and Co., of Paris, mounted on 
stout springs on two large wheels, like a water cart, and having 
a heavy pair of shafts for horse draught. The boiler has a 
small, circular, low, and narrow Cornish fireplace, extended to 
the front end, the heat returning through a number of tubes 
to a smokebox over the firedoor, something in the Tuxford 
style. All the working parts of the engine are fixed toa 
heavy cast-iron saddle or bed plate on the boiler, for the 
French engineers will fix nothing to the boiler itself. The 
stroke and connecting rod are very short. The slide-valve 
box cover is cast on, so that the slide cannot be set when the 
slide box ison. There is a large vessel resembling a dome on 
the boiler, between the cylinder and chimney, but which is 
really a lofty feed-water heater, through which the exhaust 
pipe passes on its way to the blast nozzle. The regulator is 
an atmospheric pump, worked from the cross head, and lyin 
parallel with the feed pump, also worked from the cross head. 
By an adjusting valve the air may be compressed to any ex- 
tent to act through a piston upon the throttle valve. The 
idea is neat, but the wear of the pump must of course soon 
make continual adjustment necessary. The starting handle 
is in an almost inaccessible ap a high above everything 
except a large awning which covers the whole affair. We will 
venture to say that this engine—a “ portable”—weighs twice 
as much as any good English engine of the same power. 

M. Gerard, of Vierzon (Cher), exhibits, besides agricultural 
machinery, two portable engines of very fair design and 
finish. M. Gerard is a plain, good fellow, and he is certainly 
at the top of the French tree in respect of favour and 
patronage as an agricultural engineer. His machinery is 
supplied to the Emperor’s farms, and to all the domaines de 
V état. ‘He was decoré last December, as a chevalier of the 
Legion of Honour; he possesses (we don’t say boasts, for 
there is not a bit of boast in him) six grand medals of 
honour, 129 gold medals, and 61 silver medals. He took 
three grand prize gold medals last year, at Paris, besides an 
objet dart specially given by the Emperor. There, now! 
And look at the prices of his engines: an 8 horse for only 
284/., where our makers, still smarting under Clayton, 
Shuttleworth and Co.’s imperial rule, must be content with 
210/. But, then, Gerard’s have copper tubes, a cast-iron bed 
plate on the boiler supporting the cylinder, crank axle, &c., 
and they have also a large dome over the firebox. 

Let us look, briefly, at the English exhibits. 


The centrifugal pumping engine of Messrs. 
John and Henry Gwynne, of the Hammersmith 
Ironworks, forms—not so much from the scanti- 
ness of the exhibited machinery as from its own 
merits of design, and its remarkably rapid and 
effective working—the most interesting display 
in the machinery department, or Class XII. We 
subjoin a sketch of this engine, which we de-e 
scribed in our number of May 22nd last (pag 
502). It has a 5}in. cylinder and 43 in. stroke’ 
the pump being driven by a well designed form 
of frictional gearing at about two revolutions to 
one of the engine. The latter has worked at 414 
revolutions, corresponding to about twice that 
number of the pump, when throwing 500 gallons 
of water per minute to a height of 30 ft. Run 
without a load, the engine has gone at the great 
speed of 900 revolutions, or 675 ft. of piston per 
minute, and that with perfect smoothness and 
without any perceptible tremor in the bedplate. 
In the machine gallery it is throwing a fine cascade 
to a height of some 12 or 14 ft. The whole engine 
and pump occupies a space of but 3ft.5in. by 3ft. The 
main shaft, crank disc, and crank pin are made in a single 
piece of Bessemer steel, cast by the Bolton Iron and Steel 
Company, the piston and piston rod are also formed in a single 
piece of cast steel, and the guides, crosshead, and connecting- 
rod are also of steel. 

In striking contrast is some wood working machinery sent 
by a London firm—not, we need hardly say, by Messrs. 8. 
Worssam and Co., whose fine display, last year, at Paris was 
so much admired. The very different display to which we 





from its fellow cylinder. In the States these meters are em- 


now refer comprises three or four tools, including a band saw, 











a “joiner universal,” as nearly as we could make out, a mor- 
tising machine, &c. The proportions and details were not at 
all good, while the workmanship was skilfully bad. The 
castings were particularly rough, and much work that one 
would have expected to see turned out with care was, if any- 
thing, rougher yet. As for exhibition, it was the opinion of 
more than one of our mechanical engineers who saw it that 
it was discreditable to English workmanship. 

Messrs. Alexander Wilson. and Co. have improved upon 
the donkey pump or injector made by the late firm of Brown, 
Wilson, and Co. The steam cylinder, pump barrel, and wall- 
plate are cast in one, as before, but a straight connecting-rod 
is now employed, working from a stud projecting from the 
pump ram, and this stud works upon a guide, so that there is 
no chance, as before, of the oblique action of the connecting- 
rod partly turning the ram and steam piston together upon 
their axis, thus throwing a twisting strain upon the connect- 
ing-rod and crank-pin, which was likely to and often did 
cause sticking. The shaft of the fly-wheel and eccentric roller 
for working the valve are now outside the steam space, and 
are thus accessible for oiling. 

(To be continued.) 


THE SHOEBURYNESS EXPERIMENTS. 

Tue most important of the seven shields erected at Shoe- 
buryness, with a view to experimenting upon the efficiency 
of various forms of defence for land fortifications, is a modified 
section of the armour designed for the forts now being erected 
at Plymouth and at Bermuda. The former is situated about 
100 yards to the rear of the breakwater, and about the middle 
of its length. In the plan it is an oval with a major diameter 
of 151 ft., and a minor diameter of 121 ft. Founded on rock 
36 ft. beneath low water, the substructure of the fort is. built 
in solid masonry to the floor line of the battery, 16 ft. above 
high water level. The body, within the external iron casing, 
consists of independent concrete piers iron encased, and sup- 
porting girders, between which brick arches are turned, 
covered with 3ft. of concrete, forming a bomb-proof gun 
chamber beneath. At the junction of the armour plate shield 
wall with the concrete the latter is made of iron turnings and 
asphalte, a mixture weighing 200Ib. to the cube foot, - 
dually blended with ordinary concrete mixed in cement. The 
shield carries none of the overhead weight, but is only at- 
tached to the girders carrying the roof. The fort is entirely 
surrounded with an iron armour plating 15in. thick on the 
most exposed or seaward side, and 14 in. in thicknesson the land 
side. The diagrams on the next page will explain the exact 
construction of the shield. It consists of three superimposed 
ayers of iron plates; the external one, 5in. thick, laid in 
horizontal strakes ; a central layer, composed of vertical plates 
of the same thickness, and 164in. wide, except at the port 
holes, where a plate, 7 ft. long and 6 ft. wide, is used, the 
embrasure being cut out of this; the inner thickness consists 
of plates of the same strength, also 16} in. wide, but laid 
horizontally, crossing the central plates at right angles. 
The modifications in the experimental shield, which we illus- 
trate, are made principally to adapt it to the site upon which 
it has been erected. 

Granite foundations already existing at Shoeburyness were 
utilised for the shield to be erected on, and the foundations 
under one pier being defective, it has been strengthened by 
iron bars (a a, Fig. 3). The face of the shield was made 
straight, instead of curved, as is the case in the oval Ply- 
mouth breakwater fort. A bed-plate countersunk in the 
granite (b b, Figs. 2 and 3) has been adopted which has not 
yet been ordered for the Plymouth fort; an extra armour 
plate (dd, Figs. 1, 2, 3) has been superimposed on a portion 
of the outside, to carry out the original idea of strengthening 
the shield if found necessary. 

It was at first intended that the top row of outer plates 
should be made 3 in. thick and 21 ft. long, bent in the direc- 
tion of their length, and laid horizontally. This was found 
impracticable, and shorter plates with a vertical bend have 
been substituted. The middle and inner thicknesses are car- 
ried up to meet the bent top plate instead of being cut off 
square. An extra vertical backing has been added to the 
existing ones on each side of the porthole (Figs. 1 and 3). 
The porthole has been altered in shape to adapt it for guns 
on muzzle-pivoting carriages. Some of the holding bolts at 








each end of the shield have been increased trom 3in. to 3} in. 
in diameter, to compensate for the want of continuity in the 
experimental shield, a disadvantage which that at Plymouth 
does not labour under. A special arrangement of the roof 
girders were found necessary to adapt the structure to the 
site. The iron lining to the bomb-proof arches has been ex- 
tended to the rear of the casemate. All the bolts are seated 
upon elastic washers, and a layer of hide is introduced be- 
tween the second and third thicknesses of the shield, and 
on of the same are placed between the inner thickness 
and the uprights. 
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A comparison of the weights per superficial foot, with 
various 0} existing shields, shows that in metal at least 
the Plymouth target is superior :— 

ymouth wall, including standards, fastening Ib. 
bolts, &e. ... eco oes ose «. 740 
Do., strengthened and modified as in the Shoe- pet 
b ess ne ove eee coe 
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Bellerophon «- 393 «© 
Hereule (ssa 
‘ = } e89 


Gibraltar shield ... eee eee ose 
Oak packing has also been introduced between the iron 
and granite. Such isthe structure against which the greater 
proportion of the firing has been directed, but in eliition 
six other shields are to be experimented upon in the course 
of the trials. These comprise another experimental casemate, 
two single and wabecied iron plates 16 in. thick, one 
hammered (manufactured by the Thames Iron Company) 
the other rolled by Sir John Brown and Co., two iron -faced 
fort walls, and a gua shield manufactured by the 
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Millwall Iron Company. fhe following is a table of the 
dimensions of the guns used 
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THE PLYMOUTH SHIELD AT SHOEBURYNESS. 
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its junction with the Northern Railway at the central station * 


it takes a south-west course, but afterwards bears away south 
and east through all the sugar plantations in that part of the 
colony; thence it runs diagonally across the island until the 
sugar estates on the south-east shore are reached, through 
which it takes its course, and, bending sharp towards the 
north, terminates in a pier or jetty at the embouchére of the 
river de la Chaux, a stream which flows through a rocky 
gorge, discharging into the sea at a place named Mahebourg. 
level of rails at each end of the Midland line is only 
some 20 ft. above the sea, and the intermediate gradients are 
shown in the diagram of profile on the preceding page, upon 
which the invlinations are all figured. The summit is reached 
in fifteen miles and a half from Port Louis by a series of 
ascending gradients, the steepest of which is 1 in 27, while the 
levels throughout are regulated by the contour of the country, 
which has, as far as possible, been left undisturbed. The highest 
elevation attained by the railway is 1820 ft. above the sea, 
from which point the grades fall rapidly towards the termina- 
tion, eighteen miles and a half distant. On this side the 
country is not of quite so precipitous a character, and the 
grades are less severe, the ruling inclination being 1 in 30. 

This line on leaving the Port Louis station crosses an iron 
viaduct supported on screw piles, which crosses an inlet of the 
harbour almost in front of the town. Two miles further occurs 
the only extensive iron structure on the railway, the bridge 
over Grande River, a general view of which we have engraved. 
The rail level at this point is 129.75 ft. above the river which 
flows between steep and rocky banks, over a bed of boulders 
and fine gravel. The total length between abutments is 620 ft., 
and this is divided into five spans of 116 ft., supported on four 
piers. The girders are in two lengths, one being continuous 
over two spans, the other continuous over three. The river 
when at its mean height is confined to a course less than 100 ft. 
wide, so that all the piers have dry foundations. In excava- 
ting for the second and third piers, considerable trouble and 
delay were occasioned by the percolating of the water through 
the pervious bed of gravel and large stones, to such an extent 
that the pumping appliances available were not sufficient to 
keep the excavation by while the concrete foundations were 
being laid. It happened that the bridge was located at a 
spot where the river deepened into a pool, and this accumu- 
lation of water it was found necessary to remove by filling 
the bed to a height of 16 ft., reducing the depth of water to 
4 ft. The foundations of the second pier were then laid 
within a cofferdam divided into five compartments, carried 
down to a depth of 10 ft. below the minimum water 
level, only a fifth part of the excavation being made at 
a time, owing to the inability of the pumps to keep 
down the water. As soon as the ground was removed to 
its proper depth a mass of concrete, 7 ft. thick, was laid at 
the bottom, the operation being repeated in each compart- 
ment of the cofferdam until that part of the foundation was 
complete. On the concrete bed an ashlar block, 30 ft. 6 in. 
long by 17 ft. 6in., and 3ft. thick, was placed, the upper 
side dressed and levelled to receive the iron bed plates. 
The foundations for the first and fourth piers gave little 
trouble, as the bed plates were laid, in the former case on the 
levelled rock, and in the latter on a stone foundation built on 
the side of the bank. Each pier is formed of two cylinders 
10 ft. in diameter, resting upon sole plates 2} in. thick, bolted 
to the ashlar foundation. The cylinders were cast in lengths 
9ft.long and Ifin. thick, with the exception of the lower 
one, the top of which is 24 in., increased to 3 in. at the bottom. 
The rings were filled with concrete as they were got in place, 
and in the top of each column a pipe, 9 in. in diameter, and 
6 ft. long, was bedded in the concrete to serve as a holding- 
down bolt for the upper bedplate, on which the bridge girders 
rest. 

The bedplates are cast in eight pieces, the joints being all 
faced and planed and bolted together. y Nene srg each plate 
weighed 16 tons, and spanned across both cylinders, tying 
them together and distributing the superincumbent weight 
over the whole surface. No direct strain was brought upon 
the iron cylinders of the piers, the whole bearing being taken 
on the concrete, which was carried to a height of 3 in. above 
the upper edge of the ~ | ring. The girders, a section of which 
is shown, were launched from the abutments in two lengths, 
one of 252 ft., the other 368 ft. Considerable difficulty was expe- 
rienced in getting these into place, the sliding strips which 
were attached to the underside of the girders in the centre, 
failing when they were within 21 ft. of the first pier. Other 
means had to be adopted, and a line of permanent way was 
laid under each girder, baulks of timber were placed trans- 
versely on the rails, and the girders were wed 4 upon them ; 
upon these baulks, which were bolted together to form a 
carriage, the girders were apes pushed forward, fresh 
lengths being bolted on to the lower ends as the overhang in- 
creased. By this means the bridge was got into position within 
a week. The superstructure is formed of cross girders placed 
on the top of the main girders and covered with curved plates, 
between the longitudinal sleepers on which the permanent 
way is laid. The total weight in the structure is 1493 tons, 
of which 933 tons are taken for piers and general substructure, 
and 560 tons employed in the main and cross girders, road- 
wy &e. 

n the fearful hurricane which devastated the island on the 
night of March 11th, the shorter of the two continuous 
irders was blown off its bedplates and thrown, to the ground, 
leaving the columns uninjured, and the ae themselves 
in position; every possible precaution had been taken to 
prevent such a catastrophe, Mr. Hawkshaw, unwilling to 
trust to the dead weight of the iron in the structure, having 
bolted the girders to the bedplate with eight 1 in. bolts. 

Tho tratlic, which was interrupted for some time by this 
accident, has been resumed, the trains running across by a 
temporary timber bridge, and already the work of restoring 
and re-erecting the fallon girders is commenced. 

The contractors, Messrs. Brassey and Wythes, acting under 
the guidance of Mr, John Hawkshaw, as consulting engi- 
neer, commenced the construction of the Mauritius railways 
early in 1862, and the lines were opened for traffic, the North 
line in three years, the Midland twelve months later. 





THE 3 Fr. 6Iv. GAUGE IN CANADA. 


Mr. Cuarztes Doveras Fox has addressed to the 
editor of the Hamilton (Canada) Spectator a reply to 
the observations made in that journal, and also in our 
own columns, upon Mr. Fox’s advocacy in Canada of 
lines of 3 ft. 6in. gauge from Toronto to the north- 
east and north-west of that city. This reply we 
publish on page 603 of the present volume, and we give 
below an ably written counter feply from the Hamilton 
Spectator of June 1st. 

We referred in last Tuesday —- paper to a letter 
addressed by Mr. Charles Douglas Fox to the Toronto 
Leader, in reply to articles in ENGINEERING, recently re- 
published in Canada, reflecting in no complimentary terms 
upon that gentleman’s mission to this country and his advo- 
cacy of narrow gauge railways. Since then we have received 
a copy of the letter addressed to ourselves, and as an act of 
justice to Mr. Fox we publish it this morning. 

We have already made reference to the disgraceful dis- 
honesty of the quotations made by Mr. Fox from the editorials 
of ENGINEERING, and which he claims as admissions on the 
part of that journal, “in favour of a narrow gauge and of no 
small importance.” We showed that these so called “ admis- 
sions” are clauses of sentences, or portions of paragraphs, 
wrested from their connexion, and made to bear a meaning 
the very opposite of that which the writer intended they 
should bear. And we also pointed out that the statements 
of Mr. Fox in reference to the evidence given by himself and 
others before the railway committee, were extraordinarily 
inaccurate. We might let the matter rest with these ex- 
»0sures of the unfairness—to use no harsher term—of Mr. 
Fox’s letter; but as we publish it in full it may not be amiss 
to notice very briefly some of the other points in the com- 
munication. 

Passing over Mr. Fox’s ingenious attémpt to qualify his 
statement before the railway committee, that the cost of a 
8 ft. Gin. and a 6 ft. Gin. railway of equal traffic capacity, was 
as 15,000 dollars to 23,000 dollars per mile, and which, he 
says, had reference to a broad gauge line, not of equal capa- 
city only, but capable of taking the rolling stock of the main 
line, and giving him the full benefit of the correction, how 
stands the case? Mr. Fox knows that the estimated cost of 
the Wellington, Grey, and Bruce Railway, as reported by 
Mr. Reid, was 15,500 dollars per mile. He knows that the 
proposed railway is intended to take the rolling stock of the 
existing main lines; the discussion before the committee 
having turned mainly upon the question of transshipment, 
which, it was contended, would be avoided by the Guelph 
line. Mr. Reid has in his second report declared that the 
more detailed surveys and calculations which he has since 
made “have completely confirmed that estimate as amply 
sufficient to build a substantial broad gauge line adapted for 
the rolling stock of the existing main lines.” And if any 
further proof was necessary of the accuracy of this estimate, 
it is to be found in the fact that the branch line of the Great 
Western Railway to Petrolia, built under the superintendence 
of Mr. Reid, was built for 10,000 dollars complete per mile, 
and that over this branch the heaviest freight trains of the 
Great Western run daily. This fact proves clearly the value 
of Mr. Fox’s estimate, when he tells us that a substantial 
broad gauge, capable of taking the rolling stock of the main 
lines, cannot be built for less than 23,000 dollars per mile. 

Mr. Fox professes to doubt the accuracy of Mr. Reid’s 
estimate for the Wellington, Grey, and Bruce line, even 
although he declares that that estimate was for a railway run- 
ning over an almost perfectly level country, and almost 
entirely without bridges, as he can testify “from personal in- 
spection.” We have shown from the example of the Petrolia 
branch, that a substantial broad gauge line, over a level 
country, can be built for 10,000 dollars a mile, or with rolling 
stock for, say, 12,500 dollars. But Mr. Fox’s personal in- 
spection must have been of the most superficial and worthless 
description. The country to be traversed by the Wellington, 
Grey, and Bruce line is undoubtedly favourable, very favour- 
able; but it is not an “almost perfectly level country and 
almost entirely without bridges.” The plans and profiles of 
the line, now in the office of the chief engineer, show that the 
earthwork between Guelph and Mount Forest, or Harriston, 
averages nearly equal to 25,000 cubic yards per mile, and 
that there is, besides a bridge of 300 ft. span over the Grand 
River between Flora and Fergus, not less than 3000 lineal 
feet of trestle bridging between Guelph and Mount Forest. 
We greatly fear that if Mr. Fox’s estimate of the cost of the 
Toronto, Grey, and Bruce Railway, narrow gauge, is not 
more accurate than his description of the Guelph route, 
derived from “ personal inspection,” it is not very much to 
be relied upon. 

We are treated to the old question of the great saving to be 
effected by the adoption of sharper -curves which the narrow 
gauge renders possible. It is, however, on the testimony of 
the best practical engineers, doubtful whether any benefit is 
to be derived in this respect by the adoption of the 3 ft. 6 in. 
gauge. Asa matter of fact there are, at this moment, on 
numerous broad gauge railways, both on this continent and 
in Europe, curves of as small a radius as any which Mr. Fox 
sroposes to employ on the Toronto, Grey, and Bruce line. 
But even granting that he may adopt a sharper curve on a 


3 ft. 6 in. railway than could be done on one of the 5 ft. 6 in. 
gauge, he has to submit to amore than equivalent loss in an 
extension of his line, for the sharper the curves the longer 


must be the line ofrailway. If he saves, therefore, a trifle in 
first cost, he loses more than an equivalent for the saving 
thus effected in the increased cost of working the railway. 
But as Mr. Fox persists in his statement of the vast dif- 
ference in first cost between the narrow and broad gauge rail- 
way, and isdisposed to dispute the authority in that point ofsuch 
gentlemen as Mr. Reid and Mr. Shanly, perhaps he will accept 
the authority of Mr. Charles Douglas Fox himself. In the 
“ Transactions of the Institute of Civil Engineers,” we find a 


paper read by him before that body in 1867, after he had 





become a convert to the system, from which we give a few 
extracts. Referring to this question of cost, he said : 

“ The author considers that the gauge is, after all, a matter 
which must be entirely dependent upon surrounding cireum- 
stances, and which, if kept within certain limits, will not 
effect the costin ordinary countries to nearly so great an ex- 
tent as that which the author would repeat is, in his opinion, 
the basis of the light railway system—the reducing of the 
weight upon every wheel in the train to three tons.” 

So that according to Mr. Fox himself, when discussing this 
question before a body of professional gentlemen, and sub- 
ject to their criticism, the difference in cost in the construc- 
tion of the line itself is a very small matter between the 
3 ft. 6 in. and the 5 ft. 6in. gauge, the great point being the 
plan of construction of the rolling stock, a plan as applicable 
to the one gauge as the other. But Mr. Fox became even 
more positive on this qyestion of the relative cost of the broad 
and narrow gauge as i proceeded : 

“ He had described three lines, each having a gauge of 
3 ft. 6 in., but that was not the principle he advocated, but 
putting light weights on light rails. The gauge of these 
lines had been adopted from a variety of adventitious cir- 
cumstances. The question of gauge was one which must 
always be determined by the surrounding circumstances. 
He did not think the cost of railways through an ordinary 
country would be found to depend so much upon the gauge 
as on the way the lines were constructed.” 

That is surely sufficiently strong testimony from Mr. Fox 
+ fore the Institute of Civil Engineers to whose opinions his 
admirers in this country attach so much importance, to offset 
his statements made before the railway committee of the 
Legislative Assembly. But we have still another extract, 
which, had it been intended as an argument against the 
adoption of the narrow gauge in Canada, could not have 
been more forcibly put. Here it is: 

“ In acountry, however, where the Trunk lines already exist 
of either the 4it. 84 in. or some other gauge, and where the 
country through which the branch line has to pass, is not of 
a peculiarly difficult character, requiring very sharp curves, 
it would, in the author’s opinion, be generally found advisable 
to avoid break of gauge.” 

Here, then, is the testimony ‘of Mr. Fox, in England 
against the statements of the same Mr. Fox in Canada, and 
we ask our readers to contrast them. His English opinions 
bear out to the full the statements made by Mr. Reid and 
Mr. Shanly, during the last sitting of the Legislature of 
Ontario. They show that in the matter of first cost, the 
difference between the 3 ft. 6 in. and the 6 ft. 6in. gauge, 
is of very small importance, and that a break of gauge, 
where the Trunk lines already exist, is a thing to be avoided, 
except under extraordinary circumstances—the necessity for 
“very sharp curves.” It will hardly be contended that the 
counties of Wellington, Grey, and Bruce, present such 
engineering difficulties as to render these very sharp curves 
necessary ; indeed, Mr. Fox’s own “ personal inspection” of 
that district was such as to induce him to describe it as “an 
almost perfectly level country.” 

We cannot congratulate Mr. Fox upon his candour before 
the Committee of the Legislative Assembly last winter, in 
view of his own published opinions in England. His state- 
ments here were that in the first cost of a narrow gauge line 
a saving of 33 per cent. would be effected in comparison with 
the 5 ft. Gin. gauge; and he treated with the superciliousness 
of an acknowledged superior the counter statements of 
Canadian engineers. And yet now we find that those counter 
statements were in accordance with his own as made before 
the Institute of Civil Engineers in England only a few 
months previously. Nor can we congratulate him on his 
treatment of the articles of Encinrertne. He has not 
ventured to combat the statements of that journal in its own 
columns. He cannot claim that he had no opportunity of 
doing so; for we find in its columns letters from him ex- 
plaining his connexion with the Intercolonial Railway, and 
his tender for the consulting engineership of that line— 
letters which are utterly irreconcilable with his own previ- 
ously published statements. The truth is, that Mr. Fox will 
not venture to publish in England the opinions which he has 
not hesitated to express in this country. As the extracts 
which we give above prove, he has a different set of opinions 
for that market. But we are very much inclined to fear that 
in his efforts to “whip up business” on this side of the 
Atlantic, he has forgotten alike what was due to truth and 
candour and to his own professional character and reputation. 








OPENING OF THE Mont Cents Rattway.—The Mont 
Cenis line was fairly opened for traffic on Monday last. On 
that day two trains were despatched from each side of the 
mountain at hours calculated to unite the existing services to 
and from France and Italy, by the Paris, Lyons, and Medi- 
terranean line on the one hand, and by the Italian lines on 
the other. The service commenced from Susa by the 
despatch, at 6.30 a.m., of a train made up of one first, one 
second, and one third class carriage, and two fourgeons; and 
by eo of a second train, at 7.40 a.m., consisting of 
three first class carriages and two fourgeons. The first train 
arrived at St. Michel at 11.40 a.m., being five minutes before 
the appointed time, and the second at 12.53, being two minutes 
before the time appointed. The two trains together did not on 
this occasion carry more than twenty passengers altogether, no 
extraordinary means having been used to announce the open- 
ing beforehand. The first train from St. Michel was des- 
patched at 1.15 p.m., and it arrived at Susa punctually at 
6.30 p.m. ; and the second at 3.55 P.m., arriving at 9.10 P.M., 
the same two engines being used which had pany 
brought the trains trom Susa. The first of these trains took 
into Ttaly twenty-four out of twenty-nine passengers, who 
arrived by the Paris and Lyons line, the remaining five pre- 
ceding by the ordinary diligence ; and the second train was, 
in proportion, quite as succesful. The receipts of the day 
from passengers were about 1100 fr. from St. Michel alone 
the fares being 26 fr. for first class, 22 fr. for second, and 18 fr 
for third. The minimum fare by diligence is 35 fr. 
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PUBLISHER’S ANNOUNCEMENT. 








Notice.—A certificate has been given by a firm of 
accountants to the proprietors of The Engineer, stating 
that the circulation of that journal has largely increased 
within the last few years. The number of copies printed 
when Mr, Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 in 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and finally, while still under its former 
management, to 5000 in June 1862. Its present weekly 
issue after an interval of six years is but 5300. An un- 
truthful paragraph continues to appear weekly in the 
same journal, stating that its circulation exceeds, by 
many thousands, that of all the other engineering journals 
combined. The circulation of ENGINEERING zow 
exceeds that of The Engineer and Mechanics’ Magazine 
combined, and it is very rapidly increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 5 p.M.on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING ¢o annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to 
Pe 7 ay y be made payable only to Mr. 


Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 





Le bureau @ENGINEERING pour la France est 16, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the Nouveau PorTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE Fer may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the souE 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. Subscription price, ten dollars yearly in 
currency. 

ENGINEERING may be obtained in Russia, by sub- 
scribing for it at any of the Post-offices in the Empire. 
The price.is 10 silver roubles per annum in St. Petersburg, 
and 12 silver roubles in other parts of Russia. 


MEETING NEXT WEEK. 

CiviL AND MrcHaNicat Enaineenrs’ Soorety.—The next 
meeting of this Society will be held on Wednesday, the 24th 
inst, at 74 P.M. precisely, being the Annual General Meet- 
ing “ To receive the Report of the Council, elect officers for 
the ensuing session, and transact other business.” 
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THE SOUTHERN AMALGAMATION. 


Every one who, not a shareholder in the railways 
through Kent and to the south coast, has occasion 
to travel by those lines may congratulate himself that 
we have a House ef Lords. The Commons, so strong 
in railway directors, had passed the amalgamation 
scheme of the great southern confederacy, but the 
lords have promptly referred it to a select committee, 
one which, although in all probability quite alive to 
all the legitimate sividionee of amalgamation, is almost 
certain to report against a Bill conferring unheard-of 
powers and opposed to the public interest. The 
Marquis of Clanricarde and Earl Fortescue spoke 
strongly against the pretensions of the three great 
companies to saddle upon the public the interest upon 
a vast amount of “squandered capital,” and nearly all 
the noble speakers, upon the order of the day for the 
second reading of the Bill, declared many of its clauses 
to be “ objectionable,” or “impudent,” or “ unheard 
of,” these clauses being those for an increase of 
ordinary fares, for permitting unlimited express fares, 
for extra fares for the use of the five new metropolitan 
stations, Charing-cross, Cannon-street, Ludgate, and 
Victoria (two), of the respective companies, and for 
permitting them to charge as for six miles for any 
distance less than that from these stations. 

But while these clauses of the Bill ought on no 
account to be sanctioned, is it so certain that so much 
capital as is alleged—say, ten or fifteen millions— 

been “squandered”? If it be asserted that the 


works upon which this capital has been expended were 
not needed at all, there will be found many qualified 
judges of the present and prospective requirements of 
railway traffic who will at once maintain the contrary. 
The necessity for extending the South-Eastern line to 
or towards ‘the West End was foreseen more than 
twenty years ago, and that company applied for, and 
lost an Act in the session of 1845-6, to enable them 
to extend their line from the Bricklayers’ Arms to the 
Waterloo-road, near Waterloo-bridge, there to connect 
with the South-Western. There can be no question 
of the superiority of the Charing-cross scheme, as 
completed five years ago. The West End extension 
of the Brighton was carried out even earlier, and 
was hardly of less importance. Then came the 
Chatham and Dover, the receipts of which, per mile 
of its length, already exceed those of either the 
South-Eastern or the Brighton, while they are equal 
to those of the London and North-Western, and are 
two-thirds those of the Lancashire and Yorkshire. 
Its Ludgate terminus put upon the South-Eastern the 
necessity for a city station in Cannon-street, while 
also the Chatham Company already competed with the 
Brighton at Victoria, in so far as suburban traflic was 
concerned. 

But that, from a variety of causes, far more capital 
has been spent by the three companies than their pre- 
sent traflic can ee is beyond dispute. The South- 
Eastern and Brighton were compelled to carry out 
costly works to repair the mistake originally made in 
fixing their termini in the Borough, and far east at 
that. The Chatham lost vast sums of money in the 
very process of raising money. Whatever excess of 
capital has been spent beyond what the present traflic 
at the present rates will fairly support, has obviously 
been spent with the view of creating further traffic, 
and the shareholders should be content to wait until 
such traffic has been created. The whole of the exist- 
ing traffic of the three companies, now paying nearly 
three and a half millions yearly, may be said to have 
been created within the last thirty years, while, even 
so late as 1857, the total joint receipts of the Brighton 
and South-Eastern (the Chatham not being then in 
existence) were but 1,746,110/. Of course much of 
this great increase since 1857 has come from exten- 
sions and an even more than corresponding additional 
outlay, there having been but 450 miles in both the 
South-Eastern and Brighton systems in 1857, whereas 
the three lines now extend to 812 miles, The vital 
question for the shareholders now is, how much more 
traffic may yet be obtained without further capital ex- 
penditure? It may take a few years to “grow” 
another million or million and a half of annual traffic, 
but we have the example of the little underground 
railway in London, which is now earning its 225,000/. 
annually, or 50,0007. per mile, and that without caus- 
ing, as the reports of the London General Omnibus 
Company allege, any diminution in the omnibus traffic 
on or near the route of the line. The shareholders of the 
southern companies have cast their bread upon the 
waters, and they must wait patiently for its return. 
They will hardly improve their own position by attempt- 
ing to saddle their losses upon the public. If house 

roperty is to be deteriorated to the south of the 
Thames, there are plenty who will come north, and it 
would be but a short journey from the fine country 
along the Great Northern to Moorgate-street, or 
from Willesden, Cricklewood, Neasden, and “all that 
way” to Lime-street. However, there is now but 
little doubt that the House of Lords will, in protect- 
ing the public, wisely protect the shareholders against 
themselves. 








ENGINEERS AND SHAREHOLDERS. 


So much is being said just now of “ squandered” rail- 
way capital, that there are many who are ready to 
prefer an indictment for wanton waste against the 
railway engineers. Perhaps the costliest line of rail- 
way in the world, and the one, therefore, upon which 
the most capital may be imagined to have been 
“squandered” by the engineer, is the Charing-cross 
extension (with the Cannon-street branch) of the 
South-Eastern Railway. The whole length is about 
two miles, and in one way or another it has cost about 
three millions. A sovereign is Zin. in diameter, and 
thus a row of sovereigns laid flat, and edge to edge, 
for the length of a mile would contain 72,410/. ‘lo 
represent, therefore, the cost of the Charing-cross line 
would require twenty such rows of sovereigns, or a 
golden footpath 174 in. wide for its whole length. It 
was formerly said that the streets of London were 
paved with gold, and it may, perhaps, be said with 
justice that one at least of our metropolitan railways 





is well-nigh ballasted with the precious metal. 





Gold! and gold! the new and the old! 

The company (South-Eastern) ate and drank from gold, 

They revelled, they sang, and were merry. 

But the golden railway in question, which cost 
enough to lay it with a single line of golden rails of 
8 lb. to the yard, comprises, within its short length, 
two of the finest stations and hotels in London and 
two of the most important railway bridges over the 
Thames, and it is carried for nearly its entire length 
upon brick viaducts and iron bridges, over compara- 
tively costly property. In order to obtain the ground 
for one station Hungerford Market had to be pur- 
chased, and in order merely to cut off a corner of the 
garden of St. Thomas’s Hospital the whole of that 
establishment had to be acquired, upon compulsion, at 
a cost of three quarters of a million. Then there was 
Hungerford bridge to buy and take down, its only 
value to the purchasers, beyond its two piers, being 
that of the great chains now spanning the Avon at 
Clifton. All these items help to explain the other- 
wise inexplicable cost of a line but two miles long. 
And yet more has been said of the extravagance of the 
South Eastern directors in rebuilding Queen Eleanor’s 
cross in front of the hotel known by the name of the 
cross of /a chére reine, or the Charing-cross hotel, than 
for any other work which they ever sanctioned. 

The engineer of the Charing-cross Railway was Mr. 
Hawkshaw, and, costly as it has been, no competent 


judge can affirm that he was extravagant, nor was he 


in any way the promoter of the undertaking. It had 
long been an object with the South-Eastern directors 
to extend their line into Westminster. In 1845-6 
(their lime was opened February 6th, 1844) they sought 
powers to make an extension from Bricklayers’ Arms 
to the Waterloo-road, but their bill was thrown out 
because of an error in the levels shown upon their 
plan. The present Charing-cross line was projected 
early in 1858, or rather more than ten years ago, by 
the well-known Mr. Samuel Smiles, then secretary to 
the company, whose project was shared by Mr. Joln 
Charles Rees and Mr. Edward Ryde. ‘Their private 
prospectus, prepared for the South-Eastern directors, 
was not long afterwards placed in our hands, and it is 
but just to say that upon nearly every point relating 
to the necessity for and prospects of the line it was 
exhaustive and most convincing. It may be interest- 
ing to repeat here their original estimate of the lige, 
shortly afterwards undertaken and completed in 1863. 
This estimate, it was observed, “ may be relied on as 
“ample in every respect. ‘The quantities have been 
“taken out in full detail; every house and piece of 
 Jand has been surveyed and carefully valued, and as 
“regards the bridge across the Thames—the only 
“ engineering work of importance on the line—the 
“ opinions of men of practical experience in works of 
that character have Seen obtained.” 

The estimate for the line from London-bridge to 
Charing-cross was as follows : 





£ 

Land, compensation, &c. ... 659,000 
Bridge across Thames ove ee 160,000 
Charing-cross Station 70,000 
Brick viaduct at Py ose 88,300 
Nineteen iron girder bridges 41,500 
Permanent way, &c. ooo 13,760 
Alterations at London-bridge 27,800 
Minor works... one ee sae 9,640 

Tote. sso £1,070,000 


Nothing was said of purchasing the then existing 
Hungerford-bridge across the river, nothing of the 
great hotel at Charing-cross, and nothing of the in- 
vasion at one corner aud consequent compulsory pur- 
chase of the whole property of St. Thomas’s Hospital. 
As for the Cannon-street branch, with its bridge, 
station, and hotel, that had not then, perhaps, been 
thought of, for the London, Chatham, and Dover was 
hardly in nubibus, and their subsequent powerful com- 
petition for suburban traffic had not therefore arisen. 
Whatever the contractors for the strictly engineer- 
ing works of the Charing-cross Railway may have 
made them cost, there is certainly nothing extravagant 
in their magnitude or design. Mr. Hawkshaw was 
bound to plan them, not merely for the traffic of 1863, 
but for the inevitably far larger traffic of the end of 
the present century. It was necessary that the work 
should be as far as possible fima/, as any further exten- 
sion must involve very great cost. The great stations 
are found to be only fairly large enough for the pre- 
sent traffic, and will certainly be crowded within a few 
years. Something might have been saved in making 
their width in two or more spans, supporting a lower 
and lighter roof on intermediate rows of columns, but 
a station floor encumbered with columns always proves 
inconvenient for a large and, speaking comparatively, 
aristocratic traffic, and low roofs, with perhaps a dozen 
hissing and smoking engines standing under them at 
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the same time, are most objectionable. As for the 
bridges, the engineer might justly have incurred even 
a somewhat greater expense, in order to make them 
more in keeping with their position in the first capital 
of the world. Se some of them are not hideous, none 
of them are exactly beautiful, although all of them are 
no doubt strong. 

The public are mistaken if they imagine that our 
first-class engineers are “ promoters” of railways. They 
may sometimes vehantesllg lace themselves in com- 
munication with promoters, but they are oftener called 
in. Mr. Hawks 
“ promote” the Charing-cross Railway, and who sup- 
poses that Mr. Fowler ever “ promoted” the Metro- 
a Mr. Cubitt the London, Chatham, and Dover, 

r. W. H. Barlow the great works of the Midland 
Extension, Messrs. Hood and Bannister the Brighton 
new lines, or, to go much further back, that Mr. 
Robert Stephenson ever “ promoted ” the London and 
Birmingham, or Mr. Charles Vignoles the original 
Midland? Engineers, certainly, are interested in the 
multiplication and extension of railways, but they 
could not, if they tried, hoist the great flood-gates of 
capital and turn the golden stream upon their own 
favourite projects. Like marriageable ladies, they 
must wait to be asked, or, if they have a leap year 
now and then, it is only once in a long while. 

There is one especial difference among many others 
between an engineer and an architect. The latter is 
more commonly told to do his best with a certain sum 
of money, while the engineer is oftener left to deter- 
mine what works are requisite, his employers under- 
taking to find the necessary capital. It is true he may 
be instructed to make a double ora single line; or 
earthworks, &c., for a double line with but a single line 
of way; he may be asked to lay out a cheap surface 
line, or a thoroughly appointed railway with easy 
gradients and curves, even if this involves heavy works 
of construction. Still there must of necessity be much 
left to the unfettered judgment of the engineer, and 
within certain limits, his clients must adopt his plans 
in their integrity. In these matters a “ great” engi- 
neer, like a great general, or a powerful political 
leader, may carry his clients further than they may 
have expected—further than a man of less mark 
could have done. He should, therefore, and so 
sh@mld every railway engineer, have a thorough 
knowledge of the natural and commercial resources of 
the district within which he is about to commence his 
line—the actual extent, and direction, and growing 
tendencies of its trade, and its capacity for develop- 
ment—and this is to be fully considered in connexion 
with its commercial history for a period of years, 
knowing from this the rate at which its internal and 
external traffic has grown. Some districts will remain 
nearly stationary in respect of traffic for years after 
new works of communication and improvement have 
been carried out, while others will make the most 
wonderful progress. It is by a sound natural judg- 
ment of such matters that the engineer is able to 
adapt his plans very closely to what will be required 
of them, not merely as soon as carried out, but within 
a few years afterwards, and this is ina very great 
measure the secret of all successful modern engineer- 
ing. Good commercial judgment of this kind, in- 
cluding a thorough knowledge of the value of work in 
every branch of construction, goes even further than 
merely professional skill; and the engineers who are 
partioakely clever in constructive science are often, if 
not almost invariably, the subordinates of the commer- 
cial engineers, possessed of good powersof organisation. 
When, however, the engineer is instructed to carry 
out his line on a given general course Ae is not to be 
held accountable for law and parliamentary expenses, 
land, compensation, &c., nor is it because of Ais ex- 
travagance that nature has placed rivers, marshes, hills, 
and mountains in his way. At the same time he will 
consider the interests of the public as well as those 
for whom he acts, and will give his works a character 
befitting the means and position of the communities 
for whom they are provided. He will not plan his 
stations, even for a second-class line, upon the un- 
worthy models to be found upon such profitable lines 
as the Lancashire and Yorkshire, and Taff Vale, nor, 
for a third or fourth class line, like those which dis- 
grace the Blackwall Railway. We answer for the 
best opinion in the profession when we maintain that, 
despite the grand character of our modern railway 
works, there is a strong disposition among engineers to 
practise the truest economy. If boards of directors 
promote lines which can only pay after many years, 
shareholders should, and doubtless will, hold them ac- 
countable, and not the engineers who, when the 
-_ do take their work in band, are resolved to do it 
Ww 





w would have been the last man to I 








THE PERSIAN GULF CABLE. 


We have on several occasions alluded to the neces- 
sity of constructing any long length of submarine 
telegraph in duplicate throughout, so that the traffic 
shall not be interrupted every time that a portion of 
the cable requires renewal or repair. The last break- 
age on the Persian Gulf cable having—owing to the 
repairing ship being in dock—resulted in an unusually 
nee interruption, has pressed the necessity of a 
duplicate line still more forcibly on the notice of the 
ndian Government, and steps are being taken to 
duplicate the line throughout, partly by land lines and 
partly by a second cable. 

From dad to Bushire the line has already an 
alternative line vid Teheran and Shiraz, and between 
Kurrachee and Gwadur; a land line along the coast 
also supplements the cable. Between Gwadur and 
Bushire, however, telegraphic communication between 
Europe and India is entirely dependent on the single 
Persian Gulf cable running from Gwadur to Mussen- 
dom—on the Arabian coast—360 miles, and from 
thence to Bushire, 397 miles, or a total length of 757 
nautical miles of single submarine line. 

To supplement this, a land line is to be immediately 
constructed from Gwadur to Ras Jask, a distance, in a 
straight line, of about 270 nautical miles, but which will 
probably require a much greater length of line in order 
to keep a good route. From Ras Jask a cable is to be 
laid to Bushire, a distance of about 500 miles. For 
this length Government, on the recommendation of 
Lieutenant-Colonel Goldsmid, have determined to em- 

loy Hooper’s application of india-rubber for the insu- 
ating material, instead of gutta-percha, and thus this 
material, the excellent qualities of which we have often 
before alluded to, will be tried on an extensive scale. 

The protecting sheath of the cable is not as yet 
mpesited, but oy talions it will be very similar to that 
of the present Persian Gulf cable, viz., galvanised iron 
wires protected from rust by L. Clark’s patent 
serving and asphalte. 

The cable will be sent out in sailing ships, to be 
towed by steamers when laying the cable in the same 
way that the present cable was laid. ‘The testing and 
superintendence of the manufacture and laying of the 
cable has been entrusted to Mr. L. Clark, who will, no 
doubt, receive the able co-operation of Lieutenant 
Stiffe, the present resident engineer of the line. 

The present cable is also to be diverted from Mussen- 
dom station to a new station to be constructed on 
Angaum Island, near the Persian coast, as it is believed 
that this will be somewhat cooler than the present station 
at Mussendom, surrounded as it is on all sides by high 
rocks and mountains, which entirely shut out the sea 
breeze, and become heated during the day, radiating 
their heat out at night, thus keeping the place, night 
and day, at an uniform and almost insupportable 
temperature, sometimes ranging for days at 120° in 
the shade. This diversion of the cable will necessi- 
tate the raising and relaying of some 100 or 150 miles 
of cable, the building of a new station at Angaum, and 
the transport of all that can be carried away of the 
present station at Mussendom. 

Thus it will be seen that a considerable amount of 
work has to be carried out in the Persian Gulf, the 
direction of the whole of these operations being under 
the control of Lieutenant-Colonel Goldsmid, C.B:, 
and Major Chapain, R.E., the directors of the Indo- 
European and Persian Telegraphs. 

The Persian Gulf telegraph has been on the whole 
a very successful work. It was completed in May, 
1864, and has thus been at work four years, although, 
owing to the land line which connects it to the Con- 
stantinople and Bagdad not being completed until 
1865, it did not come into active operation until that 
date. It has been occasionally interrupted by the cable 
being chafed at places on rocky ground, but has 
always been promptly repaired, a steamer properly 
fitted for the operations of repair, with a competent 
staff, being stationed from the very first at Kurrachee 
to maintain the line. 

The cable is of a substantial pattern, and there is 
ample evidence to prove, that although in two or three 
places in two of the sections the cable has occasionally 
required repair, hundreds of miles of these sections are 
in as perfect a state as when first laid, whilst two of 
the sections have never been interrupted except at the 
extreme ends on the shore, where the gutta-percha has 
perished, owing to the dry heat to which it is exposed 
when not covered with water. Had Hooper’s core been 
employed, there is every reason to believe this would 
not have occurred. There was not, however, sufficient 
practical experience of the durability of this material 
at the date the line was projected to justify any en- 
gumeer in recommending it in preference to gutta- 


your army ?” asked the czar. 








[June 19, 1868. 
t credit on 


percha. Altogether the line reflects greai 
the late Lieutenant-colonel Stewart, who had to decide 
on all the points connected with the work, in the face 
of many conflicting opinions, and we trust that the 
work we have mentioned, which has now to be 
executed, will be carried out with equal success. 








RUSSIAN EXPLOSIVE BULLETS. 

Ir is related that once, when a former king of 
Denmark was on a visit to the Czar Nicholas, he was 
invited by that emperor to witness a review of Cos- 
sacks, to be held at some hours’ distance from the 
capital, in the wild region bordering on Finland. As. 
senting, he found himself the next day on an elevated 
plain, which stopped short at a steep precipice on one 
side. The review over, the emperor rode with him to 
near the brink, to point out to him the country lying 
below and beyond. A brief conversation ended, the 
ezar beckoned to him a young Cossack of his own 
staff, and, pointing to the abyss below, said, “ Leap !” 
The young horseman saluted his imperial master, 
and then aged instantly over the rock to be dashed 
to pieces below. ‘Have you soldiers like that in 
“No, thank God!’ re- 
plied the king. 

Humane Russia, whose soldiers are valued above 
price, and whose least wishes have been tenderly pro- 
vided for through so many reigns, has just asked the 

owers of Europe to give up the use (if, indeed, they 
fad begum it) of explosive rifle bullets. ‘The argu- 
ment is that while a solid bullet, if it strike a vital 
part, will kill its man, the shell can do no more, but 
that while the bullet causes comparatively little pain, 
the shell may cause the worst torture. So far, the 
argument, did it proceed upon sound premises, is 
indiapatably good and nobly humane. But while the 
bullet, unless it pass completely through one man to 
strike another—a not at all likely event—can at most 
bring down but a unit of the enemy’s force, is it cer- 
tain that the rifle shell would not wound two or three? 
Putting the question in another way, and supposing 
that we could dismiss, for a moment, all consideration 
of any difference in the pain caused by the respective 
missiles, would the Horse Guards be prepared, in case 
of war, to send our troops, firing Woolwich cartridges, 
against an enemy firing explosive shells? If the latter 
are really no more destructive than the former, it is 
time that the fact was proved and known. The 
Austrians at Keeniggratz and at Sadowa were 
wholly unprepared for the terrible needle gun, 
and if it comes to war between ourselves and 
Russia, we may be as completely overwhelmed by 
explosive musketry shells. For who, knowing aught 
of the Russians would waste admiration upon the 
disinterested philanthropy of the late diplomatic 
circular respecting explosive bullets? While the 
Czar is beseeching other powers not to think of 
such dreadful means of destruction, and arguing that 
they can put no more men dors de combat than the 
same number of bullets, his arsenals are doubtless 
making them by millions. All knowledge of this 
fact can be easily concealed. In the meantime what 
does our War Office know of explosive bullets? 
Has a single experiment, worthy the name, yet been 
made upon them to save us from being outwitted by 
any future enemy ? 








THE MONT CENIS RAILWAY. 
St. Michel, June 15th, 1868. 

At last the Mont Cenis railway has been opened 
for regular traffic. The delays which have occurred 
have been so numerous, and of such long duration, 
that many people had begun to doubt whether the line 
would ever be opened at all. It is only fair to say that, 
to a certain extent, the delays were occasioned by causes 
beyond the control of the railway company. Of these 
the most important was the disastrous flood which 
occurred at the latter end of 1866, and which destroyed, 
or more or less damaged, both the line and the ordinary 
carriage road for miles above St. Michel. As many of 
our readers are no doubt aware, the Mont Cenis line 
follows closely, for a considerable distance above St. 
Michel, the course of the Arc, a mountain torrent 
which takes its turbulent course amongst rocks and 
scattered boulders, its stream being one constant suc- 
cession of falls and rapids; and at the date we men- 
tion this torrent, much swollen by heavy rains, had 
become blocked near Bramans, at a point some twenty 
miles above St. Michel, by debris brought down by 
a tributary which there joims the main stream. The 
consequence was that the water was pent up, Sams 
a deep lake, until at last a head was attained whic 
carried away the obstacles, and the suddenly released 
flood poured down the valley, carrying everything 
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before it. Permanent way and bridges were destroyed 
and carried down with the stream, portions of the 
girders, rails, &c., striking against works below and 
augmenting the damage. At one time, in fact, it was 
feared that the works and station at St. Michel would 
be carried away, but luckily the flood subsided, leav- 
ing them comparatively uninjured. 

otwithstanding the damage it inflicted, the flood 
above-mentioned cannot be regarded as an unmixed 
evil. Advantage was taken of the line and the road- 
way having to be reconstructed to improve the 
gradients and curves, and massive retaining walls 
were built, which will probably ensure the maintenance 
of the Arc in its proper course in future. The delay 
in the completion of the line caused by the flood was, 
so far as it went, of course unavoidable ; but it is ex- 
tremely doubtful whether the line would have opened 
much earlier than it has been, even if the flood had 
not occurred. There have undoubtedly been many 
difficulties met with in getting the rolling stock com- 
pleted and into fair working order, and we are inclined 
to believe that even now many of these difficulties have 
only been overcome temporarily, and that they will 
again develope themselves under the influence of regu- 
lar traffic. ‘These, however, are matters which we 
shall consider in greater detail presently, it being our 
intention to first describe the line as it at present 
exists. 

It was expected, and, indeed, announced more than 
twelve months ago, that the damage done by the flood 
would be repaired, and the Mont Cenis line opened 
during the past year; but delay after delay occurred, 
until, finally, in April last, it was formally announced 
that the opening would take place in May. Even this 
announcement was destined to be unfulfilled. During 
May, however, the experimental running lasting fifteen 
consecutive days—which the company were required 
to carry out in fulfilment of their agreement with the 
Italian Government—was commenced, and it was com- 
pleted on the 2nd inst., one train being run over the 
pass in each direction without accident during the 
fifteen days ending on that date. Under these cir- 
cumstances a further announcement was then made, 
that the opening for traffic would certainly take place 
on the 8th inst.; and being desirous of seeing and 
studying the regular working of the line, we our- 
selves paid a visit to the Mont Cenis the week 
before last. On arriving at St. Michel, we were 
informed that a further postponement had taken 
place, and that the opening had been deferred until 
to-day, the 15th inst., when, as no doubt most of our 
readers will be aware before this appears, it did actually 
take place. We have given the details of the traffic on 
the opening day in a paragraph on another page. This 
last delay is another of those which cannot be fairly 
charged to the Mont Cenis Railway Company, or, at 
all events, to its engineering staff, it having been caused 
by some difficulty in arranging with the French and 
Italian railway companies respecting the times at 
which the trains should be run. It seems somewhat 
strange, however, that this could not have been 
arranged previously; the time for doing so having 
certainly been ample. 

The delay in the opening, however, did not prevent 
us from investigating the working of the mid-rail 
system. By the courtesy of Mr. Barnes, the superin- 
tendent of the line, we were permitted to perform the 
trip from St. Michel to Susa by a special train, which 
was sent over on the morning of the 8th inst., this train 
consisting of an engine (which was to be stationed at 
Susa in preparation for the opening of the line) two 
trucks containing matériel for the stations, &c., and a 
first-class carriage. There were several passengers 
besides ourselves, and amongst them M. Rosso, tlie 
engineer by whom the line was originally laid out. The 
details of the trip we shall now proceed to describe. 

In the first place it may be as well that we should 

ive some additional particulars of the train itself. 
The engine, No. 14, was the last that had been 
delivered by Messrs. Gouin and Co., of Paris, and 
with the exception of a short run made by it on the 
Saturday evening previous, it may he said to have 
been untried. It had one pair of cylinders 15 in. in 
diameter by 16in. stroke, the gear for working the 
horizontal and vertical wheels Feing arranged in the 
manner which we illustrated in Fig. 5, on page 285 of 
our third volume. ‘The front pair of horizontal wheels 
are driven by connecting-rods leading direct from the 
piston rod crossheads, and they are connected with 
the hind pair of horizontal wheels by a complicated 
arrangement of coupling rods and levers which will 
be best understood by reference to the engraving 
already mentioned. The vertical wheels, on the other 
hand, are driven from the crossheads through the 








intervention of rocking shafts, the motion being 
transmitted through no less than six joints be- 
tween each crosshead, and the corresponding driv- 
ing crank pin. In these six joints the two bear- 
ings of the rocking shaft itself are not included. We 
shall, however, leave for future consideration the com- 
plexity of the whole arrangement, and the great amount 
of wear and tear which is sure to ensue from its adop- 
tion, and merely give here a few further particulars of 
the engine and train, before describing our trip. The 
engine has two pairs of vertical and two pairs of 
horizontal wheels, all, of course, being of the same 
diameter, namely, 2ft.4in. The axles of the vertical 
wheels are but 7 ft. 6in. apart from centre to centre, 
whilst the total length of the engine over all is 
20 ft. 6 in., the overhang being thus very great. The 
width of the engine over all is 7 ft. 4in., whilst the 
gauge of the line is, as most of our readers are aware, 
3 ft. 7}in. The weight of the engine empty is 18} 
tons, and in full working order, about 22 tons. 

The train consisted, besides the engine, of two goods 
trucks and one first-class carriage. The trucks weighed, 
when empty, 2708 kilogs., or about 2 tons 14 cwt., and 
were capable of carrying a load of 5000 kilogs. or, 
say,5tons. They were carried on two pairs of wheels 
and were fitted with one pair of guiding wheels acting 
against the mid rail, as well as with two brakes, one 
acting on the mid-rail and the other on the carrying 
wheels. The first, second, and third class carriages 
for the Mont Cenis line are alike in their general 
dimensions and construction; but, of course, differ in the 
style of their fittings. They are 4} metres, or about 
14 ft. 9in. long, by 6 ft. 7m, wide, and 6ft. 103 in. 
high at the centre ; and they are carried on two pairs 
of wheels .7 metres or 2 ft. 34 in. in diameter, placed 
at a distance of only 1.85 metres, or about 6 ft. 1 in. 
from centre to centre. They were built by MM. 
Chevalier, Cheilus, and Co., of Paris, and they are 
very good specimens of workmanship. Like the 
wagons, the carriages are fitted with a pair of guide 
wheels, arranged so as to bear against the mid-rail, 
and they also have brakes acting on the mid-rail and 
on the vertical wheels. Originally the carriages were 
fitted with two pairs of guide wheels, one pair near 
each end, but one of these pairs has now been re- 
moved, and it is said that the carriages traverse 
the curves more readily in consequence. The end 
of the carriage to which the guide wheels is fitted 
is placed towards the rear of the train. We illustrated 
and described the arrangement of these guide wheels, 
and also that of the mid-rail brake, on page 289 of our 
third volume. The first class carriages are intended 
to carry twelve, the second class, fourteen, and the 
third class, sixteen passengers, the seats being placed 
longitudinally, as in an omnibus. In the first class 
carriages the seats are divided by arms into spaces 
accommodating two passengers each, and they are 
very sonbealille trimmed and cushioned. The second 
class carriages are also comfortably cushioned, but the 
seats are without arms; whilst in the third class 
carriages have plain seats without cushions. The car- 
riages are fitted with central buffers and ——e com- 
bined, and their weight, empty, is 3415 kilogrammes 
or about 3 tons 8 cwt., a weight which is, we think, 
rather excessive under the circumstances. On the 
occasion of our trip the two trucks were loaded with 
materials for the stations, and the weight of the train 
was made up as follows : 

tons cwt. 
Engine 22 0 





Twotrucks ... 00 eons 5 8 
Carriage éin “ ee 8 8 
Passengers and load in trucks, about 8 5 

Total ... ove 39 1 


or say 39 tons, of which 17 tons was the load hauled 
by the engine. 

The start was made from St. Michel at 7.56 a. m., 
with the engine working merely as an ordinary loco- 
motive, the horizontal wheels exerting no pressure 
against the mid-rail. On leaving St. Michel the line 
rises for a short distance at an inclination of 1 in 50, 
and this gradient is succeeded by others of 1 in 20 
and 1 in 37, each extending about amile. After these 
comes a long gradient of 1 in 59, which extends to 
Fourneaux, the site of the Mont Cenis tunnel works, 
about 9$ miles above St. Michel. On the incline of 
1 in 20, already mentioned, the first length of mid-rail 
is met with, and at the top of this gradient the line is 
led by sharp curves on to a bridge by which it crosses 
from the right to the left-hand bank of the river 
Arc. About a mile and a half higher up the line 

ain crosses the river by a plate girder bridge of 
160 ft. _ named the Pont de la Denise, and 


shortly after passing over this, at 8.11 a.m., a stop 





was made to examine the engine. This examination 
showed an abundant supply of hot bearings, some of 
them, very hot, although, luckily, not so hot as to pre- 
vent us from renewing our journey after a stop of 
44 minutes. A great deal has been said about the bad 
workmanship of engines supplied to the Mont Cenis 
Company by the French makers, and much of the delay 
in the opening of the line has been laid to this cause. To 
a certain extent the complaints which have been made 
appear to be justifiable, but we certainly think that all 
defects have been made the most of. Quite as serious 
failures appear to have been due to errors in the 
design of the engines as to defects in the workman- 
ship. Thus the engines were at first planned with 
three pairs of wheels, but it was found, on an engine 
so constructed being delivered, that it could not be 
made to traverse the curves, and the design had, con- 
sequently, to be modified, one pair of wheels being 
removed. This failure was decidedly not chargeable 
to the French makers. Again, the engines were fitted 
with iron rocking shafts, 5 in. in diameter at the bear- 
ings, and these were found to break. In some of the 
instances the material was decidedly bad, the fractures 
showing extensive flaws, as some specimens kept at 
the works at St. Michel testify; but if the fractures 
had been due to bad workmanship alone it would 
merely have been necessary to replace the broken 
shafts by sound ones of the same dimensions, whereas, 
instead of this, they have been replaced by s¢ee/ shafts 
7 in. in diameter in the journals, a tacit admission that 
the first shafts had been designed too light. It may 
be asked, how can a steel rocking shaft 7 in. in 
diameter at the smallest part be required for engines 
of the dimensions of those used on the Mont Cenis 
line; but we think that when we come to consider 
the construction of the engines in greater detail we 
can give good reasons why shafts of such strength are 
needed. We have mentioned the above facts because 
we consider that in some quarters more blame has been 
laid upon Messrs. Gouin than is justly their due; but 
at the same time there is abundant evidence to show 
that for some faults they are decidedly responsible. 
We have been given to understand that there hag been 
an abundant crop of hot bearings and other failures 
due to defective fitting, and the experience on our own 
trip gave evidence of this It is in fact with the 
working gear generally that the worse fault has been 
found ; the boilers appearing to be a good job. 

To return, however, to our trip. After the stop we 
have mentioned, a run was made up to Lapraz, the 
first water station, which was reached at 8.36 a.m., 
and where a stop of eight minutes was made to take 
water and oil the engine, the hot ee of which did 
not show much sign of improvement. Before Lapraz 
was reached, the line again crossed the Arc by a bridge 
named the Pont de Chevies, and resumed its course 
on the left bank of that stream. All along the portion 
of the valley through which we had passed we were 
reminded by the new works and by other less orderly 
indications, of the disastrous flood of 1866; and we 
may mention here that the new river and other 
retaining walls which have been erected are fine speci- 
mens of substantial workmanship, and do great credit 
to the contractors. A start was made from Lapraz 
at 8.44, and a quarter of an hour later Fourneaux was 
reached and passed. At Fourneaux are the works 
connecting the French end of the Mont Cenis tunnel ; 
but as we intend to describe these in detail on an 
early occasion, we shall say no more about them here. 
A short distance on the St. Michel side of Fourneaux is 
a point at which the line passes at the foot of a steep 
slope, down which land slips or rather, if we may be 
allowed to coin the word, “ boulder-slips” are almost 
continually taking place. At the time we passed, a 
gang of labourers were at work clearing both the line 
and carriage road of the débris of a recent fall, and we 
believe that it will be necessary to keep men con- 
stantly stationed at this point. From the construc- 
tion of the engines and rolling stock, there is so little 
clearance beneath them, that any stones or other ob- 
stacles of more than 4in. or so in height, even be- 
tween the lines of rails, are a source of danger. 

Between Fourneaux and Modane, a distance of 
about a mile, the line rises with an easy gradient of 1 
in 250, and the latter place—the first regular station 
on the line—was reached at 9.9 a.m. Here a stop of 
28 minues was made, the engine being oiled, water 
being taken, and the goods trucks being partly un- 
loaded and reloaded. Immediately upon leaving the 
Modane station the first gradient of 1 in 12 is met 
with, and this gradient, which is partially on a curve, 
the engine ascended with the greatest ease, although, 
as we have already stated, no pressure was being 
exerted by the horizontal wheels on the mid-rail. In 
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fact, as far as adhesion was concerned, we feel sure 
that the whole trip might have been as well performed 
without any gripe being exerted on the mid-rail as 
with it, the day being fine and the rails clean and dry. 
The gradient of 1 in 12, just mentioned, is succeeded 
by one of 1 in 164, and this again by a longer grade— 
nearly three miles in length—of 1 in 50. After pass- 
ing a series of awkward curves, a view is obtained of 





Fort l’Esseillon, a fort, the principal works of which | 


have been destroyed since the annexation of Savoy 
to France. At this portion of the line the scenery is 
of the most grandly desolate character. The railway 
itself passes along the edge of a precipice many hun- 
dred feet in depth, at the foot of which rushes the Are, 
a boiling torrent. Above, rises the rugged mountain 
side, whilst opposite, across the valley, stands Fort 
l’ Esseillon, Pe as grimly frowning as those old 
castles of which we read in legendary lore. Alto- 
gether, the view is one which, once seen, can never be 
forgotten. 

From opposite Fort I’Esseillon the railway descends 
by a gradient of 1 in 454, there being on this portion 
of the line a continuous series of reverse curves of 40 
metres radius, the appearance of which, regarded from 
the footplate, is not reassuring. However all this 
portion of the road is laid with the mid-rail, and with 
some little squealing on the part of the engine and 
vehicles, the curves were passed safely, and after 
crossing a rocky gorge a point was reached at which 
the line again commences to ascend by a gradient of 
1 in 534 to Bramans, the next station. 
reached at 9.134 and, water being taken in, at 9.2 
another start was made. Beyond Bramans the line 
rises by the comparatively easy gradient of 1 in 111 
to Termignon, the next station, crossing on its way 
to the right-hand bank of the Are. Along this 
portion of the road, the line keeps but little above 
the level of the river, and the scenery is far less 
rugged, but not on that account the less beautiful. 
We arrived at ‘Termignon at 10.47, and started 
again at 10.55, the intervening time having been 
occupied in taking water, &c., and changing the loads 
on the trucks. On leaving Termignon a portion of 
the*railway to be subsequently traversed is seen far 
above on the hillside to the right, and it is only 
reached after a long detour, during which the line 
ascends a gradient of 70 in 1000 or Lin 14.3 This 
rise being accomplished the line again descends by a 
gradient of 1 in 33 for a distance of nearly two miles, 
its course being taken along the side of a thickly 
wooded gorge, at some points 500 ft. in depth, and at 
the bottom of which the Arc may be seen winding its 
way amongst the boulders, which form its bed. At one 
point two gigantic masses of rock contract the stream— 
elsewhere from 40 to 60 {t. and upwards in breadth—to 
a width of 6 or 8 ft., a narrow passage through which 
it rushes as a dark, deep, and rapid torrent. 

(To be continued.) 


THE 3 Fr. 6 Ix. GAUGE. 

Mr. Firzerpson, the engineer in chief of the 
Queensland Railways, of which, we believe, about 
300 miles have been constructed, all upon the 3 ft. 6 in. 
gauge, was lately in Canada, and addressed the Board 
of Trade of Toronto, strongly in favour of the intro- 
duction of the same narrow gauge into that country. 
It will be recollected that Mr. Charles Douglas Fox 
was not long ago in Canada, where he was an in- 
dustrious supporter of the narrow gauge scheme, and 
succeeded by his influence in securing acts for the 
construction of 3 ft. 6 in. lines to the north-east and 
north-west of Toronto, the grant of these acts having 
been obtained, however, by a very small majority in 
the Canadian Parliament, and in direct opposition to 
the report of the legislative committee to which the 
subject had been referred. The mechanical inferiority 
of the extremely narrow gauge, and the national dis- 


advantages of a break of gauge in any country are | 


such, however, as the Canadian people are likely to 
comprehend, and it is satisfactory; to find in the ad- 
dress of the chairman at a meeting of the shareholders 
of the Wellington, Grey, and Fruce Railway, a line 
authorised and to be made, of the 5 ft. 6 in. gauge, in 
nearly the same district as one of the authorised 
3 ft. 6 in. lines, that he had “received the strongest 
“assurances that the people of the county of Bruce 
‘have no confidence in the narrow gauge railway 
system. The temporary popularity which it obtained 


¢ 


* was due to the anxiety of the people of that county to | 


obtain railway facilities of some kind, and the im- 
pression of its supposed greater cheapness was a 
strong point in its favour. But the more thorough 
* discussion of the merits of the system since, and the 
“ proofs afforded that, even in the matter of cost, the 


Bramans was | 





| « difference was very slight, and does not all com- 
| * pensate for the inferiority of the line, has greatly 
“ dissipated this popularity. And the publication of 

‘Mr. Reid’s report, now submitted, in which he 

states that the more detailed surveys and calculations 

which he has made since his first report, has com- 
pletely confirmed his estimate of $15,500 a mile, as 
amply sufficient to build a substantial broad gauge 

‘line, adapted for the rolling stock of the existing 

main lines, will do much towards establishing your 

road iy the confidence of the people.” 

Mr. Fitzgibbon, in his address to the Toronto 
Board of Trade, dealt with the question of gauge in a 
| most ad captandum manner, although he quoted a mass 
| of indisputable facts. Facts are of great importance 
in themselves, but so are the relations which facts 
|bear to each other, and so, too, it is most important 
| that the application of facts to any case to be proved 
| be not only candid but logically just. It is a fact that 
|the Great Western Railway, of 7 ft. gauge, cost up- 
| wards of 70,000/. per mile, and it is a fact that many 
llines of 4ft. 8$in. gauge have been made for from 
| 50002; to 6000/. per mile; but if it were asserted that 
lthe difference in cost arose solely from the difference 
lof gauge, we should need only to point to the Charing 
| Cross line, which has cost nearly 1,500,000/. per mile, 
and thus show (?) that the 7 {t. gauge was, after all, 
much the cheapest. And it was with arguments much 
of this kind that Mr. Fitzgibbon impressed his views 
upon the leading men of ‘Toronto. He had, he said, 
“read the articles in ENGINEERING, which were re- 
‘produced in the local journals here, and had seen 
‘ nothing in them against the line but mere assertion, 
“and no statement whatever was made which could 
“not be controverted in a very few minutes. The 
“whole of the statements made would, he did not 
“ doubt, soon be answered in the proper quarter. All 
“the assertions made resolved into one—that the 
difference in the cost is merely nominal.” 

Of course any statement whatever may be “ contro- 
verted,” or, in another word, disputed, as well in 
one or a few seconds as in “a few minutes ;” but to 
controvert is not to confute, any more than to dispute 
is to disprove, and Mr. Fitzgibbon wisely abstained 
from attempting to disprove any substautial statement 
advanced by ourselves. 

The self-deception, or imparted deception, as the 

case may be, in the arguments of the advocates of the 
3 ft. 6 in. gauge, is that wider lines are costly solely 
because they are wider, and that the narrower lines are 
cheaper Jecause they are narrower, and zot because 
they are less strongly built, made for a less rolling 
weight on each wheel, and to be worked at a slower 
speed. Says Mr. Fitzgibbon, “ you must arrange your 
gauge to the amount of traflic and rate of speed,” but 
here he goes but halfway to the truth. It is perfectly 
true that a very narrow gauge will not only not suit, 
but cannot possibly work a large and fast traffic, but 
the widest gauge, on the contrary, will safely and effec- 
tively work the smallest and slowest traffic, although 
jit may be at the same time unnecessarily wide for the 
|purpose. And there is at hand the most abundant 
| proof from actual experience, as well as every reason 
' founded upon an analytical comparison of the structure 
|of lines differing only in gauge, that the addition of 
| 2 ft. to the width of a 3 ft. 6in. line would add but 
|little to its cost, while it would greatly add to the 
jsteadiness of the trains, and to the ease of keep- 
ing up the way; and the original adoption of the 
greater width would furthermore greatly lessen the 
subsequent cost of bringing it into connexion with 
a system of 5 ft. 6 in. railways already existing in 
a neighbouring district. A railway of any gauge 
may be a most. imperfect affair, but the best rail- 
way of 3 ft. 6 in. gauge is necessarily inferior to 
such a one as may be constructed on a wider gauge. 
To state all this to any competent engineer is to state 
| what he fully knows already; but when engineers set 
up in the electioneering line, and give public addresses 
to prospective shareholders with the view of securing 
an engagement, it is as well to repeat, as we have done 
in former articles, the reasons, such as every non- 
professional man may easily understand, wy a railway, 
which is better merely because of having a wider 
gauge, being in all other respects ¢#e same in con- 
struction, cannot possibly cost but very little more 
than a narrower line, except only in those occasional 
but rare instances where curves of moderate radius 
can only be obtained at a greatly increased cost. 

In Western Canada there is no district where at 
least 10 chain curves cannot be got in at a compara- 
tively moderate cost, and there would be no valid 
excuse for adopting sharper curves even on a 3 ft. 6 in. 
line. But it is probably enough that, as the chairman 
of the Wellington, Grey, and Bruce line told his share- 








holders, he had received the strongest assurances that 
the people of the county of Grey (and we think he 
would obtain further assurances from the people of all 
Canada) have no confidence in the narrow (3 [t. 6 in.) 
gauge system of railways. 


THE DOM PEDRO II. RAILWAY, BRAZIL. 

We illustrate on page 591 a further example of en- 
gineering work upon this Brazilian railway. The bridge in 
question crosses the river Pirahy, in one main span of 81 ft., 
a smaller opening of 25 ft., and three land arches, one of 
25 ft., and two of 15 ft. each. There is nothing remarkable 
in the dimensions of the bridge, and it is only worthy of 
illustration, as a type of many others, on the same railway, 
built, far as the ironwork is concerned, of material 
upon the ground, and worthless save for its adaptation. 
This and other structures, with the exception of the bracing, 
which consists of light bar and T irons, is built wholly of 
3arlow rails, which had been replaced on the road by other 
of a more serviceable section. In the Pirahy bridge, the 
arch itself is formed of four Barlow rails, placed in pairs, with 
the heads of the rails outward, and riveted together at 
the foot. Two tiers form the bottom chord of this bridge, 
the top chord being formed of two rails similarly fastened to- 
gether. The vertical struts are flat bars, stiffened with T irons, 
placed about 5 ft. apart, and form the only spandril filling 
used in the bridge. The upper and lower ends of these 
vertical struts are passed between the Barlow rails forming 
the top and bottom chord, and are bolted tothem. Fora 
distance of 30 ft. in the centre, a solid plate web is used in- 
stead of the standard. Each cross girder is formed of one 
Barlow rail laid on the top chord, and projecting 2 ft. on each 
side beyond it. Upon these cross girders, which are spaced 
some 5ft. apart, the permanent way is laid. The bridge is 
neither ballasted nor planked, but is left entirely open. 
Major Andrew Ellison, the engineer to the Dom Pedro Rail- 
way, has constructed several bridges upon this system with 
great rapidity and economy, as he had the material lying 
ready to his hand. Under such circumstences, the Barlow 
ail may be used advantageously for construction; but when, as 
in the case of the Clevedon Pier, we described and illustrated 
some time since, the iron is rolled purposely, an expen- 
sive section is produced, which is not the best adapted 
for doing its work. We may again make use of Major Elli- 
son’s portfolio, as it contains many good illustrations of ex- 
pedient engineering in a country where material and labour 
are scarce, and fertility of imagination is an essential ele- 
ment. 
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Great AND Littte Enoinerers.—Cargill, Thomas, 
A.B.M.S.E., pupil of W. R. Le Fann, M.1.C.E., Chief Com- 
missioner of H.M.’s Works in Ireland. His works comprise 
the erection of extensive engineering works, branch railways, 
and jetties at Erith, Kent, as resident engineer for Messrs. 
Easton, Amos, and Sons, Southwark. Is author of a paper 
on “ Railway Bridge at le Place de l'Europe, Paris,” prize 
papers contributed to the Society of Engineers, and articles 
in the Engineer, Mechanic’s Magazine, and Civil Engineer's 
and Architect's Journal. Mallet, Robert, of Westminster- 
Chambers, Victoria-street, London, 8S.W., M.A.T.C., Dublin, 
and M.I.A., Causa Honoris, T.C.D., F.R.S., F.G.S., Past 
President, R.G.S.I., M.R.I.A., Ph. D., Causa Honoris Univ. 
of Giessen, Hon. Member R.S.A., Scotland, Hon. Member 
LA.S., Dijon, Hon. Member U.S.I. and R.A.I. Woolwich, 
Past President I.C.I. of Ireland, Member I.M.E., Member 
Nor. Mining Institute. Author of a work “ On the Physical 
Conditions of the Materials Employed in the Construction 
of Artillery,” of one “ On the First Principles of Observational 
Seismology,” of papers and reports in the philosophical and 
other transactions. Telford, Royal D. Society, and Cunning- 
ham, medallist. Inventor of Mallet’s patent buckled plates 
and of muzzle pivoting artillery. editor-in-chief of the 
Practical Mechanics’ Journal; formerly sole managing 
partner of the Victoria Foundry and Engineering Works, 
Dublin; consulting engineer. The Architects’, Engineers’, 
and Building Trades’ Directory, a handsome and useful 
volume recently published, has much interesting reading in 
the shape of brief biographical notices, such as we have quoted 
above, notices so comprehensive and complete, that none but 
the owners of the illustrious names which head these histories 
could have penned them. The publishers, for instance, never 
could have learnt all Mr. Mallet’s qualifications, nor have 
imagined that his autograph could boast of a tail of two and 
forty letters, if he had not told them. Again, the thrilling 
story of Sir Charles Fox, “engaged 18 hours a day for seven 
weeks on the drawings for the Great Exhibition Building,” 
must have come from a knightly source. Beside these copious, 
gushing records, such a notice as “John Fowler, Past Presi- 
dent of the Institution of Civil Engineers,” looks very small 
and insignificant, though possibly it may carry more weight 
with the profession than Mr. Mallet’s alphabetical honours, 
or the record of Sir Charles Fox’s seven weeks’ sleeplessness. 
The energetic publishers of this biographical directory beg 
their subscribers and professional friends to make them ac- 
quainted with defects in their work ; its greatest defect con- 
sists in this, that they have allowed very many nobodies to 
appear in gigantic proportions, and have permitted others, 
who, being more or less able men, have still a lamentable 
weakness for glorifying themselves on every opportunity. 
Current biographical works are always filled with nuisances 
of this kind, which in a professional directory are almost 
fatal. We hope that in future editions the publishers will 
exercise some wise discretion in revising the biographical 
notices, and remove the numerous little engineers trom the 
pedestals they have helped them to mount. 

SouTHWARK-BripGE.—The Corporation of London have 
paid for rent of the bridge, during about three and a half 
years, 18,868/., and now pay for purchase of the bridge 
200,000/., making a total of 218,8682. The Chamberlain 
handed checks to the Controller for the completion of this 
purchase on Friday last, and, the legal documents being com- 
pleted, the bridge is now handed over to the Corporation, and 
becomes free for ever for the public use. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 
State of the Pig Iron Market.—Since last report there 
has been a very marked change in our pig iron market. The 
demand has been very considerable, prices have advanced, and 
altogether the market has been firm and strong. From 51s. 6d. 
cash, or thereby, this day week, prices have gone up vigorously, 
and were ranging, yesterday, at 52s. to 52s. 2d. cash, and 
52s. Sd. to 52s. 43d. a month; and to-day 52s. 2d. and 28s. 3d, 
cash, and 52s. 5d. to 52s. 6d. one month have been paid; while 
buyers have remained at the highest rates. No. 1 Coltness 
and No. 1 Gartsherrie are still at 57s, and 55s. respectively. 
The exports from the Scotch ports have again taken a favour- 
able turn ;. during the week, ending 13th of June, they amounted 
to 14,697 tons, while in the corresponding week, last year, they 
were 12,893 tons, being an increaseof 1804 tons. The follow- 
ing is the statement of the imports of Middlesboro’ pig iron 
into Grangemouth :— 

Tons. 

For the week ending June 13, 1868... ee =, 005 

June 15, 1867... ove 950 


_— 


” ” 


Increase ... on eos eee eee 55 
Total imports till June 17,1868... ee 47,921 
re a June 15,1867... ee 17,344 


Total increase for 1868 ... ose ee 80,577 


Agricultural Degrees in the University of Edinburgh.— 
Scotland seems determined to continue to take the lead in the 
art or science of agriculture. In her metropolitan university 
there has long been the only professorship of agriculture in the 
United Kingdom, and now arrangements are completed for 
making agriculture a new faculty, and for conferring degrees on 
those who successfully pass through the necessary curriculum 
in it. The mode in which the degrees in agriculture are to be 
obtained has just been published. Before a candidate can 
graduate in agriculture he must undergo a preparatory exami- 
nation by the university examiners as to bis*general attainments, 
unless he is exempted by having acquired certain necessary 
qualifications. According to the published programme, the 
candidate who has passed successfully this examination may 
present himself at the next examination for his Degree of 
Bachelor of Agriculture. For this examination the candidate 
must produce certificates of acquaintance with practical agri- 
culture, and is required, with the view of specialising his 
studies, to profess one, and not more than one, of the following 
groups of subjects, with their practical relations to agriculture: 

A. Natural Sciences.—Botany, Geology, and Zoology. 

B. Experimental Science.—Chemistry and Physics. 

C. Mechanical Science.—Mechanics and Engineering. 

The certificates of the Royal Agricultural Society, the High- 
land Society, and the Royal Agricultural College will be 
accepted for practical agriculture. Successful candidates, who 
have attained the degree of Agr. B., may at the next period of 
examination, provided they have attained the age of twenty-one 
years, proceed to the examination for the degree of Master of 
Agriculture (Agr. M.) For this degree the candidate wiil be 
required to submit to a searching examination on one of the fol- 
lowing subjects, in its special relation to agriculture: 

A. Agricultural Chemistry.—Inorganic and Organic. 

B. Agricuitural Mechanics.—Machinery and Implements. 

C. Engineering ( Civil).—Surveying, Draining, &. 

D. Natural History.—Botany, Geology, &c. 

E. Animal Physiology.—Breeding, Rearing, &c., of animals. 

The examinations for degrees will be conducted by university 
examiners, and an examiner appointed by the Highland Society. 
In order to render the faculty of agriculture complete, it is 
necessary that the professor of engineering should have entered 
upon his duties. I mentioned some two or three months since 
that Mr. Fleeming Jenkin, C.E., had been appointed to fill the 
engineering chair created by the munificence of Sir David 
Baxter, and I understand that the new professor will commence 
his first course of lectures in November next. 

New Blast Furnace at Coatbridge.—One of the local papers 
states that a blast furnace has just been erected at Summerlee 
Ironworks, and that it is to work on a new principle by which a 
considerable saving will be effected in the manufacture of pig 
iron. The furnace was put on blast a few days ago. I have 
not seen the new furnace yet, nor do I know what the new 
principle is; but I may be able, by-and-by, to give some further 
information on the subject. 

Glasgow Agricultural Society's Show.—The fourteenth 
annual show under the auspices of the Glasgow Agricultural 
Society, was held in the Cattle Market, this day week, but the 
awards of the judges were not made public in time for my 
“*Notes” despatched that day. The show is said to have been 
seldom if ever excelled. Of the cattle, horses, dairy produce, 
&c., I say nothing; but of section G—implements and machines 
—I may say that, for a local show, it was a large exhibition of 
excellent specimens of handicraft. Some of the most famous 
makers of implements and machines were represented in the 
show-ground. The following are the awards made by the 
judges in section G: John Richardson, Carlisle—highly com- 
mended for dressing fanners. Gordon and Winton, Newton 
Implement Works, Ayr—highly commended for cheese presses. 
Thomas Hunter, implement maker, Maybole, Ayrshire—medal 
for grubbers; highly commended for patent harrows. Haugh- 
ton and Thompson, Carlisle—highly commended for churns. 
A. and J. Main and Co., Glasgow—highly commended for rick 
stand. J. and R. Howie, Hurlford Fire-Clay Works, Kilmar- 
notk—highly commended for general collection. John Drum- 
mond, engineer, Cumnock—medal for thrashing machine. 
Andrew M‘Kerrow, agricultural implement maker, Beansburn, 
Kilmarnock—highly commended for general collection. Robert 
Wallace, Whitletts, Ayr—medal for reaping machine. Alex. 
Jack and Son, Maybole—highly commended for reaping ma- 
chine. M‘Cutcheon and Sons, Edinburgh—bighly commended 
for knitting hine, and commended for collection. John 
Wallace and Son, implement makers, Glasgow,—medal for rea 
ing machine; highly commended for potato digger. Lillie, 
Goodlet, and Elder, Berwick-on-Tweed—commended for general 











collection. James Angus, Parkhead, by Glasgow—highly com- 
mended for carts. Brigham and Bickerton (shown by Mr. A 
W. Dunn)—medal for reaping machine. Law, Duncan, and 
Co., Shettleston—highly commended for carts, and commended 
for general collection, William M‘Farlane, Glasgow—highly 
commended for collection. John Hislop, Goatfield, Haddington 
—medal for wagonette. Smith Brothers and Co., 4, Park- 
street, Paisley-road, Glasgow—commended for general collec- 
tion. Gray and Co., Uddingston—medal for collection and 
highly commended for ploughs. 

The New, Docks at Leith.—It is fully expected, says the 
Scotsman.of, to-day, that the New Docks at Leith will be ready 
for opening in time for the autumn trade of the port. Accord- 
ing to the engineer's report, the works will be in such a forward 
state as to admit .of the, inauguration taking plate about the 
end of August next. A request is about to be made by the 
Dock and Harbour: Commissioners, to Her Majesty the Queen, 
to perform the opening queyeny. 

roposed New Graving Dock at Dundee.—This subject, was 
considered by the Dundee Harbour Board at their meeting on 
Monday last. They were unanimously of opinion that it is ex- 
pedient to provide additional graving dock accommodation. 
Clark’s system of hydraulic lift. graving docks, now in use at 
the Victoria Dock, London, was highly approved of by the 
Board, and Mr. Ower, the engineer, is just waiting for informa- 
tion regarding the cost of sucha dock, with a lift capable of 


raising a vessel of 2000 tons register, and especially as to the | f 


expense of upholding and working, and of the rates far the use 
of the dock. 

Edinburgh Water Company.—The annua meeting of this 
company was held on Monday, .In the report by the engineer, 
Mr, James Leslie, C.E., special notice was taken of the com- 
pany’s new works, formerly referred to in my ‘‘ Notes.” ‘The 
principal of these is the Crosswood Compensation Reservoir to 
receive the water from some springs in the neighbourhood, It 
was opened for storage on 11th December last, and filled to 
overflowing on 16th January, when the springs were diverted 
and applied to the use of the town. The reservoir is constructed 
in a convenient, safe, and substantial manner, and is of sufficient 
dimensions, capacity, and construction, to contain 25,000,060 
cubic feet of water. The produce of the Crosswood springs 
has largely exceeded the estimate, and furnishes an important 
addition to the quantity of water previously at command, The 
total delivery at present is 826 cubic feet, or 5145 gallons per 
minute, or 7,410,211 gallons per day, being 233,251 gallons per 
day in excess of the delivery at the corresponding period last 
year, affording a supply of fully 37 gallons per head per day to 
a population of 200,000 persons, Still, with this reported 
bountiful supply of water to the “ modern Athenians,” there is 
said to be a “ water famine” in Edinburgh just now. One of 
the town councillors says he is perfectly inundated with letters 
complaining of the deficient supply of water, 








LIVERPOOL NOTES. 
LrverPoon, Wednesday. 

The Copper Trade.—Messrs. J. Pitcairn, Campbell, and Co., 
of Liverpool, say that in spite of the publication of the Board 
of Trade returns for the first four months of the year, which 
compare favourably with the corresponding period of former 
years, there exists increased depression in the copper market, 
where a decided improvement might be expected. The demand 
for English copper is still very inactive, and the French market 
during the last week has exhibited signs of great weakness. 
Holders of Chilian bars are tolerably firm, but other descrip- 
tions, particularly Australian, have been pressed for sale, and 
the standard at the Swansea sale was again lower. The follow- 
ing are Messrs. Campbell and Co.’s quotations:—Chili, bars, 
751. ; ingots, 767.; ores and regulus, 15s. to 15s, 6d.; barilla, 
15s. 6d. to 15s, 9d. Business transacted during the fortnight 
comprises on the spot here 176 tons bars at 75/., 2500 tons 
regulus at 15s. 6d., and 50 tons barilla at 15s. 6d.; to arrive, 
412 tons bars at 767. to 762. 10s., and 600 tons regulus at 
15s. 3d. At the Swansea ticketing 1250 tons ore were sold; 
average produce 114 per cent.; average price 14s. 6d. per unit. 

The Hardware Districts.—The accounts from Birmingham 
say that in some branches of trade there is considerable steadi- 
ness, while in others there is great dulness, Several manu- 
facturers are kept pretty well employed, and have a good many 
orders on their books, but this is the exception and not the 
rule. There has been a slight falling off in the metal trades, 
and the demand for material has declined. There is a good 
deal doing in the military gun trade, and in the foreign market 
there is a little more animation. The American trade still 
continues to improve, and fresh orders have been received this 
week. A fair amount is being done for Australia, and for the 
unhappy empire of Mexico some good orders are in hand. 
There are sather more orders this week at Wolverhampton for 
iron, both on home and foreign account, and some orders have 
also been received for Austria under the reduced duties of the 
new tariff. The Central Committee of Ironmasters have agreed 
to leave the men to make the best terms they can with the 
masters, so that ere many days no doubt very few will be out on 
strike. 

The Welsh Iron, Tin-plate, and Coal Trades.—There is no 
materia] increase in the operations at the principal ironworks in 
the district; but the exports are large, and should they con- 
tinue on an extensive pm stocks will soon be greatly reduced. 
There are several large vessels loading rails at the various ports 
for the United States, and the shipments to America are likely 
to be fully equal to those of last month, when there was de- 
spatched to New York alone nearly 11,000 tons. Orders for 
Russia and the Continent are comparatively few, and inquiries 
for the latter are mostly confined to a tew specifications for rail- 
way iron. The demand from India is only small, but it is not 
unlikely that a change for the better will shortly take place. 
The home trade, although dull, cannot be pronounced unhealthy. 
A quiet but satisfactory progress towards former activity is 
being made. Nearly everything now depends on the railway 
companies. Should their finances soon warrant the laying down 
of new rails, there will speedily be a marked change. The 
Pontenewynydd works have been disposed of, and operations 


will shortly be commenced. The Clydach works, near Aber- 
gavenny, which have been stopped for some time, are also to be 
started this week. Owing to severe competition in other dis- 
tricts, there is only a moderate business doing in steam coal. 
The improvement in house coal, which was noticeable last week, 
has received a check, owing to the increase in the supplies 
caused by the termination of the turn-out in Monmouthshire. 

' The North of England Coal and Iron Trades.—The Cleve- 
land trade is rather encouraging than otherwise, and a steady 
and increasing trade is being done in pigs. The makers’ re- 
turns for the past month do not of course embrace all the trade, 
but show that the estimate that there has been an increase in the 
demand of between 5000 and 6000 for the whole period is sub- 
Stantially correct. Prices have been declining for some time, 
and have now reached the point at which they stood in February 
last before the upward movement took place. Scotch con- 
sumers have taken largely of Cleveland pigs within the past 
month, and are said, by the aid of this cheap iron, to press 
English manufacturers hard. Pig iron warrants are dull, and 
have been quoted at 43s, 9d. Some of the foundries are doing 
more in pipes and railway chairs. The order of the Great 
Northern for the latter has been placed at Stockton. Rail mills 
are still fairly employed, and good shipments are proceeding for 
Russia and the Continent. Inquiries are being made on 
American and Russian account. Shipbuilding is tolerably 
active, and an order has been placed this week from a Glasgow 
rm. Bar iron remains unchanged. Engineering and bridge- 
building establishments slack. Coal and coke continue in small 
demand, and the shipments from the Northumberland and 
Durham ports show a considerable decline. With unusua 

are between sellers, prices are forced down to a low 
evel. 

The Liverpool Cotton Market.—There is no material change 
in the actual condition of the market this week. Sales have 
been a little more extensive, but there is still a great feeling o 
weakness and depression. Imports continue on a large scale, 
and stocks of Eust India are largely increased. The shipments 
from Bombay for Liverpool to the 19th ultimo, and still afloat, 
amount to 377,159 bales against 455,881 bales for June 20, 
1867; 374,908 bales for June 18, 1866; and 856,552 bales for 
June 17, 1865. 








A SCOTCH DISTILLERY. 


WE publish this week in a two-page engraving, and on 
the next page, a series of views of a Scotch distillery, 
designed b Tr. James Steel, of Glasgow. Of these views 
Fig. Lisa agitudinal section through the building, Fig. 2 
a sectional plan, and Figs. 3, 4, 5, and (), transverse sections 
on the lines G H, C D, EF, and A B, on Fig. 1, respectively, 


Our illustrations represent a 20 qr. mashing plant, 
equivalent to the production of about 2000 gallogs of 
spirits in the usual weekly distillery “nag It is arranged 
to work entirely with steam, and to have no pumping, ex- 
cept that of the worts, from the underback to the refrigerator. 
In the engravings the refrigerator is shown over the ferment- 
ing backs, but it may be placed with equal advantage in 
proximity to the underback. The cooling floor is not 
shown, as it is quite unnecessary where a Morton refrigerator 
can be applied. 

The end of a duplicate 40 qr. malthouse and appropriate 
kiln is shown, and at right angles to the malthouse and kiln 
are placed the malt stores. Beneath the malt stores are the 
steam engine, steam boilers, and malt mills. The malt being 
kept under bond, the commencement of a period begins by 
giving the excise officer notice to grind, and the malt is mea- 
sured out in his sight into the unground malt hopper, a. 
From this it descends to be crushed in the mill, ‘¢, rising by 
means of elevators to ground malt hopper, g. ‘or the sake 
of the general reader, we may mention that the grinding is 
all performed under lock and key (the miller being locked up 
in the mill), and a fresh notice is required before the malt can 
be used in mashing. ‘The mashing process is exactly the same 
as that performed in breweries; the malt falling from the 
hopper meets, in the intermediate masher, h, with the hot 
water, and when the two have property mingled together 
they fall into the mash tun, 7, where they are still further 
amalgamated. ‘The proper heat at which the malt is wetted, 
and at which the contents of the mash-tun stand when 
finished, furnishes the key to this operation. After rest- 
ing for a time to allow of the conversion of the malt into 
sugar, the extract is allowed to drain off into the under- 
back, &, which, in the plans shown, is intended to act 
as a jack back, and is large enough to allow of the worts 
being declared in it before being pumped to the fermenting 
backs. It is likewise proposed that the sprinkling system, as 
practised by brewers, . enoneres to complete the extraction 
of the goods after the first mashing ; and this being the case, 
the sprinkling on of hot water over and the draining off 
the wort from below the goods would continue until the 
gravity assumed for declaration (generally about 10.50) was 
reached. When a sufficient quantity has been got off for 
fermentation, the goods are mashed up again, and redrained 
so long as any extract remains. These weak drainings are 

umped into the sparge back, é (or, as the excise have it, 

Ceowtag copper), and heated up for use in place of water in 
the next day’s mashings. In passing, it may be remarked 
that the sprinkling system ought to be fully adopted in malt 
distilleries, as with it in — at a gravity of 1.050 all ex- 
tract of any use, can be taken off the malt, and sparges, with 
their very doubtful advantages, done away with, or, at 
events, reduced to within lower limits than is the case at 
present. : y 

To return to the circle of operations, after declaration of 

uantity and strength, the wort is pumped to the refrigerator, 

h by the wort pump attached to the steam engine, and 
cooled to from 68° to 78° Fahr. (according to the size of the 
wash back), and ran into the wash backs, m m m, and 2 per cent. 
or thereabouts, of yeast added. The fermentation is completed 
in from 36 to 72 hours, all the saccharine matter being con- 
verted into alcohol; and the wort, which stood at a specifie 
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SECTIONS OF A SCOTCH DISTILLERY. 
DESIGNED BY MR. JAMES STEEL, GLASGOW. 
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gravity of 1.050, standing as wash at the gravity of water, | the Highlands, where high flavoured whisky is wanted and’ in the evaporation of the various substances of vegetable 
1000, or even under, when the attenuation has been perfect. | made, a large portion of the spirits is taken from the low- | origin, mixed up with distilling wash, is the principal cause 
In due course the wash is run into a wash charger, its | wines; while in the Lowlands, where a plain spirit is made, it] of so much vile flavoured and unwholesome, or in fact 
attenuation having been declared for distillation. From the | is taken mostly from the feints. The arrangements of this | poisonous material, under the name of spirit, being brought 
wash charger the wash still, o, is charged and evaporation | distillery provide for a mixture of clear low-wines and feints | into the market. 
began as soon as possible. The evavoreted products pass into | to uce the spirit. Had space been at our disposal, we might have entered 
the worm, p, whence, being condense |, theyrun across the still, | ¢ foul and weak distillates from wash and feints stills | more fully into the subject, and at the same time brought 
the house, through the safe, g, into the lowwine receiver, r. | are soteined i in the lowwine receiver for further distillation, | under the otles of distillers the improper construction of their 
From the lowwine receiver, r, the feint still, s, is charged; | the clear and strong products only going forward to the | kilns, in many of which the malt becomes charged with sub- 
and the charge, evaporated and condensed in the worm, | feints receiver, to charge the s irit still; the latter still is | stances which subsequent operations cannot eliminate. ,On 
¢, is ran through the safe into the feints receiver, «. From | placed so high that the feints from it gravitate back to the | the matter of the formation of stills, as effecting the quality 
the feints receiver, «, the spirit still, 0, is charged, and the | hint still, and are accounted for them in the stock at the end | of spirit, much, too, can be said which may induce us % 
charge evaporated, and condensed in the worm, w, is, like | of the period. open the subject by and by. In the meantime we can only 
the others, run through the safe, and into the spirit receiver, y, The purification of spirit by repeated boiling results in | add, for the benefit of those who are either interested only 
a marketable article. From y it is again declared as to the | the constant decrease of the boiling point, as it increases in from a theoretical point of view, or who, from their exper!- 
strength and quantity and run into the cellar vats, zz, and | purity, and, of course, as the boilin dew lowers, towards that | ence out of Great Britain, may assume that the construction 
again racked off into casks for consumption and bonded. in of pure alcohol, or 178 Fahr., so is the distiller enabled to sepa- | herewith shown is unnecessarily intricate, that it is a bond 
duty free warehouses. | Tate the distillates coming off at low temperatures from those | fide practical distillery, such as are in use in Scotland in the 
While this is the routine from vessel to vessel between | which require a higher temperature to cause them to eva- | Campbelton district, or on the island of Islay, and as simple 
fermenting back to spirit store, yet the fact is that no two | porate. as it is possible to have it, keeping in view the excise regu- 
parts of the country pursue exactly the same practice. In Inattention to, and ignorance of, the principles involved } lations. 
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WEBSTER’S METAL PAINTS. 


One of the most interesting contributions to the 
Havre Maritime Exhibition is the collection of un- 
oxidised spelter paints, and of “ yellow metal” or 
Muntz’s metal paints, exhibited by Messrs. James. 
Webster and Co., of Birmingham. The so-called zinc 
paints heretofore employed are oxides of zinc, and 
hence inferior to the metallic base itself. But the 
latter has been applicable only by the so-called gal- 
vanising process, in which iron carefully “ pickled” is 
immersed in a bath of molten zine. To levigate zine, 
either dry or in oil, would be a most tedious process, 
else it might be applied as a pure unoxidised paint, and 
all our “ galvanising” might be done with brushes. 
The structure of zinc may be broken up, however, by 
alloying it with other metals, and but for the difficulty 
of alloying it with iron that metal would be preferable 
to all others. But, heretofore, except, perhaps, in the 
flues of zinc furnaces; or under peculiar conditions of 
fusion, it has been found impossible to fix more than a 
very minute quantity of iron in combination with zinc. 
Dr. Percy’s work on iron and steel (p. 153) contains 
much interesting information upon this subject. 
Within the last two or three years, however, it has 
been found that with a certain flux, the zinc may be 
prevented from volatilising at the high heat of fusion of 
the iron, and, thus melted, from 10 to even 15 per cent. 
of iron have been fused with and permanently combined 
with zinc. The alloy, especially with the higher pro- 

ortion of iron, is very friable, Bae readily crumbled 
into a coarse dust by pressure between the thumb and 
finger. It is believed that with an even higher pro- 
portion of iron, if that could be obtained, the alloy 
would explode of itself. 

Once rendered friable, the zine is readily reduced 
to fine powder, each grain of which, however, retains 
the crystalline form. In this state it has only to be 
mixed with oil, when, like any metallic paint, it is 
ready for application with a brush, and the surface so 
protected is as veritably ‘‘ galvanised” as are iron 
plates when treated in the zinc bath. The hull of an 
iron ship may be thus cheaply protected from corro- 
sion ; for, from the various tests thus far made, the 
zinc coating appears to adhere permanently to iron, 
even under continued exposure to sea water, to the 
fumes of chemical works, and other severe tests. We 
have seen a piece of iron plate which had been painted 
with one coat only of the spelter paint, afterwards 
immersed for two years and a half in sea water. On 
cleaning away a portion of the zinc it was found that 
the iron remained perfectly protected, whereas the 
other side of the plate, originally painted with two 
coats of white and red lead paint, was much corroded. 

We are disposed to quote here from the manu- 
facturer’s own circular, as we have ourselves verified 
most of the statements which it contains. 


The paint is manufactured from pure metal, and not from 
an oxide or carbonate like all other paints. It therefore 
retains electrical action so long as it is kept in contact with 
other metals, and is positive to iron. 

The metal paint is superior to galvanising, as it is applied 
without heat or acids of any kind, and can be restored when 
necessary. . 

The zine, or spelter, being in the form of paint, can be ap- 
plied to all kinds of ironwork, such as ship’s bottoms, bridges, 
roofs, boilers, engines, gas and water pipes, tanks, gates, 
fencing, &c., where the galvanising process is inapplicable. 

Wood, stone, paper, or tge finest fabric, may be coated 
with this paint, without the slightest difficulty. 

As the paint does not give off any nauseous gas or vapour 
injurious to health, it is especially adapted for the painting 
of dwelling houses, public buildings, ship’s cabins, &c. 

At a small increased cost, the best anti-fouling paint for 
ship’s bottoms is manufactured from this metal, by. the 
addition of antimony and vermilion.—(See Engineer, 
February, 1867, on “ Zine Paint for Ship’s Bottoms.”’) 

Ground zinc or spelter protects iron in all weathers.—See 
Grant’s Practical Chemistry, vol vii., page 290; Mallet’s 
Practical Chemistry, vol. xxii. page 352; Cavendish 
Society, vol. i., pages 364, 365.) 

Zine protects iron in Salt Water.—(See “Copy of Report 
of Committee on metals to the Lords Commissioners of the 
Admiralty, in 1845, on iron ;” House of Commons Return, 
No. 394, dated June, 1867, pages 76 to 79; Dr. Davy’s 
Letters and Experiments. 


A ship’s bottom, once “ galvanised” with zinc, ap- 
plied with the brush, it becomes important to protect 
it also from fouling. The patentees have prepared an 
alloy of 60 copper with 40 zinc, the composition of 
Muntz’s metal, and this they apply also, mixed with 
oil, as a paint, over the spelter paint already laid on. 
Of the merits of this treatment, we have no knowledge 
as yet. But the theory appears sound, and if it be so, 
the results must prove of incalculable value. We 
shall hope before long to be able to record more de- 
finite results of the applications of these singularly 
convenient forms of pure metallic pigments. 








NARROW GAUGE RAILWAYS. 


Tue following letter has been addressed by Mr. 
Charles Douglas Fox to the editor of the Hamilton 
(Canada) Spectator. We give the reply of that 
journal on another page. 
: London, May 6, 1868. 
Sir,— ore are has been called to an ‘article in your 
paper of the'13th April headed “The Narrow Gauge,” and 
giving extracts from an article published in ENGINEERING, 
a London newspaper of March 27th, and entitled “The 3 ft. 
Gin. Gauge in Canada.” 

Ishould not deem it necessary to reply to the remarks 
contained in those articles, rasan f as they so evidently are 
upon ex parte statements, and an entire misconception of the 
facts of the case, were it not possible that, if unanswered, 
more importance would be attacked to them than they 
deserve. 

I would call attention in the first place to the following 
admissions in favour of a narrow gauge, and of no small im- 
portance. 

1. “No doubt the narrow way will be wide enough to 
accommodate the existing traffic.” 

2. “The carriage and wagon bodies would be, or at any 
rate there is no reason why they should not be, of the same 
dimensions on both gauges.” 

3. “The chief objection to the wider gauge is, that curves 
of a given radius offer more resistance upon it than upon a 
narrow way.” 

The only argument against the narrow gauge which is 
dwelt upon in these articles, is the one so constantly brought 
forward by the opponents of the charter, and which, under 
severe cross examination before the committee, I was enabled 
entirely to refute, viz., that there is, practically, no difference 
between the cost of a railway of 5 ft. 6in., and a railway of 
3 ft. 6in. gauge, to carry the same loads at the same speed. 

The not very courteous remarks made by the writer in 
ENGINEERING upon the subject, are prefaced by a mis- 
statement of my own evidence before the committee. I am 
reported to have said that “ whereas a given 3ft. 6in. line 
would cost 15,000 dollars per mile ; a 5 ft. 6 in. line similarly 
constructed and equipped would cost 23,000 dollars.” 

My evidence really was to the effect that, “whereas a 
3 ft. Gin. line would cost 15,000 dollars per mile, a 5 ft. 6in. 
line, sufficiently strong to take the rolling stock of the main 
lines, would cost 23,000 dollars,” but that I believed a broad 
gauge line of similar construction and equipment, to the 
narrow gauge line proposed, could be completed for 20,000 
dollars. 

That this estimate of the comparative cost is correct, is 
evident, first, from the results of actual surveys made by the 
company of a considerable portion of the line upon which 
detailed comparative estimates were based. Second, from the 
experience of ourselves and others as to the cost of lines of 
different gauges in Norway, Sweden, India, South America, 
and Australia; and it is further thoroughly confirmed by the 
estimates given by Mr. Reid and Mr. Shanly, for a railwa 
of the 5 ft. 6in. gauge from Guelph to Mount Forest. This 
line, over an almost perfectly level country, and almost 
entirely without bridges, as I can testify from personal in- 
spection, without rolling stock, and as Mr. Shanly described 
it, of “flimsy construction,” is estimated at 15,500 dollars 
per mile. Add to this the same allowance for rolling stock, 
which has been taken for the narrow gauge, viz., 2000 dollars 
per mile, making 17,500 dollars, po there are only 2,500 
dollars per mile left out of my price of 20,000 dollars, to 
provide for the considerable difference in the earthworks and 
bridging upon the other route, and for making the construc- 
tion substantial though light, instead of “flimsy.” It must 
not be understood from this that I accept 15,500 dollars as 
the probable cost of the 5 ft. 6in. line referred to. I believe 
it would greatly exceed this amount; but I am justified in 
using these figures so prominently put forward to prove the 
correctness of my own estimates. 

The difference of cost between the two gauges is made up 
chiefly of the items of earthwork, bridges, culverts, ballast, 
and sleepers, and in the first and most important item a large 
saving is effected by the use of sharper curves than would be 
advisable on a wider gauge. 

In order to make the Best case against the narrow gauge 
the writer in ENGINEERING assumes that “ the line is straight, 
or through a district which at least permits of easy curves 
for any gauge.” Now, from personal inspection of the route 
of the Toronto, Grey, and Bruce Railway, I am enabled to 
state that this description in no way applies to it, and that 
sharp curves will be employed with the greatest advantage, 
especially in a country like Canada, where steep gradients 
are specially objectionable, owing to the almost complete 
loss of adhesion during the frosts of winter, and where, in 
consequence, curves afford the best means of overcoming 
natural obstacles. Then the writer speaks of using for a 
5 ft. 6in. line embankments only 14ft. 6in. wide, a width 
with which I feel sure no Canadian engineer would be at all 
satisfied. And then again a cutting of great depth, viz., 
40 ft., far deeper, I trust, than pean Fr to be met with on 
the proposed route, when the line has been properly allocated, 
is chosen as an example of the saving in earthwork, the 
writer well knowing how unfavourable an example it is for 
the narrow gauge. He shows a difference of only 2} per 
cent., or say one-fortieth, whereas, if a cutting 10 ft. deep, 
which will be much more like the average, and the least 
practicable difference of width, viz., 4 ft., be taken, the saving 
will be 13 per cent., or one-eighth of the whole, exclusive of 
the use of sharper curves, which will cause a far larger saving, 
amounting on some parts of the line to 50 per cent., or one- 
half. An example is given by the writer in ENGINEERING 
of a curve of 5 chains radius on 4 ft. 84 in. gauge, but I need 
hardly say that such a curve on that gauge is most objection- 
able, and on a 5 ft. 6in. gauge would be still more so—indeed 
almost unworkable, whilst curves as sharp are constantly 
used on main lines of 3 ft. 6in. gauge, and even curves of 
less radius can be there employed with advantage. 


We have lately carried out works of great magnitude in 
the neighbourhood of London, for the purpose of getting rid 
of a curve of 12 chains radius on a gauge of 4 ft. 8} in., so 
objectionable was this found to be. 

Since my return to England I have heard from the 
engineer in chief, who superintended the construction of the 
Queensland 3 ft. 6 in. gauge railways for the Colonial Govern- 
ment, and he says “there is no doubt that these railways are 
a great success.” 

The editor of EnarrreRtne has always, for reasons un- 
known to me, been opposed to 3 ft. 6 in. gauge both in Nor- 
way and elsewhere; but men who are second to none in 
engineering ability, such as Mr. Carl Phil, the Government 
engineer of Norway, Major Adelskold, the Government 
engineer of Sweden, Mr. Edward Woods, and, I believe, also 
Mr. James Brunlees, in South America, and Mr. Fitzgibbon, 
in Queensland and New Zealand, have, as well as ourselves, 
after mature consideration, adopted this gauge, even al- 
though in most of the countries referred to the trunk lines 
were of a different gauge; and tnis they hardly would have 
done if the arguments of the writer in ENGINEERING are 
sound, and if, which I beg leave to entirely dispute, “there 
is practically little economy in construction, and none in work- 
ing extremely narrow gauge railways.” 

Of one thing I am convinced, that if the railways in ques, 
tion are carried on in accordance with my recommendations 
they will be found to fully answer all the requirements of 
the district, and to effect such economy of construction com- 
bined with really excellent materials as could never be at- 
tained by the use of the broader gauge. 

The writer in ENGINEERING cannot be acquainted with 
the character of the trade to be expected from the counties of 
Bruce and Grey, or he would not have committed himself to 
the following. “It is believed in Toronto that the grain 
merchants, millers, and shippers of that city, who mainly are 
the promoters of the new line, chose an exceptional gauge in 
order that the products of Grey and Bruce counties might be 
stopped, resold, and reshipped by themselves, instead of being 
allowed, ‘in transitu’ to pass on to Montreal.” The fact 
being, that whatever gauge were adopted 9-10ths of the pro- 
duce would be transshipped and sent forward by water, not to 
ar ggg at all, but to Oswego, and other ports in the United 

States. 

The remarks made in your article with reference to the 
Intercolonial Railway appear to me to be entirely uncalled 
for and beside the present question. I am quite willing to 
admit that I did not visit Canada “for nothing.’ It would 
not have said much for my wisdom if I had; at the same 
time, I took no action which was not in accordance with the 
strict rules of the profession. 

In conclusion, for your satisfaction, I will add that, should 
the Intercolonial Railway be built, I should be the last to re- 
commend that it should be constructed upon any other than 
the 5ft. 6in. gauge, the gauge of the “Grand Trunk” of 
which that railway (itself a most important link in the Trunk 
system of the country) would necessarily form a continua- 
tion; and it will be evident, even to those least acquainted 
with questions of railway policy, that this is perfectly con- 
sistent with my strongly recommending the adoption of a 
narrower gauge for the “ Toronto, Grey, and Bruce” and the 
“Toronto and Nipissing” Railways. 

I am, Sir, your obedient Servant, 
Cuaries Doveas Fox, 
of the firm of Sir Charles Fox and Sons. 








WAGES IN AMERICA. 


A New York paper presents the following comparison 
between the wages and expenses of working men in New 
York in 1861 and at present: 


Class of Work. 1860-61. 1868. 
Bakers... one «. «$10 oosy, 2 Oe 
Coopers... ove ove 9 sao 24—27 
Blacksmiths on os 12 on 18—20 
Carpenters ° .., ove 10—12 eee 21—24 50 
Cabinetmakers .., aes 6— 7 ine 21 
Tronmoulders one on 12—15 ‘id 21 
Boiler makers... ese 10 aon 12—18 
Machinists akg nas 10—14 ie 12—18 
Engineers ... oe asa 9—12 ove 18—25 
Plasterers see eee 9—10 ose 27—30 


Masons... oe soe 9—10 ove 27—30 
Ship carpenters... ove 12—15 ols 21—24 
7 


Labourers hie sa eas 12—15 
Tin workers ee paws 9—-10 ose 15 
nen ove eo.  25c. perhour.  40c. do. 
Tailors... 206 ose 8—14 one 14—20 
Printers ... ove ove 15—18 aoe 22—25 
Painters ... ‘i bee 12—15 a 24 
Tin roofers oe prs 12 ose 24 


Other rates might also be given, but the above are suffi- 
cient to show the general average. It will be seen that while 
in some trades wages have more than doubled, in others they 
have remained almost stationary. In the mean time the cost 
of living has advanced immensely. Clothes and provisions 
have doubled in price, and board and lodging also. Before 
the war a a man could get board and lodging for $2.50 
to $4 per week, where he would now have to pay $5 to $7. 








Raising A Water Main.—The difficulty of raising a 
large water main, under pressure, so as to permit of making 
a sewer beneath it, is less than many would imagine. 
Recently, in Brooklyn, U.S., a 30 in. main was raised 4 ft. 
at one point. A trench 600 ft. along the main was opened, 
and eleven sets of tackle were simultaneously employed at 
equal distances apart. With four men at each purchase, and 
by carefully regulating their movements, the main was raised 





under the full pressure of water, and without starting a joint. 
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THE NAPLES AND FOGGIA RAILWAY. 


Tue works of the Naples and Foggia Railway are 
proceeding rapidly, and there now seems to be every 
probability that the entire line, 197 kils. in length, 
connecting the Tyrrian and Adriatic networks, will 


186 

At the present time 130 kils. of this line are opened 
to traffic, namely, 33 kils. on the Adriatic side from 
Foggia to Bovino, and from Naples to Benevento, a 
distance of 97 kils. on the other side of the Appenines, 
leaving 67 kils. in course of construction across these 
mountains. These works, which are of a very difficult 
nature on account of the numerous tunnels, some of 
great length through the main chain of the Appenines, 
are well advanced, and by August next the line will 
gg oa be opened as far as the Savignano station 20 

ils. beyond Bovino, and on the western side from Bene- 
vento to the entrance of the S. Spirito tunnel, a dis- 
tance of 28 kils. Before the winter a short length of 
5 kils. from Savignano station to the eastern entrance 
to the Ariano tunnel, leaving gn interruption of only 
14 kils in the communication by railway between 
Naples and the Adriatic network. 

Leaving Foggia the railway follows the narrow 
valley of the Cervaro (Val di Bovino) to the foot of 
the Appenines, the principal chain of which is passed 
by the Ariano tunnel 3215 metres in length. The 
works in the Cervaro valley between Bovino and the 
Ariano tunnel are numerous, the river being crossed 
less than sixteen times in a distance of 24 kils. The 
line being carried on iron bridges varying from 25 to 
40 metres span, on this section there are also five 
short tunnels and numerous retaining walls. The 
ruling gradient between the Ariano tunnel and Bovino 
is 15 in 1000. 

After passing the Ariano tunnel the line enters the 
valley of the Cerreto, and from thence by the Sancina 
tunnel, 503 metres in length, to the Cippone valley, 
which it leaves to enter the valley of the Cuastelfranco 
by a tunnel, 2633 metres in length, called the Starza. 
After following this valley for a short distance, and 
crossin? the Castelfranco on an iron bridge of 20 metres 
span, the line enters the Cristina tunnel, 1575 metres 
in length. On jeaving this tunnel, the line follows the 
valley of the torrent Gesso for about 800 metres, 
crossing this torrent by a bridge of 24 metres span; 
it then passes a tunnel, 260 metres in length (the 
S. Spirito), through a spur of the Appenines, separat- 
ing the valley of the Gesso from that of the Miscano. 
The maximum gradient on the section between this 
tunnel and that of Ariano is 22 in 1000, and for a 
short distance 24 in 1000. The line next follows the 
Miscano valley, crossing the torrent three times with 
iron bridges of 48 metres span, and then leaves this 
valley near its junction with that of the Calore at 
Apica; the line next crosses the river Tammaro on a 
three arched bridge of masonry near Ponte Valentino, 
and following the left bank of the Calore, touches at 
Benevento, Vitulano, Ponte Solopaca, and Telese, then 
crosses the river at Ponte al Torello, and ascends the 
hills of Maddaloni, and passes under their summits by 
two tunnels of 805 metres in length. The railway 
then descends towards Caserta, and from thence by 
Aversa and Casoria to Naples. 

The maximum gradients between Naples and the 
S. Spirito tunnel are 6 in 1000 between Naples and 
Casoria; 15 in 1000 from Caserta to Maddaloni, 7 
in 1000 from Dugenta to Apice; 10 in 1000 from 
Apice Station to the entrance of the 8S. Spirito 
tunnel. 

Altogether there are thirty-three bridges, of upwards 
of 15 metres span, the greater part of which are of 
iron, a great number of retaining walls, and other im- 
portant works. The total length of the seventeen 
tunnels on the whole line exceeds 10,000 metres. 

The following is the illustration of the five princi- 
pal tunnels up to the Ist March, 1868 : 


Total Length. Length executed. 


metres. 
Ariano tunnel 82.10 1975 
Sancina ,, 508 171 
Starza =, 26.33 398 
Christina ,, 15.75 260 
S. Spirito ,, -260 93 


The ground met with in these tunnels is a kind of 
clay, which swells on contact with the air, and often 
bursts arches, even 90 centimetres in thickness. 

The iron bridges on the line are being constructed 
from drawings, and under the direction of Signor 
A. Cottram, the same engineer who designed the 
bridge over the Po at Mezzana-Corta, of which engrav- 
ings appeared last year in this journal, 


be on by the Southern Railway Company by July, | 
° 
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the Institution of Civil Engineers, we mentioned a new form 
of engine counter exhibited by Messrs. Thomas Smith and 
Co., the well-known model makers of Walnut Tree-walk, 
Lambeth. Of this counter, which has been designed and 
patented by Mr. Thomas Smith, we now publish engravings. 
The instrument is worked by the rocking lever, a, being 
connected in any convenient manner to some part of the 
engine having a reciprocating motion, this lever being con- 
nected at its lower end to a pawl, 5, taking hold of the ratchet 
wheel, c. This pawl is formed with a prolonged toe, as shown 
in Fig. 4, and this toe being acted on by the tooth succeeding 
that with which the pawl is engaged, the pawl islifted out of 
- as soon as the wheel has been moved round the required 
distance. By this arrangement it is ensured that only the 
correct amount of movement shall be given to the ratchet 
wheel even if, by an error in adjustment, the pawl should 
have had given to it a longer stroke than is necessary. The 
ratchet wheel is clipped between a pair of springs, which 
cause sufficient frictional resistance to prevent the wheel from 
overrunning when the counter is being worked at high speed. 
On the same spindle as the ratchet wheel, c, is a wheel, d, 
having one tooth of the form shown in Fig. 4. This tooth 
engages with the wheel, e, this latter being of such form that, 
except at the moment when it is to be acted upon by the 
tooth of the wheel, d, it is locked by its circumference fittin 
against that of that wheel. By this arrangement the wr 4 
e, is moved one-tenth of a revolution for each revolution of 
the wheel, d. The axis of the wheel, d, carries a disc marked 
with the unit figures, which, as the axis revolves, are succes- 
sively shown at the right-hand opening in the face of the 
instrument, whilst the axis of the wheel, e, carries another 
dise, the figures on which are successively shown at the 
second opening from the right. By means similar to those 
we have explained, the motion is successively communicated 
to the five other spindles of the instrument, each spindle - 
ing a disc marked with fi 8 which are exhibited at the 








corresponding opening, and each spindle making one revolu- 
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SMITH’S ENGINE COUNTER. 
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In the course of our notice of the recent Conversazione of | tion for every ten revolutions made by the spindle to the right 


of it. We must now describe the arrangement provided for 
enabling the numbers exhibited to be at any time — ad- 
justed, this arrangement forming one of the principal fea- 
tures in the apparatus. Instead of the discs marked with 
figures being fixed directly on the several spindles they are 
fixed on tubes which embrace the spindles, whilst other 
tubes on the spindles carry what may be termed the 
receiving wheels, or those—corresponding to the wheel, ¢, 
in Fig. 4—which receive the motion from what we shall 
term the transmitting wheels of the preceding axes. 
The transmitting wheels, on the other hand, are fixed on the 
spindles themselves, and each one is provided with a project- 
ing stud, which enters one of ten holes formed in the receiv- 
ing wheel of the same spindle, as shown in the wheel, e, in 
Fig 4. Each spindle, except that on which the ratchet, or 
first wheel, is placed, is capable of being moved a short dis- 
tance leagiietinaity, this longitudinal movement enabling 
the stud just mentioned to be withdrawn from the hole in the 
transmitting wheel on the same spindle, and at the same time 
the tooth of the transmitting wheel to be disengaged 


causin 

from the receiving wheel of the next spindle. By means of 

the springs, disposed as shown in the plan, the spindles are 
t the studs 


pressed towards the front of the instrument, an e 
on the transmitting wheels are thus, under ordinary circum- 
stances, kept in gear with the holes in the receiving wheels. 
When the counter has to be set to zero, or to any ——- 
number, all that is necessary is to place a key on the square 
at the end of one of the spindles, and press the spindle 
inwards until the transmitting wheel on it is dise 

from the receiving wheels on its own and the next spi le, 
when it can be turned round until any — figure 
on the disc is shown at the opening. In this way the 
several discs can be adjusted successively with the greatest 
possible facility. Altogether Mr. Smith’s is the best 
counter which we have yet seen, and it is already — 
adopted by Messrs. Penn, Messrs. Maudslay, Sons, 





Field, and other large firms. 
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LATHE FOR TURNING CONICAL FORMS. 


DESIGNED BY MR. J. E. SWEET. 
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Attnoves lathes at the present time are 
constructed so as to enable the workman to 
both turn and bore conically, yet in none of 
the plans in common use is the means em- 
ployed rape yo > When either the head or 
tail stock of the lathe is set off to give the 
conical form to the work the required angle is 
not obtained, except bya series of trials, and then, 
when more than one piece of a kind is wanted 
a separate trial for each is required, unless the 
different pieces are first made of the same length ; 
besides, when a lathe is used for such work the 
centres are at once worn out of their proper 
form. When the compound rest is used for the 
same work, the same test system is necessary 
to arrive at the proper angle, as the graduated 
circle where they are introduced has too short 
a radius to insure great accuracy, and the opera- 
tive loses the advantage of the self-acting feed 
motion. 

As will be seen, the lathe shown in the draw- 
ings, which has been designed by Mr. J. E. 
Sweet, late of the London Works, Birmingham, 
is free from the above objections. The re | 
radius between the turning point in the be 
and the graduated quadrant admits of the 
pe angle being set off with great accuracy, 
and accurately repeated conical holes can be 
bored, and shafts turned to fit with all the con- 
venience and certainty wtih which parallel fits 
are made in the ordinary lathe; and the same 
taper can be = to any number of pieces 
whether they be of the same length or not. 
The convenience of this arrangement is very 

at, and a variety of work, besides conical 
Goines and taper fits can be performed by it. 
In fact, its advantage can hardly be realised 
except by the workmen who have to execute 
work of this kind, and the designer who knows 
the workmen to have such tool at their command. 

In our engravings Fig. 1 is a plan of the bed 
with the movable side closed ; Fig. 2 is another 
= with the movable side placed at an angle ; 

igs. 3 and 4are sections; and Fig. 5 is an end 
view showing the graduated quadrant by which 
the movable side can be set at any desired angle. 











DEAD WEIGHT ON RAILWAYS. 

Ir the cost of moving each ton of the weight of 
passenger trains be no more than one farthing per 
mile (irrespective of such charges as are not affected 
by the mere weight of the train), then the diminution 
by even ten tons of the dead weight of each passenger 
train on the London and North-Western Railway 
would secure an annual saving of 109,375/. upon the 
10,500,000 miles of annual passenger train mileage, 
equal to a dividend of 5 per cent. upon a capital of 
2,187,500/., or an extra dividend of nearly half per 
cent. upon the whole share capital of the company. 
Even could such a saving be effected only by the total 
sacrifice of the existing passenger rolling stock— 
although this, if pwc E would always sell for some- 
thing—the sum economised yearly would represent 
the interest upon 2,187,500/. worth of new engines and 
carriages, and this is nearly the cost of the present 
passenger stock of the line, the passenger and goods 
stock having cost, together, 5,200,000/. The present 
average weight of passenger trains, including engine and 
tender, is ae 100 tons, exclusive of the three or four 
tons only of passengers carried, on the average, in 
each train; for although there may be traing which 
occasionally carry even 600 passengers, weighing 
40 tons, the average number of passengers per train, 
for the whole length of its journey, is but about 45, 
and their weight, therefore, but about 3 tons. To 
diminish, by improved design and construction, the 
weight of 100 tons of engine, tender, and carriages, 
by only 10 tons, or 10 per cent., would hardly appear 
to be remarkably difficult, yet by whatever means 
effected, this saving must involve no sacrifice whatever 
of safety, convenience, or comfort. There must be 
the same seat room, head room, elbow room, light, 
ventilation, and facility of ingress and egress as now, 
else the saving would be one only at the expense of 
the passengers, a saving of the same nature as that 
attending third-class as compared with first -class 
carriages. A few of the French lines have adopted 
two-storey carriages, weighing but 7} tons, and seat- 
ing 78 passengers, or about 5 tons of live weight ; but 
these are necessarily top heavy at fast speeds, while 
they are also wanting in head room, to say nothing of 
the awkwardness of mounting to and descending from 
the upper storey. If passengers could be packed like 
a it would be — to crowd them standing, at 
the rate of 140 1b. per square foot of floor, equal 
to nearly 200 upon the floor area of a carriage 24 ft. 
long and 8 ft. wide; but such crowding as this it is 
needless to consider here. 

Taking the present conditions of the safety, com- 
modiousness, and comfort of railway carriages as 
inviolable, it is important to know whether, as Mr. 





who are seeking to reform the working of railways, 
now insist, a considerable reduction can be made in 
the dead weight of passenger trains, It is obvious 
that merely making the framing, bodies, &c., of 
lighter scantling, and the wheels, axles, springs, 
and buffers of less strength, does not properly meet the 
case. The present strength and proportions of rail- 
way carriage construction are simply the results of 
long experience ; they are what they are merely be- 
cause the much lighter carriages once employed were 
found to become knocked up more rapidly, to be 
oftener under repair (thus requiring a larger carriage 
stock for a given traffic), and to be much more unsafe 
in the event of collision or going off the line, than the 
stronger carriages now in use. It is idle, therefore, 
to say that this part or that part of a railway carriage, 
made upon the present plan, is too heavy—the neces- 
sity for the existing strength has long since been 

roved, and the only hope of reform is in > age tn 
Taian and construction, and, if that be possible, im- 
proved workmanship. 

As for design, there are to be considered long 
carriages and short carriages, bogie carriages and 
carriages with parallel axles, end doors and side doors, 
sstiedited trains, steam carriages, iron or steel car- 
riages and wooden carriages, and possibly other 
varieties and modifications. 

So long as the axles are parallel, four-wheel carriages 
ride easier than those with six wheels, and a long four- 
wheel carriage, having more than four compartments, 
must have a long wheel base, and a large weight per 
wheel, and must therefore offer a heavy resistance to 
draught. The London and North-Western Company 
once had many six-wheeled carriages, but they have 
now, we believe, not one, although, five years ago, 
there were just two. A firm of Birmingham carriage- 
makers once recommended and made six-wheel 
carriages for the North Staffordshire line. The same 
firm afterwards took a contract for working that line, 
and at once removed the middle pair of wheels from 
every carriage they had themselves built for it. Again, 
very long carriages with end bogies are no lighter, per 
seat, than shorter four-wheel carriages. The framing, 
supported only at the ends of a comparatively long 
span, has to be correspondingly stronger to resist the 
vertical weight of the load ~ > | the horizontal buffing 
strains, just as the weight of a bridge is, practically 
and within certain limits, as the square of the span, 
instead of as the span simply. The long frame, we are 


sometimes told, may be trussed. So it may, but its | 


resistance to buffing strains is not thereby sensibly in- 
creased. We read a proposition last week to convert 
the whole side of an ordinary English railway carriage 
into a truss, the author having overlooked the fact that 








as long as upright door posts, with a clear space 
between them, open from top to bottom, are employed, 
no approach to a truss in the sides is practicable. 
With the American end doors, the side frames, below 
the windows, have been strongly trussed. There is a 
detailed drawing of one of these, a carriage 60 ft. long 
in the body and 66 ft. long over, the platforms, in 
Captain Galton’s report on American Railways (1856). 
But these extremely long carriages, seating 76 first- 
class passengers, were the heaviest per seat made up 
to that time in the States. In the same report, 
Captain Galton speaks of 60 passenger carriages on 
the Baltimore and Ohio Railroad as weighing 7 tons ; 
but the drawing of these very carriages, given in the 
supplement to the same report, shows that they seat 
only 50 passengers and weigh 22,000 lb., or within 
less than 4cwt. of 10 tons. For corresponding seat 
space and comfort, the American carriages, notwith- 
standing that they have no partitions, and that, in pro- 
portion to the number of seats, they have fewer ends 
and buffers than ours, are nevertheless heavier, seat 
for seat, than our own, and they require much more 
time to get the passengers in and out than do ours. 
This is the case with the ordinary American carriages 
for day pans » while the “ sleeping cars” employed 
there, accommodating but from 24 to 36 passengers, 
sometimes weigh as much as 25 tons, and we have 
heard of one or two heavier still. 

Articulated trains, with segmental ends working in 
contact, have been proposed, and these were to be 
coupled by long coupling rods extending between the 
centres of the carriages. Such trains would have no 
buffing elasticity, and it is difficult to perceive how 
much saving in weight could be effected by their use. 
Their wheels and axles for a given weight would re- 
quire to be as strong and tuerefore as heavy as at 
present, their underframe as strong, if not stronger, 
and their bodies the same as now. 

As for locomotive or steam carriages, they are 
obviously out of the question for anything but small 
and infrequent traffic. For they cannot he made to 
contain as many seats as an pn Ta train, hardly 
indeed one-fifth as many, and thus for the number of 
passengers which now fill a train of good length, five 
steam carriages, with as many drivers and guards, 
would be required ; and, to say nothing of the increased 
chance of accidents, it would be found that the total 
cost of working and the dead weight per passenger 
would be greater than now. Steam carriages promise 
well only where there is a regularly small traffic, in- 
sufficient to employ trains of ordinary length. 

Iron carriage frames have been tried, and they are 
now extensively adopted upon the Continent. Yet 
the saving in weight does not appear to be great. 
Iron weighs about seven times as much, per unit of 
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solid, as wood, and it has a far greater compressive 
strength in proportion to its weight, but in repect of 
tensile strength wood has greatly the advantage, 
weight for weight. Iron admits, however, of being 
employed in stronger forms than wood, and separate 
pieces of iron may be welded or otherwise fastened to- 
gether so as to be stronger in the joints than wooden 
structures. 

If passenger carriages were always run full, the 
widest would be the lightest per passenger. There 
are carriages which have worked for years on the 
Michigan Central Railway, a line of the ordinary 
4 ft. - in. gauge, which are 10 ft. 6in. wide, or wide 
enough to give five first-class or six second-class seats 
across their width. 

The only hope of safely lessening the weight of rail- 
way carriages would appear to be in first making a 
careful series of experiments, such as were made at 
the cost (7000/.) of the Chester and Holyhead Railway 
Company on tubular bridge models. A dozen or more 
full size carriage frames of ditferent but well-considered 
design might be tested for vertical, lateral, and longi- 
tudinal strength, and useful results might be thus 
arrived at. The elasticity, ultimate strength, and more 
especially the mode of failure and appearance after 
failure of these frames would show, and only these in- 
dications would show, what may be safely and usefully 
done in lessening the dead weight. The testing strains 
would require to be both steady strains and impacting 
strains, 30 as to assimilate to the conditions of work- 
ing. Such an experimental mode of arriving at new 
results would, when once decided upon, enlist much 
ingenuity, and if it opened the way to but a 
moderate saving of dead weight the example with 
which this article opened, and derived from the 
working of the London and North-Western line, 
is sufficient to indicate its great pecuniary impor- 
tance. 


RIVER EMBANKMENTS IN BENGAL. 

Many of the rivers of Bengal have their margins, 
and the tract of land contiguous thereto, higher than 
the surrounding country, and hence, during unusual 
floods or freshes, they overflow their banks. From the 
earliest date, after the Dewanny of Bengal was made 
over to the Government of the East India Company, the 
Poolbundy formed a charge against the revenues of 
the State. No record appears to exist of when the 
embankments on the Bengal rivers were constructed, 
or whether these rivers were bunded simultaneously, or 
at what intervals of time; neither is it known for 
certain whether the work originated from the inunda- 
tion of the districts, or in the caprice of individuals. 
On the Adji river these bunds, which are of a more 
recent date than most of the others, were constructed 
bit by bit, and apparently without any, or very little, 
reference to the general level of the country. Some 
of these bunds appear to have been constructed with 
the view of restraining the flood waters within the 
channels of the rivers, whilst others have evidently 
originated in the object of protecting the land from 
inundation by the sea. Many of these embankments 
have been from time to time abandoned, whilst others 
have been maintained and extended. The following 
is a brief account of some of the principal embank- 
ments: 

The embankments of the district of Rajshahye were 
first ordered to be abandoned on the report of Lieu- 
tenant Forbes, R.E., in the year 1818, but this order 
does not appear to have been finally acted upon until 
1849. The extent of these embankments in 1818 was 
estimated at 166 miles, of an average height of 6 ft., 
and base of about 18 ft. The average annual expense 
of maintenance was 20,500 rupees. 

The embankments in Jessore were abandoned in 
1826. The extent of these embankments is stated to 
have been 150 miles, and the annual expense of main- 
tenance was 15,000 rupees. 

The embankments in Tipperah were abandoned in 
1845, on a report by Captain Lang, but there is no 
detailed information as to their extent or the cost of 
their maintenance. 

The Tirhoot and Sarun embankments, on the Gun- 
duck river, were originally maiatained from Imperial 
funds ; they were relinquished in 1820, but were again 
repaired on the partition of the landholders in 1830, 
and are now maintained at the landholders’ expense. 
The length of the Tirhoot embankments, in 1529, is 
stated to have been 50 miles, and they were main- 
tained at an average cost of 2914 rupees. 

The twenty-four Pergunnahs embankments, except- 
ing those for the protection of the Salt-works, were 
ordered to be abandoned in 1834, on the report of 





Colonel Patton, R.E., but they were again taken up 
by Government in 1838, and the embankments have 
since been maintained at the expense of the Govern- 
ment, the liability being clearly recognised. 

The embankments of Burdwan, Midnapore, and 
Cuttack have been continuously maintained since 
those provinces came under the British rule, excepting 
some of the interior embankments of Hidgellee, which 
were established in 1835, after having been abandoned 
for eight or ten years. In the settlement with the 
Rajah of Burdwan, in 1788, one of the conditions was 
that Government would make him an allowance of 
60,001 sicca rupees on account of poolbundy. This 
amount was reduced, in 1791, by 6259 rupees on ac- 
count of the Mungleghat and Chitora estates, which 
were separated from the Burdwan Raj, and in 1807 
the allowance of 53,742 rupees was resumed by Govern- 
ment, as the Rajah failed to keep the embankments 
in repair; these repairs have since been done at the 
expense of Government; a portion—20 miles—of the 
embankment on the right bank of the Damoodah 
river was removed, in 1836, on the recommendation 
of Colonel Beadle, R.E. In 1833 it was reported that 
the length of embankments in Cuttack and Burdwan 
was 2344 miles, and the average cost of maintenance 
1,33,000 rupees. 

The Sikree bund, in Behar, is a mere dam at the 
mouth of the Sikree river, and the first record of it 
dates so far back as 1785; it appears to have been 
several times destroyed and reconstructed from that 
date up to 1839, when, upon the representation of 
several landowners, Government ordered its recon- 
struction, and directed that engagements should be 
taken from the Zemindars to repay oue-half the ex- 
yvense. The cost of maintenance is now, however, 
Sones entirely by the Zemindars. 

It is not possible to state the total actual amount 
that has been expended on these works, the only data 
obtainable having reference to but the last ten years 
from 1857-58 to 1866-67 inclusive. During that period 
there was expended, from Imperial resources, a total 
of 37,43,010 rupees, of which 11,13,717 rupees was for 
original works, and 26,29,293 rupees for repairs. Of 
the above total outlay, 12,08,593 rupees was expended 
during the former half of the decade, and 25,34,417 
rupees, or rather more than double the last-named 
sum during the latter half. The expenditure, arranged 
according to the nature of works, was 28,75,064 
rupees on embankment, 2,50,984 rupees on sluices, 
3,22,356 rupees on bungalows, and 2,94,606 rupees 
on other works. 

The following Table shows the extent of embank- 
ments, and the number of sluices and bungalows in 
the several divisions of the Presidency according to the 
last returns ; the numbers may probably have varied to 
some extent during the ten years under review : 
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The total average cost of maintenance has, therefore, 
been 124 rupees per mile per annum, of which 102 
rupees was for repairs of earthwork, 7 rupees for 
sluices, 10 rupees for bungalows, and 5 rupees for 
other works. The average cost of the Midnapore em- 
bankments appears exceptionally high, owing to certain 
charges debited in 1857-59 on account of embankments 
now included in the Tumlook division; excluding 
these, the rate has been 155 rupees per mile. 

Of the total outlay on original works during the last 
five years, viz., 8,70,405 rupees, nearly 54 lacs has 
been expended upon the Hidgellee sea dyke, the total 
outlay on which, from the time the work was taken up 
in 1860-61, to October, 1867, was 5,61,710 rupees, 
out of a sanctioned estimate of 6,03,120 rupees. ‘The 
heaviest outlay on any original work in the previous 
five years was on the Naraje Spur, at Cuttack, on which 
40,123 rupees were expended during 1858-59 and 
1859-60. 

Exclusive of the imperial outlay above noted, there 
has been an expenditure of 5,33,481] rupees on Tuccavee 
works during the same ten years. The following 
abstract shows the number of miles of embankment, 





with subsidiary works, maintained, and the total out- 
lay of the ten years in each division : 
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In addition to the above, some 46 miles of Zemin- 
daree embankments in Pooree and the Mahanuddy 
divisions have been taken up for maintenance by the 
Government Public Works Department during the 
past year. 

Adding together all the foregoing results, the follow- 
ing figures represent the actual present extent of these 
(as they are called) agricultural works, viz., 2588 
miles of embankment, 550 sluices, and 153 bungalows ; 
the total expenditure on which, during the past ten 
years, has been 42,76,491 rupees, or little short of half 
a million sterling. 








NEW IRRIGATION PROJECTS. 


WE referred in a recent number to the great cry 
that has within the last few years been raised relative 
to what the Government of India were going to do in 
the matter of providing the requirements of the coun- 
try in respect to irrigation works. Hitherto byt little 
has been done, and money allotted in the annual 
Public Works Budget has been but partially expended ; 
it is satisfactory, therefore, to be able to lay before our 
readers some explanation recently furuished by the 
Governor-General Saaailt on this matter. 

In his speech on the License Tax Bill, Sir John 
Lawrence remarked that the Government had iever 
varied in its determination to do all that was possible 
to push on the construction of irrigation works in 
all parts of India; but to wish for their construction 
was one thing, and to accomplish it was another. The 
Government of India, he remarked, was not concerned 
in the actual business of local administration, and its 
duty in respect to carrying out public works was, of 
necessity, limited to providing the needful funds, and 
by its orders or exhortations stimulating the local 
governments to energetic action, and promptly re- 
sponding to all proposals issuing from those autho- 
rites which called for the concurrence of the central 
Government. After this declaration of the functions 
of the supreme Government, we are informed that it 
was from the very first perfectly well known by all the 
officers of the Government concerned with the ad- 
ministration of the Public Works Department that 
any very rapid prosecution of new irrigation works 

vas not to be expected at first starting. India, he 
said, is the only school for engineers having the 
special knowledge requisite for making projects for 
such works, and they must, therefore, wholly rely upon 
their own resources in respect to the first designs. At 
the same time, from the comparatively small number 
of engineers who had been employed on irrigation 
works im past years, and from the special qualifications 
needed for preparing new projects, and from the obli- 
gation to maintain all existing works in proper efli- 
ciency, there has been an absolute limit put to the 
number of officers who could be set to work on the 
preparation of new designs. 

Credit is taken that a very satisfactory progress has 
been made relative to the extension of irrigation, with 
which, however, we are unable to concur. The 
Government of India last year allowed 700,000/. to be 
entered in the estimates as the provision for works of 
irrigation to be met from borrowed money; but it 
appears from the last accounts received that not much 
more than half that sum would actually be spent; 
and this diminished expenditure is attributed wholly 
to the want of ability of the local public works’ officers 
to spend the money assigned for irrigation works to 
the extent that had been anticipated at the commence- 
ment of the year. It is also explained that the 
Government, when declaring its intention to provide, 
by borrowing, ail funds needed for the prosecution of 
irrigation works, felt that it would be essential to take 
precautions to prevent the thoughtless outlay of the 
money, and prescribed certain conditions with which 
it was necessary for every work to comply before it 
could be aided by borrowed money. These were: 
first, that the work should be estimated to cost not 
less than 10,000Z,; and, second, that it should be of 
such a nature as to be susceptible of having the re- 
turns derived from it shown in a distinct manner. It 
was felt to be the duty of the Government at any 
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future time to be able to show precisely on what 
specific works the money had been spent, and what 
was the exact pecuniary result to the State from their 
operation. It is not improbable that the Government 
may reduce the limit of 10,000. to 2500/, and this 
would be a step in the right direction as calculated to 
make the money available for a vastly increased num- 
ber of ‘both useful and profitable works. 

The follow is a resumé of what has recently been 
done in each province, which will be found to consist 
more in preparation for future work than in the prose- 
cution. of actual work itself. ‘ 

Beginning with the Punjab, there is a new project 
for a canal from the Sutlej, roughly estimated to cost 
about two millions, which is to immediately receive 
sanction in order that the exact line may be marked 
out on the ground, and the detailed designs and esti- 
mates of the works prepared. It is hoped that work 
will actually be begun next season. Next, the re- 
modelling of the Baree Doab Canal, with a view to 
increasing the supply of water from the Beas river, 
is under consideration ; as is.also a large project for 
improving the Western Jumna Canal, and for extend- 
ing it into the arid districts near Sirsa. Surveys have 
also. been, put, in hand for projects for canals to be de- 
rived from the Sutlej during the monsoon months, for 
the country between Ferozpoor and Mooltan, and like 
surveys have been going on for extending the canals 
on the right bank of the Indus. 

In the North-West provinces a new project for a 
canal from the Jumna, to leave it below Delhi, and to 
irrigate the Agra and Muttra districts, at a cost of 
about half a million, has been sanctioned in the rough, 
and is already partly marked out. The remodelling of 
the Ganges Canal, and the arrangements needed for 
making it a complete line of navigation thoughout its 
length, are in progress, and some parts of the design 
have already been received. When these and other 
contemplated navigation lines are carried out, there 
will be continuous water communication from Lahore 
to Delhi, Agra, the Doab, and on into Oude. Plans 
are under consideration for carrying out extensive 
works in Rohilkund on the north of the Ganges, which 
will combine irrigation with drainage. Engineers are 
also at work in Bundelkhund preparing projects for 
utilising the water of the three chief rivers flowing 
through that province; and in connexion with these 
operations, it will be seen whether a further supply of 
water can be secured from the lower part of the Jumna 
to be led to Allahabad. 

In the province of Oude surveys are also in progress 
for a canal to be taken from the Sarda; this will be a 
first-class work, not smaller than the Ganges canal, and 
may probably cost two millions or more. 

In Bengal, on the north, the engineers are at work 
in Tirhoat, with a view of utilising the water of the 
Gandak river. Surveys have also been begun in 
Nuddea, which may lead to the formation of a canal, 
often talked of, to beled from the Ganges near Rajma- 
hal, perhaps as far as Calcutta. A project is well ad- 
vanced for a canal from the Damoodah, to serve as a 
navigation and irrigation work, and communicating 
between the coal district at Ranignuj and the Hooghly. 
Other designs on some of the other neighbouring rivers 
of that part of Bengal are also in hand. ‘ 

In the Central Provinces an officer has been ob- 
tained from Madras for the special prosecution of irri- 
gation works, and two promising projects are well for- 
ward, which will probably soon be in a fit state for 
submission for sanction. 

In Madras the attention of the engineers has been 
Faas directed to the preparation of projects for 
the completion of the great works connected with the 
anicuts on the Godavery and Kistnah. Portions of 
these have already received sanction, and the rest are 
expected soon to be sent up. ‘Iwo very large tank 
works are in course of execution near Madras itself. 
A large project has lately been sanctioned for the ex- 
tension of the irrigation from the Pennair river in the 
Nellore district. A survey has also been carried out 
for a canal to turn the water of a river rising in the 
higher ranges of the Travancore mountains, into the 
‘ae of Madura; there are considerable difficulties to 
be encountered in the realisation of this scheme, but 
it is hoped that they may be satisfactorily met. Other 
projects of value are under preparation in the Madras 
presidency, and important improvements in the 
Cauvery works are also contemplated. 

In the Bombay Presidency, beginning with Sind, a 
very large scheme for a prem: » toe. the Indus at Roree, 


to irrigate the Hyderabad collectorate, is under con- 
sideration; and other projects are in hand for im- 
sae of other existing canals in that province. 
n Guzerat, a project for a canal from the Tapti has 
recently been sent up for sanction, and another project 





1s believed to be in preparation for another valuable 
work. In Khandeish, one work of importance is 
already in operation, and the engineers are employed 
in preparing for its extension. In the Deccan there 
are numerous projects in various stages of progress, 
and several new schemes of magnitude are almost 
ready for final submission to Government. 

Lastly, in Mysore, additional vigour has been given 
to the progress of irrigation works, and it has been 
proposed to apply a large sum from the accumulated 
surplus revenues, in excess of the annual grants from 
current income, to the prosecution of these works. 








RUTHVEN’S HYDRAULIC PROPELLER. 


By Isaac Newton, C.E. 
(From the Journal of the Franklin Institute.) 


No project for the improvement of steam navigation, so far 
as regards the propelling instrument, since the screw pro- 
peller was made a practical reality by the distinguished engi- 
neer, Ericsson, some thirty years ugo, has attracted more 
attention than Mr. Ruthven’s water-jet, as applied in the 
British naval vessel Waterwitch, and also in one or two 
smaller vessels. 

For upwards of a year the English press, both secular and 
scientific, has devoted a large portion of its columns to 
accounts and discussions of the relative advantages and the 
efficiency of this contrivance. These discussions have given to 
the hydraulic propeller an importance in the eyes of nearly 
all who have read them, with the exception, perhaps, of a few 
professionals, which an analysis of its construction and an 
examination of its performance will show is far beyond that 
to which it is entitled on the grounds of its merits. The 
apparent simplicity of this method of propulsion—the propel- 
ling instrument being concealed, as will presently be shown, 
in a box within the vessel—has doubtless caused by far the 
greater number of those who have witnessed the trials with 
the Waterwitch, to entertain erroneous views with respect to 
the efficiency and capabilities of this apparatus. Admiral 
a ina report to the navy department, on the occa- 
sion of a short trip which he made in this vessel, on the invi- 
tation of the Admiralty, says: ‘So soon as we got on board 
we proceeded out of the harbour, and, to my amazement, she 
went ahead at a speed of seven or eight miles per hour, 
against a fresh breeze and quite a ‘sea.’” If the gallant 
Admiral had reflected on the disproportionate expenditure of 
steam power which was necessary to achieve that speed, he 
would have seen that the same power applied to an ordinary 
propeller would have given a very much higher velocity to 
the vessel ; and could he have taken a peep at the weal 
instrument, which is concealed in a huge cast-iron box, he 
would have been amazed to find that, while the Waterwitch 
is but about one-fifth of the size of his flag-ship, the Franklin, 
her hydraulic propeller is heavier and more bulky than the 
simple screw of the heavy frigate. In order to make the 
principles and peculiarities of the hydraulic propeller intelli- 
gible to those readers who have not given attention to the 
subject, as well as to render the description, which will 
presently be given, of the machinery of the Waterwitch more 
easily comprehensible, we will give a brief elementary expla- 
nation of its mode of action. Propulsive force is applied to 
the vessel simply by the discharge of a column of water from 
two nozzles—one placed on each side of the vessel above or 
near the water-line—and pointed directly opposite to the 
direction in which it is desired to drive the ship. The force 
which propels the vessel ahead is produced in precisely the 
same way as that which causes the arms of that familiar 
yy toy known as Barker’s mill, to revolve ; that is, 

y the a pressure which is produced by a fluid flowing 
out of an orifice; this pressure will, of course, vary as the 
square of the velocity of the flow. The familiar example of a 
rocket will make this still more clear. A rocket, as is well 
known, is forced through the air by the continuous pressure 
produced bya stream of gas rushing out of the body of therocket 
in a direction directly opposite to that in which it is driven. 
Substitute a stream of water for the stream of gas, and let 
it flow with the velocity necessary to give the same pressure 
that is created by the gas, and the result, as regards the pro- 
— of the rocket, will be the same. And, on the other 

nd, if it were possible to cause a stream of gas to issue from 
the stern of the ship, sufficient to produce the same pressure 
in relation to the resistance, as is the case with the rocket, 
the vessel would be propelled ahead with equal velocity. 
Now that the principle of the hydraulic pro cller is under- 
stood, we will proceed to give a description of its application 
to the Waterwitch, as brief as is consistent with clearness, as 
well as the dimensions of that vessel, and then make a com- 
parison between this instrument and the ordinary screw pro- 
peller, in order that their relative merits and comparative 
efficiency may be plainly set forth. This we are able to do 
accurately, as working drawings of this machinery are lying 
before us. 

The Waterwitch is 162 ft.in length between perpendiculars, 
by 32 ft. breadth of beam and 13 ft. 9in. depth of hold; her 
average draught of water is about 11 ft. She is rather flat- 
bottomed, and is built double-ended, with a rudder at each 
end. We now come to the propelling machinery. Nearly 
midway, in a fore and aft direction, can in a precisely central 
position transversely, on the bottom of the vessel, a lon 
shallow box of iron is riveted; this box extends 7 ft. on pe 
side of the keel, and for a distance of about 22 ft. in the 
direction of the length of the vessel. The lower side of this 
box (or rather the bottom of vessel which forms its bottom), 
is pierced with a great number of small rectangular orifices, 
which give admission to the water on the outside of the 
vessel ; there is a partition in the box which divides the part 
which communicates with the sea from the other portion 
which has no such communication ; this partition is fitted 





tion of this box the hydraulic propeller or centrifugal pump 
is placed with its axis vertical. is pump, or rather wheel, 
is circular; it is 14ft. 6in. in diameter, and weighs no less 
than 8 tons. It is constructed of two boiler plate discs, 
curved somewhat like a saucer, and placed about 2 ft. 3in. 
apart ; these discs are sec to a cast-iron centre, which is 
in turn attached to the shaft of engines, by means of which 
it is revolved. Between these discs, and riveted to them, are 
placed 12 arms or blades, thus dividing the space between 
the dises into 12 spaces, one end of which communicates 
with the water box already described, by means of a circular 
hole 6 ft. in diameter, cut in the lower disc, and the other 
end terminates at the circumference of this wheel, or, more 
properly, centrifugal pump. The blades or arms are curved in 
a peculiar manner, which it is not nece to describe for a 
clear understanding of the subject. Surrounding and enclosing 
this centrifugal pump, and bolted to the water box already 
mentioned, is a cast-iron circular case, in which it revolves; 
this case is 19 ft. in diameter, and it is made with great care, 
being accurately turned and polished throughout its interior 
surface; the object being to reduce the friction of the water 
forced against it by the pump to the lowest possible point. 
Leading from this case, in opposite directions, are two 
rectangular-shaped discharge pipes, made of copper, and 
curved so as to reduce the friction of the water. ese dis- 
charge pipes lead to the nozzle pipes, which are attached to 
the exterior of the ship’s side, at or about the waterline—the 
discharge pipes within the vessel are 2 ft. lin. by 2 ft. 3in., 
and the propulsion nozzles on ship's side are 24in. by 18 in. ; 
and they are continued 8 ft. in a fore and aft direction each 
side of the centre. These nozzles are two in number on each 
side of the vessel, one pointing forward and the other aft; 
by means of valves in the discharge pipes, which can be 
operated from the deck, the stream of water can be projected 
att or forward, thus changing the direction or turning the 
vessel at will. On the top of the circular pump case, and 
rising far above the waterline, are placed the steam engines 
for driving the centrifugal pump. They are three in number, 
and are connected directly to the shaft of the pump on one 
crank-pin, at an angle of 120° with each other. Their 
cylinders are 38} in. in diameter by 3 ft. 6 in. stroke of piston. 

The whole of the machinery is elegantly proportioned, and 
the workmanship is as fine as it is possible to make it. The 
centrifugal pump or hydraulic re “and its casing and 
copper propulsion pipes are all marvels of workmanship.” 
The machinery, exclusive of the boilers, i.e., the propeller, its 
engines and pipes, — 29 ft. of the length of the vessel, 
by the full interior width, and in height 13 ft. from the bot- 
tom of the vessel; in a word, 10,556 cubic feet is required 
for the propelling machinery. It will now be proper to de- 
vote a few words in explanation of the mode of action of this 
contrivance. The sluice valves which separate that portion 
of the box (attached to the bottom of the vessel) which is open 
to the sea from that portion which opens into the 6 ft. dia- 
meter circular hole in lower disc of the pump being opened, 
the water enters and fills the spaces between the radial arms 
or blades which have already been described. The centri- 
fugal pump is now made to revolve by means of the steam 
engines attached to its axis, and the water contained within 
the spaces is driven out by centrifugal force into the cast- 
iron case, and passes from it, by means of the pipes, to the 
propulsion nozzles which are attache’ to each side of the 
vessel. The velocity and quantity of the water thus pro- 
jected, in a direction contrary to the motion of the vessel, is, 
of course, governed by the perfection of the apparatus; and 
in this respect the performance of this particular design 
seems to reach the maximum possible, being, as it is, the 
result of the experience of some thirty or forty years of ex- 
periment and mathematical investigation; in a word, no 
greater increase in the ratio, between the useful effect and 
power applied toa centrifugal pump, than is in this case 
achieved, seems to be possible. 

Now that the construction, arrangement, and mode of 
action of the centrifugal pump, employed as a propelling in- 
strument for steam vessels, have been explained, it would 
seem that a comparison between it and the screw propeller is 
properly the next step in this investigation. And this, be- 
cause in bringing out the points of difference and the advan- 
tages claimed for the one instrument over the other, the pro- 
bability of the introduction of the hydraulic propeller will . 
be readily seen. 

Let us, in the first place, compare these two propellers, under 
the assumption that they both possess equal propelling effi- 
ciency—that is, that each of them transmits the same pro- 
portion of the power used in driving them, to the propulsion 
of the vessel. In the next place, we will glance at their re- 
lative efficiency as instruments to transmit the power of the 
engine to force the vessel through the water. With respect 
to the first comparison : The screw propeller, it is almost un- 
necessary to state, consists of a central hub, with re | 
four helical blades attached to it. This propeller is fasten 
to a shaft which—if a single propeller is used—projects 
through the stern-post beneath the waterline. Such an 
instrument as this, to properly transmit the power developed 
by the engines which drive the centrifugal pump of the 

aterwitch (viz., from 700 to 800 horse power), would require 
to be about 12 ft. in diameter, and would weigh only about 
4 tons, and engines to drive this propeller, of a sufficient size 
to work up to 800 horse power at a moderate speed and a 
moderate pressure of steam, would not occupy more than 
1350 cubic feet in the vesscl—that is, 150 square feet on the 
bottom of the ship by 91t. inheight. Now contrast this with 
the enormous space required within the vessel by a hydraulic 
propeller and its engines (the Waterwitch) necessary for the 
utilisation of the same power, that is 29 ft. in length by 28 ft. 
in width by 13 ft. in height—10,556 cubic feet, or nearly eight 
times as much as would be necessary with a screw. 

And when we contrast the enormous space—29 ft. in length 
by 28 ft. in width by 13 ft. in height—10,556 cubic feet—re- 
quired within the vessel by the i draulic propeller and its 
engines for the development and. application of the same 
power as that required by the ordinary direct-acting screw 


with sluice valves, so that the water may be shut off or regu- engine attached to a propeller placed without the vessel, and 


lated from one portion of this box. On top of the latter por- 








consequently occupying no room within, it would seem to be 
















































































nee Res 


oe 


a 












608 





ENGINEERING. 


{June 19, 1868, 








idable point against the hydraulic method. For in- 
a ae ry ra with the beautifully designed ma- 
chinery of the Waterwitch, upwards of 10,060 feet cubic are 
required to apply and utilise 771 horse power, it would re- 
quire upwards of 83,000 cubic feet (that is 60 ft. of the middle 
and best part of the vessel by 43 ft. in width, and by the 
whole depth from the floor to the main deck) to apply and 
utilise the 6400 horse power given by the engines of the 
English ship Bellerophon, which only occupy 29 ft. in length 
by 30 ft. in width by 13 ft. in height, from the floor, or 11,310 
cubic feet, which is but a trifle more than that occupied by 
the 771 horse power contrivance in the Waterwitch. It 
seems, therefore, almost unnecessary to remark, that on this 
ground alone, it is quite impossible to apply the hydraulic 
ropeller to a first-class ship of fair speed. And we may 
om remark, recapitulating somewhat, that, from the fore- 
going, it appears to be evident, that the hydraulic motor can- 
not be economically employed in freighting and passenger 
vessels, even of medium steam power, on the grounds of the 
great weight and space required for its use, and its conse- 
quent cost, as well, also, as its inferiority as a propelling instru- 
ment, as compared with the propellers now in use. 

Again, let us look at the relative weights of engine and 
propeller required for the two methods of ——- bearing 
in mind, as we have done before, that we have assumed both 
systems to be of equal efficiency as propellers, and the problem 
is to apply and transmit equal power—in this case 77k horse. 
We have stated that a screw, to properly use 771 horse 
power, would require to be about 12 ft. in diameter, and 
would weigh about 4 tons; and a direct-acting screw engine, 
to develop this power at moderate speed, and with a moderate 
pressure of steam, would weigh, as ample ex erience proves, 
some 40 tons; hence the engines and prope ling apparatus, 
collectively, necessary for the screw system, would weigh not 
over, say, 50 tons. 5 : = 

As to the engines which drive the centrifugal pump of the 
Waterwitch, it is not safe to place them at less than 45 tons ; 
the centrifugal pump itself weighs 8 tons, and the 19 ft. dia- 
meter casing of cast iron which surrounds it, together with 
the water boxes, sluice valves, propelling nozzles, &., must 
weigh at least 50 tons more, and to this must be added the 
weight of the water required to fill the enormous casing, the 
propulsion pipes, water boxes, &c. (and vd must be filled 
when it is in operation), and this is certainly 40 tons more. 
Here, then, we have an aggregate of no less than 143 tons 
required for the hydraulic propeller, against 50 tons required 
for the screw propeller ; this would seem to be another point 
against the former. : , 

Now that attention has been directed to the above features, 
it is proper to state those points which the advocates of the 
hydraulic propeller claim mark its superiority over the screw. 
A number of these claims for superiority are for the use of 
the hydraulic motor in vessels of war, but they will be seen 
so readily that they need not be specially pointed out. 

1. That the propeller, being wholly within the vessel, the 
risks from shot or fouling are avoided. As the screw-pro- 
peller is usually wholly beneath the waterline, it is almost 
impossible to injure it by shot, and if one of the blades, which 
sometimes project a short distance out of water should be hit, 
it would only injure it by breaking a piece off its end, not a 
very serious matter. There is no case on record of a screw- 
propeller being injured by shot. Instances of screw-pro- 
pellers fouling are now very rare, and that without any 
appliances to prevent it. No vessels have been exposed to 
more danger of fouling their screws than were the monitors 
in Charleston harbour and elsewhere; yet in no case were 
their screws fouled, notwithstanding the endeavours made by 
the enemy to disable them inthis way. This is doubtless due 
to the application of one of those small but important inven- 
tions which necessity sometimes brings out. This extremely 
simple anti-fouling contrivance of the monitor can be applied 
to any screw vensel at trifling cost where such precaution is 
deemed necessary, which is not the case with vessels of peace. 
On the other hand, the use of the hydraulic propeller renders 
the propelling power much more liable to be disabled by shot 
than is the case with the screw. And this for the reason 
that at or above the waterline (Waterwitch) there is on each 
side a propelling nozzle 16 ft. long, with a discharge orifice 
in each end 24in. by 18in. Although these big boxes stick- 
ing out on each side of the ship may be covered by heavy 
armour-plates, artillerists know that a shot from a modern 
gun would break them in and utterly destroy the propelling 
power of the vessel. If the attempt is made to make these 
excrescences invulnerable by the employment of thick back- 
ing, heavy ribs, and very thick armour, they will at once 
assume such cumbrous proportions as to put this plan out of 
ithe question. ‘ ; ; 

2. The next great claim is the superior oy | power 
which the hydraulic propeller gives to the vessel. This 
manwuvring or turning power is accomplished by ym | 
the discharge from one nozzle astern and the other ahead. 
On this point a high authority says: “ The hydraulic vessel 
(the Waterwitch), discharging her water ahead from one 
nozzle and astern from the other, took about twice as long to 
turn as the double screw vessel (like our monitors of the 
Monadnock class), viz., about 6} minutes as compared with 


But with either the double screw or the hydraulic, experi- 
ments prove that the man@uvring power is much less than is 
generally supposed, and that because the turning power acts 
at so short a distance from the centre of gravity of the vessel. 

8. That with the hydraulic propeller the vessel can be re- 
versed without reversing the engines, and that this operation 
can be performed by an officer on the deck. The reversing is 
effected by moving two enormous valves in the propulsion 
pipes. If these valves get out of order, not only is the power 
of reversing destroyed, but also the propeller itself—a dis- 
advantage which engineers will not odmad t is compensated for 
by the suppression of the extremely simple reversing gear 
usually attached to the engines. If it is desired that the 
officer of the deck should operate the engines from the deck, 
it can be very easily accomplished by leading rods from the 
engine to the deck. There has been a double screw tug-boat 





WARTH’S ELASTIC PULLEYS. 
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running in New York fharbour for many years where the 
throttle valve and reversing handles are in the pilot house, 
and the officer of the deck steers, stops, starts, thesis, or turns 
his boat without moving froma high stool. Can the hydrau- 
lic propeller do more ? 

4. That the hydraulic will be less affected by the motion of 
the vessel in a seaway than the screw. Quite the contrary. 
Rolling, while it does not affect the action of the screw 
materially, would operate seriously against the action of the 
propelling power of the water issuing from nozzles alternately 
depecnsed zen feet into the sea, and raised equally high out 
of water. And as for pitching, the screw engine is now as 
accurately controlled by the governor as an engine in a cotton 
mill. There are other points claimed, but they are of no con- 
sequence ; besides, want of space warns us that we must bring 
this account of the water motor to a close. 

And we will therefore speak of the last comparison we now 
intend to institute between the hydraulic propeller and the 
screw propeller, and that is their relative chdeney as propel- 
ling instruments. By efficiency is meant the ratio between 
the power applied by the engine to the propeller and the 
power utilised in urging the vessel through the water ; the 
difference between the power developed and power so applied 
is, of course, wasted in doing work which accomplishes no- 
thing towards driving the vessel. 

In order to make this comparison perfectly clear, it is only 
necessary in the first place to quote the results from the 
official trials of the Waterwitcl, and compare the power 
which is required to propel her at a certain speed with that 
which is necessary to propel freighting propellers of similar 
model in this country at the same speed. To begin with, we 
find from the official dimensions given of the Waterwitch, 
that her model is better than that of our freight propellers on 
the North river and Long Island sound. Those familiar with 
the subject will understand this when we state that between 
35 to 40 per cent. in her model is cut away from the solid, 
represented by her length, breadth, and mean draft; which 
shows pretty conclusively that her model is even better than 
that of our propellers, with which we wish to compare her. 
Now, referring to the official accounts of the trials of the 
Waterwitch, the following is the result: Immersed mid sec- 
tion, 347 square feet ; horse power, 777 ; speed, 9.2 knots— 
that is, by the usual calculation, 2.8 horse power are required 
for each square foot of immersed mid section to give a speed 
of 10 knots; and very extensive experience with our bluff 
freighting propellers shows that but 1.8 horse power per 
square foot of immersed section is necessary for the speed of 
10 knots. Hence, it is evident that the hydraulic propeller 
in the Waterwitch is, as a propelling instrument, 36 per cent. 
less efficient than the ordinary screw propeller; or, in other 
words, it wastes 36 per cent. more power than that method of 
propulsion. Why there should be more loss with the hydraulic 
than with the screw, it is quite easy to show mathematically : 
but we may rest contented here with having demonstrated 
the fact, without giving the reasons of their sources of loss. 
As respects the merits of the two systems, we may say, in re- 
capitulation, that it has been proved that, even provided the 
two systems possessed equal propelling efficiency, that the 
screw possesses very marked advantages over its rival; but 
as it has also been established that the screw far exceeds the 
hydraulic in non. efficiency, the conclusion that the 
hydraulic method cannot compete with the screw propeller, it 
would seem, cannot be gainsaid. One more comparison, and 
we will tire the patience of the reader no longer. In the 
came 1837, the British Admiralty were towed ten miles an 

jour on the Thames by a screw propeller. They shook their 
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heads at the scheme, and pitied the inventor for his sanguine 
credulity ; the same propeller, with almost identically the 
same proportions, is the motor of all the navies of the world, 
and has now almost driven the paddlewheel from the ocean. 
In 1867 the British Admiralty make sundry excursions with 
the hydraulic propeller, and are infatuated with its merits, 
and this contagion of enthusiasm seizes the English press, 
and an ancient motor, promulgated as long‘ago as 1661, re- 
ceives as much attention as though a new era had been com- 
merced in naval warfare by its resurrection. 


WARTH’S ELASTIC PULLEYS. 

Ws illustrate above two forms of elastic pulleys, designed 
and patented by Mr. Warth, and which are now being intro- 
duced in this country by Mr. R. Rayner, of 3, Broad-street 
Buildings. One form of these pulleys, that shown by Figs. 1 to 
4, is adapted for use withordinaryflat belts, and theother, shown 
by Fig.5,forusewithcords. Theformer pulley consistsof acast- 
iron centre, the rim of which is shaped so as to form a recess or 
groove in which a ring of india-rubber is placed. At four points 
in the cireumference there are cross ribs which are pressed 
into the india-rubber ring, as shown in Fig. 1, and thus prevent 
the ring from turning round. To prevent the india-rubber ring 
from being expanded by the centrifugal force and thrown off, 
as has happened in some forms of elastic pulleys in which 
india-rubber has been used, it is covered by a casing of 
leather held by a pair of iron rings placed one on each 
side, as shown in Figs. 2, 3, and 4. The belt thus 
works on a leather surface, and obtains a far better gripe 
than it would on the smooth metal surface of an ordinary 
pulley. ‘These elastic pulleys appear to be well adapted for 
use on high speed machinery, such as fans, centrifugal 
pumps, &c., where it is especially advisable that no slip 
should take place, or, if it does occur, that it should take 
place on the larger pulley. In the other form of pulley 
shown in Fig. 5, the cord is griped by a pair of inclined 
wooden surfaces, which are forced together with an elastic 
pressure by means of a pair of discs having india-rubber 
rings placed in annular recesses formed in them. The con- 
struction of this pulley will be readily understood without 
further explanation. 











Paris Exntstion 1867.—RePorTs BY MASTERS oF 
Scuoors or ArT.—The Lords of the Committee of Council 
on Education, considering it desirable to hold out encourage- 
ment to masters and mistresses teaching in schools of art to 
visit the International Exhibition in Paris, last year, with 
the view of studying those objects which might thus be made 
instrumental in benefiting the instruction given in art schools, 
offered to every such teacher visiting the Paris Exhibition 
the sum of five pounds in aid of his or her expenses, and an ad- 
ditional sum of two pounds for any one report which any such 
teacher might make, or, any useful suggestions, in respect to 
his or her duties or teaching, derived from the study of the 
Exhibition ; such report having first been published in any 
journal, local or otherwise, ond approved of by their lord- 
ships. For each of the three best reports the following 
prizes, also, were offered ; for the best report, 201.; for the 
second best report, 15/.; and for the third best report, 10/. 
The International Exhibition was visited by 101 art teachers, 
of whom 28 made reports eo by their lordships. — 
first prize has been awarded to Mr. W. J. Muckley, hea 
master of the Manchester School of Art; the second, to Mr. 
Walter Smith, head master of the Leeds School of Art; and 
the third, to Mr. Dewar Campbell, Master of the Bridport 
and Dorchester Schools of Art, 
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THE STRENGTH OF BEAMS.—No. XVIII. 


On THE TRANSVERSE STRENGTH OF STEEL Raits 
AND OTHER ANALOGOUS BEAMs. 

TuRNING now to permanent way constructed entirely 
of iron, or of a combination of iron and steel, we find 
the rigidity of each of the numerous systems, already 
subjected to the test of practical working, varies 
considerably from that obtained in timber sleeper 
roads of the ordinary proportions. Thus, taking two 
extreme cases, in order to define the limits within 
which the variations in stiffness will be comprised— 
namely, the permanent way laid down on a portion of 
the Rhenish Railway, Fig. 24, and that known as the 
“* Macdonnell” way, Fig. 23, tried on the Bristol and 
Exeter Railway—we arrive at results which are cer- 
tainly rather startling. Inthe former case the per- 
manent way, incontestably the boldest and simplest 
type yet ventured upon, was little more than a col- 
lection of common deck beams (Fig. 24) 11 in. deep 
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x4in., weighing 115 Ib. per yard, and tied together 
by lin. round bars at intervals of 3ft. Lateral 
stability was assumed to be provided for by the system 
of wedging in these deep rails with fine gravel, in 
troughs formed in the ballast of broken flints. 

The moment of resistance (M) of this section of 
rail=34; hence, since the deflection of a beam sub- 
jected to a stress at the centre of the bearings is given 


: SWE . 

by the equation § Ma it follows that the de 
flection of this rail at 5 ft. bearings for each ton stress 
applied at the centre, would be .0024 of an inch only. 

he stiffness of this permanent way is, therefore, nearly 
ten times that of the ordinary system with longitudinal 
timber sleepers which it was intended to supersede. 
We need not be surprised to learn that a differently 
proportioned and less rigid section was quickly sub- 
stituted on all subsequent lengths of permanent way 
laid on this plan. 

The other extreme, that of minimum stiffness, is 
well illustrated by the example selected (Fig. 23). 
The 68 lb. bridge rail is bolted to a flat longitudinal 
wrought-iron sleeper weighing about 84 lb. per 
yard. The section of the latter is rather convenient 
for the manufacturer than advantageous as a beam 
liable to be subjected to a considerable amount of 
bending stress. The intervention of wood packing 
between the rail and sleeper undoubtedly destroys the 
homogeneity of the structure, and on that account the 
conclusion arrived at with respect to the longitudinal 
timber sleeper road, namely, that the degree of stiffness 
to be relied upon under actual working is that due to 
the rail and sleeper acting independently, will also 
hold good with respect to the Macdonnell way. 

Now, the deflection of the rail, it will be seen by 
reference to the tests tabulated in the last paper, 
averaged .07 in. per ton at 5 ft. bearings; and that of 
the sleeper at the same bearings was .23 in. for a stress 
of 1.2 tons, and 1.28 in, for a stress of 2.8 tons, giving 
an averaged reduced deflection of .33 in. per ton. In 
the beam made up of these two members it is evident 
the proportion of stress sustained by each would be 
inversely as their deflections ; that 1s, the rail alone 
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would sustain of the entire stress. It follows 


that the deflection, for each ton stress applied at the 
centre of the 5 ft. length of rail and sleeper combined 


beam, would be 207 in. x 33 in-— 059 in. 


.33 in. +.07 in. 
By actual test the deflections were found to be as 


follows : P 
WwW 
2.4 tons pon ee dine -075 in. 
5.6 y ‘a je ~ Ms 
os ‘as pars a -363 ,, 
7.9 5 


Average deflection=.05 in. per ton. 

In the specimens thus tested the bolts were of 
course firmly screwed up, which fully accounts for the 
difference between the results actually obtained, and 
those previously deduced, on the hypothesis that the 





fastenings could not be depended upon as an element 
of vertical strength or stiffness. 

Even if we could admit the possibility of the stiff- 
ness exhibited by the specimens being obtained in 
practice, the rigidity of the Macdonnell way would 
still be considerably less than $ that of the same 
rail with timber sleepers in use on the other portions 
of the same line. Yet this construction did sustain 
heavy traffic successfully for a number of years; but 
there can be no doubt the excess of elasticity, or, as 
some might prefer putting it, the deficiency of rigidity, 
must have detracted materially from the economy pro- 
posed to be effected by the substitution of iron for the 
perishable material previously in use; since the dis- 
turbance of the substructure, and the consequent fre- 
quent packing of the sleepers, must have involved 
much greater labour than would have been necessary 
had greater vertical stiffness been given, either to the 
rail or to the iron longitudinal sleeper upon which it 
rests. 

Whilst in the instance of the 11in. rail on the 
Rhenish Railway one could not be surprised to find the 
excess of rigidity proved sufficiently detrimental in 
poe to prevent any but the experimental length 
being laid down on that system, in the case of the 
type of Macdonnell way last referred to the deficiency 
of rigidity was so evident, even by theoretical inves- 
tigation, that it is a matter of surprise that the system 
subsequently adopted, possessing vertical stiffness 
much more dud approaching that of the timber 
sleeper road, was not tried at first. 

In the two systems illustrated we have, however, 
probably defined the extreme limits within which the 
vertical stiffness of any description of permanent wa 
in use, or likely to be ever used, will be comprised. 
And it may well be so, since the one is possessed of 
> ome of twenty times the rigidity attained by the 
other. 

The earlier rails rolled to Mr. Barlow’s well-known 
“saddle back” pattern were soon found to be unneces- 
sarily heavy. ‘Those tried so far back as 1850, on the 
North Midland Railway, were 13 in. wide by 5 in. 
high, and weighed 126 1b. per yard. Tested at 52 in. 
bearings, these rails deflected, on an average, from 
Olin, to .012in. per ton. Increasing these amounts 
in the ratio of the square of the span, for the purpose 
of comparison with experiments on other rails at our 
standard span of 5 ft., the resulting average deflection 
would be .015in. per ton. Permanent way of this 
type, consequently, would be some 50 per cent. more 
rigid than the bridge rail with longitudinal sleeper ; 
and, although this amount is insignificant in com- 
parison with the 1000 per cent. excess exhibited by 
the 11 in. rail, there can be no doubt the substitution 
of a lighter section was not only perfectly justifiable, 
but, in all probability, advantageous in every respect. 

Could we take an average of all the systems of per- 
manent way with continuous bearing longitudinal 
sleepers in use at the present time, and of all those 
with transverse sleepers, or other analogous support- 
ing mediums, it is nore than probable that the vertical 
stiffness would be found to be the same in each class 
of road. It was stated, before commencing the in- 
vestigation of this question of the desirable amount 
of stiffness for each system, that it could only be 
definitely and satisfactorily settled by carefully noting 
the successive modifications suggested by the defects 
exhibited in different experimental lengths of new 
systems of permanent way. Upon that class of evi- 
dence the preceding conclusion is based. 

Viewing the question in a purely theoretical light, 
it might at first appear that the condition of a rail on 
a cross sleeper road would be similar to that of a con- 
tinuous girder supported at fixed intervals, correspond- 
ing to the distance apart of the sleepers. If this were 
so:in practice, it would follow, as a corollary, that 
efficient permanent way might be constructed with any 
section of rail, no matter how light, provided the cross 
sleepers were spaced at proportionally small intervals. 
Indeed, it has been recently urged, by some of the 
leading authorities on the steel rail question, that the 

roblem of economical permanent way would be solved 
if the adoption of a light steel rail on a closely 
sleepered road. 

We believe the conclusion thus arrived at is based 
upon entirely false premises. In fact, if the hypothesis 
assumed were true, it would follow that a longitudinal 
sleeper road, instead of requiring, as evidenced by 
experience, equal strength with a transverse sleeper 
one, would require no transverse strength proper, but 
merely sufficient provision to enable the rails to resist 
the vertical pressure, and the crushing action of the 
wheels, 

If we carefully consider the problem presented by a 





piece of permanent way, liable to defective mainten- 
ance, and other detrimental contingencies inseparable 
from the routine of actual work, it will be found that 
the conditions are those of an elastic beam supported, 
either at certain points or continously, upon a partiall 
elastic and unstable foundation, an <akiett toa | 
ing load somewhat greater than that upon the most 
heavily loaded driving wheel running over the line. 

A careful observation of the passage of a heavy 
locomotive over a piece of permanent way, no matter 
how perfect it may be, will show that whilst no de- 
flection of the rail between any pair of sleepers, or 
pair of wheels, is observable, one grand undulation 
invariably accompanies the movement of the engine. 
The entire length occupied by the wheel base is de- 
pressed temporarily as the load advances, and the 
original inl is practically attained after its transit. 
In fact the phenomena are almost the same as those 
which ohh be exhibited if the rails were supported 
upon pontoon sleepers floating in water. It follows 
from these conditions that—strange as at first sight 
it may appear—the bending-stress occurring on per- 
manent way, either with longitudinal or cross sleepers, 
will be governed, not by the load upon the driving 
wheels only, but also by the distance apart of each 
pair of wheels. 

In considering this question in its theoretical bear- 
ings it is unnecessary to go into any refinements in 
order to exhibit the practical conclusions which may 
be derived from the investigation. For the sake of 
simplicity, therefore, we shall assume the rails to be 
continuous throughout, uninterrupted by fished joints 
of a greater or less degree of efficiency; and we 
shall consider those rails to be loaded with a row of 
six-wheeled coupled locomotives with the wheels 
spaced at 6 ft. centres. In the cross sleeper road the 
distance apart of the sleepers will be taken at one-half 
that of the wheel centres, or 3 ft., and the weight 
transmitted to the rail by the springs of the heaviest 
pairs of driving wheels in their most depressed state 
will be estimated at 9 tons, an amount which cannot 
justly be reduced now when dealing with lines worked 

y the ordinary engines, but may, at some future time, 
be modified, should Mr. Fairlie be successful in 
inoculating engineers in general with the philosophical 
rinciples regarding locomotion which have been ex- 
ibited in his own practice for many years. 

Commencing with the cross sleeper road we shall 
find two cases presented, one when the driving wheel 
is over a sleeper (Fig. 25), and the other when it lies 
between a pair. 

In the first case, the equilibrium of the beam is 
maintained by the load of 9 tons from each driving 
wheel acting downwards at 6 ft. intervals, and the re- 
action of 44 tons at each sleeper acting upwards at 
3 ft. intervals. The condition of the rail, therefore, 
is that of a continuous beam 6 ft. in span, subjected 
to a stress of 44 tons at the centre. 
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With the wheel between a pair of sleepers (Fig. 
26) the equilibrium of the rail will be maintained by 
forces similar to those in the last instance, and the 
case will be that of a continuous beam 6 ft. in span, 
carrying two loads of 44 tons each at the distance of 
th the span from each end. 

Taking now a longitudinal sleeper road (Fig. 27), 
we have the weight of 9 tons due to the driving wheel 
acting at a point, and the reaction of sleeper uniformly 
distributed at the rate of 14 tons per foot over the 
6ft. span. The strain, consequently, will be similar to 
that on a continuous beam so loaded. 
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of the preceding results that if the rails were not con- 
tinuous, but in 6 ft. lengths jointed under each wheel, 
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Now, it will be obvious at once from an inspection| pRITISH ASSOCIATION OF GAS MANAGERS. 


Tue fifth annual general meeting of the members of this 
Association was held in London on the 2nd, 3rd, and 4th of 


the bending stress would be the same in all these | June, inthe rooms of the Society of Arts, John-street, Adelphi, 


cases of the problem, and be that due to the load on 
the driving wheal acting at the centre of a span equal 
to one half the distance apart of the centres of the 
wheels. With the proportions adopted, the moment 
of the weight (m) would, consequently, be equal to 


Wa . 
9 tons x ‘“"" =81; and of course that amount 


divided by the moment of resistance of the cross section 
of rail employed would give the maximum strain on the 
metal in tons per square inch. But the rails are not 
so cut up into 6 ft. lengths. It will, therefore, be de- 
sirable now to consider the question of their continuity 
in order to effect the necessary corrections arising 
from that condition. B. B. 


TURNPIKE ROAD TRAMWAYS. 

We have received from Messrs. George Remington and 
Son a brief description of their plan for laying down tram- 
ways along the turnpike and other direct roads from London 
to most of the principal towns of England, and a company is 
proposed to carry out the first division and to lay down tram- 
ways from Kilburn, by Edgware, to St. Alban’s, and from 
Holloway, by Barnet, to St. Alban’s, Dunstable, Fenny Strat- 
ford, Stony Stratford, Towcester, Weedon, following the Old 
Roman Watling-street, by High-cross, Atherstone, Wilin- 
cote, Fazeley, near Tamworth, to Lichfield, and thence by 
the most direct roads through Rugeley, Weston, Stone, New- 
castle-under-Lyme, Sandbach, Middlewitch, Northwitch, 
Altringham to Manchester, and by Warrington and Prescot 
to Liverpool, with collateral lines from Lichtield, by Burton- 
on-Trent, te Derby, Nottingham, and the Midland coalfields, 
Sheffield, Halifax, and Leeds ; from High-cross, by the Roman 
Fosse way to Leicester, Newark, and Lincoln to York; 
from Weedon, by Daventry, to Coventry and Birmingham, 
and thence joining the main line again at Lichfield, and from 
Stanmore, by Watford and Warwick, to Birmingham. 

There can be no doubt that if a system of tramways were 
established, heavy goods and minerals, as well as agricultural 
produce of all kinds, might be conveyed along common roads 
with much greater ease than at present, that where great 
speed is not an object passengers might be conveyed at very 
ow fares, and that the facilities it would afford to the work- 
ing population of the intermediate towns and districts would 
insure very considerable traffic of its own without prejudice 
to the railways, and that it would be of great public utility. 
In some cases it might be necessary to construct new road- 
ways in the neighbourhood of towns having narrow streets, 
and in others to widen the present roadways; but in most 
cases there would be suflicient width between the hedges or 
fences to lay down tramways in such a manner as not to in- 
terfere injuriously with the ordinary road conveyances, as 
the tramway would be laid level with the roadway. The 
carriages may be drawn by horses or by traction steam- 
engines working at moderate speed ; and as the system would 
establish a mode of conveyance something in effect between 
the present railway and canal, and the first outlay be com- 
paratively small, it would, we think, be very useful to the 
yublic, and at the same time offer many inducements for the 
investment of capital. 


THE CHANNEL TUNNEL SCHEME. 
To rug Epiror or Ene@ineerinea. 

Srr,—In your very able review, last week, of the progress 
and prospects of engineering with reference to tunnelling, 
you pay Mr. Hawkshaw a great compliment for boldness in 
giving his high professional opinion in favour of the practi- 
eability of making a tunnel under the channel, but make no 
reference to my plan, which was made public and submitted 
to Mr. Hawkshaw before he ventured to allow his name to 
appear in connexion with the subject, and as you and other 





bility of the line proposed by me from Dungeness to Cape 
Grisnez, in consequence of the geological strata under that 
yart of the channel being free of chalk, and therefore much 
- porous, and better adapted for tunnelling, and also there 
being less depth of water and lower and better ground for 
the approaches, it would hardly be wise now to think of 
starting the tunnel from Folkestone. There can be no doubt 
that the junction of the railways of this country with those 
of the Continent will be one of the most important works 
science has yet taken in hand. I have estimated that a 
tunnel for double lines of railway may be made in 5} years, 
at an outlay under 7,000,000/., and no doubt when completed 
the traffic would produce ample revenue. 

I have submitted my plans to Mr. John Fowler, and I 
believe I may safely say chat he thinks highly of the scheme, 
and would be willing to take part in its development. 

I am, Sir, your most obed’ent Servant, 
15, Fleet-road, Haverstock-hill, Grores REMINGTON. 
June 23, 1868. 





Tus Brixvist Rovrr.—The Italian correspondent of the 
Times speaks as follows of the Brindisi route: ‘‘ You pre 
probably aware that the service of the whole line from 
Alexandria to Trieste and Venice has now been for some time 
_ established. From a friend who was lately at Brindisi 

learn that a piece of ground has been allotted for an hotel ; 
but that, as yet, there are no signs of one being built. The 
railway is likely to e continued to the port. It is but a 
trifling affair. More important is the construction of docks 
into which vessels can go for examination and repair; and if 
the Italians want to get the Indian mail to go that way, the 
sooner they get them made the’ better.” 





which had been kindly lent for the occasion by the council of 
the Society. There was a large attendance of members and 
visitors at each of the sittings. The proceedings commenced 
on Tuesday, June 2, at eleven o'clock, when Thomas G. Barlow, 
Esq., C.E., the president of the association, took the chair. 

Mr. James Blackburn, of Droylsden, the honorary secretary, 
read the minutes of the last annual assembly at Nottingham, 
which were approved; and after some further business had 
been transacted, the president delivered the following inaugural 
address. 

Gentlemen,—On opening the business of the present session 
of your association, to which you have done me the honour to 
elect me as president, I have to bespeak your indulgence should 
I fail to discharge the duties of the office as efficiently as my 
distinguished predecessor, whose experience and apitude for 
public business eminently qualify him for such a position. 
Nevertheless, I can assure you that, though I may be found 
deficient in those qualitications, I am equally zealous as he 
can be for the prosperity of the British Association of Gas 
Managers, and anxious to do all within my power to promote its 
success. 

It becomes my duty in the first place, according to established 
practice, to bring before ;your notice the progress which has 
been made during the past year on the advancement of your as- 
sociation in the manufacture and distribution of gas, and to 
consider the position in which we stand in a scientific and com- 
mercial point of view. 

The continued increase in the number of the members of our 
association is the best proof that can be given of increasing 
interest in the improvement of the various manufacturing pro- 
cesses connected with the production of gas, and affords solid 
ground for hoping that gas lighting will ere long take a high 
position among the applied sciences. At the first session of the 
association, in 1864, the number of members amounted to only 
92; at the second session the number was increased to 109; at the 
third, to 143; and at the fourth session, last year, at Notting- 
ham, the number of members amounted to177. We have Since 
lost by death or otherwise 7 members; but 38 have been elected 
on the present occasion, which will raise the total number of 
members to 208. We have still to regret the absence of many 
of our London brethren, but it is to be hoped, now the success 
of the association is so firmly established, that they may be 
induced to join our ranks, in which they are sure to find a 
hearty welcome. The advantages to be derived from such 
meetings is no longer questionable. The parent institution— 
the British Association for the Advancement of Science—hav- 
ing triumphantly proved that the annual gatheri. * together of 
those who are interested in similar pursuits not ly tends to 
stimulate discovery and to disseminate inform: on, but by 
bringing such men personally acquainted with o + another, it 
enables them to interchange thoughts, and thus softens down 
asperities and produces harmony and concord. The increase 
of our numbers ion indeed, its inconvenience, inasmuch as it in- 
creases the difficulty of personal recognition, and it has been 
humorously suggested to me that each member should be num- 
bered and ticketed, so that by reference to a catalogue it might 
be known “who's who.” The committee have not yet taken 
action in the matter, and in the meantime I beg to recommend 
that each member who wishes to address the meeting should 
hand his card to the chairman as his “ ticket-of-leave” to speak, 
and his name could then be distinctly announced. It is very 
desirable in our discussions that all variations of opinion should 
be expressed, therefore I hope that a large majority of members 
will present their “ tickets-of-leave.” 

There is another suggestion which I wish to make more 
earnestly, as it relates to a benevolent cbject, towards the ac- 
complishment of which the efforts of the association may be 
beneficially directed. We are most of us now in the vigour of 
life, but gas managers are not, any more than other men, exempt 
from ‘all the ills that flesh is heir to,” and when associated to- 
gether for the advancement of our common pursuit it seems to 
me an appropriate time to consider the means of providing for 
the relief of the probable wants of the future. The creation of 
a gas managers’ benefit fund for the relief of deserving members 
who may be incapacitated by old age or sickness from discharg- 


scientific writers have strongly pointed out the greater feasi- | ing their duties, 1s, I conceive, a subject justly deserving the 


attention of our association. Several of the metropolitan and 
larger provincial gas companies have instituted such means for 
relieving their officers when incapable of work, and if it be 
thought fit to adopt iggestion Iam willing to contribute 
substantially for the tion of such a fund. 

Gentlemen, in co ing the progress that has been made 
in the manufactur distribution of gas during the past year, 
the new inventior . new processes which have been adopted 
or tried with vect of success deserve to be especially 
noticed. Forer among them is M‘Kenzie’s process for pro- 
ducing gas of }_. illuminating power from small coal mixed 
with crude si .e oil. The pressure which the Legislature has 
recently put on gas companies to raise the standard of illumina- 
ting power considerably above that obtainable from common 
coal has cumpelled most of them to use a certain proportion of 
cannel coal at a heavy cost and with a diminution in the value 
of the coke. The advance in the price of cannel consequent on 


| the increased consumption has stimulated inquiry to find a 


| 
| 


sul stitute for it, and this seems to have been accomplished by 


| Mr. M'Kenzie, whose!process has been successfully adopted on a 


large scale at the Alliance Gasworks, in Dublin. The small 
coal is well mixed with the oil in the proportions varying from 
10 to 30 gallons of oil to 1 ton of coals. This is effected by 
means of a mixing or grinding mill. The compound material 
is then distilled in ordinary gas retorts of clay or iron at a strong 
heat approaching a white heat. I have recently witnessed an 
experiment on a mixture of Llantwit small coal shipped at 
Cardiff, and costing in Dublin 12s. 6d. per ton, with 5 per cent. 
of Broxbourne shale oil, costing 54 10s. per ton, the produce of 
the distillation of one ton of which mixture was 
9750 cubic feet of gas of 21.5 candles illuminating power. 
37 bushels of good hard saleable coke. 
2 bushels of breeze. 





11 gallons of tar. 
15 gallons of ammoniacal liquor of 5° Twaddle. 

The cost of this mixture, including royalty, was about 17s. 
per ton against 24s. for Wigan caunel, over which it has the 
advantage of at least 5s. per ton in the value of the coke. 

Two other new sources of supply of materials for producing 
gas of high illuminating power have been proposed—viz., New 
Brunswick albertite and Trinidad bitumen. From the results 
of experiments on the former made by Mr. Evans, at the Horse- 
ferry-road works of the Chartered Company, it appears that the 
yield per ton is from 9166 to 10,200 cubic feet of gas, varying 
in illuminating power from 28.66 to 35.42 candles, from which 
quantity, however, 10 per cent. must be deducted in practical 
operations on a working scale, and the material is offered for 
sale in London at 37s. 6d. per ton. Trinidad bitumen does not 
present quite the same advantages. When mixed with 80 per 
cent. of Newcastle coal, the yield per ton, according to the joint 
experiments of Dr. Letheby and Mr. Keats, was 10,600 cubic 
feet of 17.6 candle gas, and it could be sold in London at from 
45s. to 50s. per ton. There is, however, the serious drawback 
to the use of Trinidad bitumen that it contains a large amount 
of sulphur and of water. These applications of shale oil and 
bituminous substances, more especially that of shale oil, afford 
reason to believe that the threatened difficulty arising from the 
scarcity of cannel consequent on the greatiy increased demand 
may in some measure, if not entirely, be overcome. 

My predecessor alluded in his inaugural address to the in- 
vention of mechanical appliances for the charging of retorts, by 
which a large system of retorts set in one oven might be charged 
at once, by a number of scoops operating at the same instant. 
That plan has since been practically tried at the Alliance Gas- 
works, in Dublin, and I am able to speak of it very favourably. 
A new retort-house has been erected, capable of carbonising 
300 tons of coal in a day, and containing 270 double retorts, or 
540 mouthpieces, the charging and discharging of which is 
performed by two machines, and hitherto with complete 
success. Best and Holden’s “‘ steam-stoker,” as the machine 
has been termed, appears to be destined to make a revolution in 
the retort-house arrangements of all large gasworks that may 
be henceforward constructed. The inventors have obtained 
three patents for different applications of their machinery for 
charging retorts, some parts of which may be applied to small 
works. I recommend any engineeer who is contemplating the 
erection of a large retort-house to examine the working of 
Messrs. Best and Holden's steam-stoker at the Alliance Com- 
pany’s works. The company deliver the coals into a hopper at 
the top of the machine, and remove the coke from the stoke-hole, 
and the patentees have contracted for the charging and dis- 
charging of the retorts at the rate of 9d. per ton, including 
royalty, the cost under the old system having been 1s. 7d. 

Some modifications, which have been made in the form and 
arrangements of the dip-pipe, deserve to be mentioned, as they 
tend to remove the inconveniences that arise from the necessity 
of having the dip-pipe sealed in the hydraulic main. An Ameri- 
can inventor has suggested an alteration in the old form of 
hydraulic main by casting the dip on its side, as shown in the 
diagram produced. This method of forming the dip-pipe pre- 
sents some advantages in clearing out, and it avoids the incon- 
venience attending the collection of pitch round the mouths of 
the pipes. A more important arrangement of the dip-pipe, 
having for its object the removal of the pressure in the retoris 
occasioned by the seal in the hydraulic main, has been contrived 
by Messrs. Cockey and Sons. The necessity for relieving the 
retorts from that pressure was recognised in the early stages of 
the introduction of clay retorts, and Spinney’s contrivance for 
that purpose is, I believe, still in use in several gasworks. By 
the contrivance of Messrs. Cockey—a model of which is on the 
table—the pressure is entirely removed by the exhauster during 
the time the coal is being carbonised. This arrangement is 
called by the inventors a “telescope” dip-pipe, that portion of 
it which enters the tar in the hydraulic main being made to 
slide up, like the tubes of a telescope, as soon as the retort is 
charged, the action taking place by means of a lever to which a 
handle is attached. Before loosening the lid of the retort, the 
telescope part of the pipe is lowered again into the tar to pre- 
vent the gas from passing back into the retort. 

Any improvement in construction of exhausters to produce 
increased steadiness and uniformity of action, is a desirable 
acquisition. Mr. C. Horsley’s exhauster seems, in these re- 
spects, to deserve attention. It consists of an outer cylinder or 
case, with inlet and outlet attached, and an inner drum is 
placed eccentrically, so that one side of it is in contact with the 
cylinder. On to this inner-drum three or more flaps or valves 
of wrought iron, extending its whole length, are hinged, form- 
ing, when closed, parts of the circumference of the drum. 
These valves are kept extended by centrifugal force, which is 
quite sufficient for that purpose, at the slowest rate of rotation 
when the exhauster is placed vertically. The advantages 
claimed by the inventor for this exhauster are that, should it 
be cadiely stopped, the valves open and form a complete self- 
adjusting relieving valve; the oscillation of the gauge is en- 
tirely prevented, and the seal of the dip-pipe is insured, and is 
always the same. The power required to Stes this exhauster 
is stated to be very small in comparison with others. 

In the process of purification but little advance has been 
made. Experience, however, serves to confirm Dr. Letheby’s 
opinion that the sulphur compounds in gas may be considerably 
reduced by dry-lime purifiers of large surface, through which 
the gas passes slowly. ‘This has been shown to be the case at 
the Great Central Gasworks, where the quarterly average of 
sulphur has by that means been reduced from nearly 30 grains 
to less than 20 grains per 100 cubic feet. A new process for 
ascertaining the remaining quantity of sulphur in gas has been 
proposed by Mr. Valentin, of the College of Chemistry, in which 
he burns the gas with an admixture of atmospheric air among 
pieces of spongy platinum and through platinum gauze. He 
claims for his instrument that it ensures a more perfect com- 
bustion than by any other, and that he is able, by the use of 
soda-lime, to arrest every atom of sulphur ir the gas. Mr. 
Valentin objects to Dr. Letheby’s test, that it ails to detect a 
considerable quantity of the sulphur contained in the gas; but 
in that opinion he is opposed by M. Ellissen, the chiet of the 
experimental works of the Paris Gas Company, who contends 
that, practically, the Letheby test is as correct an instrument 
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for ascertaining the quantity of sulphur contained in gas as can 
be desired. It is well observed by M. Ellissen that the only 
portion of the sulphur in gas that can be injurious to health or to 
property is that portion which is eliminated in the form of sul- 
phurous acid during ordinary combustion, and that any labora- 
tory test which, by means not commonly adopted, can extract 
a larger quantity of sulphur from the gas is, or ought to be, 
useless as a test of the my of the gas supplied to the public. 

In meters and gasholders there is no novelty to notice, the 
manufacturers vying with each other in producing the best 
article at the lowest cost rather than in further improvements 
in what is held to be perfection. ; 

The joints for street mains continue to offer a wide field for 
the exercise of ingenuity. Upon the table there is a model of 
an elastic joint, invented by Mr. W. Austin, which has been 
successfully tried in several places, and possesses decided ad- 
vantages over the ordinary lead joint, or the rigid turned and 
bored joint. The whole length of each pipe is perfectly cy- 
lindrical, without socket, and the ends of each are corrugated, 
to give a firmer hold to the elastic packing employed. In 
making a joint, a ring of flexible material is placed over the end 
of one pipe, and an iron ring over the end of the other; the two 

ipes are then butted against each other, and the flexible ring 
is slipped over the junction, and the iron ring is driven over 
the flexible one, both rings being made slightly conical, so that 
the iron ring may pass over the flexible one more easily at first, 
and act as a wedge in tightening the joint as it is driven in. 
For pipes larger than 10 in. in diameter an iron collar, provided 
with bolts and nuts,is applied for drawing the conical iron ring 
over the flexible packing. The model of a lead joint, invented 
by a M. Farjon, is also on the table. It has been used for the 
whole of the mains of the Brussels Waterworks, for which use 
it is especially adapted on account of its great strength. It will 
be seen that the ends of each pipe are swelled out, and terminate 
with a groove and small flange. The joint is made, after piacing 
the ends of two pipes together, by first covering the junction 
with a band of soft sheet lead, which is pressed into the grooves 
by means of an iron collar placed temporarily over it, and the 
ends of which are screwed tightly upon the lead. The collar is 
then removed, and an iron hoop is driven over the joint to keep 
the lead in its place. Finally, to increase the strength of the 
joint, the soft metal round the hoop is hammered in. There is 
nothing actually novel in the principle on which these joints are 
made, for in the fourth edition of Clegg’s ‘ Treatise on Coal 
Gas” several similar joints are shown, but there is some dif- 
ference in the method of applying the packing of elastic or soft 
metal bands which renders them deserving of notice, and Mr. 
Austin’s joint possesses the advantage of being simpler and 
more readily applied. 

A model of Warner’s quadrant motion gas and water valve 
lies upon the table, and merits attention by its simplicity, 
efficiency, and economy. In the construction of this valve, 
which is made of cast iron, a segment piece, in conjunction with 
the dise which closes the main, turns on a centre at the top of 
the valve case, which segment piece is constructed with teeth 
gearing with a worm cut on the spindle, the stem of which 
passes out of the valve case through a stuffing-box, on which a 
wheel or handle is fixed. By this means the disc is drawn 
entirely out of the way, and an unobstructed passage is left 
through the main. . 

District dry gas governors supply a want that is much felt in 
the regulation of the pressure in districts of varying levels. The 
effect of the action of ordinary gas governors is to give a con- 
stant outlet with a variable inlet pressure. They are conse- 
quently inapplicable as district or supplemental governors, 
because as they require where so applied to give the maximum 
night pressure on their ouilets, such pressure is necessarily 
maintained during the whole twenty-four hours. The require- 
ments, therefore, of an efficient district governor are the oppo- 
site of those of the ordinary governor, for while the pressure at 
any given point can be reduced to the extent desired, the re- 
duced pressure should be proportionately increased and 
diminished in accordance with the initial pressure. These con- 
ditions are fulfilled in the governor of Mr. Cathels, by the simple 
expedient of reversing the action of the ordinary governor, and 
suspending the cone above instead of under the opening, and by 
turning its apex downwards. Instead, therefore, of being 
drawn upwards and throttling the gas-way by increased inlet 
pressure, the cone is lifted farther from its seat, thus increasing 
the outward pressure; and in falling that pressure is diminished 
in proportion to the decrease of the pressure at the inlet. The 
pressure may be adjusted to any required degree by means of a 
counterpoise, and when once properly adjusted the governor is 
entirely self-acting, the outlet pressure being the governing 

ower. 

. In photometry there is little novelty to record in the methods 
adopted for estimating with greater certainty the illuminating 
power of gas, but an important modification has been made, 
with the sanction of the House of Commons, in the kind of 
burner to be henceforth employed in such experiments. The 
committee on the metropolis gas bills recognised the right of 
gas companies to use the burner that will best develope the 
luminiferous properties of the gas provided that it be one 
that can be practically adopted by the public—throwing over- 
board, in fact, the old 15 hole Argand burner and 7 in. chimney, 
with all their perplexing: discrepancies. A most vexatious 
question has thus been set at rest, and an important principle, 
for which gas companies have long contended, has been 
established, which will form the basis of future estimations of 
the illuminating power of gas. I must not omit to mention, in 
connexion with this branch of my subject, au able paper on 
photometry recently read by our esteemed member, Mr. Alfred 
H. Wood, before the Hastings Philosophical and Historical 
Society, which contains a lucid digest of the principles and 
practice adopted in determining the amount of light-giving 
power in gas. ‘ 

An instrument on the table, called by the inventor a “‘ gaso- 
graph,” appears somewhat to contradict the assertion that there 
has been little novelty in photometry. It is the invention of 
Herr Friedleben, the director of the Offenbach Gasworks, in 
Germany, the object of it being to test the illuminating power 
of gas without apy standard of comparison. It is similar in the 
‘ts Jonstrugtion to Lowe’s jet photometer, and is 
indicate the illuminating power of gas by the height 
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of a flame burning from a jet under a constant pressure, and 
also by the height of a flame when the gas is mixed with atmo- 
spheric air. The instrument records upon paper the quantity 
of gas consumed during the time it is in use; but, unlike the 
registering jet photometer contrived by Messrs. Kirkham and 
Sugg, which was exhibited to you in 1866, it does not record 
the height of the flame, nor the pressure under which the gas 
is consumed. 

Thanks to the perfection to which street lamp regulators 
have been brought, the disputes between local authorities and 
gas companies liave become much more rare, and they can now 
be more easily settled. It will be seen from the programme of 
our proceedings that Mr. Charles Hawksley will give us some 
information as to the success of the system of average meter 
indication since its application in Nottingham, where it is has 
been for some time in operation and has been found to give 
satisfaction. 

The double tap, which was for some time in favour with local 
authorities, has fallen into disrepute, and the correctness of the 
action of the regulator as now manufactured renders such 
attempts to attain additional accuracy of measurement un- 
necessary. Even the local authorities of Folkestone, who 
seemed bent on the use of the double tap, with a meter fixed to 
every other lamp, have abandoned that proposition, and have 
had recourse to the regulator, with one meter to every twelfth 
lamp. 

Two instruments have been invented for the purpose of light- 
ing and extinguishing street lamps by self-acting apparatus. 
One of these, the invention of Mr. Thurgar, a surgeon at 
Norwich, was exhibited at the last conversazione of the presi- 
dent of the Institution of Civil Engineers, and formed the 
subject of a paper recently read before the Society of Arts in 
this room. It consists of a clock-work arrangement which, by 
means of a wire lever or cam, turns on and shuts off the gas at 
any hour to which the dial may be set; a small regulated 
leakage, burning with a blue flame, being kept alight in the 
daytime to set fire to the gas when the tap is turned. A copper 
case surrounding the burner protects the small flame from being 
extinguished. Many practical difficulties would, however, 

revent the application of this zontrivance, one of which is the 
iability of the small tube which supplies gas in the daytime to 
be choked up with naphthaline, and the cost of the blue flame, 
though calculated to burn only a quarter of a cubic foot an hour, 
would amount to 7s. 7d. a year. There would also be the ex- 
pense of supervision and of fresh application, which would 
render this automaton lamplighter more costly than a living 
one. The other apparatus is the invention of Mr. Price, a 
member of our Association, and may be inspected on the table. 
By this arrangement the gas is to be lighted by the change from 
night to day pressure, and to be extinguished by the reverse 
change of the pressure from that of night to that of day. In 
this contrivance also a blue flame is maintained burning during 
the day. ‘Though both inventions are very ingenious, I fear 
that neither of them in their present condition is practically 
applicable. 

An attempt has also been made to light the lamps in Hyde 
Park by electricity, but without success. ‘The failure is at- 
tributed to causes that might have been avoided, but even had 
it been so far successful as to have lighted all the lamps 
instantaneously, it does not — that the saving of time and 
labour would have been equivalent to the cost, and the system 
does not present sufficient advantage to induce members of the 
association to endeavour to put it into practice in their districts. 
In certain circumstances, however, electric gas-lighters have 
been found useful. ‘Ihe lecture theatre of the Royal Institution 
has had an apparatus for lighting its sun-burner by electricity 
in successful action for two or three years, and in a recent 
number of the journal of the Franklin Institute it is stated that 
an electric lighter, invented by a Mr. Cornelius, is extensively 
used in private l:iouses and in public buildings in Philadelphia. 
In his apparatus static electricity, excited by a vuleanite india- 
rubber plug introduced into a vase, is employed on the principle 
of the electrophorus, by which a store of electricity is retained 
always ready to light the gas when required. 

The attempts to increase the illuminating power of gas by 
the process of what is termed carburetting with the vapour of 
volatile oils have not hitherto been attended with much success; 
but a plan is now on trial at the Euston-square terminus of the 
North-Western Railway Company, of carburetting gas with the 
heavy oils of tar, according to a method patented by Messrs. 
Symes and Barff, which promises more favourably. The hall 
is lighted by two sun-burners, and the reservoir for the oil is 
placed above the lights. The gas enters at the top of the 
vessel on one side, and passes to the burners from an outlet on 
the opposite side, after traversing the vessel in contact with the 
oil. ‘The pipewhich conveys the gas to the burners is carried 
down an opening in the centre of the reservoir, through which 
the products of combustion escape, the under part of the re- 
servoir being concave and polished to serve as a reflector. The 
heat of the burning gas disengages the naphtha vapours, which 
conibine mechanically with the gas and are consumed at the 
burners, but to what extent the illuminating power of the gas 
is thus increased has not been satisfactorily determined. The 
employment of the heavy oil of tar renders the process less 
dangerous than when volatile oils are used for the purpose; 
nevertheless, a trial of the plan at the Chartered Company’s 
Gasworks, by Mr. Evans, resulted in the destruction by fire 
of the experimental room in which the apparatus was fixed. 

Our esteemed vice-president has rendered good service to gas 
companies by his exertions in utilising gas tar in forming 
asphalte flooring, especially suitable for malt-houses, barns, 
corn-stores, cellars, yards, manufacturing workshops, stables, 
and thrashing-floors, which appear to have given satisfaction to 
all who have tried them, ‘The moderate cost of the asphalte 
flooring ought to induce a large consumption of gas-tar through- 
out the country, and enhance its market value. 

The successful application of the explosive force of gas as a 
motive power opens an extensive field for the demand for gas 
for day consumption in manufacturing towns; and I cannot 
forbear expressing surprise that gas companies have not made 
more exertions to promote the use of the gas-engines. Im- 
provements have been made on the original form of the Lenoir 
engine by Messrs, Kinder and Kinsey, by which its power and 
efficiency have been considerably increased, of which the mem- 


bers will have an queet of judging by visiting the works 
of the company, in Vine-street, Lambeth, at the termination of 
this morning’s proceedings. ‘They will there see one of the 
engines at work, and be enabled to test its power. 

Some sensation has been produced in Paris by the introduc- 
tion of a scheme for producing oxygen by the agency of sul- 
phuric acid, to be applied for the purpose of illumination in 
combination with coal gas. The application of the oxygen was 
similar to that in the well-known Timelight, which has been 
frequently tried in this country, with the substitution of mag- 
nesia for lime, the former being more capable of resisting the 
heat of the oxy-hydrogen jet. Elaborate experiments have been 
made at the Hotel de Ville, under the superintendence of M 
Alfond, the director of the public promenades, in which the 
illuminating power of the magnesia light was compared with 
gas; but the result, if not a failure, has not been a success, and 
the experiments have been discontinued. 

Gentlemen, I believe I have now exhausted what I have to 
- on the progress made during the past year in appliances 
relating to the production and distribution of gas; Tecan, 
however, conclude this address without noticing the effect which 
recent legislation may have, not only on the supply of gas in 
London, but also in the provinces. Some important precedents 
have been established by the committee on the metropolis gas 
bills which may have a serious influence on the prosperity of 
all gas companies in future. It has been decided that the 
amount of all penalties is to be deducted from profits out of 
which dividends are to be declared, which penalties are to be 
imposed at the rate of 20s. for every 100,000 ft. for each half 
candle of defective illuminating power below the standard; and 
the penalty for the excess of impurity above the amount, to be 
prescribed by the gas referees, is to be 502. for each station in 
respect of which the company may be in default. Against the 
testing of the official examiner of the district there is to be only 
one appeal, and that is to the chief gas examiner, whose de- 
cision is to be final. The official tester may do his best to ob- 
tain fair and accurate results, but he will be, of course, liable to 
error; and it is difficult to see how the chief examiner can put 
him right, as it would be impossible to test the same gas again 
in the same day, and experiments of the official examiner are 
not to be interfered with. Whether it will be possible to work 
under such stringent regulations will depend entirely on the 
view taken of those duties by the gas referees to be appointed 
by the Board of Trade, on whom extensive powers are to be 
conferred that might be brought to bear very prejudicially on 
the interests of the gas companies. 

It has been my desire, gentlemen, in the foregoing remarks, 
to give a practical turn to your deliberations, and to induce you 
to continue in the course of progress towards bringing ‘the 
science and practice of gas lighting to perfection. I have felt 
much honoured and have had great satisfaction in addressing a 
body of men so distinguished for their intelligence as the gas 
managers of this country, feeling assured that your sound sense 
and excellent judgment will appreciate what might be deserving 
of your notice. 








Business 18 Bustness.”—The following prospectus, sent 
us from New York, will interest and possibly amuse many of 
our readers :—“ Ventilation and heating. Lewis W. Leeds, 
consulting engineer, No. 110, Broadway, New York. Ex- 
aminations made, and reports given in regard to the best 
means of improving the ventilation and heating of all classes 
of buildings. 

For consultation 
with proprietor 
and preliminary 
examination of 
premises, with 
verbal report 
and instructions 
for improve- 


For careful and 
thorough ex- 
amination, with 
plans and speci- 
tications for the 
execution of the 
work after cor- 
rect measure- 


Schedule for Charges 
in the City, 


ment. ments are fur- 
nished, 
First-class dwelling Pan $25 00 $75 00 
Dwelling with less than 10 rooms 165 00 40 00 
Tenement house, with 15 rooms or 
less ... ove eco 20 00 50 00 
a » for each addi- 
tional room ... eee 3 00 
Schools, Day, accommodating 200 
or less eee eee 0 00 50 00 
ms » each additional 100 600 15 00 
» Boarding, accommodating 
200 orless ... ons 50 00 150 00 
ss » each additional 100 10 00 30 00 
Church ... eee o00 50 00 150 00 
Bank building, with offices... 50 00 150 00 
Hotel, for 200 guests or less 50 00 150 00 
» . for each additional 100 or 
fraction ose eee 10 00 80 00 
Restaurant ove eee 80 00 75 00 
Stores, 100,000 cubic feet for less 20 00 50 00 
» each 100,000 additional 5 00 15 00 
Factories, 100,000 cubic feet or less 40 00 100 00 


» each 100,000 additional 10 00 25 
Asylums, Hospitals, and other 
50 00 


public buildings for the 

first 100,000 cubic feet... 

- each additional 100,000 10 00 
Special arrangements will be made for buildings not m- 
cluded in the above. 2.00 dols. per hour extra, and expenses 
will be charged for going to anil from buildings more than 
one and a half hours’ ride from City Hall. 2.00 dols. per 
hour for consultation with architects in regard to plans in 
progress of preparation.” 

THe Suez Canat.—The extraction of earth from the Suez 
canal from May 15 to June 1, 1868, is estimated at 900,000 
cubic ‘metres, increasing the total extraction effected up to 
June 1 to 42,000,000 cubie metres. During January, 1368, . 
the average production of each of the dredges at work was 
13,361 cubic metres; during February, 17,764 cubic metres ; 
and during March, 21,637 cubic metres. This progress is 
said to be due to the increased skill with which the dredges 





are managed, and to improvements effected in them. 
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BRIDGE OVER THE RIVER SCHUYLKILL AT PHILADELPHIA, U.S. 


MR. STRICKLAND KNEAS, ENGINEER. 
(For Description, see the opposite Page.) 
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RANSOME’S HOLLOW BUILDING BLOCKS. 


ip 


THE accompanying engraving illustrates a somewhat 
novel method of constructing the outside walls of buildings, 
and which would appear to te particularly applicable to hot 
climates, such as India, on account of the peculiar facilities 
which it presents for ventilating the interior, and drawing off 
the vitiated air without the aid of any mechanical interven- 
tion, beyond such as may be necessary in order to regulate 
the amount of current that it may be desirable to maintain. 

No claim of novelty attaches to the peculiar kind of bond 
which it is here proposed to adopt, and which consists of 
headers and stretchers, of peculiar form, so arranged that 
they actually key, and bind themselves together, and, conse- 
quently, requiring only so much cement to set them as will 
suffice to render their joints air-tight. A somewhat similar 
arrangement was patented so long back as August, 1853, 
by William Austin, of Holywell-street, Westminster, and 
for whom specimen bocks were actually constructed by 
Mr. Frederick Ransome, in his patent stone. 

The importance in such a style of building as that now 
proposed, of getting the blocks to fit with tolerable accuracy, 
will be at once apparent; and for that reason but little re- 
liance could be placed on terra cotta, or any species of burnt 
brick ; but in the patent concrete stone there appears at once 
a material easily manufactured, and particularly suitable for 
the production of blocks that would match, when laid, with 
as perfect accuracy as cut stone, and that without any dress- 
ing after it is once turned from the mould. The applicability of 
patent concrete stone for use in India has already, in its general 
aspect, been clearly pointed out in a former number of En- 
GINEERING; every new method, therefore, whereby its ad- 
vantages can be more greatly extended, with a view either to 
economy of construction, durability, or the means of produc- 
ing additional comfort, can only tend to increase its sphere 
of usefulness, and hasten its introduction in all places where 
materials exist, or may be easily obtained, for its manufac- 
ture. It will not be necessary here to point out more par- 
ticularly the advantages of that material in the case in point, 
as they will most probably 7 suggest themselves to the 
reader ; it will be sufficient, therefore, in the present instance, 
to confine our remarks to the mode of construction here illus- 
trated, and which, by the way, it may be remarked, has re- 
cently been proposed as specially suitable for employment in 
India by a member of the Bengal Public Works Establish- 
ment, whose experience in the use of Ransome’s patent stone 
is of several years’ standing. 

The advantages to be derived from this method of buildin 
may thus be briefly described :—In the first instance it woul 
introduce a simple and most effective means of ventilation ; 
for the wall being hollow and partitioned in its thickness, 
would contain within it two distinct columns of air; it is 
evident then that the sun’s rays, falling on the outside of the 
wall, would rarefy the air in the exterior flues, thereby 
causing an ascending current, and exhausting the vitiated air 
through valves placed near the floor line, or any other point 
which might be considered best to ensure good ventilation. 
At the same time fresh air would be admitted through the 
interior flues and near the level of the ceiling, by means of 
valves placed in the exterior of the walls at a certain elevation 
above the ground line. These valves might be arranged so 
as to be perfectly under command from the inside of the 
building, and capable of simultaneous adjustment by an 
arrangement of rods and levers. 

The description of valves shown may not be the most 
suitable, but they serve to illustrate the principle as well as 
any other. It may confidently be expected that there would 
always be sufficient difference between the temperature and 
specific gravity of the atmosphere within and without the 
building to maintain effieient ventilation. The area of the 
air spaces might also be under perfect control, so that violent 
and injurious currents could be obviated. Ps 

Secondly, by this method of construction, great facilities 
would exist for ensuring dryness and improved decoration. 
From the fact of the walls being hollow it is quite clear 
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moisture could not be absorbed so as to pass through to the 
inner surface, and as the nature of the material admits of the 
blocks being manufactured, so that the interior walls may 
present a perfectly smooth surface, it does away with the 
necessity for plaster; the only finishing necessary would be 
to rub down the walls with a piece of the same material, and 
wash them with clean water applied with a common whop 
stock brush. 

And, thirdly, there may be claimed for it considerable 
strength, together with speedy and economic construction. 
It is evident the strength of a wall thus constructed can 
scarcely be exceeded, the quoin stones being set last, and 
forming at once the key and closure of the building ; it would 
be impossible to remove a block without destroying it. This 
plan of dovetailing was successfully intonduend bythe author 
of this mode of construction we are now describing about 10 

ears since, in the erection of the stone solitary cells of a 
arge penal establishment in the colony of Victoria. 

These blocks, from their uniformity and accuracy, could be 
set with great rapidity; they could be made of any size, 
suitable to the designs of the architect. Blocks, of the size 
shown in the drawing, are equal in cubic contents to fifteen 
standard bricks, and in all probability they would not take 
longer in setting, if so long. Presuming, then, that the first 
cost of production would not be excessive, that plastering and 
other finishing would be saved, whilst at the same time a 
simple and effective mode of ventilation would be introduced, 
this mode of construction, taken as a whole, recommends 
itself to notice, on the score of its own merits, and, as we 
have before stated, it would appear especially applicable for 
India or other tropical climates. 








THE INDO-EUROPEAN TELEGRAPH. 

WE understand that five cargoes of stores, consisting 
of Siemens’s iron posts and insulators, and of wire, lett 
England last week for Persia. These stores will be trans- 
shipped at St. Petersburg into smaller steamers, which will 
take them through the Neva and the Volga to Astrachan, 
where they will again be transshipped for the ports of 
Rescht, Lencoran, and Astara, on the north coast of Persia. 
From these ports they will be conveyed to the interior on 
mules. It is expected that these stores will arrive at their 
destination (about 5000 miles distant) in the month of 
October, when the erection of the line will at once be pro- 
ceeded with, a staff of superintending engineers having 
already left England for that purpose. 

The three scientific advisers of the company, namely, 
General von Liiders, the Director-General of Russian Tele- 
graphs, Colonel von Chauvin, Director-General of North 
German Telegraphs, and Mr. W. H. Barlow, C.E., met 
lately at Berlin in order to decide upon the mode of construc- 
tion of this international work, the execution of which has 
been undertaken by Messrs. Siemens Brothers, and which 
is to be finished before the end of next year. 

The cable in the Black Sea is to have three insulated con- 
ductors, which are to be enclosed by a copper sheath to 
protect it against oxidation, and against the attacks of marine 
insects, which abound in those regions. 

The Indian Government having decided to add another 
conductor to their existing lines between Teheran and 
Kurrachee, in anticipation of the increased traffic to be ex- 
pected from this new line, we may look forward to very 
perfect communication between this country and its Eastern 
a which is so much needed. ‘The Russian and 

ian Governments have formally declared that in case of 
war, the transmission of cial m over the new 
line will not be interrupted. 











SteaAM RoOAD-ROLLER FOR PHILADELPHIA.—Messrs. Ave- 
ling and Porter are now constructing a 20 ton steam road- 
roller, ordered of them by the Corporation of Philadelphia, 
for the use of that city. 





THE CHESNUT-STREET BRIDGE. 


Twere are fifty bridges in Philadelphia, the principal of 
which cross the np ag 2 on which the city is situated. 


The lengths of six of the largest are as follows : ny 

. in. 
Schuylkill Falls Bridge, 8 spans, Burr truss... ... 604 
Grand Avenue ... 3  ,, Howe truss o. 789 6 
Fairmount... . » Suspension «+. 350 
Market-street » Burr truss... eee 538 


Chesnut-street ... Cast-iron arch... 389 4 
Penrose Ferry » Howe truss (draw.) 520 


Frankford’s Creek, an offshoot of the Schuylkill, is crossed 
by a Howe truss in one span of 151 ft., and eight more of 
similar construction, 100 ft. span, are built over a canal 
running into the creek, seven more have been erected by 
Mr. John Murphy on his own principle, and four more of 
smaller span constructed in wood. Besides these there are some 
thirty additional bridges, of varying length, built in iron, 
wood, and stone. We illustrate, on another page, one of the 
most considerable, and the latest executed, over the Schuyl- 
kill, that crossing the river at Chesnut-street. In violation 
of the accepted rule, almost universally adopted in arched 
bridges, this is designed with an even number of arches, 
which, in execution, produces an effect displeasing to the eye 
educated to look for an uneven number of bays. This sacri- 
fice of architectural propriety was decided upon for the pur- 
pose of causing as little obstruction as possible to the 
river, to effect which the pier is placed toline with the 
western pier of the Market-street bridge, 500 ft. higher up. 
Besides the two main arches, there are two in the approaches 
on each bank of the river, of 53 and 60 ft. span, and a fifth 
opening over Twenty-fourth-street on the eastern side of the 
bridge. The main arches are segmental, with a clear span 
of 186 ft., and a versed sine of 20ft.; the shore spans are also 
segmental, with a rise from springing of 18 and 16 ft. 
respectively, while the arch in the end of the eastern abutment 
is quasi-elliptical, struck from five centres. The approaches 
an each side are at their commencement in earthwork with 
sloping sides, after which for a short distance they are 
carried between retaining walls; the approach from the face 
of the abutment to the foot of slope is 696 ft.long on the 
eastern shore, and 547 ft. Gin. on the west. The pier is 
placed in the centre of the river, and some 60 ft. west of the 
main navigation channel. It is 73ft. 6 in. long and 16 ft. 
wide at springing, and is partly on the skew to coincide 
with the general set of the current at that point. The entire 
width of the bridge is 42 ft., made up of two 8 ft. side walks 
and a carriage road of 26 ft., the same width as Chesnut- 
street, of which it forms a continuation. 

The formation at the bed of the river is of rock, sublying 
a varying depth of gravel and mud; on the eastern side the 
rock crops out almost bare, at a depth of 20 ft. below mean 
high water, whilst the western abutment is founded upon a 
low lying site, flat, and often flooded by the river; here the 
rock, which has a westward dip, is 38 ft. below high water, 
and is covered with 5 ft. of gravel with 27 ft. of marshy mud 
superimposed. In the centre of the river, where the pier is 
erected, there is but little mud accumulation, owing to the 
water scour, and it was ascertained by sounding that there 
was a comparatively level rock bottom with 8 ft. of gravel 
above. Thus but few natural obstacles had to be overcome 
in the construction of the foundation, a firm bottom 
being accessible close to the surface, with the exception of 
the western abutment. The whole of the masonry was erected 
within cofferdams, that for the pier consisting of a crib put 
together on shore, floated into position, and sunk. On the 
eastern side as much earth as ible was excavated before 
the cofferdam was placed. This was about 87 ft. wide, 23 ft. 
deep, and 9 ft. deep, constructed with wings which fell back 
angularly for 50 ft. into the shore; the body of the dam was 
of Salks close laid, and secured with ties placed 8 ft. apart, 
dovetailed into each course of timber. A complete 
system of internal bracing connected the inner and outer 
shells of the dam, and stiffened it to resist the external pres- 
sure. The wings were of sheet piling. The puddling em- 
ployed throughout was gravel, and the dam, which was care- 
fully put together, leaked but little, even at high tide, when 
there was a head of 20ft. pressing against the outer side. 
The rock was benched out in three steps (Fig. 1), the back 
being 5ft. higher than the face. In preparing the founda- 
tions for the western abutments, a somewhat more complicated 
process was imperative, owing to the great accumulation of 
mud, and over the whole area to be occupied from the river 
front to the face of the first land arch (Fig. 1) piles were 
driven. It was intended to use hemlock for this piling ; but 
with that timber it was found impossible to penetrate the 
compact stratum of gravel above the rock, and oak was sub- 
stituted instead. In such places where the rock could 
not be reached, a maximum settlement in each pile, of three- 
quarters of an inch, beneath the blow of a 1200 lb. hammer, 
falling through 29 ft., was adopted as a limit of safety. 
After the sie were driven, a cofferdam similar to the 
one just described was constructed around them, and, with 
the exception of the four front rows, all the pile heads 
were cut off at a level of 2ft. below low water, those in 
front being cut down 4 ft. lower. ‘lhe mud was then cleared 
away to a depth of 2ft. 6in. below the reduced pile heads, 
and the area was filled with béton, consisting of coarse gravel, 
sand, and stones set in cement. This was carefully levelled, 
flush with the heads, across which oaken cills, 12 in. 

uare, were laid laterally. The spaces between were filled 
with grouting, and a second series of cills were laid at right 
—— to the first, and upon them. This second row consisted 
of 12in. square hemlock, placed 16 in. — from centre to 
centre, countersunk 3 in. upon the oak cills and bolted 
through to the pile heads beneath. The spaces left were 
again grouted, and upon the platform thus made the masonry 
was commenced. ‘lhree hundred and seventy-eight feet of 
the western abutment and approach retaining walls, together 
with the pier supporting the land arches, is carried upon 
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piling and cill platforms in the same way. On the eastern 
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side the first portion of the approach is on gravel; but 
between Twenty-fourth-street and the land arches piling has 
been employed. ‘The piles generally are driven 2 ft. 6in. 
apart, centres, and on the western side 397 were employed 
for the main abutment, and 194 in the retaining walls. Alto- 
gether about eight miles of piling were driven in forming the 
foundations. ‘lhe pier was erected upon a crib, made of care- 
fully squared yellow pine balks. It is 28 ft. high, 86 ft. 6in. 
long at the base, and 31 ft. wide. Seven feet beneath low water 
it is 79ft. 6in. long, and 24ft. wide, decreasing with a regular 
batter all round from the base. At the first-named level there 
is a set off of 1 ft. on each side, and the crib is continued 
up plumb for 5 ft., the top being 3 ft. 6 in. under low water 
level. In plan it is divided into 66 cells, having 17 courses 
crosswise, and 8 courses lengthwise (Figs. 4 and 5). The 
greater portion of these cells are open to the river bottom, 
only a sufficient number having been platformed to contain 
the sinking weight which is placed on the second tier from 
the bottom. Each course of timber was notched and bolted 
to prevent lifting or sliding, and laid together with great 
care and precision. It was built alongside of its permanent 
site, and loaded as the work progressed, so that its top was 
always level with the water. Before sinking the crib, the 
rock upon which itwas to be placed was cleared of gravel by 
dredging, and a frame corresponding to the underside of the 
crib, showing the position of the longitudinal and: cross 
timbers forming the cells, was floated over the site of the 
pier, and accurately anchored. From this frame soundings 
were taken along each line of timber to the rock, the height 
of water being registered at each sounding, and the level 
being reduced to a common datum gave an accurate contour 
of the whole area of the rock foundation. With these 
measurements the bottom of the crib was constructed to 
conform, in order that, when got into place, it should have a 
fair and uniform bearing over the whole surface, and preserve 
a level surface on the top for the masonry. 

When the crib was completed, it was floated into position, 
the absolute centre being defined by a wire stretched across 
the river from abutment to abutment, in the centre line of 
the bridge, having a plummet hanging at the middle. Up- 
rights were placed at the upper and lower ends of the crib, 
ranging with the exact centre which was also defined ; and 
during the operation of sinking these three points were made 
to coincide with a point marked upon the parapet of the 
Market-street bridge, 500 ft. higher up the river. By this 
means the position of the crib was accurately defined, and no 
difficulty was experienced in sinking it. Guys were arranged 
at each end, so as to change its position transversely, and these 
worked against a timber float moored between the crib and 
the western ‘cofferdam; while it was shifted on the centre 
line, by means of tackles worked from a capstan secured to 
the pier of the bridge above. When floated from the shore 
it contained 300 tons of stone, and 150 tons more were thrown 
into the cells whilst it was being sunk. This operation was 
completed in November 1862, and the crib was left to settle 
all the winter with a load of 700 tons of stone within it. 
The following spring 1216 tons additional were put in, and 
the remaining spaces were filled with coarse screened gravel, 
making a total weight of 1666 tons altogether. A close 
timber platform 12 in. thick, and increased to 15in. on one 
side, was then laid over the top to allow for a settlement of 
3 in., which had taken place in spite of all the care shown in 
lowering the crib. Upon this platform, which was 2 ft. 6 in. 
below low water, a frame corresponding with the shape of 
the pier was placed, in order to serve as a template in setting 
the first courses of masonry. 

The total weight of stonework in the pier is 83255 tons, and 
some little apprehension was felt lest this superincumbent 
load should compress the timber in the crib, and, by causing 
an excessive settlement, throw out the levels of the skew- 
backs. As it happened, the allowance made for compression 
proved nearly correct, and but little adjustment of the masonry 
courses was found necessary. The registered compression 
under increasing weights was as follows : 


in. 
380 tons, compression 
726 Ci, o9 14 
860 —, ja 
1134 
1268 
1529 
2131 
2237 
8020 
—| ae - 64 
The pier and abutments are faced with dressed granite laid 
in Flemish bond, in courses varying from 20 in. to 2 ft. in 
thickness. The backing is also cf granite; the retaining 
walls are built in rubble work. The B amv are 42 ft. 2in. 
wide at road level, battering outwards to 55 ft. 2 in. at spring- 
ing ; internally they are lightened with three cells (Figs. 6,7), 
arched at both ends, leaving a thickness of solid masonry on 
the face, at springing level of 16 ft. 6in., and at the back of 
8 ft. The chambers are each 7 ft. 6in., with piers 4 ft. 6 in. 
On the eastern side the approach rises from the street level 
to the bridge with three different ascending grades, the 
steepest being 1 in 25 for a length of 220ft. The roadway 
of the bridge itself forms an are with a radius of 4900 ft., and 
giving a centre rise of 2 ft. 9in. On the westérn side, the 
approach falls with a uniform grade of 1 in 26. Altogether 
there have been employed in the foundations, piers, abut- 


With 


ments, and retaining walls, 673,415 cubic feet of stone, of 


which 99,000 cubic feet are of cut granite, the cornices and 
mouldings being designed to correspond with the gothic de- 
tails of the ironwork. The two river openings of 185 ft. each 


are spanned by cast-iron arches of an uniform depth of 
4ft., and 2j in. in thickness, the top and bottom flanges of 


the same strength and 8 in. wide; they were cast in lengths 
of 12 ft. 10 in., with end ges 12 in. wide, by which the 
segments are secured together with four 1} in. bolts; the 
outside ribs are of a somewhat smaller section, and cast with 
an ornamental face (Fig.1). There are six ribs in the width 








of the bridge, the two outer ones spaced 8ft.8§ in. apart, 
the three intermediate spaces being 7 ft. 103in. The bed 
plates at the springing are of iron 4 in., bedded on sheet lead, 
and countersunk into granite skewbacks. The upper flange 
of each rib is widened out from 8 in. to 12 in. at intervals of 
4 ft. 3 in., to form sole plates for the spandril fillings, which 
consist of vertical iron columns, cast in groups of three, which 
make up a length of 12 ft. 9 in. ‘Those in the face rib 
extend only to the underside of the horizontal girder, and the 
whole of the spandril is filled with a double row of open 
Gothie arching (Fig. 1). In the inner ribs the heights of the 
spandril columns vary from 19 ft. 44in. near the haunches, 
to 1ft. 54in. at the crown, and vary in diameter from 4 in. 
to 8in. They are connected in the centre by a strut, 
which, starting at the crown of the arch, is carried to the 
abutment, bisecting the space between the top of the ribs and 
the underside of longitudinal girders. The vertical bracing 
consists of a double series of pipe and cruciform diagonals, 
one series filling each bay, and the other connecting the head 
of one vertical strut with the foot of the alternate one. All the 
columns have the pipe brace with a rod passing them the entire 
width of the bridge, These braces vary in size from 10 in. 
diameter in the middle and 6 in. at the face, to 6in. and 3 in. 
near the crown. The horizontal diagonal bracing consists of 
a double series of cast-iron struts, cruciform in section, ex- 
tending from the abutments to the crown. The platform is 
supported on wrought-iron rolled beams 9in. deep, laid 
transversely over each column. They are spaced at intervals 
of 4ft. 3in., the distance apart of the vertical spandril ports, 
on which they rest in cast-iron caps. e footways are 
similarly supported on rolled beams 6 in. deep. 

The roadway is supported on cast-iron arched plates, with 
a versed sine of 3}in., and resting on the cross girders. 
They are 6 ft. 6in. long, four of them stretching from kerb 
to kerb. The whole surface is covered with hydraulic con- 
crete, flush to the top of the plates, and upon that 4in. of 
screened gravel is placed, as a foundation for the granite 
pitching which forms the roadway. The footways are paved 
with 2in. landings laid on sand above flat cast-iron plates. 
A double track of horse railroad passes over the bridge, and 
is carried on longitudinal sleepers with cross ties. The hand 
railing is of cast iron, in keeping with the Gothic tracery of 
the spandril filling, 10fin. wide at the top, and 3 ft. 8 in. 
high from the footpath level ; in the centre is made the only 
allowance for expansion and contraction, where the railing 
is separated, hm each end fits into a casing forming the 
lamp pedestal (Fig. 1)—within which it slides, without show- 
ing any open joint. With this exception, the structure has 
to accommodate itself to change of temperature by the vary 
ing elevation of the crown. 

The passing load upon the bridge is taken at a maximum 
of 100 lb. per square foot, which gives a total horizontal pres- 
sure of about 230 tons, or 14 tons per square inch of section 
in the centre, and 14 tons at the skewback. 

The work was commenced by the city engineer, Mr. Strick- 
land Kneas, on the 19th September, 1861; but its comple- 
tion was delayed until July, 1866, in consequence of the 
searcity of labour during the war. The total cost was 
60,0002. 








THE AERONAUTICAL EXHIBITION. 

Tue first exhibition held by the Aéronautical Society of 
Great Britain was opened yesterday at the Crystal Palace, 
and there is every reason to believe that it will be a success. 
We have already, in previous notices, given an idea of the 
ends which the exhibition is intended to serve; and we 
cannot do better than quote here the following extracts from 
the preface of the catalogue, which has been issued by the 
Society. 

“The doubtful nature of a proposition to hold an exhibi- 
tion in London of objects of an aéronautical character, which 
might fail for want of exhibitors, may be regarded as set at 
rest by the perusal of this catalogue. The limited means at 
the disposal of the society have operated prejudicially with 
regard to giving sufficient publicity to its intentions, and 
many who would have become exhibitors were informed too 
late for preparation. 

“The catalogue, though small, evidences the earnestness 
with which many men have worked out their ideas, and, 
doubtless, some common plan of action, founded upon correct 
theories, will be evolved from the various methods of flight 
shown and propounded by the inventors. It seems to be 
| meme expected that the encouragement which the societ 

as received in carrying out their ideas must lead to an exhi- 
bition upon a grander scale next year. The council are 
strongly of opinion that circumstances warrant the expecta- 
tion of much greater results should such a determination be 
arrived at. 

“With this object, it is not too early for gentlemen to 
announce their intention of becoming guarantors, or contri- 
buting to the prize list. 

“Tt should _ borne in mind, in the event of any ridicu- 
lous theory being illustrated in some of the objects now to be 
seen, that the study of aéronautics has been hitherto left to a 
class for the most part uneducated in mechanical laws, who 
have, in consequence, been wholly unable to give practical 
effect to their views, since they could neither themselves 
construct the apparatus they required, nor did there exist 
any organised scientific society trom whose published pro- 
ceedings they could gather confirmation or condemnation. 

“Eminent naturalists, for instance, ignoring mechanical 
laws, have recognised, as the main features in the buoyancy 
and flight of birds, air cells and other peculiarities, which 
render them of the same specific gravity as the atmosphere. 
The attempt to elucidate such a theory by any model would 
be quite as ridiculous as anything likely to be shown at this 
exhibition. In the concluding remarks of the last annual 
report there occurs the following : 

“** Of course the council expect to find much misapplied 
talent expended in ineffective machinery, but they will be 





disappointed if the ideas enunciated in some of the excellent 





papers read before the society do not result in some mecha- 
nical arrangements which shall to some extent be effective, 
or otherwise lead to more promising investigation.’ 

“Tn fulfilment of this expectation the council might point 
to some instances were it not injudicious to anticipate the 
office of adjudicator, but they hope for fuller discussion at 
the evening meetings at the Society of Arts on Monday, 
June 29th, Wednesday, July Ist, and Friday, July 3rd. With 
respect to those models which are capable of flight, a diffi- 
culty exists which it would seem impossible to overcome. 
The conditions of the Crystal Palace prize of 50/. require a 
sustaining power of five minutes. In some models this sus- 
taining power can only be acquired by rapidity of motion. 

** Any machine which should fly for five minutes would at 
the end be quite out of the bounds of the Crystal Palace, and 
perhaps many miles away, and therefore inapplicable to fur- 
ther exhibition or experiment. Those which work by screw 
blades in the atmosphere attain increased velocity as they 
proceed, unlike the action of the screw in water, which 
attains its maximum in a very few revolutions. On account 
of this difficulty some mechanical controlling power will have 
to be exercised.” 

The articles exhibited have been divided into seven classes 
as follows: The first class comprises light engines and ma- 
chinery, and in this class there are seven exhibits. The second 
class consists of complete working aérial apparatus, and it in- 
cludes but two examples, the one a flying machine, shown by 
Mr. Charles Spencer, and which -we have already noticed in 
this journal, and the second an aérial apparatus worked by 
muscular power, and exhibited by Mr. W. Gibson, of Hartle- 
pool. The third class is formed by sixteen models illustrating 
aérial apparatus of various kinds ; whilst the fourth class con- 
sists of working models, of which fourteen are exhibited. 
The fifth class comprises plans and illustrative drawings of 
aérial machinery, and class six, in which there is only one ex- 
hibitor, is devoted to separate articles connected with aéro- 
nautics. Class seven comprises kites and similar apparatus 
proposed to be used in cases of shipwreck, and it includes nine 
exhibits of greater or less utility. 

The prizes that are to be awarded in the various classes are 
as follows : 

First Prize, Shipwrecked Mariners’ Society, 501.—For 
the best form of kite or aérial arrangement, or modification 
thereof, for establishing a communication from a wreck on 
shore, or between two vessels at sea. Adjudicators: Admiral 
the Earl of Hardwicke, Earl Vane, Lord Richard Grosvenor, 
M.P., Captain the Honourable Francis Maude, R.N., Captain 
Budd, and Captain Trivett. 

Second Prize, Crystal Palace Company, 501.—To the ex- 
hibitor of a machine to carry and be worked by a steam 
engine or other motive power, which shall sustain and move 
itself in the air at a height of not less than 10ft. from the 
ground, for a period of not less than five minutes. Adjudi- 
cators : James Nasmyth, Dr. David S. Price, J. E. McConnell, 
and F. H. Wenham. 

Third Prize, the Duke of Sutherland, 1001.—To the in- 
ventor of a machine which, not being of the nature of a kite 
or balloon, shall ascend with a man to the height of 120 ft. 
Adjudicators: The Council of the Aéronautical Society, with 
power to add associates. 

Fourth Prize, the Aéronautical Society, 1001.—To the ex- 
hibitor of the lightest engine in proportion to its power, from 
whatever source the power may be derived. This prize is 
composed of contributions by members. Adjudicators: The 
Council of the Aéronautical Society, with power to add asso- 
ciates. 

Miscellaneous Prizes (Nucleus Fund).—The Council re- 
serve to themselves the power of testing the machines and 
apparatus submitted, in any way they may think necessary, 
to arrive at the relative intrinsic value of the machines offered 
by competing candidates. In case no machine of sufficient 
merit should be submitted, they reserve the right of modifying 
their award. 

We shall, next week, give a description of the chief objects 
exhibited, together with the results of the trials as far as they 
may be completed. 








BRUSSELS INTERNATIONAL AGRICUL- 
TURAL EXHIBITION. 


Ove English manufacturers were well represented at this 
show, which was opened by the king in person last Saturday, 
and amongst the principal exhibitors we may mention Messrs. 
Aveling and Porter, J. and H. Gwynne, of Hammersmith, 
Ransomes and Sims, Ruston and Procter, Hornsby and Son, 
Marshall, Sons, and Co., E. R. and F. Turner, &c. 

The first prize for portable engines consisted of a gold 
medal and 300 francs, and the jury delegated to award these 
prizes was composed of M. Belpaire, chief engineer of the 
State Railway, Mr. Vaessens, of the St. Leonard Engine 
Works, and Mr. Kitson, of the Luxembourg Railway. They 
— some days in examining the various engines exhibited, 

nglish, French, and oe and finally made the follow- 
ing awards, lst prize, to Ransomes and Sims; 2nd, Ruston 
and Procter; 3rd, Marshall, Sons, and Co.; with, we believe, 
one or two minor prizes and honourable mentions te the Bel- 

ian exhibitors, who were more numerous in this class than the 

English, but were not to be compared with them in design or 
workmanship. Messrs. Ransomes and Sims’s 8 horse expan- 
sion portable engine was tried on the brake, and when giving 
off about 18 horse power consumed under 1.50 kilos. of 
Belgian coal per horse power per hour, or under 3} 1b. Eng- 
lish. Messrs. Aveling and Porter were awarded a first prize 
for their traction engine, as well as Messrs. J. and H. 
Gwynne, of Hammersmith, for their collection of centrifugal 
pone. Mr. Aveling materially aided the finance committee 

y exhibiting his engine in motion on the Boulevards, with a 
train attached, consisting of three portable engines and a 
cart. Altogether, the show was as large and well o 
as any exhibition of the kind yet held in Brussels. 
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MUSICAL NOTES AND BRIDGE 
STRAINS. 


However much may be effected by a correct ap- 
plication of mathematics to theory, there is nothing so 
satisfactory for arriving at practical results in a com- 
plicated case as well conducted experiments. The 
reason of this is obvious; theory can only apply to a 
theoretical construction, and cannot pretend to take 
account of numberless little drawbacks that tend to 
vitiate the conclusions arrived at, whereas a direct 
experiment can only fail to give the soundest results 
from a manifest neglect of the conditions of the pro- 
blem : the experimental results ought, indeed, to be 
the actual results of the real case to asmall scale, and 
they will so be if the similarity in construction and 
dimensions is retained. Moreover, there are many 
cases in practice so complicated that none but the 
most highly elaborate application of theory would cor- 
rectly apply, and for want of this the problems have 
remained unsolved. Here, then, is a field open for 
the experimenter, and we gladly hail the progress 
which Mr. W. Airy has made towards the solution 
of such problems by the very novel and ingenious 
method of determining strains which he has invented 
and applied. 

The case which Mr. Airy has taken in hand is that 
of a bowstring bridge as ordinarily constructed, and 
the problem which he has proposed to himself is to 
determine the strains on every one of the intermediate 
bars connecting the top and bottom members, the said 
strains being those due to various arrangements of 
weights upon the bridge. It is obvious that this is 
a problem of the highest complexity—a weight at 
any one point is partly distributed by thé stiffness 
of the string, and so distributed tends to pull down 
the portion of the bow immediately above it; conse- 
quently, some other portion of the bow tends to rise, 
and, in consequence, pulls against the string by the 
connecting ties, and in this way a reaction of strains on 
the ties is produced throughout the bridge, forming a 
problem sufficiently determinate, but requiring a very 
powerful application of mathematics to solve it theo- 
retically. 





Now this process appears eminently satisfactory; 
the accuracy of such a method of comparison cannot be 
challenged if the performer have but a tolerably good ear 
for music, and the only limit to the degree of accuracy 
that may be attained is the delicacy of perception in 
the ear of the operator. This perception of musical 
sounds is no unusual gift, and when applied to a case 
so simple as that in the problem (where the whole 
question involved is merely to say which of two 
wires gives the higher note) cannot fail to settle the 
correct tension within very minute limits of error. 
Mr. Airy, if we rightly remember, reckons that he de- 
termined all the tensions on his model to the extent 
of y3oth part of the whole tension of each. This is 
a very high degree of accuracy to have attained, and 
such as we should have expected from the delicacy of 
the method employed. 


We must not omit to notice the ingenious artifice 
employed to eliminate the unavoidable errors of original 
adjustment of the wires, and at the same time to obtain 
expressions for the strains of ¢hrust as well as strains of 
tension: it is clear that there must be errors of 
original adjustment of the wires, for even if it were 
possible so to adjust the lengths of the wires, that 
each should have the strain due to a certain disposi- 
tion of load, yet this ef condition assumes that the 
problem is already solved, and that we know the exact 
strain that each wire ought to have ; consequently, the 
determination of the strains is throughout a differential 
process ; a certain load is laid upon the model, and each 
wire acquires a degree of tension, the precise amount 
of which is determined by the method of comparison 
with the monochord ; these tensions are booked, and 
an additional load is then introduced; this will cause 
an alteration of the tensions on every wire, and the 
tensions of all areagain taken. The differences of the 
tensions before and after the introduction of the ad- 
ditional load are formed for every wire, and these re- 

resent the strains on the wires due to the additional 
oad only. The same process determines also the 
strains of thrust, for thrust is but negative tension, 
and if the tension of a wire after the additional load 
is introduced be less than it was previously, the dif- 
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To solve this problem, Mr. Airy has availed himself 
of a sense which would at first seem the least likely to 
aid in the matter, viz., the sense of hearing, or rather 
of comparison of musical sounds. It is well known 
that a steel wire, if stretched (as in a pianoforte) and 
sounded, will give forth a note dependent on its weight, 
length, and tension. If, therefore, two wires of the 
same steel, and of equal lengths, and at equal tensions, 
are sounded, they will give forth the same note, and, 
conversely, if they give forth the same musical note, it 
is to be inferred that the tensions are equal. In order 
to turn this principle to account, Mr. Airy constructed 
with great care a model of a bowstring girder, of which 
we give a sketch above: 

In this model the intermediate ties were of thin 
steel wire. If, therefore, a load were hung from the 
string, these ties would at once go into tension, and 
each one, if sounded, would give forth a musical note 
due to its length and tension. To determine this ten- 
sion a wooden frame was constructed, as in the diagram 
Fig. 2. In this frame was hung a wire of the same 
steel as the ties; a sliding bridge was provided by 
which the wire could be cut off to any required lengt 
by merely leaning against the bridge, and a small scale- 
pan was fastened to the end of the wire. This frame 
was moved close up to the model, and the wire in the 
frame being cut off by the bridge to the exact path 
of any one of the ties, the scale-pan was gradually 
loaded with weights till the musical note of the mono- 
chord exactly coincided with the note of the tie under 
comparison. In this condition, since the two wires 


are of the same steel and of the same length, and give 
forth the same musical note, their tensions are equal, 
aad the weight in the scale-pan is the tension of the 
tie. In this way every tension was determined sepa- 
rately and independently. 








ference is negative, and represents a thrust strain of 
that amount on that wire. We must state that Mr. 
Airy discovered a ready method for throwing a// the 
wires into tension, by an uniform distribution of the 
preliminary load along the whole length of the model, 
and it is evident that on this happy arrangement much 
of his success depended. 
ELG. 2. 
































The system of determining strains by musical notes 
is fascinating by reason of its simplicity. It is one of 
those “happy thoughts,” the truth of which requires 
no demonstration, but makes itself felt at a glance. 
The idea once seized the whole thing unfolds itself 
spontaneously. It would scarcely be imagined that 
any one, still less an engineer who should be familiar 
with ordinary mechanical problems, could make any 
blunder about it. Yet a luminous contemporary of ours 
has contrived, as usual, to exhibit its vague flounder- 
ings, in trying to seize the clue to Mr. Airy’s model 








exhibited at the Institution of Civil Engineers, on the 
evening of the President’s Conversazione. The readers 
of Zhe Engineer were informed that the model was 
apparently constructed of whalebone and catgut, but 
that the material was immaterial ! 

Now, it is hardly necessary to inform engineers, ot 
ordinary capacity, that the utility of the results ar- 
rived at by this system of determining strains entirely 
depends upon the lengths of the diagonals being 
maintained practically constant, under all distributions 
ofthe load. Any appreciable change in the length, 
which it would be impossible to avoid if catgut were 
employed, would render the results worse than useless. 

Again, it was stated that the ties were to be screwed 
up till a certain note was attained from which the 
strain was to be deduced. What possible reason The 
Engineer could have for tuning the strings up to certain 
notes we are ata loss to see, unless he proposed to 
favour the company with a solo upon what would 
appear from his description to be a sort of Irish harp, or 
some other analogous musical instrument. 

The verdict of this valuable authority is of its 
customary ducus a non lucendo type; results based 
upon such “ analogical” (?) data are not to be relied 
upon! Where the analogy or the error is to be looked 
for, it is not considered necessary to indicate. 

It is little to be doubted that this method of de- 
termining strains through the medium of a model will 
be widely serviceable to engineers who have the de- 
signing of large and complicated structures of iron ; 
it is obvious that the same method which Mr. Airy 
has used to solve the problem of the bowstring bridge 
would be equally available for determining the strains 
on the ironwork of the arched roofs of stations, on the 
ties of ae bridges, or the lattice-bars of large 
girders. Few of the problems presented by such 
structures admit of complete solution by mathematical 
investigation, though in many cases a tolerable ap- 
proximation can be arrived at by careful and skilful 
consideration ; but it is a very significant fact, as 
testifying to the chances of error in dealfhg with 
such problems theoretically, that those who are best 
able to investigate them mathematically are always the 
first to admit the value and necessity of experimental 
investigation. 








BREWING AND BREWERIES.—No. XIV. 
Apparatus EMPLOYED IN THE PROCESS OF 
Masuinc—(continued). 


Formerty the method of mixing together the malt 
and liquor in a mash-tun was by the use of “ oars,” 


NS | or wooden stirring rods, and this method of formin 
:|the mash is still adopted in the case of very smal 


breweries. Where mash-tuns of more than a very 
moderate size are employed, however, the adoption of 
such a mode of mashing would not only involve a 
severe amount of labour, but it would produce a most 
unsatisfactory result. It is desirable to employ such 
appliances for mashing as will effect the thorongh 
mixing of the hull and flour of the crushed malt 
with the liquor, and will leave the goods in a porous 
condition, so that they may be reaaily penetrated by 
any further amount of liquor sparged over them or 
otherwise added. One of the earliest forms of mash- 
ing machine, and one that is still in use in many old 
breweries, is that consisting of a radial frame which 
travels round in the mash-tun, this frame having two 
horizontal shafts, one above and slightly in advance of 
the other. Each shaft carries anumber of chain wheels, 
and over these work chains fitted with transverse 
teeth or rakes. As the shafts revolve the teeth on 
the chains are drawn up through the goods, all parts 
of the latter being successively acted on as the frame 
carrying the shafts travels round the tun. At Messrs. 
Barclay’s all the mash-tuns but one are fitted with 
chain rakes of this kind, and they are also in use at 
Messrs. Reid’s and other London breweries. At 
Messrs. Barclay’s the chains used to consist of cast- 
iron links connected by wrought-iron pins, but these 
links used to fail frequently—rather an awkward 
matter if the failure occurs in the middle of a mash 
—and Mr. Beckwith, the engineer, is now making 
them of malleable cast iron. 

At Messrs. Reid’s, where there are four mash-tuns, 
each capable of mashing 160 quarters, the mashin 
machine in each tun is double, or, in other words, inste 
of the frame carrying the chain wheel shafts, being 
merely a radius of the tun, it extends across the whole 
diameter. By this arrangement the goods are turned 
over twice during each revolution made by the frame, 
and the mixing is thus effected more quickly than it 
otherwise would be. In slow gear the frame makes a 
complete revolution in fifteeen minutes, whilst in quick 
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gear it completes the circuit in ten minutes, the speed 
ing equivalent to one revolution in five minutes with 
a single machine. In Messrs. Reid’s machines the 
rake chains are of wrought iron throughout, and we 
are informed that the apparatus is found to work very 
satisfactorily. 

An improvement on the chain rakes is the so-called 
* porcupine” machinery, which has, perhaps, been 
more extensively adopted than any other form of mash- 
ing apparatus. Of an example of this form of mash- 
ing machine we gave an engraving on page 532 of our 
number for the 9th of May last, our illustration re- 
presenting a vertical section and plan of one of the 
cast-iron mash-tuns at Messrs. ‘lruman’s brewery, 
which mash-tuns we may mention, are all, with one 
exception, also fitted with Steel’s masher, which we 
shall describe presently. The mashing apparatus of 
which we are now speaking, consists, as will be seen, 
of a series of rakes carried by curved arms fixed to a 
pair of horizontal shafts placed one above the other; 
the rakes being arranged so that, as the shafts revolve, 
they pass —_ other and thoroughly turn over the 
* goods” in the mash-tun. The inner ends of the hori- 
zontal shafts are carried by plummer blocks attached 
to brackets which encircle the central vertical, or 
driving, shaft, the lower end of which latter shaft rests 
upon a suitable bearing at the bottom of the mash-tun. 
The outer ends of the rake shafts rest in bearings car- 
ried by a kind of frame, which is connected ‘by tie 
bars with the brackets encircling the central shaft, 
and which is supported by a pair of rollers which bear 
on the rim of the mash-tun. The upper part of this 
frame also carries bearings for a pair of shafts, which 
are geared together, and each of which has, running 
loose on it, a pinion which gears into a rack formed 
round the edge of the mash-tun. Each shaft, also, 
carries a sliding clutch for connectiug it to its pinion, 
and these clutches are both worked by one lever, 
arranged as shown in the plan, so that either can be 
thrown in gear at pleasure, but so that they cannot be 
engaged simultaneously. One of the pinion shafts 
extends inwards towards the centre of the mash-tun, 
and at its inner end it carries a bevel wheel, which gears 
into a bevel pinion oa the central shaft, this pinion 
being about one-third the size of the wheel. The 
rake shafts also carry bevel wheels, which gear into 
equal sized wheels on the vertical shaft, the pairs of 
wheels being arranged so that the two rake shafts are 
both made to revolve in the same direction. 

The action of this apparatus will be readily under- 
stood. From the vertical shaft motion is communi- 
cated to the rake shafts, and a slower motion to one 
of the shafts carrying a pinion gearing into the circular 
rack. From this shaft a still slower motion is com- 
municated to the other short shaft, carrying a pinion 
gearing into the rack, the two shafts being geared to- 
gether by wheels of unequal sizes. It will thus be 
seen that when one of the rack pinions is thrown into 
gear with its shaft by means of its clutch, the whole 
upparatus will be made to travel slowly round the 
mash-tun, and the rakes will thus be brought to bear 
upon the whole of the “goods.” The direction of the 
motion of the apparatus, and the speed at which it is 
caused to travel, will depend upon which pinion is 
thrown into gear. This arrangement of travelling 
gear is similar to that adopted in the case of the chain 
rakes already spoken of. 

The mashing apparatus above described has, as we 
have said, been very largely adopted ; it being in some 
breweries used by itself, and in others used in addition 
to a separate mashing machine, such as Steel’s. In 
most cases the arms and teeth of this class of machinery 
are, as at Messrs. Truman’s, of wrought iron; but in 
some instances the teeth are’ made of wood, and in 
others, as at Messrs. Bass’s brewery at Burton, both 
the teeth and arms are of wood, the latter being fitted 
into sockets cast on the shaft, which are of gun metal. 
At the City of London Brewery, where mashing 
machines of this kind are in use, the central sliafts are 
fitted with teeth, which act upon the central portion 
of the goods not touched by the revolving rakes ; and 
at Messrs. Charrington’s, where there are three mash- 
tuns 18 ft. in diameter, and capable of mashing 100 
quarters each, and where these “ porcupine” machines 
are also used, the rake shafts are made to extend 
across the whole diameter of the tuns, as in the chain- 
rake machines at Messrs. Reid’s, which we have 
already mentioned. Tie large mash-tun at Messrs. 
Hoare’s, which we have mentioned in a previous 
article as being capable of holding a mash of 190 quar- 
ters, is also fitted with porcupine machinery, the gear 
being arranged so that the machinery can either 
traverse round at a slow or quick speed, or the rakes 
worked without shifting their position in the mash-tun. 
In quick gear this mashing apparatus makes the circuit 





of the mash-tun in two minutes—a very high speed. 
In some machines of this kind, as, for instance, in 
those at the Well-park Brewery, Glasgow (Messrs. 
J. and R. Tennant’s), the circular rack, in which the 
pinions giving the travelling motion gear, is placed 
within the tun, instead of around its upper edge, the 
object of this being to avoid the chance of men em- 
ployed about the mash-tun being caught and injured 
by the gearing. 

Another arrangement for stirring the goods within 
the tun is that shown in the section of the mash-tuns 
at Messrs. Miller’s brewery, at St. Petersburg, which 
we published last week. In this instance a central 
revolving shaft carries two curved arms, which work 
close to the false bottom of the mash-tun, and which, 
therefore, act upon the lower portion of the goods 
only. In this case the mixing of the malt and water 
is effected by a Steel’s masher before the goods enter 
the tun. It may be noticed that at Messrs. Miller’s 
brewery the central shafts of each mash-tun can be 
thrown into or out of gear by means of a pair of fric- 
tion discs neatly arranged as shown in the engraving. 

So far we have only spoken of contrivances for 


into the mash-tun; and in order still further to dela 
the progress of the mash through the machine, the 
central shaft is fitted at intervals with flat arms, or 
oars, in addition to the usual circular ones. ‘The 
liquor is delivered into the casing from the branch 
through two openings diametrically opposite each 
other, these openings communicating with a passage 
cast around the branch, as shown. Arrangements are 
made for admitting either hot or cold water through 
the openings, as may be desired. The central shaft of 
the masher, it will be noticed, is in this ease driven by 
bevel gearing, which connects it with the shaft, z, on 
which the belt pulleys are placed, and which also car- 
ries a flywheel, o. 

In a great number of instances Steel’s mashers are 
used alone, or, in other words, the whole of the mash- 
ing is effected by them; whilst in other cases they are 
used in combination with other mashing apparatus 
placed in the mash-tun. As instances, we may men- 
tion Messrs. Salt and Co.’s, of Burton-on-Trent, and 
Messrs. Mann, Crossman, and Paulin’s, as establish- 
ments where the former mode of working is adopted, 
whilst at Messrs. Truman’s, at Messrs. Allsopp’s, and 

at a number of other breweries, Steel’s 
mashers are used in addition to the ordinary 
“porcupine.” Where Steel’s or other 
separate mashers are alone employed, it is 
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effecting the operation of mashing within the mash-tun 
itself; but of late years a large proportion of our 
brewers have become convinced that it is better to 
effect the mixture of the malt and liquor in detail as 
they enter the mash-tun than to deal with the goods 
in a mass, as was formerly the universal practice. The 
consequence has been the adoption of separate mash- 
ing machines, and the best varieties of such machines 
we shall now proceed to describe. 

The masher which may be termed the parent of 
efficient machines of this class is that invented and 
patented by Mr. James Steel, of Glasgow, and it is 
one which has probably been more extensively adopted 
than any other. Of this machine, the manufacture of 
which has been taken up by Messrs. E. A. Pontifex 
and Wood, the well-known brewers’ engineers, of the 
Farringdon Works, Shoe-lane, we gave an illustration 
on page 540 of our last number but two. As will be 
seen by our illustration, this masher is of exceedingly 
simple construction. It consists merely of a cylin- 
drical casing, within which revolves a shaft provided 
with a number of radial arms. The casing is open at 
one end and closed at the other, the shaft assing 
through a stuffing-box at this closed end, nl being 
provided, outside, with fast and loose belt pulleys. 
The grist and liquor are admitted to the casing by 
branches at the closed end, and as they pass through 
to be delivered into the mash-tun from the open end 
of the casing, they are thoroughly mixed together by 
the action of the arms on the revolving shaft. The 
branch through which the malt enters is fitted with a 
regulating slide as shown, and both the main casing 
and branch are fitted with hand-holes which give 
access for cleaning, &c. The water branch is not 
shown in our engraving; it communicates with the 
side of the casing, and is fitted with a cock. 

On page 462 of our number for May 15th last, we 
gave an engraving which included a Steel’s masher, as 
it has been applied at Messrs. Miller’s brewery at 
St. Petersburg. In this case there is no slide for 
regulating the supply of the malt, the latter being 
received direct from a small hopper placed below the 
malt-mill. The casing of the masher, instead of being 
cylindrical, tapers slightly in its diameter, being re- 
duced towards the end from which goods are delivered 
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the practice to make but one mash, and to 
sparge the remainder of the length ; whilst 
where mashing appliances are also provided 
within the tun, a series of mashes may be 
made, the goods being turned over during 
each mash. 

In order to ensure a steady supply of 
malt to Steel’s mashing machine, and thus 
still farther guard against “balling,” Messrs. 
F. Colyer and Co., of Leman street, have 
designed the arrangement of a malt feeder, 
of which we annex an illustration. This 
feeder is placed between the grist shoot and 
the mashing machine, and it consists of a 
casing containing a drum, A, which has an 
oscillating motion imparted to it by an 
eccentric, C, fixed on the central shaft of 
the mashing machine. On each side of the 
oscillating drum are flaps, D, the position 
of which regulate the quantity of malt 
passing through; the drum, A, as it oscil- 
lates, leaving an opening between it and 
each flap alternately. 


us. 








MESSRS. CHARLES CAMMELL AND CO. 
(LIMITED). 

WE have received from the secretary of Charles Cammell 
and Co., limited, a copy of the fourth annual report of his di- 
rectors and balance sheet for the year ended 31st of March, 
1868. 

From this balance sheet we find that the nett profits 
for the past year have amounted to 44,982/. 11s. 7d., which, 
with the balance of the undivided profits of the previous 
year, 9927. 5s. 10d., and the sum standing to the credit of 
reserved fund, 12,4707. 9s. 11d., make a total of 58,445/. 7s. 4d. 
available for dividend. Out of this the directors propose to 
recommend the payment of a dividend of 4/. per share. 








Tue Attias Worxs.—The report of John Brown and Co. 
(Limited), to be presented on the 29th inst., shows an avail- 
able total of 37,315/., and recommends a dividend of 41. per 
share on the ordinary shares, which will absorb 32,000/., and 
leave 53151. to be carried forward. Notwithstanding the 
depressed state of the iron trade, and the absence of demand 
for armour plates, a larger business was transacted by the 
company during the year ending March, 1868, than in any 
other year since the works were established. 

Tue Imports anpD Exports or Metats.—The usual 
annual return of exports and imports of copper and copper 
ore and regulus, tin and tin cre, lead and lead ore, spelter 
and zinc for the year ending the 3lst December shows that in 
1867 there were imported into the United Kingdom 73,957 
tons of copper ore, 28,825 tons of regulus, 9621 tons of cop- 
per unwrought in bricks or pigs, rose copper, and cast copper ; 
20,042 tons of partly wrought copper, 22 tons of plates and 
sheets, 2 tons of coin plates and copper coin, 8902/. worth of 
copper manufactures and copper plates. The exports of 
British copper consisted chiefly of sheets, nails, yellow metal, 
&c. The total quantity of copper (exclusive of ore) was 
37,896 tons. Of ore the exports amounted to 646 tons, of 
which the largest portion went to the Southern States of 
America, and the remainder to Belgium, France, and the 
West Indies. For copper, both unwrought and in sheets, 
the continental territories of British India were the best 
customers, taking 4184 tons of pig and 14,102 tons of sheets, 
&c.; and France, Belgium, China, and Hong-Kong follow 
next in rotation. The import of tin amounted to 3430 tons, 
Victoria and Peru sending the largest quantities. Turning 
to the export of tin, France was the best customer; the 
United States and Russia being next, Holland, Prussia, and 
Turkey following next in rotation. Zinc is —s sup- 
plied trom Hamburg, Belgium, Prussia, and Ho land, and 
the greater part of zinc ore is supplied from Spain, Sardinia, 
and France. Spain and Greece supplied the greatest quan- 
tities of pig lead and sheets, while Sardinia sent the greatest 
quantity of lead ores. 
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BELLHOUSE’S SAFETY APPARATUS FOR HOISTS. 
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Dvurine the last few years the employment of hoists, not 
only in mines, but in warehouses, mills, hotels, and private 
buildings, has greatly extended, and there are now but com- 
paratively few large establishments where these labour-saving 
appliances are not in use. Unfortunately, the adoption of 
these hoists has been attended in too many instances by 
accidents, which have in some cases caused the death, and in 
others the more or less severe injury of the persons using the 
apparatus ; and these accidents point out most strongly the 
necessity for fitting all such hoists with some appliance which 
will prevent the cage from falling in the event of the chain 
or hoisting gear giving way. Many appliances of the kind 
have been proposed; and we illustrate, above, one of the 
most recent, and also, we consider, one of the most simple. 
This apparatus has been designed and patented by Mr. Bell- 
house, of Rochdale, and its construction will be readily under- 
stood by reference to the engravings. In these one figure 
represents the safety apparatus as applied to a mine cage 
with a guide rod on each side, and the other is an enlarged 
view of one of the wedges. 

The arresting power is gained by the use of four deep 
serrated wedges, which work between the guide rods, and 
strong wrought-iron studs, fixed to the cage. These wedges 
are made of a hooked form at the upper end, so that they 
rest on the studs when not in use, a each is jointed at the 
top to a weighted lever, as shown in the figure. As will be 
seen from the engraving, the end of this lever next the guide 
rod is of such form that it is i gem into the guide rod when 
the weighted end is released, and thus tends to prevent the 
wedge from falling with the cage. Under ordinary circum- 
stances, the weighted ends of the levers are held up by being 
connected by chains to the main chain of the hoist, but in the 
event of this main chain breaking, they are released, and 
wedges thus brought into action. On the wedges being 
checked by the action of the weighted levers, the studs on the 
cage slide for a short distance down their outer inclined 
sides, thus forcing them against the guide rods, and arresting 
the fall of the cage, almost instantaneously, yet without shock. 
The wedges are made so as to take a large bearing on the 
guide rods, and thus avoid injuring the latter. 

In the case of hoists having four guide-rods, as generally 
happens in mills and warehouses, the safety wedges are 
pe at the corners of the cage ; and in such hoists arrange- 
ments are also added for enabling the wedges to be put in 
action by hand, thus giving to those in the cage the power of 
stopping instantly at any point in the descent. Such an 
arrangement has frequently proved in practice to be of great 
service in preventing accidents. In conclusion we may state 
that Mr. Bellhouse’s safety apparatus has already been 
applied to a considerable number of hoists, and from its 
great simplicity it is, we think, likely to be largely adopted. 








Tue St. Peterspurc ayp Moscow Rattway.—A tele- 
gram from St. Petersburg states that, by decision of the Go- 
vernment, the Moscow and St. Petersburg line of railway has 
been ceded to the Great Russian Railway Company. 

Tue CieveLaND Moors.—One of those dangers which 
were made the plea of the much-ridiculed opposition to rail- 
ways has actually been realised in this county. The sparks 
from an engine have set fire to the moors on the Cleveland 
Hills, to the extent of 24 square miles. The damage done to 

turage and game appears to have been very great. The 
is still smouldering.— Yorkshire Post. 








ENLARGED VIEW OF WEDGE. 


FORTIFICATION.—No. XI. 


Gazions, which we shall now describe with the 
fuiness we deem due to their importance, are used 
very extensively in fortification. Hitherto they were 
described as long cylindrical baskets, open at both 
ends, used, filled with earth, to revet the.interior slopes 
of batteries, the cheeks of embrasures, and in the 
formation of the parapets of trenches in sapping. Their 
uses remain—more extensive than those ie 
but in our service they are no longer baskets. The 
construction of the basket gabion was a_ tedious 
process, which will be referred to as we proceed, and 
it had many other disadvantages from which its 
successor, the iron band gabion, is free. This gabion, 
designed by Quartermaster Jones, Royal Engineers, and 
adopted in the service by order of the Secretary of 
State for War, was regarded with great interest by all 
the war departments of Europe. 

If the Russian Government did not succeed in 
obtaining a complete knowledge of its construction 
and merits in detail, the failure was attributable to 
the dulness of the small officials who made the 
inquiries, which were made at ample length, and 
replied to with a fulness that left no point untouched 


B.W. gauge, which must bear a tensile strain of 
3500 1b. without fracture. Each band has two buttons, 
two slots, and four bolt holes. The gabion is made by 
laying the first band, buttoned, on its edge on the 
ground, then driving the pickets ixéo the ground, 
at the proper distances apart, touching the band, out- 
side and inside alternately. Another band is then 
pressed down—-with the pickets that were outside in 
the first band inside, and the others also reversed— 
about half way from the top. A third is then placed 
at the upper end, and the second pressed down to the 
first. e pickets have then fixity and firmness, and 
the third and remaining bands are pressed down at 
once from the top, observing the rule for the change of 
sor of the pickets in the placing of each additional 
and. When the tenth band is placed the gabion is 
finished. 

Two a made one of these gabions at the re 
Military College, Sandhurst, in the presence of His 
Royal Highness the Field-Marshal Coiwmanding-in- 
Chief, in four minutes and a half, and the estimated 
time in which three men (the number required) could 
make a wicker gabion was three hours. A report in 
the Royal Engineer professional papers, 1856, shows 
that, when testing the relative merits, a wicker gabion 
of greenwood weighed 60|b., of drywood 401b., the 
iron band gabion 26]b.; that when full of earth the 
first weighed 5} cwt., the second 5} cwt., the third 
63 ewt.; while the cost of each—as in order given— 
7 4s. 1ld.; 6s. 2d.; 3s.; comparative durability 
k, 4:5. 

Another memorandum shows that on the 26th and 
27th January, 1864, twenty-seven trained sappers, 
and fifty-four recruits , oe eighty-one men) made 27 
wicker gabions in five hours and ten minutes; while, 
on the same days, and in the same time, two sappers, 
to whom the work was entirely new, made 64 iron 
band gabions. 

The portability of the iron dand, compared with the 
wicker gabion, is regarded as one of its highest merits, 
as the materials of a hundred of the formér may be 
stowed away in the space occupied by four of the latter. 
The iron band, too, is easily repaired, and, an important 
consideration, it is not lable to take fire. icker 
gabions, fascines, hurdle and timber revetments, 
especially in the cheeks of embrasures, often take fire 
in very hot engagements. Revetments of sacks and 
planks took fire from the muzzles of the guns at 
Sebastopol. Temporary parapets have been often 
raised for musketry defence by stuffing bales of cotton, 
woolpacks, sometimes bags of hay, into frames of 
gabions. Such parapets, and those formed in great 
part of fascines, take fire readily. Many instances 
might be quoted did space permit; one from its 
special character demands especial notice. It is de- 
scribed by Major Straith, who says :—“ In the attack 
upon the Havanna by the British in 1762, the same 
oo of gabions and fascines were burnt twice.” 

ith the iron band gabion, ¢his would certainly not 
occur, 

The life and labour the iron band gabion would 
have saved at Sebastopol would have been immense. 
The number of wicker gabions used by the British 
in this siege was 19,322, brought to the trenches on 
the backs of horses and mules, each carrying two 
gabions. A third was tried, but it could not be so 
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The form and dimensions of the iron band gabion is 
the same as those of the basket gabion, namely, 3 ft. in 
height, and 2 ft. in diameter. As may be seen in 
Figs. 40 and 41, it is formed of ten bands of sheet iron 
—which are galvanised—and twelve wooden pickets, 
3 ft. in length, by 14, by $, or 2 of an inch, or common 
brushwood pickets about an inch in diameter. The 
length of the bands is 6 ft. 5in., width 3}in., No. 20, 





placed as to prevent its being kicked off. The 
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quantity in a load of the materials of iron band 
gabions could be limited by nothing but the weight. 
The advantages of such a ready supply as, with the 
iron-band gabion, could be provided without difficulty, 
will be seen by the following extracts : 
Siege of Sebastopol.— Each captain-director must 
make an estimate of the tools and materials, not 





relying much on the supply of fascines and gabions. 
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October 1, 1854.”—Elphinstone’s Siege of Sebastopol, 


Part L., p. 110. 


“Lancaster batteries. One row of gabions only 
was used for the revetments of the parapets, owing to 
the scarcity of materials. October 7 and 8.”—Jdid., 


p- 29. 


“The great scarcity of the gabions rendered it 
to use these as sparingly, as possible. 


necessary 
October 10 to 16, 1854.”—Jid., p. 29. 
“A great portion of the revetments, which from the 
scarcity of the material had frequently been repaired 
with wooden shell boxes, stones, biscuit-bags, or any- 
thing that could be found on the spot, which, however, 
apt and expedient at the time, was unsuited for the 
permanent structure. And all these revetments had 
consequently to be pulled down and properly rebuilt. 

October 19, 1854.” —Jbid., p. 36. 

“The supply of sand-bags was this time nearly ex- 
hausted, and biscuit-bags and salt-meat casks, obtained 
from the commissariat, had to be substituted in their 

stead. October 26, 1854.”—Jdid., p. 45. 

“Throughout the siege the engineers had to carry 
on their duties under the greatest difficulties ; they 
were altogether unprovided with the commonest 
materials for the siege, and were forced in consequence 
frequently to employ stones for the revetments of their 
works. Ist Dec., 1854.”—Jdid., p. 64. 

“To carry on the nearer approaches towards the 

Redan, which will now be necessary, a great number of 

gabions would be most useful. It might be worth ex- 
amination whether many now used in the works to the 
rear might not be taken down, to augment the number 
required in the front, and their places supplied with 
stones or otherwise. 8th March, 1855.”—Sir Harry 
Jones’s Journal of the Siege, Part I1., p. 26. 

“The use of green hides must be discontinued as 
revetments during the hot weather. 20th May, 1855.” 
—Ibid., p. 417. 

“One of the greatest difficulties which the engineers 
had to contend with was the entire absence of any re- 
serve in the way of materials. From what has been 
stated above it is evident that from the difficulty of 
procuring brushwood there was always a great de- 
ficiency of gabions; at one period of the siege it 
became necessary to send for the materials to Sinope. 
6th March, 1856.”—Jédid., p. 632. 

Siege of Kars.—“ Lieutenant-Colonel Lake at once 
applied for eight men to be taken from the ranks, on 
the recommendation of their commanding officers, 
and to be placed under the orders of Hadji Agha, for 
the purpose of learning how to make gabions, fascines, 
&c., and to prepare profiles for the works about to be 
constructed. These men attended daily at the quar- 
ters of Colonel Lake, and soon turned out gabions 
worthy of trained sappers; the want of wood, how- 
ever, soon puta stop to this work. Colonel Lake’s 
defence of Kars, April, 1855.”—Royal Engineers pro- 
fessional papers, oa vi. p. 98. 

“ From the moment the enemy appeared in the front 
of Kars, and, indeed, for some time previously, no 
further supply of wood fit for gabions and fascines could 
be procured, and the number of these necessary articles 
was — inadequate to the demand. ‘The few gabions 
that had been made were distributed among the larger 
batteries, and were placed on the barbettes, five or 
seven, according to circumstances, on each side of the 
gun, on the superior slope of the parpet ; when filled 
with earth, they afforded very tolerable cover for the 
men working the guns, and gave them great confi- 
dence.” —Jbid., p. 102. 

Colonel Lake’s use of the gabions (to which he 
refers) will be clearly understood, after inspecting 
Fig. 42, the plan and section (on zy) of a barbette 
battery for one gun, with a ditch in front and a glacis ; 
ed shows the ramp or slope of the terreplein, de its 
surface, ea the height of the parapet over which the 
gun is fred. On the superior slope of this parapet, 


constructed under the superintendence of Mr. W. P. Marshall, 
of Birmingham. The principal dimensions of the engines, 
which we should mention are for the 5 ft. 6 in. gauge, are as 


bei 


1854.” 
Siege of Sebastopol. 


gabions in a week. 





The following, from Sir John Jones, refers to a very 
undesirable state of things which the adoption of 
Quartermaster Jones’s invention would prevent : “The 
interior slopes of the parapets were retained with 
fascines and sand-bags; the former stood perfectly 
well, except that those originally made, being com- 
posed of the smaller branches and twigs, became in 
the summer so readily combustible as to be considered 
unsafe, and, latterly, only the larger branches, com- 
pletely divested of their leaves and twigs, were worked 
into the fascines intended for interior revetments. 
The sand-bags rotted and burnt after the first winter.” 
—Jones’s Lines of Torres Vedras, p. 1. 
Sebastopol.—‘ Wherever sand-bags had been used 
in either loop holes or revetments, the work had to 
be renewed, as the weather had rotted the canvas and 
destroyed the bags. Sebastopol, 17th to 3lst of Jan., 
1855.”—Elphinstone’s Siege of Sebastopol. Part I. 
“To make fires, pieces of brushwood were plucked 
from the gabions and fascines in the revetments, 
batteries, and parallels. February, 1855.”—Sir Harry 
Jones’s Journal of the Siege of Sebastopol. 

“The defence of the trenches suffer much from the 
reckless conduct of the troops in removing gabions, 
fascines, ammunition boxes, &c., for fuel. 3rd Sept., 
1855.” —Jbid., p. 530. 

The many facts that we have referred to, to show 
the merits of the iron band gabion, merit, in them- 
selves, a passing notice in such a series as ours. 

A wire gabion—a design of considerable merit—has 
been proposed by Captain Perey Smith, R.E., which 
we must notice in our next. 








LOCOMOTIVES FOR THE MADRAS 
RAILWAY. 
WE give, this week, a two-page engraving of one of ten 
six coupled goods engines and tenders built by Messrs. 
Neilson and Co., of the Hyde Park Locomotive Works, 
Glasgow, for the Madras Railway. The drawings for these 
locomotives were made by Messrs. Neilson, from a specifica- 
tion prepared by Mr. John Hawkshaw, the engineer to the 
Madras Railwa Company, and the engines themselves were 





and ry — toes the shaded mass above, a 4, is | ows: ~ 
raised to afford lateral cover for the gun, the purpose : i ei 
: . ; ee ove 1 6 
for which Colonel Lake used the bions. eae a 7° ang A wae 2 
A construction such as here shown on a barbette Transverse distance between centres of 
battery is termed a bonnet, whic was apt enough eylinders 4. we we oe ee 28 
when bonnets were bonnets—before they were reduced Diameter of wheels ... see see ese 5 0 
to nothing covering a vacuum. . Distance between centres of Land D wheels ; B 
But we must give a few more proofs of the merits Total wheel base. ae we we 18 8 
of the iron band, derived by inference from sieges in length of frame inside buffer plates 23 3 
Spain and elsewhere. “ The gabions, all of green wood, Overhang from centre of leading wheel to 
were made at first 3 ft. in height, 23 ft. in diameter ; inside of leading buffer beam . ene 4 7 
those of oak weighed 90]b., those of willow 80]b. a Ban deny c—-s. 5 
The former were found perfectly unmanageable, even Centene of eule er on 3 “eet 
at 2 ft.; those of oak av d 85 Ib.. those of willow : owe of Dan 
- ; eraged 35 Ib., those of willow Diameter of bearings of D axle... wo _- 
70 1b., and were found still too heavy.’—Sir John Length ” +» «1 ow OO 9 
Jones's Sieges in Spain. Part II., p. 191. a ” Land T axles ... 2 6 
q . A ‘ ngth ” ” oo 
Siege of Sebastopol—“The fascines and gabions Diatneter ofcrank bearings... ««. ««. © 7 





of such great bulk it is not supposed that they 
can be embarked until one or more ot the vessels for 
conveying troops shall be at liberty. Varna, 25th July, 
Brigadier Tyldin’s ‘Report.—Elphinstone’s 


wo hundred men would make 57,600 tron band 





ft. in, 
Length of crank bearings ... ove 0 4 
Distance between frame plates ... .. 411 
Thickness of frame plates ... —... 0 1} 
Total width outside footplates _... ose 7 9 
Diameter of barrel of boiler (outside smallest 
plate) eve ove ove eee oe «= & 8G 
Thickness of plates ... ese wo O 
Length between tube plates ese - 10 9 
»  Offirebox casing ...  « . 410 
Width * eco ene w- 410 
‘ of inside firebox, at bottom ose 43 
h pi fa wee 68 
a Ss attop ... aso 4 1} 
Height . ses Ns. oe ee 8 6 
- of ,centre line of boiler above rail 
level eve ove ove ove eve 6 6} 
Diameter of tubes, outside ... one ose 0 2 
Pitch ” ove ove ove ose 0 2? 
Number _,, aod eco oo «ae 
Heating surface : 
Tubes (external surface) ... e+» 1237 square feet. 
Firebox “pi eee ae 
Total ..  .» 1838) ,, 
Weight of engine: 
Empty. In working order. 
tons. tons. 
On leading wheels ... 10.02 ... 11.25 
» driving ,,  » 10.74 ... 11.81 
» trailing ,, we §=—«9.59 ane 10.62 
Total ... 30.85 ... 33.68 
Working eee of steam 120]b. per square inch. As 
will be seen by an inspection of our engraving, the engines 


we are describing are distinguished more by the general 
simplicity of their arrangement than by any striking pecu- 
liarities. They have steel tyres and guide bars; but the 
axles, piston-rods, valve-spindles, &c., are of iron. The piston- 
rods, it will be noticed, are forged solid with the pistons, and 
the latter are fitted with brass packing rings, sprung into 
their places. The frames are well stayed, by the cylinders, 
by a couple of transverse stays between the cylinders and 
firebox casing, and by a cast-iron footplate at the trailing 
end. The axles have all bearings of ample size, and the 
axle-boxes are fitted with adjusting wedges—an arrangement 
the advantages of which we have often urged. The leading 
and driving springs are placed above the frames, and are con- 
nected by compensating beams, whilst the trailing springs are 
arranged below the axles. 

The regulator is of the gridiron class, the valve being 
formed so as to take steam for both ports over its upper edge. 
The regulator is placed in a good sized dome at the top of the 
firebox casing, this dome being fitted, near its base, with a 
perforated screen plate extending completely across it. The 
engines are constructed to burn wood, and are fitted with a 
chimney of the form shown in the engraving, the upper part 
of this chimney being closed by a screen of wire gauze, No. 
17 wire gauge, and with 3, in. meshes. The boiler is fed b 
a long stroke pump, worked from the right hand crosshead, 
and by one injector, the latter drawing its supply from a 
small cast-iron tank beneath the footplate at the trailing end, 
and this tank being, of course, in its turn fed from the tender. 
The driving and trailing wheels of the engine, it will be 
noticed, have a brake applied to them. 

Tho tender is, like the engine, of simple construction ; its 
principal dimensions are as follows : 


ft. in 
Total length of frame eee ose sow 18 6 
Width over outside frames Pn aon 7 23 
Distance between inside frames ... eee 4 104 
Thickness of outside frames ose eco q 
” inside ” ose ese 4 
Length of tank outside... eco ove 17 0 
Beth dest PG iv os 
Depth pe “ eee ese eco 2 6 
Height of guard rails above tank ees 3 3 
Total heigth from rail level to top of guard 
rails eee ee eee one ae 9 9% 
Diameter of wheels eve eee 8 9 
Wheel base ... oo ove ose eee 12 ¢ 
Distance from centre of trailing axle to 
inside trailing buffer plate ..  .. 2 8 


Weight of tender, empty ... ese 12 tons. 

It will be noticed that the tank, which holds about 1500 
gallons, is of plain rectangular form, the fuel being placed on 
the top of it. As we have said, the fuel used is wood, and 
stowage room is provided for about 2 tons of it. 

In conclusion, we cannot do better than quote the follow- 
ing extract from a report, made by the engineer at Madras, 
on the engines which we have described. He says: “The 
first four of the new 17 in. cylinder engines arrived in Madras 
in August last, and as soon as they were put together and 
tried they were started to work trains on the heaviest por- 
tions of the line—i.e., the Coimbatore and Coopum Ghauts. 
The four engines are made by Neilson and Co., of Glasgow, 
and have been giving great satisfaction. They work sixteen 
loaded vehicles up the Ghauts, the maximum load of the 
16in. cylinders being eleven vehicles. With the latter 
engines we had three trains a day each way between Coim- 
batore and Paulghaut, and these are now reduced to two 
trains each way daily, being worked by the new engines. 
These engines are also very economical in the consumption 
of fuel, whether with coal or wood, and, whilst they possess 
great and rapid steam generating capadilities, manifestly 
make use of their steam to the test advantage, as, from 
experiments made, I find that with loads of sixteen vehicles 
they used very little more water than the other engines with 
loads of eleven vehicles only. Their consumption of fuel 
gives results closely approximating to those of the consump- 
tion of water, there being but very little more fuel used in 
hauling sixteen vehicles with these engines than in hauling 





eleven with the 16 in. cylinder engines.” 
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Notice.—A certificate has been given by a firm of 
accountants to the proprietors of The Engineer, stating 
that the circulation of that journal has largely increased 
within the last few years. The number of copies printed 
when Mr. Colburn undertook its editorial management 
in November 1858 was 2850. This rose to 3600 in 
November 1859, to 3990 in March 1860, to 4360 in 
June 1861, and finally, while still under its former 
management, to 5000 in June 1862. Its present weekly 
issue after an interval of six years is but 5300. An un- 
truthful paragraph continues to appear weekly in the 
same journal, stating that its circulation exceeds, by 
many thousands, that of all the other engineering journals 
combined. The circulation of ENGINEERING zow 
exceeds that of The Engineer and Mechanics’ Magazine 
combined, and it is very rapidly increasing. 


Advertisements cannot be received for insertion in the cur- 
rent week later than 6 P.M. on Thursday. The charge for 
advertisements is three shillings for the first four lines or 
under, and eightpence for each additional line. 

The price of ENGINEERING ¢o annual subscribers, re- 
ceiving stamped copies at places three miles away from the 
General Post Office, is 1l. 1s. 8d. If credit be given, the 
charge is 2s. 6d. extra, subscriptions being payable in 
advance. 

Cheques and money orders to be made vayable only to Mr. 
Charles Gilbert. 

Office for Publication and Advertisements, No. 37, 
Bedford-street, Strand, W.C. 


ENGINEERING is registered for transmission abroad. 


Le bureau @ ENGINEERING pour la France est 15, 
Quai Malaquais, Paris, chez E. Lacroix, Directeur des 
Annales du Génie Civil. 

Subscriptions for the ANNALES DU GENIECIVIL are received 
by Mr. Charles Gilbert, the publisher of ENGINEERING, 
of whom also the NouvEAU PoRTEFEUILLE DE L’ INGENIEUR 
DES CHEMINS DE FER may be obtained, price 91. 

D. Van Nostrand, 192, Broadway, New York, is the so 
American agent for ENGINEERING, and is authorised to 
receive all Subscriptions and Advertisements from America 
for this paper. Subscription price, ten dollars yearly in 
currency. 

ENGINEERING may be obtained in Russia, by sub- 
scribing for it at any of the Post-offices in the Empire. 
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WHEN SHALL WE BE BUSY AGAIN? 


Ir cannot be long, for the world cannot long do 
without us. Even now, in these depressing times, 
wealth, the motive force of engineering pursuits, is 
accumulating; our export trade, if not greater, is 
certainly not less than ever; and the receipts of the 
railway companies, which afford an excellent index to 
the general trade of the country, are still increasing 
week by week. 

But there is no standing still. It is in times like 
these that we can best appreciate the services of the 
engineers, who, whether, by their inventions or by 
their initiative of great works, have altered all the con- 
ditions of modern commercial prosperity. Every one 
can understand that if we could be now blest with a 
new discovery, which would cheapen food, or rents, or 
clothing, or transport, or iron, by one-half, we should 
at once enter upon a new stage of active industry; 
quickened, of necessity, by the ready impulses of 
speculation. We should find new works going on 
everywhere, labour and capital in great demand, and a 
rapid increase of our national wealth, even if individual 
investors, here and there, lost their occasional sums of 
money. But when are these discoveries to come? 
Railways, steamships, cotton factories, telegraphs, are 
already invented, and in the full tide of success. We 
may improve upon them, and it is more than probable 
that we shall. But how about the new inventions, 
those which shall give new life to trade, and, by their 
success, set us all (in our profession) digging, and 
draining, and building, and constructing more rail- 
ways, and docks and harbours, and all that contributes 
so much to the development of our national wealth ? 
These discoveries and inventions may not come in a 
day, nor in a year, but who, knowing aught of the 
agencies now at work for developing and elevating 





scientific thought, can doubt that as great discoveries 
as any ever made are still in store for us; although 
we can now know no more what they are likely to be 
than it was known, fifty years ago, what was to be ac- 
complished since that time ? 

ho, setting a globe before him, can fail to be 
struck with the comparatively insignificant proportion 
of the earth’s area over which our modern improve- 
ments have as yet extended. Even all Europe is but 
a small patch upon the terrestrial surface. It is not 
so long ago since America was little more than a land 
of barbarism, whereas to-day it rivals the highest 
civilisation of the old world. Who can suppose that 
the East is to lie for ever in its present state of com- 
parative barbarism? Like other lands sown with the 
seeds of commercial enterprise, it must yet brin 
forth good fruit, and become the scene of peacefi 
Christian industry. 

If one had to decide, amid the as yet unknown, 
as to what particular invention was first likely to re- 
volutionise the conditions of life and trade, he might 
well answer steam cultivation and scientific agricul- 
ture. ‘To our own mind, there is no field of mechani- 
cal endeavour which. already promises so much as 
this. It is a common notion that in agriculture 
nature does all, or nearly all. So it might as well be 
said that nature performs all chemical operations, for 
agriculture is but a branch of practical chemistry. 
The time is clearly coming when we shall produce food 
much as we now produce other chemical compounds, 
merely bringing together, under the best conditions 
of chemical activity, the chemical elements of food, 
and of its prior vegetable growth, since all food is, 
after all, of vegetable origin. If the Royal Agricul- 
tural Society was more than a farmer’s club, with 
little concert or cohesion, it might hasten enormously 
the adoption of a really improved agriculture ; for it 
may be accepted as indisputably true that at present 
we know but little of the latent capabilities of the 
soil, further than as they are occasionally shown in 
garden practice. 

Even without further great discoveries, the re- 
quirements of trade and the impatience of capital must 
soon set new works in motion. It is idle to say that 
constructive engineering has been overdone ; for just 
as much might have been said to this end, ten or fifteen 
years ago, when we had not half so many such works 
as now. Engineering never has been, and never will 
be, overdone as long as men continue to live. It is 
a creative art, and its results are immortal. 








AUSTRIAN IRONWORKS AND MINES. 
THE mining property in the possession of the 
Austrian Government comprises the greatest and 
richest mines of ironstone in the world. The whole 
of these mines and metallurgical establishments have, 
by a recent vote of the Lower House in Vienna, 
been destined for sale, and an open competition for 
the purchase of the property, or of any single portion 
of it, has by this time practically commenced. There 
are, of course, no offers heard of in public, since the 
bill permitting or ordering the sale must pass the 
Upper House, and also because the items upon which 
the estimated value of each particular part of the 
vast property has been based have not as yet been pub- 
lished. Still the certainty of the event cannot at pre- 
sent be doubted, nor are there indications wanting 
that a keen competition of capitalists and enterprising 
men from all parts of the world will arise, or has, in 
fact, already commenced, for acquiring the most im- 
portant portions of the Government property in ques- 
tion. It is most particularly for British capital and 
enterprise that this opportunity seems to open a wide 
and promising field, since the magnitude of the natural 
stores, and the very large scale upon which the work- 
ing of these mines must be carried on in order to 
ensure success, aud also the important influence which 
the products from those mines, when properly worked, 
must have upon the position of the iron trade, and 
most particularly upon the steel trade, throughout the 
world, will naturally draw the far-seeing care of our 
ironmasters and metallurgists upon it, and it will 
clearly appear to their interest to obtain the command 
over this greatest store of raw materials for the most 
important branch of British industry and commerce. 
The principal portion of the saleable property now 
referred to is formed by the mines and ironworks 
in Styria. The ironstone of Styria is pure spathic 
ore, which forms an apparently continuous seam 
throughout a long mountain range in the Alps, com- 
mencing near Schroatz, in Tyrol, and running from 
west to east, through a distance of nearly 200 miles, 
- Big the Semmering mountain in Lower Austria. 
seam reaches its greatest magnitude at Eisenerz 





and Vordernberg, in Stvria, where it has a width of 
550 ft. at one spot, and an average width of 220 ft. 
throughout a length of more than 6000 ft. The seam 
stands upright, and its depth is unknown, or, prac- 
tically considered, unlimited. Between EHisenerz and 
Vordernberg this ironstone seam, cropping out to the 
surface, forms a large mountain (Erzberg) 4836 ft. 
(Austrian) above the sea, and 2719 ft. above the valley 
in which the town Hisenerz is situated. The ore 
mountain has a steep incline in three directions, 
and is connected at the south side with a long moun- 
tain range, which rises up to 6828 ft. above the sea. 
The whole mountain may be called a solid crystal of 
spathic ore, although it contains at the top some brown 
hematite—a product derived from the — spathic 
ore by the influence of the atmosphere—and is stratified 
by a few veins of limestone and ankerite in thin 
parallel layers. The analysis of the spathic ore from 
this mountain 1s : 








Fe O Protoxide of iron ... 50.23 
Mn O Pa manganese 2.54. 
Ca O_ Lime ee ose 0.83 
Mg O Magnesia 1,60 
C OQ, Carbonic acid 34.62 
Imputities ... 9.70 
99.52 

The brown hematite contains : 
Fe, O, Peroxide of iron 78.50 
Mn,9, ” manganese 1.95 
HO Water eee ose 9.12 
CaO CO, Carbonate of lime ... 5.08 
MgOCO, " magnesia 4.50 
SiO; Silica 0.85 
100.00 


The impurities which alone are of any importance 
in the Styrian spathic ore are traces of sulphur, which 
appear in the form of pyrites. Their proportion is 
very small, however, and it is possible to remove the 
sulphur completely by exposing the ore to the influence 
of the atmosphere when the pyrites are rapidly 
oxidised, and the sulphates thus formed washed out 
by the rain without further exertion. Phosphorus 
does not exist in the Styrian ore, and it is therefore 
most eminently suited to steel manufacture. For this 
purpose it has now been employed for centuries, and 
for steel manufacture it is obviously destined to com- 
mand the market of Europe, and perhaps of the whole 
world at some probably not very Sistant period. 

The Austrian Government does not own the entire 
mountain Erzberg, but its property comprises the 
most important portion of this rock, viz., the lower 
portion up to a horizontal level which separates the 
mining property from that ofa company called Vor- 
dernberger Rodwerksgesellschaft. The vertical height 
of the Government property is 1600 ft. and the 
vertical height of the Vor ernberg Company’s property 
is about 1200 ft., the latter being placed at the higher 
part of the mountain above the former. There are 
numerous extensions of the spathic vein known and 
held by the Government at present; but they have 
never been worked, since the store of ironstone at 
Kisenerz is practically inexhaustible. The quantity of 
ore opened up by the Government at Hisenerz up to 
this moment, and ready for working in the Erzberg 
mine, is 500 million tons of spathic ore. The work- 
ing of this ore is very simple and easy. During the 
winter the miners drive horizontal en i into the 
solid rock so as to be sheltered from the weather, and 
in the summer season the workmen remove the roofs 
of their galleries in the style of ordinary quarrying. 
In a working day of eight hours one miner can 
produce from 10 ewt. to 12 ewt. of ore when working 
in the gallery, and between 25 cwt. and 50 ewt. of ore 
when working in open daylight. The cost price of a 
ton of ore delivered at the smelting works close by 
the mines of EHisenerz has been estimated at about 
4s. per ton under Government management ; but there 
can be no doubt that mining operations can be carried 
on at a much cheaper rate than that under such ex- 
traordinary natural conditions. We intend to publish 
detailed descriptions of the mines and smelting works 
at Eisenerz, and we now pass to the other objects 
comprised in the Government property now offered for 
sale, in order to complete our review of that subject, 
and to give an approximately concise general idea of 
this entire group of mines and ironworks. 

A separate ironworks, consisting of three charcoal 
furnaces, is placed at Hicflau, at the banks of 
the river Enow, and at the side of the new railway 
line (Rudolphs Cahn), now in course of construction 
in Styria. This, too, draws its ironstone from the 
Erzberg, but it forms a distinct and separate concern, 
and may be purchased by itself if desired, or it may, 
as it probably will at some future time, form the site for 
the blast furnaces of the Hisenerz mines proper, so far, 
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at least, as the ironstone may be smelted with charcoal 
as the fuel. Further east, in the north of Styria, at 
Neuberg Mariazell and Aschbach, another group of 
mines and ironworks exist upon the same seam of 
spathic ore, which, at that place, is less in magni- 
tude, but more affected by atmospheric influences, 
and, therefore, very easy to work aud to smelt. 
Of the Neuberg works we shall give a separate 
description in our next number. They form the 
most advanced and most useful ironworks in the 
possession of the Austrian Government; they com- 
prise the most celebrated Bessemer steel works in that 
country, and have for a long time past been considered 
as a kind of school or model establishment for steel 
manufacture in Austria, Germany, and Russia. For 
the purposes of a purchaser of such property, it is 
more important, however, to form an estimate of the 
future development of which the mines and works are 
capable than to judge what they are already. The 
sale of all these possessions is completely public, and 
the estimated value of each object has been controlled 
by the house of representatives, discussed in numerous 
committees, and spoken about in the daily papers; in 
short, the whole sale has been brought into the posi- 
tion of an auction, rather than of a private negotia- 
tion. It is obvious, therefore, that it will be difficult 
to drive an advantageous bargain with the Govern- 
ment with regard to the existing plant, and the 
established value of existing works. The field for 
speculation and the chance for great gain does not, 
therefore, lie in the acquisition of the present works ; 
but in the choice of an opportunity for creating new 
establishments in those positions Litherto neglected 
or insufficiently utilised. There is, indeed, a certain 
notion existing amongst the professional public that 
the value of many of the objects offered for sale has 
been over estimated; but all this is of minor import- 
ance: it only points to the necessity to look to future 
value rather than to present development, ‘to ask 
“what can be made” of that property, and not “ what 
does it contain?” The greater the plant already in 
existence, the more capital there is already sunk upon 
a certain mining property, the less eligible it will be 
for a purchaser under present conditions. From all 
this it follows that large and complete establishments 
like Neuberg will be less attractive, and less likely to 
sell than mines and forests or small establishments 
with little or no plant upon them, but well situated 
with regard to the present and future high roads of 
traffic and commerce, and abundantly supplied with 
mineral wealth and with vegetable fuel. 

The great problem now to be solved is the smelt- 
ing of the Styrian iron ores with mineral fuel. The 
production of charcoal, although it is supported by 
enormous forests, many of which form part and parcel 
of the mining property, is still limited by the supply of 
wood, and is out of all proportion with the quantity 
of ore which the mines are capable of producing. 
The Styrian ironmasters have been scheming and 
calculating now for about twenty years to find 
an economical mode of carrying coal or coke up 
to their mountains from the vallies in Bohemia and 
Moravia, and from Hungary, but the distances are so 
great, and the freights necessarily so 4 my that 
the greater number of their proposals have proved 
futile, and nothing has been —— up to this 
moment. Even the construction of those important 
lines of railways which will, very shortly, open up an 
economical communication between the Styrian Iron- 
works and the great centres of commerce in Austria, 
will hardly establish a possibility of carrying out the 
idea of transporting the fuel to the ore on a large 
scale. Nor is there any example in the iron industry 
of other countries, that a great and one-sided trans- 
port of fuel is effected with the fuel, in order to reach 
the iron ore in its own locality. On the contrary, the 
transport of the ore to the fuel has established itself 
wherever a great distance between the two mineral 

roducts entails the necessity of carriage. In the 
Rhenish-Prussian districts the ironstone from Nassau, 
from Siegen, and from other laces, is carried by rail, 
by river, and by common roads to the coal beds at the 
bank of the Ruhr; the minette of Luxemburg is car- 
ried to the coal-fields of Saurbrick ; the Swedish and 
Norwegian ore has been sent for by the Cleveland 
ironmasters ; Algerian, Italian, and Spanish ore is car- 
ried into France and deposited close to the collieries ; 
the hematite ore from Silverstone is carried into Lan- 
cashire and Staffordshire, and only the stimulus — 
by the Bessemer process to the working and smelting 
of pure hematite ore has at a recent date created an 
exchange, or return freight of coal and coke to the 
ore districts of Lancashire and Cumberland. The car- 
riage of coal to the ore, on the contrary, has nowhere 





succeeded when great distances came into considera- 
tion, nor does it seem plausible to make such an at- 
tempt in Styria, where the geographical position is 
more than elsewhere against such a course. The 
Styrian mines are at least 1000 ft. above the coal-fields 
in Bohemia and Moravia, from which they could draw 
their supply. The oye! of a ton of iron would 
require a ton of coke to be carried up the incline, 
which is represented by the difference of these levels. 
On the contrary, if the ore is to be taken to the coal, 
two tons of calcined ore would require carrying down 
the same distance. Considering the difference of work 
to be done in carrying the gross bulk of the whole load 
up or down an incline, considering the greater facility 
of transport, when comparing the nature of calcined 
iron ore and of coke, as the material to be carried 
to a great distance, there can be little doubt about the 
relative advantages, but there is much more to be con- 
sidered. The pig iron, when produced, must reach the 
market, and then again comes the choice of carrying 
the iron to the coal for further working, or of carrying 
up fresh supplies of coal for the puddling, refining, or 
steel-making process, for forges and rolling mills, &. 
According to the present system, this would mean the 
transport of 3, 4, or 5 tons of coal up the mountains 
for each ton of pig iron which ought to have been sent 
down the incline. Modern improvements, it is true, 
have altered that position. By the Bessemer process 
we can convert the pig iron into steel direct, and with- 
out fuel, and by the aid of the Siemens and Lundin 
furnace, the Styrian lignites and peat bricks can be 
made to serve as fuel for forges and mills; but even 
then we must carry the manufactured goods down into 
the valleys and into the plains where they are wanted 
und used. All these considerations most distinctly 
lead to the conclusion that the only mode of working 
the Styrian ironstone with prudence and economy is 
to carry it down to the coal-tields of Austria upon the 
shortest and quickest road. There is nothing to be 
done on the spot except calcination, which can be 
effected with any kind of fuel to be found in Styria 
itself. The blast furnaces for smelting this ore must 
be placed at a central position with regard to the main 
roads of commerce in Austria, viz., the Danube, the 
Elbe, and the railways which run along the valleys of 
those rivers. ‘The proper situation for these furnaces 
will probably be in Bohemia or Upper Austria, due 
north from Eisenerz, say half way waar the ore 
mountain and the great Bohemian and Moravian coal- 
fields. The blast furnaces will thereby be placed close 
to the Danube, or to the river Molden, a tributary to 
the Elbe, and an excellent road for the transport of 
the produce will therefore be readily obtained. The 
natural road for the export of Styrian pig iron and of 
manufactured goods from the ironworks to be erected 
in Bohemia, is the course of the river Elbe, since all 
the north of Germany traversed by that river is depen- 
dent upon iron imported from abroad. From the port 
of Hamburg the Styrian iron will readily find its way 
to every steel manufacturing district in this country 
and in America, since its excellent quality, and the 
low cost at which it can be produced, would secure its 
sale on a very large scale iu this country. Another 
main road for the export of the products from the 
Styrian ores would be down the Danube, and this, too, 
is a vast territory of growing importance, and a district 
where the competition of British iron has hitherto been 
smaller and more difficult to maintain, on account of 
the excessive cost of transport, than in any other part 
of the world. It is obvious, therefore, that both the 
geographical position of the Styrian ironstone mines 
and their unparalleled magnitude and wealth, make 
these possessions an object of great and even of a 
cosmopolitan interest and importance. The sale of this 
property at this present moment deserves, therefore, 
the utmost attention of the profession and of the mer- 
cantile community in this country, and all chances of 
obtaining a command over the working and manage- 
ment of these gigantic stores of power and wealth 
should be jealously watched and taken up by British 
capital and engineering skill. 








RAILWAY GEOMETRY. 

A WELL-KNOWN and able advocate of railway reform 
has applied to the mutual relations of the line and train 
the apt term of “ railway geometry,” and he has dwelt 
strongly upon the ungeometrical and unmechanical 
practice of driving long rectangular wheel bases through 
curves of moderate radii. It appears to be widely be- 
lieved that curves must of necessity oppose a resist- 
ance to motion, but, so far from this being the case, a 
moving body requires no more power to keep it ina 
curved than in a straight path, except such as may be 
absorbed in consequence of the imperfections of the 





restraining mechanismemployed. What these imperfec. 
tions may be can be inferred from the results of some 
experiments made by Mr. Lloyd on the Valparaiso 
and Santiago Railway, a line of 5 ft. 6in. guage. He 
found that a goods wagon, with its wheels 7 ft. be- 
tween centres, required twice as much power to draw 
it, at a slow speed, through a level curve of 1000 ft., 
or about 15 chains radius, as was consumed ona 
straight line. This great increase of resistance upon 
curves was, no doubt, due, in some measure, to the 
fact that the superelevation of the outer rail had been 
adjusted to a much higher speed than that at which 
the experiments were made, and the wagon conse- 
me | gravitated against the inner rail, causing ad- 
itional friction by the binding or rubbing of the 
flanges there. Ona curve of 600 ft. radius, on which 
the resistance was found to be 15 1b. per ton more . 
than on a straight level line, the superelevation due to 
a speed of even 25 miles an hour would be 4¢ in., 
giving a transverse inclination, across the line, of 
nearly 1 in 14, 

It is remarkable that the advantages of the 
pivotting bogie are not more distinctly recognised by 
our engineers. It affords a tolerably near approxima- 
tion to the radiation of the axles to curves; it sub- 
divides the weights carried, as compared with ordina: 
wheels, of half the number, as now used; and it 
greatly subdivides the shocks and jolts which wheels, 
as usually arranged, inflict upon the vehicle. The 
objections to six-wheeled vehicles are well known, and 
thus, restricted as we are upon the present plan to 
four wheels, the weight per wheel has risen to 4 tons, 
the loaded four-wheel coal trucks on several ines now 
weighing 16 tons. Eighteen tons might be better 
carried on eight wheels, with an average of but 24 
tons per wheel, with which it would be found that the 
permanent way would be less worn and strained than 
at present. As for steadiness, the double bogie 
carriages are the easiest of all—a fact which no one 
who has journeyed upon the American lines will 
think of } mer sy Apart from the yielding of the 
springs a given irregularity in the line does not, in 
raising the wheel passing over it, directly raise the 
carriage body at that point. The blow is first divided 
between the two wheels of one side of the bogie, and 
then again subdivided over a long total wheel base, or 
the extreme span of both bogies, often upwards of 
40 ft. The individual wheel base of each bogie has 
been made as short as 3ft., and it is but seldom 
more than 6ft., even on lines with 15 chain 
curves. This secures a very near approach to 
true radiation, the angle of the obliquity of the wheel, 
from the tangent to the curve, being less than 10 
minutes. That the resistance, to draught, of the 
bogie vehicle is less than that of our usual rolling 
stock, we are in a position to prove beyond all doubt, 
and from an example, too, derived from the compara- 
tively wide gauge of 6ft. In 1855 the writer had oc- 
casion to take an experimental train a total distance of 
660 miles, over varying gradients and through curves 
of radii of 11 chains and upwards. The results of 
this experiment showed that the resistances of a train 
which, on some portions of the line, was half a mile 
long, were not greater, on a level, than 6b. at most 
per ton. An abstract of the results will be published 
in an early number. 

The whole question of bogie rolling stock is one 
demanding the best attention of engineers, who will 
find, in exactly the proportion in which they examine 
it, that it offers great advantages, viz., approximate 
radiation on curves, subdivision of weight to a mini- 
mum of from 24 to 3 tons per wheel, greater steadi- 
ness of the rolling stock, and lessened resistance to 
traction. The bogie has been already applied to a num- 
ber of engines working on lines in England and Scot- 
land, and we think there can be no question whatever 
that the engineers who have thus far used it would 
not, on any account, now do without it. 








THE MONT CENIS RAILWAY. 

St. Michel, June 15, 1868. 

(Concluded from page 600.) : : 
Arter the descent last mentioned the line again 
rises by a gradient of 1 in 83} to Lansleburg, the 
rincipal station on the line, which we reached at 
tt 18. At Lansleburg the station is situated near 
the immense barracks erected by Napoleon I., and 
now used as stables for the horses employed in the 
diligence service ; and the station yard includes ex- 
tensive sidings, an engine shed, &c. A somewhat 
lengthy stop was made at Lansleburg, a start not 
being made until a and before leaving a pressure 
of sbent 9 tons was placed upon the horizontal wheels 
of the engine, making the total weight available for 
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adhesion 31 tons. The train remained of about the 
same weight as before, although some changes had 
been made in loads of the trucks. During the stop 
the bearings of the engine liad cooled down consider- 
ably, and they did not again heat greatly during the 
remainder of the oe 

On leaving Lansleburg the railway crosses to the 
left bank of the Arc, and commences to ascend the 
mountain side by zigzags composed of a series of 
gradients of 1 in 19.23, the ends of which are united 
by curves of two chains radius. Near the top of the 
second of these inclines the line is brought back to a 

oint considerably above Lansleburg, but situated at 
Dut a short distance from it horizontally ; and near the 
top of the fourth incline the town is also to be seen lying 
far below. On the inclines above mentioned, as at other 
portions of the route, the line takes the outside of the 
carriage road, and in order that it may do this it is 
necessary that there should be a level crossing at 
the point where each curve, connecting the top of one 
incline with the foot of the one above, terminates. 
It was of course desirable to retain the mid-rail on 
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to persons of delicate constitutions. In order that 
these covered ways may be worked in the summer 
time with any degree of comfort to the passengers, a 
vast ne in the ventilating arrangements will 
be needed. At present the covered ways are par- 
tially open on one side for a considerable portion of 
their length, and lately openings have been made at 
intervals along the roof to facilitate the escape of the 
smoke, &c. But these openings are quite insufficient 
to secure anything approaching the degree of venti- 
lation required ; and, moreover, they will in the event 
of a fall of snow very materially diminish the protect- 
ing power of the covering. Altogether, we consider 
that the construction of these covered ways will be 
found to require great alteration. The roofing of 
corrugated iron, exposed as it is to the sharp blast 
from the engines, will be found very far from durable, 
and in most places the timber framing will have to be 
strengthened very considerably before the winter 
season to enable it to resist anything like a heavy 
drift of snow. 





The first stop made after leaving Lansleburg was 
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these level crossings, and at the same time it was 
necessary that this rail should not be allowed to in- 
terfere with the passage of the road carriages. To 
enable these two ends to be gained, Mr. Barnes, the lo- 
comotive superintendent of the line, has schemed a neat 
arrangement, by the use of which the lengths of the mid- 
rail at the crossings can, as soon as a train has passed 
over, be lowered so as to be completely out of the 
way. A stop of 24 minutes was made to inspect one 
of these level crossings. The arrangement is very 
simple. The portion of the rail to be lowered is 
carried by a series of vertical arms hinged to it, the 
lower ends of these arms turning on horizontal pins in 
a trough sunk in the roadway. To one of these arms 
is connected a hand-lever, by moving which the length 
of mid-rail can be, as it were, folded down into the 
trough. The weight of the rail is balanced so that it 
can be easily raised or lowered by the man stationed 
at the crossing; and when it is raised its lower end— 
or that towards the foot of the incline—abuts against 
the end of the fixed rail. Pins are provided for lock- 
ing the rail when raised ; but they are scarcely necessary, 
the abutment given by the arrangement just mentioned 
giving all the support required. This arrangement 
for lowering the mid-rail is used at all the level cross- 
ings where the mid-rail is laid, and it appears to work 
exceedingly well, even at points where the line is 
curved. At such points it is necessary to make the 
lowering portions in two lengths, as, if it was all in one 
length, the curvature would be too great for the 
arrangement to work freely. 

At the top of the second incline of the zigzag the 
first length—and a short one—of covered way occurs. 
There are altogether 12 kilometres, or about 74 miles, 
of covered way and tunnels on the line. Of this 
length, the greater portion consists of a comparatively 
light covering composed of corrugated iron roofing 
carried by timber framing. This covering is intended 
more as a protection from snow drifts than anything 
else; at points where avalanches are to be feared the 
covering is strongly built of stone. At the top of the 
fourth incline, above Lansleburg, the covered ways 
may be said to commence fairly, and between this 
point and the summit there are a number of them, 
many of them of considerable length. 

_The passage through the covered ways was de- 
cidedly the most unpleasant portion of our trip, and, 
in fact, to us, on the engine, and to those who, for the 
sake of seeing the country better, had taken up their 
positions on the trucks, it was little better than mak- 
ing the ascent of a large chimney shaft would have 
been. The heat, dust, and smoke were well nigh in- 
tolerable, and although in the carriage, the two latter 
annoyances could be to a certain extent avoided by 
closing the windows and doors, yet the heat was pro- 
bably even worse, and it would prove decidedly trying 


minutes, during which water was taken, the engine 
oiled, &c., we again started, and at 12.55 we reached 
the summit station, La Frontiére, so called from its 
being situated on the frontier line of France and Italy. 
Between Refuge No. 23 and La Frontiére, a distance 
of nearly three miles, the line rises by inclines of 1 in 
13.6, 1 in 124, and 1 in 15.4 successively ; and at the 
latter point it attains an elevation 6870 ft. above the 
level of the sea. This, however, although the summit 
of the pass, is far from being the summit of Mont Cenis 
itself, which towers above for nearly 5000 ft. more. 

La Frontiére was left at 1.3 p.m., the next run 
carrying us as far as the station of La Grande Croix, 
a distance of about four miles. Between La Frontiére 
and La Grande Croix the line falls by gradients of 
1 in 15.6, 1 in 13.16, 1 in 33.8, 1 in 16.6 and 1 in 50 
successively, as will be seen by reference to the diagram, 
showing the section of the line, which we give on the 

resent page. The scenery at this portion of the 
ies resents a striking contrast to that in the neigh- 
hendhoal of Fort l’Esseillon, which we have already 
mentioned. The summit of the Mont Cenis pass is 
formed by a tract of what may be almost called table 
land, encircled by mountains whose sides were, at the 
time of our visit, clothed with verdure for a consider- 
able height, and at some points literally covered with 
flowers. Here also, on the right of the line, is seen 
Lake Cenis, a sheet of water of very considerable size, 
abounding, it is said, with trout and other fish. 

La Grande Croix was reached at 1.26, and at 
1.324 we started again, and commenced in earnest the 
descent of the Italian side of the pass. From La 
Grande“Croix to Susa the distance is about 13 miles, 
and in this length the fall is about as much as it is 
between the summit and St. Michel, a distance about 
24 times greater. Soon after leaving La Grande Croix, 
the line leaves the route of the diligences and enters 
the long covered way executed by the orders of Napo- 
leon I. for the imperial road. This covered way had been 
abandoned for some years, the present carriage road 
being led by a different course, and it was necessary to 
repair and strengthen it for the railway. The reason 
for adopting this course for the line in place of that 
followed by the existing carriage road, is that it gives 
a better anda continuous gradient, whereas the present 
road falls and afterwards rises again. Whilst passing 
through the covered way, occasional tantalising 

limpses are obtained, through the openings, of the 
andscape below ; but once completely clear of it, there 
bursts into view a panorama which is simply magnifi- 
cent. Here the line takes a zigzag course down one 
side of a valley, in some places over three miles in 
width, and it may be seen at intervals far below wind- 








ing its way amongst the walnut trees by which the 














hill side is covered. At the mouth of the valley lie 
the fertile plains of Piedmont dotted with villages ; 
and, apparently close at hand, is Susa, more than half 
a mile below. 

Throughout the whole of the descent the gradients 
are necessarily severe. Leaving La Grande Croix the 
fall commences with an inclination of 1 in 12.34, and 
then come gradients of 1 in 14.8, 1 in 25, 1 in 12.82, 
and 1 in 25.64 successively, the last ending at the 
station at St. Martin were we arrived at 2.20} p.m. 
Leaving again at 2.31 we made our final run to Susa, 
which was reached at 3.5, the line between St. Martin 
and Susa, descending gradients 1 in 12, 1 in 37, and 
finally 1 in 100. The total time occupied on the trip 
was thus 7 hours 9 minutes, of which 2 hours 19 
minutes were taken up by the various stops. ‘The 
actual running time was thus 4 hours 50 minutes, 
going an average speed of about ten miles per hour. 
We should mention that besides St. Martin, there are 
between La Grande Croix and Susa two water stations, 
Bard and Geaglioné, the former being situated between 
La Grande Croix and St. Martin and the latter between 
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St. Martin and Susa. Stops are made at both these 
places during the ascent from the Italian side, but 
during the descent it is of course unnecessary to call 
at them, the quantity of water used by the engine 
being very aaa ? 

During the descent the brakes were in constant 
requisition, and on some parts of the line the engine 
was worked with the reversing lever partially in back 
gear, steam being admitted to the cylinders through a 
small pipe provided expressly for use under these 
circumstances. As we on already stated, both the 
trucks and carriages, as well as the engine, are fitted 
both with ordinary and with mid-rai brakes ; but 
during our trip the mid-rail brake on the engine was 
not brought into requisition. The mid-rail brakes on 
the two trucks were, however, used, although it ap- 
peared to us that ample controlling power would be 
obtained by the use of the ordinary brakes alone. We 
may mention that during the descent one of the blocks 
belonging to one of the mid-rail brakes was carried 
away. It was noticed that it was loose shortly after 
leaving La Grande Croix, and soon after, coming in 
contact with the end of a fresh length of mid-rail, it 
disappeared entirely. Considering that these brake 
blocks are of cast iron the accidental presence of one 
on the line of rails would be, to say the least of it, un- 
desirable. ; 

Altogether the trip, of which we have above given 
an account, was a success, inasmuch as the train was 
taken over without any hitch or difficulty. We do 
not think, however, that this success can be fairly 
attributed to the adoption of the mid-rail system, as 
we believe that the line could be as well worked 
without the mid-rail, by the use of Mr. Fairlie’s loco- 
motive carriages. We shall give, next week, our reasons 
for believing that the Mont Cenis line could be as well 
worked without the mid-rail as with it ; reasons, which 
are to a great extent founded on the results obtained 
during the experiments on the Mont Cenis itself. Not- 
withstanding, however, that we consider the adoption 
of the mid-rail system a mistake, we cannot conclude 
without congratulating the engineers on the completion 
of what is undoubtedly a very bold engineering work, 
and one which, even if it does;not prove ——s 
successful under its present system of working, will 
still be remembered as a token of their enterprise and 
skill. 

As most of our readers are aware, Mr. Brunlees 
is the engineer of the line, whilst the engines and 
rolling stock have been constructed from the designs 
of Mr. Fell and Mr. A. Alexander. Mr. Brassey was 
the contractor for the railway, and to his representa- 
tive, Mr. Blake, as well as to Mr. Bell, the engineer 
in charge, and Mr. Barnes, the locomotive superin- 
tendent, the greatest credit is due for their exertions 
during the progress of the works. 
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THE THAMES EMBA NKMENT. 


Arrer repeated changes in the plans and specifica- 
tious for that portion of the Thames Embankment 
extending from the eastern boundary of the Temple 

recincts, to the west abutment of new Blackfriars 
Pridge, the designs have at last been decided upon by 
the Board of Works, and contractors were invited to 
send in estimates. The different tenders were opened 
on the 19th of June, and varied in amount from 
179,0002. to 126,000/., which latter, that of Mr. W. 
Webster, who is now constrycting the embankment on 
the south side of the Thames, was accepted. The esti- 
mate of Messrs. Kelk, Lucas, and Waring, brothers, 
exceeded Mr. Webster’s only by 500/., they having 
reduced the amount of expenditure to the lowest 
possible figure, with a view to constructing the Metro- 
politan District Railway with the same staff as the em- 
bankment. The large amount of plant in Mr. Webster’s 
possession, which will be liberated by the completion 
of that part of his contract between Westminster and 
Lambeth bridges, has, however, enabled him to com- 
yete successfully, and to win the contract by a neck. 
he energy which this gentleman has already shown 
n carrying out the work entrusted to him leads us to 
hope that Contract No. 3 will not creep miserably 
to completion as Nos. 1 and 2 have done. It is 
nearly two years since we were promised the use 
of at least that portion of the new roadway between 
Westminster bridge and Whitehall, but till the pre- 
sent time, the stairs leading to the steamboat tempo- 
rary landing are all that have been made over to the 
public. 

Contract No. 3 embraces a length of 925 ft. of new 
work, and the whole of the road and side walk making, 
between Westminster and Blackfriars bridges. The 
road way which is to be metalled from end to end 
to a depth of Gin., will require 41,750 cubic yards 
of broken stone, laid on a substructure of concrete, 
the formation being made with a rise of 9in. in 
the width of 100 ft. The footways, 12 ft. wide, will 
take 89,300 superficial feet of 3 in. Yorkshire landings 
bedded on 6 in. of gravel, with a fall towards the kerb 
of 5 in. 

Substantially the continuation of the embankment, 
will be of a similar design to that already carried out ; 
a river wall presenting the same appearance, and ex- 
tended on the same line, to within about 200 ft. of the 
new Blackfriars-bridge, at which point the width is 
gradually reduced until the face of the wall corre- 
sponds with that of the abutments of the bridge. 
There being a considerable difference between the 
levels of the embankment roadway and Bridge-street, 
it will be necessary to raise the approaches, as has 
already been done in a less degree at the Westminster- 
bridge end. A rising grade of 1 in 40 is there given 
to the lower level, and retaining walls will have to be 
constructed on each side. As the retaining wall on 
the outer side follows the line of roadway, and leaves 
the river wall, a vacant space is left, about 20 ft. in 
its greatest width, and dying off to nothing at each 
end, Advantage is taken of a part of this area to 
convert it into wharfage for the City Gasworks, access 
being obtained to it through two covered ways 
8 ft. 9in. wide, and 11 ft. 6 in. high, which pass under 
the road level of the embankment, and over the 
Metropolitan District Railways. The covered ways 
are constructed with vertical side walls, roofed with 
cast-iron plates. The remainder of the space left 
between the retaining wall and the river front is to be 
filled with an earth slope and turfed. A subway 9 ft. 
wide, and 7 ft. 6 in. high, will be extended over the 
8 ft. 3 in. barrel sewer to the point, where the em- 
bankment begins to narrow, where they diverge, the 
subway running to the centre of the new strect at 
Blackfriars, and the sewer taking another course to 
intercept the Fleet. The Metropolitan Railway will 
cross beneath the subway, and just at the bridge it 
enters the exchange station for the Chatham and 
Dover Railway. 

The contractor binds himself under penalties to 
execute the remainder of this. important Metropolitan 
improvement in twelve months after its commence- 
ment. And it is stipulated that the railway shall be 
carried on simultaneously, he giv.ng such facilities as 
may be in his power, and acting in concert with Messrs. 
Kelk and Waring, under the direction of Mr. John 
Fowler. No further time will now be lost in complet- 
ing the railway ander the whole length of the embank- 
ment, and it is likely, that so much of the circle as 
lies between Finsbury Circus, Paddington, and Black- 
friars-bridge will be open to the public by the time 
the third length of the Thames Embankment is out of 
Mr. Webster’s hands. 





REPORT ON INDIAN RAILWAYS. 


Tue annual report to the Secretary of State for 
India, by the Government Director of Indian Railways, 
dated 1st May, 1868, has just been presented to Par- 
liament, and from it we derive the following informa- 
tion regarding the progress miade during the year 
1867, and their financial position on 31st March last. 

With regard to the progress made in the construc- 
tion of new lines, it is satisfactory to find that 347} 
miles of new railway were opened for traffic during 
the year 1867, and 21} miles during the present year, 
thus making the whole extent of line now open 3941} 
miles. These 3683 miles consisted of—lst, the Jub- 
bulpore branch of the East Indian line, 225 miles in 
length, which was opened on the Ist June; 2nd, the 
extension of the Great Indian Peninsula Railway on 
the 27th February, 1867, to Nagpore, the terminus of 
the branch line which brings the cotton districts of 
Central India into connexion with the port of Bombay, 
29 miles; and on 17th February, 1868, a‘further sec- 
tion of this company’s line was opened from Kundwa 
to Beerh, a distance of 21} miles in extension of the 
North-East line to Jubbulpore; 3rd, the section of 
the Delhi line between Ghazeeabad and Meerut, which 
was opened on the 18th April, 1867, and another sec- 
tion of that line, lying between the western terminus 
at Umritsur and the river Beas, which was finished in 
November last, these two sections together being 54 
miles in length; and, 4th, the extension, on the 1st 
Jauuary, 1867, of the Great Southern Railway to 
Errode, 394 miles, where it forms a junction with the 
Madras Railway. 

The following Table shows the length of line now 
opened by each company, and the extent remaining to 
be finished : 
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Of course it was impossible to pass over, without 
notice or comment of any kind, the lamentable failure 
of the great viaducts and other works on the Great 
Indian Peninsula Railway. As this is a subject which 
cannot fail to interest deeply many members of our 
profession, and as the question of responsibility seems, 
even now, scarcely to have been definitively settled, it 
may be as well to quote fully what the Government 
Director of Indian Railways has to say on the sub- 
ject, and we therefore quote his words, as follows : 

“While describing what is being done, it is neces- 
sary to refer to some works on which, instead of pro- 
gression, there has unfortunately been retrogression. 
On the 19th July last, without any immediate apparent 
cause, the great viaduct on the Bhore Ghat incline of 
the Great Indian Peninsula Railway, consisting of 
eight arches of 50 ft. span each, suddenly collapsed, 
and in a few minutes became a heap of ruin. The 
only consolatory circumstance connected with the 
catastrophe was that it was unattended by loss of life 
er any personal injury. A careful examination of 
similar structures, both on the open and unopen lines, 
was at once ordered, and almost all were condemned 
as more or less faulty. Those on the open lines have 
been supported during the operation of repair, so as 
to prevent interruption to tle traffic. Those on the 
unfinished portion of the line are being reconstructed 





upon a different principle to that of the original de- 
signs, iron girders being substituted for masonry 
arches; but this process will occupy much time, and a 
considerable delay must occur in opening the line to 
Jubbulpore, and consequently in the completion of 
through communication between Bombay and Cal- 
eutta, which it was expected would have taken place 
this year. This delay is the more to be regretted as 
the new weekly mail service between this country and 
India, which has recently come into operation, pro- 
vided for the landing of all the mails at Bombay, and 
for their transmission across the country to Calcutta. 

“The cause of these failures appears to have been 
the faulty character of the masonry. A desire for 
economy may have prompted the adoption of a class 
of work which has proved to be so lamentably defective. 
The designs were imperfect in the first instance. The 
ouansee failed to secure the proper adaptation ot 
the materials of the country to the purposes for which 
they were intended, and in the superintendence of the 
work there must have been carlessness or negligence. 
The lesson to be learnt from these disasters is that true 
economy in the laying out of important works of this 
kind consists in using such materials and adopting such 
principles of construction as will produce the strength 
and solidity suitable for the permanent performance 
by the railways of the services which they are intended 
to render; also that too much thought cannot be 
bestowed upon the preparation of plans, or too strict 
an inspection established while the works are in course 
of execution. ‘This description would not exclude 
railways of a lighter description in suitable places ; 
but temporary buildings and makeshifts pa not 
answer. We had an example of this during the 
cyclone last autumn in Calcutta. The permanent 
buildings on the Calcutta and South-Eastern Railway 
resisted the force of the gale, and sustained no damage ; 
while the wooden sheds were blown to pieces, and 
all the other temporary erections were levelled to the 
ground.” 

It will be within the recollection of many of our 
readers that, in addition to the guaranteed Indian 
railway companies, two other companies started for 
the purpose of constructing lines in India without 
such assistance, and which were called respectively 
the Indian Branch Railway and the Indian ond 
Company. The former of those companies figures 
now amongst the guaranteed companies under the 
title of the “Oudh and Rohilcund Railway,” it hav- 
ing been admitted on the favoured list during the 
year 1866-67. In August last a contract was entered 
into with the company for the construction of lines 
in Oudh and Rohileund, of an aggregate length of 
672 miles, and consisting of 430 miles of main line 
through those provinces, extending from Buxar to 
Moorshedabad, with branches to Cawnpore, 81 miles ; 
to Benares, 76 miles; to Fyzabad, 14 miles; and to 
Nynee al, 71 miles. This last-named place once 
possessed, works for the manufacture of iron, which 
is found in that locality, but they have now been 
closed for some time. In connexion with the pro- 
posed branch line to Nynee Tal, it is suggested that 
these works should be reopened on a scale commen- 
surate with the demand for iron in that part of India, 
and which, it is stated, must inevitably increase year 
by year. It is proposed, therefore, to commence 
the construction of the line from Nynee Tal, and 
to employ the iron manufactured at the works. 
“This,” the report says, “would accomplish the two- 
“fold object of making a cheap line and of giving 
“a fair start to an industry which it is most impor- 
* tant to develope.” 

The only railway with which the Government have 
to do, apart from those undertakings which are under 
the guarantee system, is the tramway in the Madras 
Presidency, extending from Arconum to Conjeveram. 
And this can hardly now be said not to be guaranteed, 
inasmuch as it has been arranged that the Govern- 
ment shall make up the dividend of the company to 
three en cent. per annum upon their present paid up 
capital of 100,000, ‘until such time as it may be 
deemed desirable to proceed with the proposed exten- 
sion of the line to Cuddalore, in which case such 
arrangements as may then appear suitable for the 
purpose will be made.” The line is at present only 
18} miles in length, but an extension is in contempla- 
tion which would, if executed cheaply, probably 
enhance the remunerative powers of the undertaking, 
and strengthen the line against the rivalry of country 
carts. 

We shall conclude our present review of this inter- 
esting report by the following summary with which it 
concludes. There are, however, subjects contained in 
the report to which we shall refer on a future occasion, 
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the quantity of matter which we have now standing in 
type preventing our giving a more lengthy notice of 
them at present. ; . ; 

The length of open line has been increased during 
the year to 3942 miles by the completion of 347 miles. 
There are 1655 miles now in course of construction, 
and various proposals for extending the railway system 
are under consideration. Materials have been sent out 
from this country weighing 333,329 tons, at a cost of 
3,827,4207. The whole expenditure in this country 
during the year amounted to about 4,000,000/. In 
India it was about 3,000,000/. The locomotive stock 
has been increased by 151 engines to 786 in all. The 
passenger carriages, which on the lst May, 1867, 
amounted to 1973, now number 2733; and 2043 
trucks and wagons have been added to the former 
stock of 16,162. The proprietors of Indian stock 
and debentures have increased from 43,824 to 49,690. 

Upwards of 9,000,000/. has been added to the capi- 
tal of the railways, making the whole amount that 
has been raised up to the 31st March last 76,579,0007., 
of which 75,071,600/. has been expended. 

The gross receipts for the year ending June 30, 
1867, were 4,878,527/., as compared with 4,537,235/. 
of the previous year. The working expenses were 
9,541,6567. and 2,225,495/. respectively. The nett 
receipts in 1867 were 2,336,871/., and 2,304,534/. in 
1866. In 1867 the number of passengers was 
13,746,354, of whom 13,074,980 were third class. 
In 1865-6 the number was 12,867,000. The sum 
paid by passengers last year for fares was 1,378,7791., 
as against 1,278,580/. of the previous year; and the 
amount received for the conveyance of goods was 
3,320,4872.; as against 3,091,723/. The train miles 
run were 10,980,319 and 10,120,920 respectively. 
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ON AN IMPROVED ARRANGEMENT OF A 
PURIFYING-HOUSE AND APPARATUS.* 
By Mr. Wrtt1am Esson, of Cheltenham. 

Tue house is 854 ft. long by 64} ft. broad at one end, and 
891 ft. broad at the other end. The extreme height, from the 
basement floor to the square of the walls, is 42ft. The irre- 
gular horizontal section of the house was adopted to fill up the 
ground. ‘The triangular portion being on one side, comes in 
very fitly for containing the steam boiler and engine, hoisting 
apparatus, and iron stairs, without encroaching on the parallelo- 
gram allotted to the purifiers and purifying materials. The 
elevation is divided into basement, ground, and first floors, being 
in that order each respectively in clear height 9ft., 12} ft., and 
14 ft. to the square of the walls. The pillars, main and tran- 
some girders for the first floor, and the girders and gratings of 
the ground floor are of iron. The roof is of iron, and tiled. 
The house is lighted from the roof and side walls. 

The window frames and sills are of iron, and each window 
has aventilator. The windows are glazed with obscure furrowed 
glass, admitting light but not vision. The main roof covers a 
parallelogram, hipped at both ends, carried on the walls on 
three sides, and on a gutter girder supported on cast-iron pillars 
on the fourth side. ‘These pillars, six in number, in conjunction 
with the 24 pillars for carrying the purifiers, also carry the iron 
girders of the two floors. The small roof, triangular in form, 
on one side rests on the gutter girder, and on the other sides on 
the walls. The iron girders and their transomes extend from 
wall to wall, and are fastened with strap-bolts, wall-plates, and 
nuts, and thus impart great stability to the entire structure. 
Strong iron bond was put in under the first-floor girders, set in 
cement. The set-off and the courses in the walls above and 
helow it were set in cement. Iron bond was put in the spring- 
ing courses for the arches of the upper windows, and across the 
windows, with a camber under their arches. 

Above the window arches iron bond was built in, and these— 
the bond last mentioned, the arches, and the walls from the 
springing courses of the arches to the top—were all set in best 
quality of cement. The walls to the first floor are 18 in. thick, 
thence to the top 14in. No sensible vibration, either before or 
_ the roof was put on, during the greatest gales, has been 

elt. 

There are six purifiers, in two rows of three to each row, and 
are in two divisions, one division of four with a centre valve, 
worked three in and one out of action, and one division of two 
worked with a centre valve, one in and one out of action. These 
last two are called the finishing puritiers. They are all 43 ft. in 
interior depth, by 20 ft. square in the clear. There is provision 
for five tiers of gratings in each, but only two are generally 
used. 

The connecting-mains are 14 in. bore, and all the gas passages 
of irregular form of section have an area of 200in. Each 
purifier is set on four iron girders, forming a square of 14 ft. on 
the side, carried on four pillars—all connected and tied to the 
walls, as before described. The floor surrounding the purifiers 
is carried on framed and trussed girders, resting on the girders 
connecting those which carry the purifiers, and are of a depth 
sufficient to place the floor exactly on a level with the top sides 
of the purifiers. Alongside the purifiers, and resting on the 
connecting girders, and under the floor, is a water cistern, 82 ft. 
long, 4 ft. by 5 ft. in section, for storing the roof water for the 
use of the steam boilers. On the floor the rails are placed for 
working the travelling cranes, by which the purifier-covers are 
lifted and transported over an adjoining purifier. Near the 
centre of each purifier is a 2ft. on the side-square funnel, ex- 
tending from the bottom to about 18 in. below the top, with a 
movable door having cross-bars and set screws for fastening 
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it down. These funnel doors, when closed, are luted with 
sealing materials, the same as those used for the retort lids. 
The basement and ground floors are used for the storing and 
revivifying of the purifying materials. When ready for the 
purifiers, these are taken up by a hoist from the basement’ to 
the purifying or first floor. For this elevating process, there 
are provided a steam boiler and engine, and two hoisting 
cages. Thesteam engine has two cylinders, with a link motion, 
and friction pulley, strap, and lever by which it. is wrought. 
Suitable two-wheeled barrows are employed for getting up the 
material. They are filled below, run on to the hoisting cage, 
carried up to the porifying floor, run over a purifier on a 
suitable and movable roadway resting on it, and the contents 
discharged therein. The barrow is sent down aguin by the re- 
turn hoisting cage, and the process continued uutil a purifier 
has been filled. Six barrows are in use during the operation 
of filling. One purifier can be filled in about an hour. In 
working the first four purifiers, there are always three in and 
one out of action. When the test shows impurity in the gas 
at the middle purifier, the set is ‘turned over,” so that the gas 
has always one purifier in the first set clean. Lime is used in 
the bottom shelves of each of these first set, and they are filled 
up with iron. 

The lime in each of the bottom shelves of the first division is 
not so often removed as the iron; it occasionally gets caked and 
hardened, and is then broken up, and allowed to remain until it 
has become spent. It will continue its purifying energy for four 
or five times as long as one turn of the iron, under the usual 
conditions. The gas in its progress onwards from the breaking 
purifiers comes in contact first with the lime, and then with the 
iron, and is thus consequently admitted at the bottom of each 
of the purifiers, and discharged at the top in the first division. 
In the second division of two purifiers the gaseous current is re- 
versed, being admitted at the top and discharged at the bottom. 
These purifiers are filled wholly with iron. The iron on being 
removed from them is used for one turn ina purifier of the first 
division before it is again used in one of the second division. 
This arrangement and plan of operation have been found very 
satisfactory, and ensure a comparatively pure gas, the sulphur 
compounds being about 10 grains, on an average, to 100 cubic 
feet of gas. Although opposed to the opinions and practice of 
many in every way entitled to respect, they have not been 
adopted without careful comparative trial with other methods 
known to the writer. It may, perhaps, be here mentioned that 
in connexion with this arrangement there are two breaking puri- 
fiers of considerable capacity, and which are wrought alternately. 
These are charged with iron that has become nearly spent in 
the other purifiers ; they are not turned over when the gas pass- 
ing through them shows foul, but generally when the caking of 
the contained iron causes too much pressure. By the use of 
these, two ends are gaincd—a thorough exhaustion of the puri- 
fying qualities of the iron, and an interception of the portion of 
the gaseous volume which generally soaks with a tarry-looking 
substance the purifying materials on the first shelves of the 
purifiers, and prematurely impairs its purifying energy. It may 
also be conjectured that the iron so treated will contain a higher 
per centage of sulphur and ammonia, and thus become a higher 
priced marketable commodity. 

The ground floor is formed of movable iron gratings resting 
on iron girders. When the iron has to be changed in any one 
of the six purifiers, the spent charge is thrown down on the iron 
gratings of the ground floor through the before-mentioned 
funnels in the interior of the purifiers. It is spread out on the 
gratings at a depth of about 30 in., and the mass becomes 
thoroughly revived in about a week, and is again ready for use; 
whereas, if laid on a close fluor, it would at that depth take 
about double that time, and require at least two runnings over. 
The iron having revived, and again become fit for being put 
into a purifier, an opening is made in the centre of the mass, 
and one of the gratings removed, thus forming an opening in the 
floor. Through that opening the material is tipped down into 
the barrows (on the basement floor), and is taken up by the 
hoist, wheeled over a purifier on the first floor, and the contents 
therein deposited. In like manner in succession for all the 
purifiers, and with all the iron. 





DIscussIon. 


Mr. Sharp asked the description of valve employed. 
Mr. Esson: Cockey’s valves, 
Mr. Longworth asked the size of the purifiers. 
Mr. Esson: Twenty feet square. 
— Longworth asked the cost of the whole building com- 
plete. 


Mr. Anderson said he was about to ask a similar question. 
It appeared to him that this was a very expensive mode of con- 
structing apparatus, In the first place, he did not know for 
what particular reason it was necessary to have a house all 
round the purifiers. Certainly, if there were any fumes from 
the purifiers, it was better to let them get out, and unless there 
was plenty of ventilation the health of the men would suffer. 
It appeared to him that the most economical way to place puri- 
fiers was to partly sink them in the ground, because the pipes 
coming to the purifiers were usually under ground, and there 
was greater facility for cleaning, and filling, and discharging. 
He found it very convenient to have purifiers about 2 ft. 6 in. 
under ground, and as much above ground. A man could then 
very well empty the stuff into barrows or wagons for the pur- 
pose of its being carried away to be revivified, and a great 
amount of expense in construction was saved. He did not see 
any other objection to the drawings, except that the mode of con- 
struction they illustrated was more expensive than need be. The 
continuous wear and tear was a matter which would more than 
compensate for any advantage in having purifiers so placed. With 
regard to the lime and oxide, he should like to ask a question. 
He understood that the bottom tray was lime and the upper 
tray iron, and that the lime lasted four times as long as the 
iron. Did Mr. Esson refer to the power of the lime to take out 
carbonic acid during the whole time the other three charges of 
iron had been in practice? If so, he could only say he did not 
find the same results in the works with which he had to do. 
Referring to the plans, he supposed that Mr. Esson was to some 
extent cramped for space, or he would not have put his engine 





into the purifying-house, for, as a practical man, he must know 
that the fumes from the purifiers were not good for engines. 

Mr. Garnett said, having recently constructed at Ryde a 

urifying-house very much in the fashion of that described by 
irr. om he might be permitted to say a word or two. His 
purifiers were 12 ft. square, and 4 ft. 6 in. deep, and were placed 
in a similar manner, but he had no second flooring. The bottom 
of the purifiers was about 10 ft. from the ground floor. With 
regard to the working of these purifiers, he might say that up 
to the present time he had found no inconvenience, and he 
thought in cases where it was desirable to do the thing very 
nicely, as in a place like Ryde, some arrangement of this kind 
would have to be adopted. The total cost had been about 1375/7. 

Mr. Goddard described the arrangements of his purifying- 
house, which appéared to be very similar to those adopted by 
Mr. Garnett, except that the purifiers were 20 ft. square instead 
of 12 ft. ‘ 

Mr. Esson said the cost of building his purifying-house and 
apparatus, in which there were six purifiers, each 20 ft. square in 
the clear, was, in proportion to the difference of size, &c., less 
than that mentioned by Mr. Garnett. With reference to the 
fumes, he was glad to say they were non est, so far as the work- 
men were concerned. The roof of the house was purposely tiled 
for ventilation, and there was also 6 in. opening for ventilation 
all round the roof windows. Although the purifying-house was 
close to other houses, yet, owing to the height and mode of con- 
struction, no complaints were ever made. If the purifiers had 
been on the ground, the meeps J was there would have been 
complaints from the workmen and neighbours. The purifying- 
house was not enclosed in the sense Mr. Anderson seemed to 
think. One side wall was built so as to admit of another house 
being erected at that side, and there were large openings for 
communication between the two. It might in some cases be 
desirable to have the Pipes underground, but in other works it 
might be equally desirable they should be above ground, for the 
sake of easy access thereto. In other purifying-houses he had 
the pipes underground, but he had thought it right to excavate 
the earth all round, so as to be able easily to keep the gas pas- 
sages clear. With respect to the cost of purification per 1000 
cubic feet, it was about the same as that of his neighbours. 
What he meant to say respecting the lime was that, until he 
found it spent, be did not remove it. The steam-engine had not 
been injured by the fumes from the purifiers. It was generally 
covered over, when not at work, with a canvas cover; and, 
though placed in the purifying-house, it had not suffered at all. 
The house had not been altogether built for the purpose of en- 
closing purifiers; it was a revivifying-house, and a storehouse 
for the material. 


NOTES FROM INDIA. 

Bengal.—A serious accident happened on the- Eastern 
Bengal Railway on Thursday evening, May 7, owing to the 
carelessness of a pointsman at Samnuggur, reversing the 
points and shunting a portion of the mail train into a siding, 
whereby twelve native passengers were killed, and eight 
more seriously wounded. 

The director-general of telegraphs ‘in India states that 
under the terms of the Paris Convention, the cost of a 
telegram between Europe and India will be reduced to some- 
thing less than three pounds. 

Mr. Rendel has proposed, and the Governor-General has 
sanctioned the re-opening and working of the coal mines at 
Kurhurballee by the East Indian Railway Company. 

The board of —_ of that railway has, says the Bombay 
Builder, condemned Burmah teak sleepers from their great 
tendency to split when exposed to the heat and dry hot 
winds of India. They have determined upon importing no 
more, and have sent so Australia for red gum sleepers, which, 
it is ihe will form a good substitute for the saul wood of 
Nepal. 

‘North- Western Provinces.—The projected scheme of taking 
up some 3000 acres of land to the south of the railway at 
‘Mlahabad, to enlarge the new cantonments, is to be aban- 
doned. The military authorities were anxious to get rid of 
possibly half a million in purchasing ground on which to 
construct a line of redoubts extending to the Jumna; but it 
has been considered that the force necessary to defend such 
fortifications would be better employed outside of it. 

Punjab.—All the available troops in the Rohilcund district 
are to be employed in completing roads to the new hill sani- 
tarium of Ranee Khet, and it is stated that nearly all the 
Goorkhas are to be employed in constructing huts for them- 
selves and the Europeans. 

It is reported that the last design for the Delhi Memorial 
Monument, submitted by Mr. Martin, C.E., of Delhi, has 
been approved of by the Viceroy, and that the work is to be 
pushed forward immediately. 

Madras.—A portion of the Madras pier has recently been 
destroyed, owing to a ship gy oe heavily driven against 
it by the force of the waves. Application es accordingly 
been sent home, by telegraph, for the necessary screw lice 
to be sent out, with all despatch, for its restoration. We 
were recently informed by an officer of the Madras Public 
Works Department, that wet docks might be constructed at 
that port. We wonder how long it will be before the neces- 
sity for them is recognised by the Government there ! 

The Madras Times remarks, there is positively no saying 
what irrigation will do for India. In the vain attempt to 
predict, a great deal is written but nothing is done. ile 
the Zemindars are indifferent, Government is scrupulous, and 
one is, as to results, as bad in the end as the other. Discis- 
sion is not over before some new calamity overtakes the 
country, still unprepared for it. It is pe aed to be taken 
into the confidence of the Government of India, but not easy 
to see the use of their publishing the recommendations of the 
officials on the spot, only to pass them aside with a few 
general and insignificant remarks, while at the same time 
reports are called for which, when made out, can hardly con- 
sist of much more than guesses. It is thus Indian records 
become so voluminous, diffuse, and wearying. 

Three thousand rupees are to be spent in the Coimbatore 
district, and five thousand at Bellary, as relief works. Five 
thousand seven hundred and twenty rupees is also to be spent 
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on irrigation works in the Trincomalee talook of South Arcot, 
on the same account. 

Bombay.—The river Indus, in Sind, has risen, in con- 

uence of heavy rains in the Punjab, to an alarming 
extent at Sukkur, and apprehensions of a serious inundation 
were entertained in Upper Sind. The depth of water at the 
mouth of the Bigaree was half as much again as its ordinary 
depth at this season. 
he Bombay Builder contains a paper by Mr. Burges on 
the proposed School of Art at Bombay. Mr. —» = was re- 
quested, about the middle of 1865, to prepare designs for 
a building suitable for that institution, with accommodation 
for its staff of professors. Memoranda had been — to 
him by Mr. Terry, the acting superintendent, of such a com- 
plete nature and of a scheme so admirably adapted for the 
climate, that he adopted it with such slight modifications as 
a professional experience suggested. The style of architec- 
ture fixed upon was that of the end of the twelfth century, 
and it also the advantage of permitting a large pro- 
rtion of the ornaments to be omitted at the outset, and to 
supplied gradually as funds came in, or as the pupils pro- 
vide the required mouldings. The proposed site consists of 
an irregular quadrangle, measuring about 460ft. from the 
north to south, and 320 ft. from east to west, the main road 
running along the eastern boundary. The rest of the ar- 
rangements are on a similar scale of elegance ; but it is to be 
feared that Mr. Burges is not likely to have an opportunity 
of carrying his scheme into execution; for the report has 
gone abroad that it is to be put into the hands of the military 
engineers, who are to perpetrate a copy of the South Ken- 
sington Museum. 

The mail steamer which will leave Aden from Bombay on 
August 16 or 16, will certainly pass through the dark shadow, 
and probably on the central line of the oan eclipse. Another 
steamer leaves Bombay on August 11, and is due at Aden on 
the 22nd. It is possible that this vessel also may meet it. 
A third mail steamer will be starting from Seasbay on 
August 18, nearly at the time of totality. A large number 
of copies of the Nautical Almanack circular, containing the 
path of the eclipse from Aden to Torres Straits, has ~— 
provided for distribution to the commanders of ships likely 
to be in the neighbourhood of the total phase, in order that 
their attention may be more prominently directed to the 
phenomenon. 

Owing to alterations in the original design, by which the 
work has been considerably increased, the time of completion 
of the Back Bay works has been extended up to the end of 
the year. 








THE SHOEBURYNESS EXPERIMENTS. 
(Continued from page 594.) 

Tue practice against the Plymouth Breakwater shield was 
resumed on Thursday, the 18th of June, and consisted of seven 
rounds, two from the 12 in. rifled gun, the first shot projected 
with the full service charge of 76 lb., the ame with a 
reduced charge of 574 lb., representing a range of 1000 yards ; 
two shots from the 16 in. man, with the full charge of 
834 Ib.; two from the 10in. rifled gun, with reduced charges, 
and one from the same gun with the full charge for 200 yards 
(60 Ib.). Only one of these shots, the first from the 600- 
pounder, was directed —— the extra thickness plate, 
which it broke into several pieces, penetrating to within 4 in. 
of the inside of the casemate. The others, with the excep- 
tion of the fifth round from the 10in. gun, which was a 
failure, owing to its striking the granite base, were directed 
with varying results against the 16 in. thickness of the shield. 

In estimating the powers of resistance of the armour 
placed around the Plymouth breakwater fort, lay the ex- 

rience derived from the — upon the shield. at Shoe- 

uryness, the followin isadvantages under which the 
latter has been placed Lave to be considered: that at each 
end there will be wanting the strength due to the continua- 
tion of the front wall over other supports in rear, a deficiency 
that will be felt over a considerable portion of the target. 
This abrupt termination of all the component parts of the 
wall at either end is, moreover, equivalent to two joints 
through all the thicknesses and along the whole height of the 
iron wall, a defect from which the system of construction 
adopted in the fort is peculiarly free. 
at the brick arches in the roof, as well as the concrete 
filling over them and in the pier, will not, in all probability, 
have set by the time of the experiment to anythink like the 
hardness of old work ; and this is of special importance when 
the want of continuity in the roof Soden as well as the break 
that occurs where they join the back part of the old case- 
mates, are taken into account. 

That the mass of building in rear of experimental work is 
very much less than that forming the rear portion of the 
asemates in the fort itself. 

But, on the other hand, it has to be borne in mind that the 
armour of the Plymouth Fort, as being actually executed, is 
not so strong in several respects as that of the shield. Thus 
the lower portion of the latter has but one row of “planks,” 
instead of two; more vertical backings have been employed, 
and an extra 5-in. plate has been added to part of the target. 
The ~ of packing between the plates with hide, is not 
— arly promising; for though it may serve slightly to 

aden the concussion from a stnking projectile, in practice 
the packing would shrink, rot, a in time me 
worthless. Altogether the target has stood well, con- 
ing the enormous amount of battering concentrated 
upon an area of less than 300 square feet—an amount 
equivalent to 106,600 foot tons. he 5-in. extra plate 
has been broken into several pieces, and the face of the f5 in. 
portion is cracked in all directions. At the rear, the up- 
right standards are bent and twisted, and the “planks” 
forming the inner layer are broken, cracked, and driven out 
of place. The curved plates on the outside forming a pro- 
tection to the concrete roof have been broken, and in many 

laces carried away, leaving the roof bare. Major Palliser’s 

Its have stood this severe test remarkably well, only 8 out 
of 68 having been broken. 





On the same day (Thursday) two shots were fired against 
Brown’s rolled 16 in. plate, the first from the 12 in. rifled gun 
at 200 yards range with a 76 lb. charge and 600 Ib. shell pro- 
jectile. It struck on an untouched place nearly in the 
middle of the plate, the shell penetrating 10 in., and break- 
ing the plate from top to bottom. The second shot was fired 
from the Rodman gun, and was directed against the larger 
fragment. This round broke the plate into four pieces, 
carrying one of them onwards for some distance. 


On Tuesday, the 23rd, the trials were resumed, the object 
of this and the subsequent day’s practice being the 
“experimental casemate’ —a shield differing entirely 
from the Plymouth Fort, and having none of the 
complexity of its design. It is really a masonry or 
rather concrete structure, with massive piers coming to 
the front of the shield, and having a space between them 
10 ft. 4 in. wide, forming the gun chamber, covered with a 
shell-proof arching. The front is protected by iron plates 
placed in different ways over the front of the casemate, in 
order that the efficiency of the various plans may be tested. 
The diagram annexed shows the arrangement of the target, 
as well as the result of the two days’ firing upon it. The 
space, in the centre of which is the porthole, E is the gun 
chamber, the dotted line showing the inside edges of the con- 
crete pier. Section A consists of a solid 8 in. plate, with a 
2 in. skin backing bolted to it, and placed against the con- 
crete wall; this plate is 12 ft. high and 4ft.3in. wide. Sec- 
tion B is a 4¢in. plate, 4 ft. 3in. wide, stiffened with 7 in. 
channel irons closely set together, and bolted to the 2 in. 
skin, the space between the inner and outer plates being 
filled with asphalte. Section C consists of three 6 in. plates, 
10 ft. 4in., placed longitudinally, stiffened with 7in. stan- 
dards, of an approximate bridge rail section ; this por- 
tion is backed . 15 in. of concrete. Section D is a 
4in. plate, 3ft. 34in. wide, also backed with 7 in. Channel 
irons. Section D is a 44 in. plate 5 ft. 2 in. wide, backed with 
7 in. of concrete, and a 2 in. iron inner skin, the whole resting 
against the concrete pier. 

The points numbered on the diagram show the position of 
the various shots planted in this casemate, those marked 
with [a + representing the solid shot, the remainder being 
Palliser shell. The rounds figured from 1 to 20 were fired on 
‘fuesday the 23rd, the remainder on the following day. Nos. 
19 and 20 were 15-in. shot, fired from the Rodman gun, with 
83} Ib. of powder. The first six rounds came from the 7-in. 
rifled gun, throwing a 1165 Ib. Palliser shell, with 22 1b. of 
powder. These were aimed low, and directed against the 
sections A, B, C, D, E, as shown in the diagram; the second 
series, from the 9-in. gun, were aimed higher, the first shot 
being directed against the A section, and the others following 
in the same order as before. Six more shots from the 10-in. 
gun followed, still higher up the target, and the day’s prac- 
tice concluded with two rounds from the Rodman gun in 
divisions Aand C. On the following day the firing was more 
promiscuous. 

The result of Tuesday’s practice may be abstracted as 
follows : . : 

1st Round.—Penetration 8} in. The shell exploded back- 
wards, doing but little injury. 

2nd Round.—Penetration 14 in. 
diverted to the right. 

3rd Round.—Penetration 8} in. Struck on joint between 
sections A and B. 

4th Round.—Penetration 10} in. This shell burst back- 
wards, doing no damage save to the } in. bolts securing the 
2 in. inner skin. 

_ 5th Round.—Penetration 13 in. This round produced a 
similar result to the last, knocking off seven bolt-heads, and 
bulging out the 2in. skin. 

_ 6th Round.—Penetration 14 in. Striking the section rest- 
=~ the concrete pier, passing through plate. 
hese rounds were fired from the 7 in. gun at a range of 


Shot in its passage was 


200 yards, weight of projectile 115 Ib., charge of powder, 22 Ib. 


7th Round.—Penetration 13 in. 

8th Round.—Penetration 21 in. 

9th Round.—Penetration 18} in. 

10th Round.—Penetration 144 in. 
as in the previous instances. 

1ith Round.—Penetration 20 in. Rupturing and passing 
through inner skin. 

12th Round.—Penetration 22 in. 

These rounds were fired with from the 9 in. gun, also with 
a 200 yards range ; weight of projectile, 250 Ib. ; charge, 43 Ib. 

13th Round.—Penetration 32 in. Shell burst inside con- 
crete, doing but little damage. 

14th Round.—Penetration 60 in. Exploded in middle of 
concrete pier, lifting and breaking concrete roof. 

16th Round.—Entered pier close to its inner angle, and 
burst inside, bulging casing and opening joints. 

16th Round.—Past through plate and backing. 

17th Round.—Ditto. 
_ 18th Round.—Past through plate and backing, and burst 
in concrete pier. 


Damaging ? in. skin, 








These shots were fired with the 10in. rifled gun from the 
same distance. Weight of projectile 4001b., with 60 pb, 
charge of powder. 

19th and 20th Rounds.—These were fired from the Rod. 
man gun, and were the only solid shot employed during the 
day’s experiments, the other projectiles being Palliser shells, 
The first solid shot hit about 2 ft. from the centre of porthole 
near the edge of the upper plate in section D, almost in the 
centre of the iron portion of the casemate. Beyond making 


a shallow indent on the face and loosening more small bolts 
inside, it did no damage. The second shot on section A was 
also ineffective. This ended Tuesday’s trials. On Wednes- 
day operations were recommenced ae the experimental 
casemate, the details of which, as well as of the forthcoming 
experiments on the Millwall shield, we shall give in our next 


number. 
(To be continued.) 








LIQUID FUEL. 
To tHe Epiror or ENGINEERING. 

Srr,—Seeing you have kept this important subject before 
the public for several weeks past, I thought you would have 
no objection to my giving you some facts which I obtained 
yesterday at a well-known chemical factory. 

The boiler was a two-flue Cornish, and the apparatus for 
burning the oil was that of Messrs. Wise, Field, and Aydon, 
well described in your jourral cf 1867. (See ENGINEERING, 
February 1, 1867.) 

I took a careful account of the oil and feed-water tanks for 
five hours, and at the end of that time found that 15,240 ]b. 
of water had been evaporated by 800 Ib. (799.6) of oil, or 
19 lb. of water evaporated by each pound of oil. As the tem- 
perature of the feed-water was 66° Fahr., and the steam pres- 
sure 28]b. per square inch, this will give a reduced evapora- 
tion, according to Professor Rankine’s formula, supposing 
the temperature of the feed-water to have been 212° Fahr., 
and the water to have been evaporated at the pressure of the 
atmosphere, of 22 lb. of water for each pound of oil burnt. 

Now, this is no mere experiment; but is being done and 
has been done day and night since Christmas last. 

In conclusion, I may remark that the object of my visit to 
the chemical factory was to convince mgealt that the results 
of experiments brought forward by Captain Selwyn in his 
papers read before the United Service Institution and the 
Institution of Naval Architects, were facts and not “ grevious 
errors,” as was there stated by an eminent chemist. 

Apologising for trespassing on your valuable columns, 

I remain, Sir, your obedient Servant, 

Foulis-terrace, South Kensington, 

June 17, 1868. 








THe SouTHERN AMALGAMATION.—With regard to the 
withdrawal of the Union Bill of the South-Eastern, Brighton, 
and Chatham Companies, it appears that the Lords’ Com- 
mittee, on Tuesday, unanimously declared the preamble of 
the Bill proved, but that they had proposed a considerable 
reduction in the maximum rates of charge upon the South- 
Eastern and Chatham system as inserted in the Bill in the 
Commons. As such reduction would have caused, in the 
opinion of the parties, considerable loss of nett profit, and would 
have complicated existing arrangements, the three companies 
laid before their lordships the following minute: “ The three 
companies cannot see their way to the reduction proposed, 
but are ready to concede the Metropolitan alteration, which 
leaves the present powers of charge unchanged, and to adopt 
the lower scale of rates so soon as the share of nett profit ac- 
cruing to the South-Eastern section under the fusion shall be 
adequate for a period of two years to pay 5 per cent. on the 
present amount of ordinary stock of the company, after pro- 
viding for its rents and preference charges.” The Committee 
declined this proposal, but offered the promoters a day’s con- 
sideration. Under these circumstances, the Bill, as respects 
the fusion, was withdrawn on Wednesday last. The Brighton 
Company’s Bill for an advance of rates and abandonment of 
certain lines was subsequently The abandonment 
of the London, Lewes, and Brighton Railway was passed ; 
also the South-Eastern Bill for division of ordinary stock. _ 

Tue Sourn-EasterN oF PortuGaL Rartway.—lt is 
stated that the capitalists interested in the South-Eastern of 
Portugal Railway have agreed with the Portuguese Govern- 
ment to a modification of the terms of settlement which the 
Government had pledged themselves to carry out. This new 
contract has been signed, and was to be brought before the 
Chambers last Monday. Provision is made to issue 7 per cent. 
bonds for the debentures of the company, which amount to 
475,0001., while a subsidy is to be granted for the completion 
of the line, which will then become the untrammelled pro- 
perty of the shareholders. As regards the shareholders, this 
result seems to involve some considerable temporary, if not 
permanent, sacrifice; but they are the proper judges as toits 
expediency. 
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CIRCULAR VESSELS. 


FIG. 1&2. 








To tue EpiTor oF ENGINEERING. 


Srr,—Notices having appeared in your paper, and also in 
another publication during the last few months, of a circular 
boat for ferry and war purposes, I take the liberty of 
stating that I have a model by me of a circular boat with a 
large circular centre battery or fort, which I constructed 
fourteen or fifteen years ago in connection with another 
nautical scheme I had at that time in hand. I had the 
honour of conducting the experiments at the Liverpool 
Dockyard about four years since for Mr. Lyster’s design 
for a circular ferry boat, and they were attended with very 
favourable results whilst running across a rapid current as 
in the River Mersey. 

My attention having been again drawn to the circular boat 
by these experiments, and also the success of the monitors, I 
made several sketches at the time of what appeared to me 
would form a very effective method of defence for harbour 
purposes. I now send you tracings of these sketches, and 
should you consider them of any interest, you are quite at 
liberty to publish. 

Figs. 1 and 2 are outlines of the model I constructed four- 
teen or fifteen years ago. 

The other figures i designed soon after completing the 
experiments alluded to. 

Figs. 3 and 4 are a section and plan of acircular war vessel 
on the tubular or lifebelt principle, upon which are mounted 
five circular turrets, each containing two guns; these could 
be trained to concentrate their fire upon any point of the 
compass. The tubular ironclad battery is abe pierced for 
guns all round, so as to, with the turrets, form an upper and 
lower tier. 

The means of propulsion I do not at present g° into, but 
their are various methods which could be effectively protected 
from an enemy’s guns. 

Figs. 5 and 6 are section and plan of an elliptical or 
straight-sided boat with pointed ends. This tubular batte 
is shown with six turrets. The number of turrets Pron’ 
of course upon the dimensions of the boat. Figs.7 and 8 are 
section and plan of a circular platform boat, supported upon 
one or more rows of circular pontoons placed vertically, 
or these might be made wedge-shaped and radiate to the 
centre. The outer ends of each pontoon could be armour- 





FIC.3 &4. 





FIC.7&8. 


ha M 


ago, as well as in other Eastern countries, although perhaps 
not built of iron. 
I am, Sir, your obedient servant, 
RoBERT GLENDINNING, Engineer. 
6, Crown-chambers, Redcross-st., Liverpool, June 9, 1868. 





Wetsn Stream Coat.—For several years previous to 1866, 
the steam coal of South Wales, known as smokeless coal, was 
almost exclusively used on board the vessels and steamers of 
the Royal Navy, and it ro general satisfaction as regards 
the speed attained and the evaporative power. In con- 
sequence of the recommendations of a committee appointed 
in 1866 at the instance of some of the north of England 
members, who complained that undue preference was shown 
to South Wales coal, it was determined that navy contracts 
for the future should be in the proportion of two-thirds 
Welsh and one-third north country coals, the mixture, it was 
alleged, giving superior results to either coal alone. This 
arrangement was observed for about two years, but it was 
soon discovered that the mixed coal did not do the service of 
Welsh used alone. Repeated complaints followed from the 
navy officers of the inefliciency of the fuel, and the result has 
been that the old arrangement is again reverted to, and 
Welsh smokeless coal is exclusively used. This decision on 
the part of the Admiralty authorities will add considerably to 
the demand for South Wales coal, and indirectly it will be a 
material benefit to the trade in consequence of the reputation 
for quality that will thus be given to the coal. It may be 
added that within the last few days information has been re- 
ceived that the navy of the Federal States of Germany will 
in future use Welsh coal. 

Exuiotr’s Measurine TELEscore.—So great has been the 
necessity for an instrument to measure distances that a great 
number of inventors have tried to produce means of obtain- 
ing the distance of troops in order that the rifle may be 
sighted to the proper elevation. We have inspected a tele- 
scope, patented by Messrs. Elliott Brothers, of the Strand, 
that enables the Eetenee of either infantry or cavalry to be 
computed instantaneously. We hear that the telescope has 
been submitted to the Ordnance Select Committee, and very 


plated, or a screen of armour placed in front running round | much approved of by them. The means by which the dis- 


| 


the boat. The tubular battery with turrets on the top can tance is obtained consist of two wires moved by a disc, on 


be applied to other than circular or elliptical-shaped vessels, 
but I confine myself to describing these only. 
In conclusion, I beg to remark that the circular shape for 
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which are divisions showing the distance of the troops ac- 
cording to the aperture between the wires. The motion of 
the wires is produced by a double eccentric moving round 


ferry boats was used in India upwards of thirty years | the smaller tube of the telescope. 





ON THE CONSTRUCTION OF GASHOLDERS.* 
By Mr. G. ANDERSON. 

Gas engineers are not agreed upon the leading principles that 
ought to govern them in the construction of abies, One 
engineer objects to telescopic gasholders; another objects to 
put in an internal trussed framing under the roof sheeting; 
another objects to do without such aframing ; another guides the 

asholder by the application of cylindrical columns; another by 

t tripods; another by flat openwork standards; and gas- 
holders under all those different modes of construction may be 
said to act equally well. However, when such differences exist, 
there must be a better and a worse mode; and it is a fact that 

holders are occasionally built that do not work satisfactorily, 
fat gg cause of great annoyance, and sometimes of consider- 
able 

The highest morality has been defined as that which produces 
the greatest good to the greatest number, with the least evil to 
the smallest number. So, in engineering, that may be defined 
as the best and most worthy mode of construction which 
produces the greatest amount of value for a given amount of 
money with the least consequent defect. I shall, therefore, 
proceed to state my views of the mode of construction which I 
consider best calculated to arrive at that result. 

When I undertook to prepare this paper, I was not aware that 
one on the same subject had been read before the society three 
years ago. I have, therefore, — that paper, and the dis- 
cussion on it, in order that I might break up new ground 
rather than cross-plough my neighbour's land; but the perusal 
of the discussion which followed the reading of that paper has 
not altered my views, which always have been that trussing in 
the crowns of gasholders is not only not necessary, but is an 
— that they would be much better without. 

hy do engineers put rafters in the roofs of gasholders? 
Why, just because rs are put in the roofs of houses. 
’Tis custom forms us all. 
Our habits, manners, and most fixed beliefs, 
Are but the chance and accident of birth. 

I remember, some twenty years ago, having the opportunity 
of entering a gasholder of one of the vo es companies 
when it was inflated with air; it had a very heavy trussing in 
the roof, and I determined to examine the same very carefully. 
The first circumstance that struck me was that the sheeting, 
although built on the trussing, did not lie on it when inflated, 
but gradually rose off it, beginning from nothing at the outer 
kerb, and reaching 6 in. off at the centre. This led me to a dis- 
cussion with myself on the proposition whether it was the 
trussing supported the sheeting, or the sheeting the trussing. I 
concluded in favour of the latter. 

About this time a gasholder was built at another metropolitan 
works without trussing, and it collapsed, which Jed me to in- 
quire into the manner of its construction, and I found that, 
while the trussing had been abandoned, no extra strength had 
been given to the outer angle iron at top, which clearly was an 
oversight. 

The subject was of much interest to me at the time, for I was 
engaged in the preparation, under Mr. Croll, of the scheme 
which a year or two after appeared as the Great Central Gas 
Company of London. I had a conversation with Mr. Croll on 
the subject, and found his mind was thoroughly made up on the 
question. He did not believe in the necessity of trussing, but 
that the outer kerb should be made sufficiently strong to enable 
it to maintain its shape. 

What, then, are the elements calculated to cause it to alter 
shape? Not the gas it contains, for that exerts a pressure in 
all directions alike; not its rising and falling in the ordinary 
course of action, for if properly guided it should do so practicall 
without friction; but the currents of the atmosphere, whic 
exert a greut force in any direction, but only from one side at 
a time, which is sufficient to root = tr to throw down 
a and which has frequently lifted gasholders out of their 
tanks. 

The Great Central gasholders were, therefore, constructed on 
what, I believe, was an entirely new — and one which I 
have constantly followed since in olders of all sizes up to 
150 ft. in diameter, and with uniform success. This mode of 
construction is represented on the drawing. First there was a 
strong angle iron 6 x 6; then on top of this and forming so much 
of the crown, ran an annular plate, 20 in. broad and } in. thick, 
and then the first of the radial top plates, } in. in thickness, all 
riveted hot; then followed the remainder of the sheeting, and 
the whole was built on a perfectly flat scaffolding. A central 

ier of brickwork, with cross timbers laid horizontally at a 
evel of 6 in. under the top of tank, was provided to receive the 
crown whenever the same may be let down, and will never be 
required till it is found necessary to get inside of the gasholder ; 
and even then it would not be necessary, as the crown is quite 
as able to bear its own weight when ~——_ as it is to bene 
the whole weight of the sides in addition when it is full of gas. 
These gasholders, four in number, have now been in action for 
the last sixteen years, so far as I know, with the most per- 
fect success, 

It has been suggested that gasholders constructed without 
roof-trussing will, when old, be less durable than those con- 
structed with it. My answer to that is, first, that it is a matter 
of opinion only, and I am strongly inclined to a contrary 
opinion, because if the sheeting be fastened tothe trussing you 
have a less rigid fastened to a more rigid material, and liable to 
the sheeting being torn at the fastenings, and this is what I 
have frequently seen in —— and if the sheeting be not 
fastened to the trussing the whole argument of support fails. 

But the wear and tear will be reduced from another cause ; 
by avoiding the trussing we are enabled to make the gasholder 
heavier at those parts most liable to decay—namely, the whole 
of the crown sheets, and the first and last row of sides—and 
inasmuch as the centre of gravity of the whole mass is much 
lower without than with top trussing, the stability of the struc- 
ture and the steadiness in a storm are much greater, and conse- 
quently straining—ergo, wear and tear—much less. 

But there is another advantage. ‘ The weight of metal at top 
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of holder being so much less, the gasholder not being so top 
heavy and thus steadier, it has much less tendency to get out 
of level, and the guiding standards attached to the tank need 
not, therefore, be so strong orso costly. ‘The guiding standards 
of the gasholders at the Great Central are 53 ft. high, in three 
pieces, and each standard weighs about 3 tons. I know many 
gasholders of similar diameter and height where as much weight 
exists in the base of the cast-iron columns, while the column 
itself weighs double that amount. 

On the score of economy, therefore, whether in the construc- 
tion of the holder or its guiding standards, the argument is all 
in favour of non-trussing, and this is proved by reference to 
some facts I have before me of the quantity of gas contained 
per ton of iron employed in the construction of gasholders, 
which I recommend to the attention of gentlemen who think 
that trussed gasholders are as cheap as non-trussed ones. 


Trussed Crowns. 


Weight of 
iron in 
crown. 


Gas in cubic 
feet per ton 
of iron em- 


ployed. 


Dia- 
meter. 


Depth of 
stde. 


Iron in 
sides. 


feet. 
100 
108 
120 


ewt. lb. ewt. Ib. 
-. 5916... 40 9 
oe 26 10 ... 82 0 
on a Beate © 


ft. in. 
39 0 
24 0 
22 0 
283 ... 45 9... 34 

Non-trussed Crowns. 
Se © wo. ae Ocean Gone 
= & Pe 5 
5620 ... 28 10... 41 10 ... 


Average 109 ... 


. 
OD see 


120 

103... 

149 ... 
Average 124 ... 440 ... 27 19... 28 15... 
I do not say that, as a rule, it will be found that the difference 
in the cost of trussed and non-trussed holders will be so great 
as these figures show, because the non-trussed holders are of 
the average diameter of 124 ft., whereas the trussed ones are of 
the smaller average diameter of only 109 ft.; but I would draw 
attention to the two first of each category—the trussed one, of 
100 ft. diameter and 39 ft. deep, weighs altogether 100 tons, 
and the non-trussed one, of 120 ft. diameter and 30 ft. deep, 
weighing only 46 tons, the lighter one holding 340,000 ft. of gas, 
the heavier one holding only 300,000 ft. 

In the discussion which followed the former paper on gas- 
holders, it appears to me that while trussed crowns had their 
adherents—and I know that in practice more gasholders are 
built with trussed crowns than without—yet the ,reasons given 
for that mode of construction were anything but weighty. One 
gentleman stated that the trussing served as a scaffold on which 
to lay the sheeting. This is the contractor’s argument; and, 
without intending any offence, I think it simply means that 
“ there’s nothing like leather,” for no one can prove that the use 
of a temporary timber scaffold can be anything like so costly as 
a permanemt iron trussing. Another argument was, that as the 
crown should have something to rest upon when down, it was 
better that the holder, therefore, should carry its own truss; 
but this condition of things may be arrived at by attaching feet 
vertically to the inside, and this I have recently done in a gas- 
holder 150 ft. in diameter. The sum of the whole, therefore, is 
that engineers should either give better arguments or abandun 
a practice which they cannot better defend. 

In respect of the guiding standards, [I will only contrast the 
kind I employ with a very common kind—namely, cast-iron 
columns. Those which I employ are cast-iron girders, with a 
heavy flange on the back, and one of 3 in. broad on the face for 
the carriage wheels to travel against, with an open web between, 
and all tied together at the top. If these are Ligh, such as are 
required for telescopic gasholders, I place a second horizontal 
tie at about 12 in. above where the lower lift will rise to—and 
in large gasholders of 70 ft. or upwards these ties can be straight 
from standard to standard without touching the gasholder—and 
between these I tie the standard by diagonal stays, and all those 
stays are constructed so as to be screwed or keyed up at one 
end, so that the whole can be made quite taut. I believe that 
by this form of construction I get the maximum of strength 
with the minimum of material; on the other band, I contrast 
this with the system of columns shown by the drawing ex- 
hibited, which I think represents the maximum of material with 
the minimum of strength. 

In the first place, as the strength of anything is measured by 
the strength of its weakest part, it is obvious that the strength 
of the whole column is limited to that of the tie bar, which is 
bolted against it to receive the wheels from whence the thrust is 
delivered; and, in the second place, as the columns have no 
horizontal or diagonal support between top and bottom, their 
weakness in the middle can only be remedied by an excessive 
amount of cast iron in the columns, which is not employing 
material to the best advautage. I know that columns are often 
used as being more pretty, but I do not think that it is the 
function of the engineer to sacrifice utility to beauty. Combine 
both, if possible, and try not to sacrifice either. 

But is the column system the most eyeable? Looking at the 
object of the structure, I think design No. 1 is the most me- 
chanical, and therefore the prettiest. No. 2 is more architec- 
tural than mechanical, and in point of architecture it is an 
anomaly, as the height of a column should be only 10 dia- 
meters; but the columns of gesholders are generally 20 to 25 
diameters in height, therefore, to make them architectural, you 
would require to quadruple ther diameter and cost. As they 
are, therefore, neither architectural nor mechanical, I cannot 
conceive in what respect they can be deemed pretty. | 

I would now say a word upon the action of gasholders. I 
dare say most of us have, at one time or other, had a gasholder 
that would not keep level, or that may occasionally have caused 
trouble. A very common cause of this I have found to exist 
in the want of a perfectly perpendicular path for the rollers to 
travel against. 

If the tank is a masonry one, the tank guides are frequently 
made fixtures without any means of adjustment; the masonry 
yields to the pressure behind, and thus the guides are thrown 
out of perpendicular. The plan which I adopt is to build in 
projecting blocks of stone or timber, to receive the tank guides; 


7068 single 
4577 double 
8071 double 


6572 


and when I have proved, by hanging down a plumb-line, that 
all settlement has ceased, I dress them to a perpendicular, and 
then attach the guides. 

Then, with respect to the top standards, by constructing the 
horizontal and diagonal ties to key up at one end, it is easy to 
slacken out one or key up another, and so ensure that the 
standards shall be perfectly perpendicular both on side and face 
—a condition which it is difficult to arrive at if no such means 
of adjustment exist, and upoa the faithful carrying out of which 
depends not only the satisfactory working, but also the dura- 
bility of a gasholder. 5 

Trusting that enough has been said to elicit the opinions of 
members on a subject where practice is so various, and as we 
have, since the former paper on the same subject was read, had 
a large accession of members, I trust the subject may receive 
at their hands that ventilation which \t merits. 


Discussion. 

Mr. Paterson asked whether Mr. Anderson had worked out 
the proportions of the trussed and non-trussed gasholders in 
relation to the cost per 1000 ft. of gas, a question which gave 
rise to much discussion some years ago. The desideratum was 
to adopt that principle which could be most cheaply applied. 

Mr. Anderson said the question was partly answered by that 
part of the paper which stated that with trussed crowns he got 
an average of 3292 cubic feet of gas for every ton of iron em- 
ployed, and that with non-trussed holders the average was 
6572 ft. With respect to the price of trussed and non-trussed 
holders, he did not see why the latter should not be as cheap per 
ton as the former. 

A member inquired whether Mr. Anderson had estimated 
only the timber framing necessary to support the crown. 

Mr. Anderson said the particulars he had given were from 
tenders actually executed. They did not include any timber 
framing in the tank, but that was avery smallitem. He found 
that in trussed gasholders they did put in a central framing to 
support them when they came to the ground. 

Mr. Hawksley said he did not accept Mr. Anderson’s views 
entirely. Of course, every engineer must act according to the 
articular circumstances of the case on which he was engaged. 

fe did not by any means pretend to say that in exceptional 
circumstances it might not be desirable to have untrussed roofs, 
but he thought generally that it would be better to: employ a 
trussed roof, though it might be at a slightly greater cost. And 
he thought so, among other things, for the following reasons: It 
very commonly happened (though rarely in this part of the 
kingdom) that it was exceedingly difficult to make a tight tank 
without taking out the whole of the earth around, and spreading 
the puddle, or whatever other material might be used for 
water tightness, upon a level bottom. In a great many instances 
it was exceedingly difficult and exceedingly expensive to make 
a tight tank without building a manual wall at the bottom, and 
without being at more than usual pains and cost in making the 
cone of earth left in the centre water-tight. Perhaps in the 
majority of instances perfect success was not attained. But, 
however, even in the cases in which success was attained, the 
cost of that method must be added to the cost of the untrussed 
crown. And in addition to that, if it was intended to have a 
crown equally well supported when the gasholder was in repose, 
there must be a very considerable wooden frame—not such a 
frame as he frequently observed, which allowed the crown of 
the gasholder to descend between the points of support and 
pools of water to accumulate in the hollows all over the top of 
the holder, which were exceedingly injurious, as well as being 
a great eyesore. Apart from that consideration, there were 
others of no small consequence. In general it had been sup- 
posed—perhaps not so much of late years—that a gasholder ob- 
tained some strength from the roof, even when it was afloat. 
He remembered the time when it was the custom of the makers 
of gasholders to rivet or otherwise bind the crown of the gas- 
holder to the framing itself. However, the better view of the 
action of elastic fluids upon these plates had for many years 
obtained, and it was now perfectly well known that the very 
best thing to do was to treat the crown simply as one would 
treat a bladder, and to let the weight of the gasholder hanging 
upon the gas just expand the plate into a spherical form, and to 
take any radius which might be due to the configuration of the 
gasholder, the strength of the plates, and the other mechanical 
incidences and circumstances. Now, when a gasholder was so 
treated, as a matter of course, while it was lying upon the 
cylinder of gas (so to speak), it was quite independent of the 
frame; but not so when the gasholder was lowered, for then, 
in the particular mode of frame which was adopted in the iron- 
work of the gasholder, the crown descended upon the framing and 
was supported uniformly over the top, at distances of about 3 ft. 
apart, and the evil consequences of that form of roof, which was 
adopted in untrussed gasholders, didnot arise. But there was more 
than that; where a gasholder was trussed it was very convenient 
to give a considerable convexity to the figure of the crown. It 
could be done in the other case, but not so conveniently as in 
the case where there were timber supports. The consequence 
was that the radius of the crown became proportionately less, 
and the strength of the crown proportionately greater. The 
strength of a properly trussed crown was usually double, with 
the same thickness of metal, as that of a flat-framed gasholder, 
and it would be much more than that were it not for the elas- 
ticity of the iron itself and the slight yield of the riveted points, 
which enabled the crown to take a certain amount of rise, but 
not a rise at all equal to that which could more conveniently be 
given in the case of a trussed gasholder. Besides these con- 
siderations, there were others, such as the amount of strain 
which was brought upon the angle iron or curve forming the 
upper part of the gasholder. In the case of a trussed roof, it 
was preferred to make the first plates exactly to the same 
curvature that the other plates were made to; they all, there- 
fore, pulled directly, and had all an equal strain. In the case 
of a flat crown gasholder, the outer plates, as in the other case, 
were made stronger than the others, but they were not made to 
the oy angle which the roof assumed when the gasholder 
was being raised. The consequence was there was a very un- 
equal strain, which was certainly detrimental to the gasholder 
itself. Then, with regard to the weight of material, he would 





quite grant that in the first instance a very much lighter roof 


might be made by dispensing with the framing, and by giving 

a less convexity to the crown of the gasholder. But what 
happened ultimately? When the crown had become consider. 
ably corroded, there must still be enough strength left for the 
safety of the gasholder; but there was not that strength left, 
unless much heavier top plates were employed in the case of 
flat, or nearly flat, roofed gasholders, than would be employed 
in the case of the very convexed roof of trussed gasholders, 
The result was—and he had no doubt about the fact, though 
experience as yet had not given very conclusive evidence—that 
trussed roof gasholders made upon the principles which he had 
mentioned, and which were common in the works of the best 
makers, would endure very much longer than any of those more 
recently made flat-crown gasholders. They were safer and 
better in every respect, and, taking all sources of cost into 
account—the additional cost which usually occurred in the tank 
and the detached frame—he thought that little or no economy— 
even the first economy, and certainly no ultimate economy— 
was obtained in dispensing with internal trussing. 

Mr. Anderson said he felt highly honoured that the ex-presi- 
dent had done him the favour to express his views on this ques- 
tion. Of course he differed from Mr. Hawksley in many of the 
remarks he had made, and he would briefly state what the 
causes of that difference were. The first objection raised by Mr. 
Hawksley to untrussed crowns had sqme reference to the diffi- 
culty of making tight tanks. He did not think there was much 
in that, because the amount of scaffolding employed to make a 
trussed crown was certainly tremendous—far more, he believed, 
than in non-trussed. In trussed crowns so large a quantity of 
strong timbers was inserted to bear the roof until it was all put 
together, that it was necessary to have some support from the 
bottom, and therefore the liability to an untight tank was equally 
great. The next objection was that with untrussed crowns 
there was a tendency to have pools of water on the top. He 
begged to say that was not the case when the holder was in- 
flated. Of course, when it was let down there might be, but that 
was a matter of small importance. He had seen some trussed 
holders which were exceedingly hollow in the crown, even 
when inflated. He had seen some in which the weight of the 
central pipe had caused the roof to take a cup shape in the 
middle, and he had seen water lying there. Of course that 
need not be if the trussing were sufficiently strong. In one re- 
mark which had been made by Mr. Hawksley he was perfectly 
agreed—viz., that they ought to treat the crown of a gasholder 
as a bladder; and that he conceived was what they did with 
untrussed crowns. Bladders had no internal trussing, and they 
were more like these in form. The argument which he felt had 
some weight in it was, that, with a curved top, the plates them- 
selves were formed with the proper curve. Granted; but that 
was what he always did. In a gasholder of 120 ft. diameter, 
with 6 in. angle-iron, he thought it right to have the angle-iron 
rolled with about ,3,ths camber—.e., the outer angle so con- 
structed that it was the same shape as when the holder was 
inflated. One advantage of having an untrussed crown as 
against a trussed crown was, that all the gas was got out when 
the holder was lowered, and there was, therefore, much less 
chance of explosion from gas and air getting mixed when it had 
to be repaired. Then, again, if the plates were not attached to 
the framing the sheeting received the most part of the strain, 
either in trussed or non-trussed crowns; if the sheeting was 
tied to the frame it was liable to be torn. He wished to know 
in what respect the sheeting was supported by the framing at 
any time ; and if not, he did not see how better results could be 
secured from a trussed than an untrussed roof. In both cases 
the sheets would get corroded, and in both they would require 
repair. 

Mr. Hawksley said, upon the last point he might, perhaps, te 
allowed to offera remark. He would not atempt to go into the 
matter on mathematica] principles, because popular discussions 
of this kind were not suited to questions of that character. He 
could not make use of formulz so as to be intelligible in a mo- 
ment, and, therefore would abstain from employing them. But 
Mr. Anderson and he differed with regard to strength in this 
way—in the flat-crowned gasholder, the crown must rise 
sufticiently under the pressure of the weight of the gasholder 
to enable the crown to bring up the gasholder. Now, in that 
case, the tension upon the plates of the gasholder, according to 
the rise which the ¢rown under those circumstances had, was 
more than double per square inch of the metal that which 
existed in a properly framed crown. The change of figure 
which arose from the crown acting asa gasholder, was due in 
the main to the ductility of the metal, and just according as so 
many tons of strain were put on every inch of the plate, the 
plates must rise so many ten-thousandths parts of an inch for 
every foot of the diameter. Now, it was a matter of very easy 
calculation to ascertain how much, under those circumstances, 
the crown rose, and Mr. Anderson had very properly put it, be- 
cause he knew it for a fact himself(and he had within the last 
few weeks had a very interesting instanze of the kind) that in 
the case of a crown of 120 ft. diameter, with a pressure of about 
4 in. arising from the weight of the gasholder, the crown would 
rise exactly 18 in. He was not now giving the dimensions 
which Mr. Anderson did, but a practical instance witbin 
his own knowledge. ‘This rise was entirely due to the 
stretch of the metal, and of course a very simple calculation 
would give this result, that there was something like 
four or five tons per square inch put upon all the metal 
in the crown. Now that was a large quantity in itself, but as 
the crown became by-and-by weakened by corrosion, it would 
increase to seven or eight, and ultimately to nine or ten, so that 
at length, unless watched and cared for, and replaced at the 
proper moment, the crown would yield. But a crown of equal 
thickness to that would, supposing it rose 5 ft., either carry 
double the pressure, if that were wanted, or only have a strain 
upon it of about two and a half tons oad square inch, and of 
course the weakening which took place from corrosion or other- 
wise would not seriously affect the stability and durability of 
that gasholder, at all events not in the proportion which it would 
do in the other case. As a matter of opinion, he believed that 
the crown of the one gasholder would endure three times 48 
long, with perfect safety, as the crown of the other gasholder. — 
Mr. Anderson said it appeared that in all Mr. Hawksley’s 





arguments he supposed the trussing was assisting the sheeting ; 
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but, if he understood it aright, the sheeting was laid on the 


.trussing, and when the gasholder was inflated the sheeting did 


not lie on the trussing, but rose and carried it with it. There- 
fore he could not see the force of Mr. Hawksley’s arguments. 

Mr. Hawksley said, in making a framed crown, they would 
rarely, if ever, give a rise of less than one-twentieth of the dia- 
meter—i.e., with a diameter of 100 ft., they would rarely give a 
rise to the crown of less than 5ft.; whereas in making a flat- 
crowned gasholder the result would he that they could have no 
more rise than that which was due to the ductility of the metal 
put in the gasholder. It was due to that circumstance, as it 
appeared to him, that the one gasholder was very superior to 
the other. If it were not desirable, or if it were a matter of 
indifference that both gasholders should be made with a rise in 
the crown or none, then, of course, his argument fell to the 
ground. But, in point of truth, they were not framed upon the 
same principles. ‘he one was framed with an intention that 
there should be a certain amount of curvature given in the con- 
struction without any reference to the ductility of the metal ; 
in the other case the idea was that the gasholder was to take 
care of itself; that it was to be, ony | of the trussing, 
by the ductility of the metal, to take the flatter figure, and 
taking that flatter figure it would be strong enough for this 
purpose. ‘There was no denying that it would be strong enough 
for a while; but, if the two gasholders were to be made of 
equal strength, there mugt be a very much larger quantity of 
metal in the plating of the recently constructed gasholder than 
in the other, and the greater part of the saving of cost, as a 
matter of course, vanished. But there was another material 
thing which had not been spoken of—viz., that in most cases in 
modern gasholders, and especially those of large size, a con- 
siderable pressure was wauted—a much larger pressure than in 
the instances of small gas works, in which holders of small size 
were used. That pressure must be got in some way or other, 
and there was no cheaper way to get it than by means of a 
trussing in the crown. He knew of no instance of a properly 
trussed gasholder in which a greater pressure was obtained than 
was due to the proper construction of the holder with a view to 
strength. Therefore, looking at the question from that point of 
view also, he inclined, without saying whether gentlemen might 
not legally differ from him, and especially without saying that 
the circumstances of each case should not govern the arrange- 
ments of the details of it, yet, as a general rule, it was, in his 
opinion, much better to have a trussed crown than to have an 
untrussed one. 

Mr. Cathels thought the great bone of contention between the 
author of the paper and Mr. Hawksley was this, that the latter 
assumed throughout that in the non-trussed gasholder the 
crown was to be constructed originally flat, and to become 
convex when inflated by the yielding of the rivets and the 
tension of theplates; but he (Mr. Cathels) could not under- 
stand why,’seeing that a permanent wooden frame was required 
to be left in the tank in which the crown was to rise, a non- 
trussed gasholder should not be constructed with a hemi- 
spherical rise of the same dimensions as in a trussed gasholder. 
In that case he could not see the advantage of a trussed over a 
non-trussed gasholder. With reference to the question of pres- 
sure, it seemed to him that it would be better, it weight were re- 
quired, to get it by making the side plates a little thicker. 

Mr. Esson said in a former discussion on this subject he made 
the remark that they ought to study the property of the 
matter with “which they had to deal, and considering the 
property of gas, that its tendency when confined was to assume 
a spherical form, it seemed to him that that was the correct 
principle to be guided by in the construction of a holder. He 
was not sure, but he thought that with a roof frame the sheets 
were tied at two points, whereas in a flat roof they were tied at 
one point only. It appeared to him, therefore, that they gained 
strength by having the plates composing the roof tied not only 
to the top side of the pasholder, but tied also in the middle. 
Of course, the saving of money value was important, but it 
must not be taken alone as conclusive on the question whether 
they should construct flat or concave roofs. 

Mr. Anderson said he had not found that gasholders without 
trussing gave too little pressure, but he -had found that with 
trussing they would give more pressure than was necessary. 
He had never found it difficult to get 3 in. pressure with a gas- 
holder 100 ft. in diameter and 25 ft. deep, while in the second 
lift he could get from 43 to 5in. pressure. Mr. Esson assumed 
that the spherical form of roof was the best, because of the 
tendency of gas to take a spherical form. No doubt that was 
to some extent correct, but the tendency of gas to take that 
form was only about 4 or 5in. of a column of water; in other 
words, if a gasholder were turned upside down, and Sin. of 
water were put in it, they would be exerting the same pressure 
as when it was in action. He did not say that the money cost 
of flat roofs should be the test, but his contention was that they 
could get more satisfactory results at a cheaper rate from the 
non-trussed than from the trussed roofs. He would say that 
they were, perhaps, 30 per cent. cheaper in proportion to the 
quantity of gas which one held to the other, and therefore it was 
a matter well worthy of consideration from this point of view. 
W ith regard to durability, he had found many trussed gas- 
holders which had gone to pieces, whereas all the non-trussed 
gasholders were still standing. ‘They were now sixteen years of 
age, and, seeing that they exhibited no defects at present, it 
was fair to assume they would last another sixteen years. 
What was the average life of a gasholder? Certainly not more 
than forty years. As yet it was all hypothesis about the non- 
durability of non-trussed holders, and until they got the facts 
which experience alone could give they ought to be careful not 
to dogmatise on the point. None of the speakers had attacked 
the position that the gasholders were better for being untrussed. 
He maintained that a trussed holder was much more liable, in 
the case of a storm to rock, from the displacement of the centre 
of gravity by the top load of iron rising and falling. With a 
flat roof also they required much less weight in the vertical 
guides attached to the tank. This point had not been attacked ; 
he therefore assumed that it was assented to. 

Mr. Hawksley said the reason why nothing had been said 
about the centre of gravity was, he supposed, that that question 
did not enter into the consideration of the subject at all. If the 
centre of gravity could in any way be disturbed by the action of 
the wind, as in the case of a ship at sea, so that a gasholder 





could roll over 20° or 30° each way, it would be, of course, a 
momentous consideration. But with a gasholder the centre of 
gravity was practically undisturbed in any case, because the 
rocking never could amount to more than half an inch laterally, 
which practically was nothing, and the centre of gravity did not 
change its position at all. With regard to the leverage of the 
a of the wind, that was, of course, due exactly to the 

eight of the gasholder, and throughout this discussion it had 
been assumed that the heights of the two holders were the same. 
If they were of the same height and diameter, the pressure of 
the wind would be precisely the same in both cases, and in 
neither would the centre of gravity at any height change its 
momentary position. 

Mr. Esson thought the question of the centre of gravity was 
all in favour of trussed gasholders. If they wished a structure 
to resist the wind they generally added to the weight of it. In 
a trussed gasholder they had the whole of the weight assisting 
to prevent the wind blowing it over. 

Mr. G. W. Stevenson wished to know whether the gasholders 
at the Great Central station had been at rest since they were 
erecied, and, if so, whether their state of rest happened to be 
coincident with a heavy storm of snow or rain. A test of sixteen 
years endurance was certainly a good test for a gasholder, and 
he would be prepared quite to accept Mr. Anderson’s views of 
the convenience and economy of construction on this principle, 
provided it were fairly tested; but unless some of those gas- 
holders had been at rest, and at rest under circumstances to try 
the strength of the roofs in the way he had stated, he should 
not be prepared to assent to the principle. 

Mr. Anderson replied that he was nop aware that the Great 
Central holders had ever been out of action; in a snow storm 
he knew they had not. But if such a thing should happen with 
a gasholder of his own, whether trussed or untrussed, he should 
feel it right to have the snow cleared off at once. 

The President said in consequence of the lateness of the hour 
it would be necessary to bring the discussion to a close. 


THE GROWTH OF FLAX IN IRELAND. 
To tHe Epiror or ENGINEERING. 

Srr,—Knowing by the perusal of your columns that you 
take an interest in agricultural as well as other engineering, 
may I-hope that you will give this publication, as it might 
be desirable to bring under discussion a point which, so tar 
as I am at present informed, is comparatively unknown to 
the profession. That the prosperity of the north of Ireland 
is mainly due to the extension of the linen trade is a fact 
that no one acquainted with that part of the United King- 
dom will dispute, but it is also the opinion, so far as I am 
able to learn, of not a few, that unless something can be 
done to increase the growth of flax in a very decided way, 
the cost of producing the fabric, with the competition now 
existing, will very soon be out of all proportion to the profits 
to be gained thereby. Now it is well known that flax isa 
very exhausting crop on most soils, and that unless some of 
the properties extracted by its growth be returned to the soil 
in the shape of flax water atter steeping, that a gradual 
impoverishment of the land must take place after each suc- 
cessive crop, producing a very appreciable degree of exhaus- 
tion in a few rotations. Now in the greater number of cases 
flax is produced in Ireland by small tarmers, who are either 
ignorant of the use of flax water or else too poor to afford the 
proper machinery for its utilisation. Consequently, this in- 
valuable nourisher of the soil is allowed to run into the 
nearest trout stream to pollute its waters and to poison the 
fish. This being the state of the case at present, the first idea 
that would naturally suggest itself to reasoning minds would 
be, given, a defect, it cannot be cured without the application of 
a remedy, and what is that remedy to be? Ona slight con- 
sideration of the subject, it must be evident that irrigation 
by flax water (although on a very limited scale) might be 
arranged, much in the same way as an ordinary irrigation 
canal, with minor contour channels, junction channels, and 
steeping places, being also feteodueed ; the chief difference 
being, that whereas in an ordinary irrigation canal we are 
dependent on some source at a fixed and permanent level for 
supply, we should in flax water irrigation, with a system of 
parallel channels, be enabled to derive our supply from any 
levels at which drainage could be intercepted, the steeping 
places acting the part of water deposits. The cost of works 
of this description would be trifling in comparison with the 
advantages to be derived; they could scarcely, therefore, 
prove otherwise than remunerative to their undertakers 
under a proper system of administration; for although the 
necessary channels, &c., might be numerous, they might be 
of the smallest possible section, and, on the other hand, there 
can be little doubt that farmers would, after a short trial, be 
willing to pay a good price for even one irrigation of flax 
water. There is at present in Ulster a flax extension asso- 
ciation, whose efforts to extend the growth of flax in Ireland 
generally have been moderately successful for the time, and 
it is easy to conceive that if farmers were assisted by such an 
association in the way I have suggested, the culture of flax 
would be very materially improved. The cost of experiment 
over a small area of flax country would be little in compari- 
son with the advantages to be given to the soil, and let us 
hope that with the valuable aid of your advocacy the problem 
may yet be solved, and another source of our latent wealth 
be discovered. 





I am, Sir, yours respectfully, 
13, Arthur-street, Belfast, June 15, 1868. H. P. B. 


InpIAN TELEGRAPHS.—From 1857 to 1866 the length of 
telegraphs in British India increased from 4162 miles to 
13,390 miles. In the latter year the total expenditure for 
telegraphs amounted to 253,191/., 48,0671. of which was for 
eost of construction, 163,392/. on account of working and 
maintenance, and 41,7327. spent in England for stores, 
freight, &c. The total receipts for the same year amounted 
to 112,944/., 101,3067. of which were derived from private 
messages and other sources, and 11,6381. from service messages 
of all kinds. There has been a large progressive increase of 
receipts year by year since 1857, except in 1860, and there 
are now 172 oflices open throughout the country for the use 
of the public. 














COUNTERWEIGHTING ENGINES. 
To THE Eprror oF ENGINEERING. 


Str,—The theory of balancing locomotive wheels has been 
often investigated, but there is a wide step between the 
understanding of this theory and the formation of a definite 
system of operations ready to hand for practice, a simple 
beaten track to save mental labour and ensure accuracy. 

It may be that of those desirous of a practical acquaintance 
with the subject, some may be interested in following example 
of the calculation of the balance weights for a four-wheel 
coupled inside cylinder locomotive, also of the consideration 
of some’of those questions which arise in disposing the coun- 
terweights between the arms of the wheels. It is arranged 
with a view to clearness and brevity. The details of multi- 
lication, &e., and decimals are omitted. To make the sub- 
ject complete without referring to books, which may not be 
at hand, the fundamental theory is also briefly stated. _ 

Fig. 1 (see next page) represents a crank shaft and pair of 
wheels. The weight of the crank oi A, at crank radius, 
would be balanced by the weight, L, which is equal, equi- 
distant from the axis and opposite. oe 

As the weight, B, would be in the way, it must be divided 
into two unequal paris, C and D, which are placed in the 
wheel at distance of crank radius, in such proportions that 
their balancing point is in B. It follows, therefore, that the 


weight C=weight Bx distances = 4 

That is, the counterweight in the nearest wheel=weight to 
be balanced xits distance from centre of counterweight of 
furthest wheel divided by the distance between centres of 
counterweights. 

This rule holds good whether the part balanced is between 
the wheels or outside them. In the latter case the larger 
counterweight exceeds the part balanced, and the smaller 
counterweight is on the opposite side of the axle to the other, 
as shown in Fig. 3. 

When the other crank has been balanced in like manner, 
there will be two other weights, E and F. 

To any convenient scale of equal parts, measure GH, 
met to the weight of F in lb., and H L equal to the weight 
of D. 


The length of G L, measured from the same scale, equals 
the weight of M, whose effect is the same as that of D and 
F combined. 

M must be placed on the line, G L, at distance of crank 
radius. 

If Mis moved further from the centre, it is made lighter 
in proportion; thus if three times as far, it must be reduced 
to 4. 

All the revolving parts are treated on this principle, and 
might be exactly Saneed. 

‘The reciprocating parts in motion produce horizontal forces 
only, or nearly so. If the connecting-rod were very long, the 
horizontal forces would be about the same as if the recipro- 
cating parts revolved on the crank bearing. The counter- 
weights may be calculated on such a supposition. Owing to 
the different velocities with which the reciprocating parts 
change their direction at the end of front and back stroke, 
the reciprocating parts cannot be exactly balanced. More- 
over, the centrifugal force of the counterweights for this pur- 
pose, acting in all directions, produce vertical forces on the 
rails equal to the horizontal ones they counteract. 

To calculate the balance weights of a four-wheel coupled 
inside cylinder locomotive : 

The distances between the parts to be balanced are written, 
down and placed on a diagram as shown (Fig. 2). 


in. 
Between centres of each pair of eccentrics... 6 
Cranks ove oe ove eee oo. 28 
Counterbalance weights... one oo. 68 
Outside crank bosses ose eve oe 62 
Coupling rods eee eee . woe 14 


From these the distances between those parts on one side and 
the centre of the opposite counterweight are obtained and also 
written as shown (Fig. 2). This gives the eye a clear idea of 
the positions and distances of the parts to be balanced. 

Having obtained the weights of the parts by weighing, 
calculation, or in part, both, they are entered in a Table as 
below, with the multiplier for the larger weight copied from 
Fig. 2. The smaller weight is obtained by subtraction. 
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Revolving parts of driving | 
wheel and axle: 
Inside crank and two-thirds of} 
connecting rod ins <a 500 ti =| 371 129 
One pair of eccentrics and| 
clips (weight reduced as | 
crank radius is to linear ad- | 
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Revolving parts of coupled} 
wheel : 
Half of coupling rods and part} 
ofcrank pin... .. «| 120] #% | 187 | —17 
Crank boss in wheel ... ool 80) 48 83 | -3 





Reciprocating parts : 

Piston, rod, crosshead, slide! | 
blocks, and one-third of con- | 
necting rod ... s- «| 400| $8 | 207 | 103 


The counterweights thus found are written down opposite 
the parts they respectively balance. For this purpose 























628 








ENGINEERING. 


[June 26, 1868, 








skeleton projections of the wheels and axles showing the 
positions of cranks and crank arms (see Figs. 3 and 4) are 
very convenient and much reduce the chances of error. 

fi . 8 shows the crank axle with the various balance 


weight written in position on the wheels. 
Fig. 4 shows the coupled axle, ditto. 
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* Since the wheels on opposite sides of the same axle, when 
viewed from the outside, have the weights identically placed 
with regard to the crank boss, it is only necessary to deal 
with those on one side. 

Collecting the weights on the left hand wheels, subtract- 
ing those on opposite sides of the centre of the wheel and 
writing the results in position as below we obtain, : 

To balance revolving parts < crank axle and wheel, 

1 


0+136 
0 
Ditto, coupled wheels, P 
0+20 
220 . . 
By observing Fig. 3 the eceerceighte required to balance 
the reciprocating parts can at once written in position, 
thus : 


207 
0+103 


0 
To any convenient scale of equal s take (see Fig. 5), 
Te a3 184 


B=136 and B 1 
AD=220 ,, DE= 20 
A F=297 F G=108. 


and direction of a single counter- 


AC shows the —_ 
weight which would ce the revolving'parts of the centre 
wheel and axle. 


A G shows ditto to balance the mean horizontal forces pro- 
duced by the.reciprocating 


In general only a portion of the reciprocating need 
be How much must depend on individual judg- 
ment, Suppose in this case 3. 


3 
Take AH =3AG and 
AIl= ° 
Draw C K and E L parallel and equal to AI. 
Then A K = counterweight on centre wheel at crank radius, 
and F A K its angle with the crank bors. 
AL = ditto on coupled wheel, and-F A L its angle ditto. 
Of course the weights AK and AL must be reduced in 
proportion as their balancing point is placed further from the 
centre of the axle than the crank radius. 
In this case both wheels are equally out of balance, viz., by 
C K and E L, which produce vertical forces on the rails. 
H G may be called the unbalanced horizontal weight, and 
C K and E L the unbalanced revolving weight. 
If a counterweight be made up of equal castings secured 
between the arms of the wheels, its centre of gravity will be 
either in or between the arms according to the number of 
castings, whether evenor odd. The counterweights, as found 
above, — be inconveniently heavy, or it might be wished 
to make the requisite castings from one pattern. 
Thus it is desirable to know the effect of altering the mag- 
nitude and position of the counterweights. 
Many modifications can be rapidly investigated by means 
of a plain scale and parallel ruler. 
Find the resultant of AC, AE, AG, Fig. 5, by adding 
together the three groups of weights, from which they were 
determined, equals 


211 
0+259. 
0 
See Fig. 6. 
Draw AC and AE, as in Fig. 5, 
Draw A F=259. 
F G=211. 


Let H, H, H show the position of the arms of the wheel. 

Let AI and AJ be taken to show the magnitude and posi- 
tion of the proposed counterweights. 

Draw I K parallel and equal to AJ. 

Then K G is the unbalanced horizontal weight. 

C I=unbalanced revolving weight of driving wheel and 
axle. 

E J=ditto coupled wheel. 

(The lines K G, CI, EJ, are not drawn, to avoid confusing 
the diagram). 

F 

















Suppose that three equal castings are proposed for the 
driving wheel and one casting from the same pattern for the 
coupled wheel. 
ake AL on trial and LM=} AL parallel to AJ, and 
take AN=LM. 
Then, as before, 
M G=unbalanced reciprocating weight. 
C Land E J=the unbalanced revolving weights. 
If not approved, try again. 
Suppose it were desired to put three lesser weights on the 
ay, Sy and two of them on the coupled wheel. 
See Fig. 6. Let the balancing point of the coupled wheel 
counterweights lie on the arm, A S. Take on trial A P. 
Draw PQ=§ AP, and parallel to AO, take AO=PQ, 
then A P and A O are the counterweights. 
CP and EO the unbalanced revolving weights, and QG 
the unbalanced horizontal weight. 
Sometimes equal balance weights are placed on both coupled 
and driving wheels, and in the same position with respect to 
their crank bosses. 
See Fig. 6. Thus let A R show the position and magnitude 
of the counterweights on each wheel. 
ake RS=AR, 
Then C Rand E R are the unbalanced revolving weights, 





* AE shows ditto of coupled axle. 





This method reduces the counterweight to a minimum, 
the horizontal weights are well balanced, but the unbalanced 
revolving weight of the coupled wheel is often sufficient, at 
high speeds, to produce a centrifugal force of several tons, 
or even in excess of the load of the coupled wheel on the 
rails. The load on rails might then vary from, say, 0 to 
10 tons at each semi-revolution, injuring tyres and rails, and 
reducing the adhesive weight. 
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In like manner other ways of arranging the counterbalance 
weights may be tried, that that which is judged most siutable 
to the particular circumstances may be adopted. 

Although in ryt H G is the unbalanced reciprocatin 
weight, in Fig. 6 G and Q G (there called unbalan 
horizontal weight) are not so, but imaginary quantities, use- 
ful only as, in general, indicating the relative magnitude of 
the horizontal forces. The weights tending to produce 
sinuous motion can only be found by reference to the length 
of the connecting rod, and the difference of the simultaneous 
horizontal action of the revolving and reciprocating weights 
on | oth sides of the engine. Some truly, 
Lincoln, June 12, 1868. W. 


STEAM, AIR, AND GAS ENGINES. 
To tue EpiTor or ENGINEERING. 

Srr,—I cannot agree that so much is to be attributed to 
the invention of Mr. Bourne as, from your review of his new 
book, he appears to claim for himself. Where “the steam 
engine as Watt left it” is referred to, I presume the marine 
engine is intended, as high speed engines of other types were 
in use some years before the date of Mr. Bourne’s patent. 
Counterweights were also applied to locomotives by the late 
Mr. Richard Roberts as early as 1837, and Mr. John Braith- 
waite has informed me that he also employed them in the 
same year. I have understood that Mr. cee was the first 
to apply counterweights to the screw engine, although Mr. 
Penn did so at about the same time in the engines of the 
Himalaya. I think it would be very difficult to prove now 
who was the first to use a higher (than what?) pressure of 
steam, combined with tubular boilers and surface condensa- 
tion in steamboats. Mr. Hall had a number of his surface 
condensers at work in 1835, and I have a list of no less than 
thirty-eight English, Scotch, and Dutch firms of engineers 
who were his licensees in 1837. It would be of interest to 
know who first combined with the use of these condensers 
“higher” steam and tube boilers. I can hardly think it was 
Mr. Bouse, his own assertion to the contrary notwithstand- 
ing. As ior marine governors, I should like a little further 
information. Was it at all like Brunel’s governor of 1822? 
I do not mean that his was a genuine marine governor, but 
the younger Brunel used it as such on the Great Eastern 
(paddle engines). 
As to the link motion, I see nothing in Mr. Bourne’s double- 
ended lever differing in principle from Carmichael’s of 1818; 
if one is a link motion so is the other, only Carmichael’s had 
this advantage ; with short rods and a long double-ended lever 
it would allow for lap and lead, both ways, and Forrester long 
used it in his locomotives, and, indeed, so did Goldsworthy 
Gurney in 1826. Neither, however, would give variable 
travel of the valve. Richard Roberts’s gear of 1832 did this 
for the expansion valve, but he did not work it in practical 
shape. Even as a reversing gear Carmichael’s (and | 
subsequently Bourne’s) arrangement was objectionable. Wi 
the last named gentleman kindly inform us where his link 
motion was worked, and, particularly, whether it was worked 
so as to give variable travel and expansion to the valve? If 
so, where and when ? P . 
I presume your reviewer does not subscribe to the view 
that the steam engine is on its last legs, and that a new 
motor, of the principle of which no hint is given, is likely to 
command the field. It will be time to lock the engine room 
door after the moribund expedient has <> stolen. 











and § G the unbalanced horizontal weight. 


ours, &., 
From the North. YZ 
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to James Baird, and is situated in thé vicinity of the 
line proposed to be made between Muirkirk and Douglas. 
It is a very important mineral property, containing about 
175,000 acres of ironstone, limestone, and fine coal of various 
kinds. The estimated quantity of coal on the estate is 
70,000,000 tons. That coal-field has as yet only been deve- 
loped to a very slight degree, the reason being that there is 
no outlet for it by means of railway communication. If the 
Muirkirk and Douglas line were formed, it would give the 
required outlet for the minerals, and would open up a through 
communication to Edinburgh and Leith. _ Muirkirk 
branch would give a direct and through communication be- 
tween Ayrshire and Edinburgh, and would prove an ad- 
mirable outlet for the large mineral fields lying — 
the line. If that line is made, it would place Muirkirk wit 
reference to Leith and Granton in much the same position 
with respect to them, and at much the same distance from 
them as is Wishaw at the present moment. The Wishaw 
coal-field at present enjoys direct communication to these im- 
portant places. It would bring the coal- field about 56 
miles nearer Leith. ‘The distance by the existing branch 
is about 108 miles. Leith and Granton, especially the 
former, are very important ports for the Continent. I be- 
lieve if the railway facilities which we are seeking are granted 
to us, there will be a large traflic in minerals between Ayr- 
shire and Leith. On the faith of the agreement with the 
Caledonian Company that the Muirkirk branch would be 
made, the firm leased large mineral fields; and expended 
money and undertook responsibilities and liabilities. The 
opening of the Muirkirk branch would bring the minerals 
very much nearer to Coatbridge, Wishaw, and other places 
where pig iron is being largely used. 

Other Scotch Bills Passed.—The Clyde Navigation Bill, 
the Greenock and Ayrshire Railway Bill, and the Dundee 
Gas Bill, are all now practically, or in fact, passed. The 
Soa to the first-named bill was not pressed. The 
clause empowering the trustees to remit rates, which some of 
the traders fancied might be abused by giving preferences, 
was expunged from the bill, and the graving-dock rates are 
to be increased to some extent, and put. on a more equitable 
footing as between large and small vessels. 

Trial of Kaufmann’s Aéromotive Engine.—This engine, 
or flying machine, formerly described and illnsteated in 
ENGINEERING, was privately exhibited at work one evening, 
last week, on the premises of Mr. John Boyd, engineer, 
Glasgow, by whom it has been made from Mr. Kaufmann’s 
designs. The engine, of which the exhibited one is a model, of 
two-horse power, is ultimately to be constructed of 300 horse 

wer, and the machine propelled by it will have room for 
orty passengers. The model weighs nearly 115 lb.; but the 
weight of the perfected machine of full size and power is to 
be 80001b., and its speed is expected to be something like 
80 miles an hour. One is compelled to say “is expected,” 
as the perfected machine is still in the womb of futurity, and 
the model has never yet given signs of its eapacity for flight. 
It is undoubtedly an ingeniously contrived piece of apparatus, 
and does very great credit to Mr. Kaufmann, the inventor. 
When I saw the model the steam was “up,” but no ascent 
was made; perhaps it may make an ascent at the Crystal 
Palace, whither it has gone, I understand, to be displayed in 
the Aéronautical Exhibition. It may there serve as a new 
sensation for the Londoners and their “ country cousins ;” if 
it should make an ascent it certainly will be a new sensation. 








LIVERPOOL NOTES. 


Livrerpoot, Wednesday. 

Trial Trip of a Dutch Monitor—The second of the turret 
ships being built by Messrs. Laird Brothers for the Dutch 
Government made her official trial trip on the Mersey on 
Friday last, having on board Captain Koopman, of the De 
Valk, Captain Huguenholz, Mr. Jansen, and the officers to 
take the ship over to Holland. Captain Stewart, R.N., 
captain superintendent of Chatham Dockyard, Mr. Thornton, 
master shipwright, and Mr, Eames, assistant engineer of the 
same dockyard. The De Krokodil, as the monitor has been 
named, was made complete in every respect for the trial trip, 
and had on board her guns and ammunition, coal for five 
days, and weights to represent the provisions and stores not 
then on board. Her speed was tested by six runs at the 
measured mile (her mean draft of water heing about 9 ft.), 
the results at full boiler power were as follows: 1st run, 
11.803 knots; 2nd, 6.666; 8rd, 11.726; 4th, 6.360; 5th, 
11.920; 6th, 6.185; giving a true mean speed of 9.130 knots. 
Revolutions of engines, 113 to 114. e trial with half 
boiler power gave the following results: 1st run, 10,046 knots; 
2nd run, 4.347 ; mean speed, 7.403; revolutions of engines, 
86 to 87. The mean speed exceeded by one knot that stipu- 
lated for in the contract. After testing the speed the monitor 
was then taken outside the harbour, and a series of experi- 
ments made of turning the turret both by steam power and 
by the ordinary hand gearing. The officers on board were 
much pleased with a new invention, by means of which the 
starting gear of the turret is led up to the sighting platform, 
and enables the captain of the turret to par d its move- 
ments without removing his eye from the sights, and thus to 
keep the object at which he is aiming covered at whatever 
speed the ship may be going. The dimensions of the De 
kodil are precisely similar to those of the Heiligerlee, 
described in ENerineEnine of the 12th inst. I may, how- 
ever, repeat them: Length, 180 ft.; breadth of beam, 44 ft. ; 
depth, 11ft. 6in. She is armour-plated with 5} in. plates 
from 3 ft. below the water-line to the gunwale, reduced at 
extreme ends to 46 ft., resting on teak 10 in. thick; the inner 
skin of iron 1 in. thick, strengthened .by longitudinal iron 
girders. The turret is protected by plates 8in. thick, in- 
creased to 1lin. at the ports, and carries two 300-pounder 
124 ton rifled guns, which can be fired in line of kee] forward, 
and within 4° aft. She has twin-screw engines of 140 horse 

power nominal, not fitted with surface condensers. 
Our Ocean Mail Steamers.—“ Bristolian,” whose 
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name, has addressed a long letter to the Liverpool press in 
reference to the working of the various mail fleets, and in 
which, as a commander, he ventures to impugn the wisdom 
of depending to any extent upon sailing power. He is strongly 
of opinion that an entire dependence upon steam power would 
fully compensate in reduced expenditure for even the loss of 
a few hours’ extra speed. Without going quite as far as 
“ Bristolian,” I own that there is a considerable amount of 
reason in what he says. I will therefore give the substance 
of his letter, It is his conviction that in many of our full- 
powered steamers of large tonnage, the important fact that 
sails are, after all, only auxili to steam under certain 
favourable conditions has been overlooked, and that therefore 
the tendency has been to over-mast and spar them, and that 
the desire to combine full sailing power with full steam 
power has led to an enormous unnecessary outlay in their first 
equipment and subsequent working. The ships of the P. 
and O, Company when viewed from a proprietor’s stand-point 
are, this writer considers, an apt illustration of excessive ex- 
an without any proper adequate return; and he be- 
ieves that much of the top-hamper they now carry might be 
dispensed with, and with very great advantage in every way, 
for the following reasons:—First, they would be ‘worked 
with fewer men ; secondly, their capacity for heavy freight 
would be increased ; thirdly, they could, if required, make 
more rapid passages; fourthly, they would be less liable to 
strain, the frequent, but not usually, admitted or recognised 
cause of hot bearings and general damage to machinery ; 
fifthly, their contract speed would be maintained at a dimin- 
ished cost. The saving in men alone by using lighter spars, 
and as nearly as possible dispensing with sails, would be 
about 200 men’s wages, or say 10,0U0/. per annum. There 
would also be a decrease in fuel, and diminished wear and 
tear of machinery and hull. This without considering the 
resistance these heavy spars and furled sails offer to the 
ship’s progress against a head wind. The reduced weights 
aloft would be attended, “ Bristolian” considers, with a 
saving in repairs to hulls and machinery of at least 10,000/. 
spread over the Company’s fleet. Altogether he believes that 
a saving of 30,0007. annually might thus be made in the ex- 
penses of the P. and O. Company. His remarks apply main] 
to ships navigating in tropical seas where the great disad- 
vantage of working in water at a high temperature is felt in in- 
creased —— of fuel being required to procure a given 
rate of speed. The Cunard, Inman, Allan, and other North 
Atlantic lines can make much more use of sails in consequence 
of the strong westerly gales which prevail for the greater 
part of the year; but the return voyages of these ships to 
America are no doubt much hindered by the heavy spars. 
Exception may be taken to some of “ Bristolian’s” statements ; 
but his theory is worth consideration. Very lately three or 
four of the finest ships of the Cunard, Inman, and Guion 
lines have lately been seriously disabled at sea, and their 
repairs have cost several thousand pounds. It is worth in- 
quiring whether or not some change could be made by which 
extraordi shipping casualties of this kind could be 
avoided. 

Dock Extension in South Wales.—New docks are in. course 
of construction at Newport and Cardiff, a second dock is 
about to be commenced at Llanelly, and at Portcawl the new 
harbour works have just been opened. All of these have 
been demanded for the iron and coal trades which the new 
fields have so much developed and extended. The Alexandra 
Dock at Newport will be one of the finest sheets of water in 
the kingdom. The Trustees of the Marquis of Bute are con- 
structing a low-water pier at Cardiff to give greater facilities 
to the shipping interest. The Harbour Commissioners pro- 
pose to construct a second dock at Llanelly. 

Drainage Works at Douglas.—The first instalment of these 
works has been finished, and consists of a main intercepting 
sewer running along the shore, and of an outfall sewer which 
empties all the sewage into the bay. The total cost has been 
about 4000/.; but a large number of district and subsidiary 
sewers have been made in addition, at the expense of the 
owners of the adjoining property. The engineer of the 
works is Mr. G. W. Stevenson, borough engineer of Halifax, 
and the contractors, Messrs. Quine oan Kewly, of Douglas. 

Port Erin Breakwater, Isle of Man.—There has been a 
large increase in the cost of these great harbour works, and a 
lengthened correspondence has taken place between the 
Lieutenant-Governor and Mr. John e, C.E., engineer of 
the works, which will shortly be published. The mode of con- 
struction adopted for the breakwater is the rubble mound sys- 
tem. An immense bank is formed in the sea by throwing in 
thousands of tons of rubble stone, and on the top of this bank 
are then thrown large concrete blocks. This goes upon the 
supposition that at a certain depth below low water the seg is 
in an undisturbed state; but Mr. Coode has now discovered 
that the mound has been destroyed to so great a depth as 
19 ft. below low-water. He therefore states that in order to 
be on the safe side it will be neces to increase the quan- 
tity of concrete blocks to be employed in coating the upper 
part of the rubble mound. This change will, he estimates, 
increase the cost of the work from 58,000/. to 70,0007. But 
it is proposed, with the sanction of the Board of Trade, to so 
modify the original plan as to bring the cost. within the 
primary estimate, the length being 660 ft. instead of 900 ft., 
but the Lieutenant-Governor has undertaken to ask the Tyn- 
wald Court for money to extend the work to 900 ft., should it 
be found necessary to do so. There is considerable éxcite- 
ment in the Isle of Man on the subject, large numbers of 
people thinking that they have been duped. 

Holyhead Harbour.—The report of Mr. Hawkshaw on the 
works at Holyhead Harbour for the quarter ending 31st 
March last states that the severe gales since Christmas did 
some damage to the unfinished portion of the masonry of the 
superstructure and head of the breakwater, and also to the 
contractor’s plant. During the quarter 881 tons of stone 
were deposited in the North Breakwater, and 5726 tons dur- 
ing the year. Of the North Breakwater, 6940 ft. were at 
the close of the quarter built and completed, and a further 
igh level of spri 
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length of 184ft. was built above the 
The inner wall was built to its full 


tides. 


of about 6700 ft. and 60 ft. was ready to receive the coping. 
In the head of the North Breakwater \96,357 cubic feet of 
masonry had been set below and 137,000 cubic feet above 
low water, being an increase for the three months of 1359 ft. 
The number of vessels that so shelter during the quarter 
was 810, and during the year ‘ 

Ship Launch on the Mersey-Ou Tuesday a new iron ship, 
uaa the Edith Warrer, was launched from the yard of 
Messrs. G. R. Clover and Co., Woodside, Birkenhead, for 
Mr. G. H. Warren, of Liverpool, and intended for the Indian 
and American trade. Her dimensions are length over all 
230 ft., tonnage 1313 burden. This iv said to be the first iron 
ship that has been built at this port for an American owner. 

in the Hardware and Iron Districts.—The latest 
accounts from Birmingham say that there is a little more 
doing in some branches, and the prospects of the hardware 
trade for the autumn are said to be somewhat assuring. There 
is more activity in the foreign than in the home trade, 
orders having been given out on aceount of Cuba, and the 
United States trade continues animated. With the North of 
Europe and the Mediterranean a fair trade is being done; 
but: for France and Italy there are very few orders. The 
Wolverhampton accounts state there is a steady demand for 
iron, and the railway companies are gradually coming into 
the market for renewals. 

The North of England Iron and Coal Trades.—The 
demand at Middlesborough for pig-iron has been rather moro 
restricted, and prices have declined. A great anxiety on the 
part of manufacturers to secure the few orders that are in the 
market has caused the inland demand to be very flat; but to 
compensate a good trade has been done with France and 
Belgium, and some of the Baltic ports. The trade with 
Scotland is exceptionally ae and shipments coastwise are 
large. The operations in rails are very limited, but a few 
engines are made for North America, Australia, and one 
or two of our English a Good orders are expected 
shortly from Russia, for the lines which are being constructed 
throughout the empire. Plate mills are well employed, and 
shipbuilding is still actively carried on. Foundries are bus 
with pipes. Coal and coke very flat. Some of the Nort 
Durham and Northumberland pits are only working half 
time. 

The Welsh Iron, Tin-Plate, and Coal Trades.—There has 
been a good deal of quietness in these trades during the 
week. Some of the establishments have been complainin 
for want of water, which the recent rains have remedied. 
At some of the works the rail mills are tolerably well em- 
ployed, America continuing to require rather heavy supplies. 
Several cargoes of railway iron are about to leave for Russia ; 
but a little disappointment is felt that more orders have not 
been received from that quarter. Austrian advices are 
favourable, and an increase in the demand for iron is con- 
fidentially looked for. There is no material improvement in 
the quotations for rails and bars. Pigs are also unchanged. 
It is said that one of the Golynos’ furnaces, near Pontypool, 
will shortly be put in blast by local parties. Tin-plates are 
in moderate request. Steam coal continues rather quiet. 


WARTH’S ELASTIC PULLEYS. 
To THE Epitor oF ENGINEERING. 

S1z,—Kindly allow me to correct a few inaccuracies which 
occurred in the description of “ Warth’s Elastic Pulley,” in 
your last issue. The india-rubber used is not in the shape of 
a ring, but in separate pieces, placed in the recesses, and the 
cross ribs serve to prevent the rubber from being displaced 
or disarranged, as a continuous ring would be liable to be 
from the pressure of the belt. The leather covering has the 
chief object of protecting the rubber from the friction of the 
band. e “grooved” pulley is composed of the same 
materials as the flat, namely, cast-iron core, and the working 
part “india-rubber with leather covering.” The object is to 
make those parts of the pulleys which the bands touch elastic, 
whereby nearly all the traction force imparted to a band by a 
driving wheel is utilised and communicated to the pulley 
driven, which alone ought to be elastic. The gain thus 
effected in the utilisation of traction force is about fourfold 
with flat, and ninefold with grooved, pulleys, and conse- 
quently shorter, lighter, and narrower bands, at a very slight 
tension, can be used effectively, whilst the burning of bands 
is entirely done away with. The patent embraces the appli- 
cation of “elastic working faces” to all frictional gearing, 
for which the system is peculiarly adapted, giving greatly 
increased traction force, with noiseless and steady motion. 

By inserting the aber, yom will greatly oblige 

our obedient Servant, 
8, Broad Street-buildings, E.C., 
June 25, 1868. 








Ropert RAYNER. 








Tue Raitway 1n Apysstnt4.—According to recent de- 
spatches the railway from Zoulla towards Koomaylee has 
been completed to within a distance of three-quarters of a 
mile of the latter station, and a terminus made at this point ; 
the amount and condition of the rolling stock necessitated 
this arrangement ; the whole being required for commissariat 
purposes, no trains could be spared for carrying railway 
plant. The platelayers and workmen are now distributed in 
efficient gangs over the whole line, the maintenance of which 
will be carefully attended to. ‘The commanding engineer re- 
ports that at least six miles of the line would not repay re- 
moval, the plant having pretty well done its work before 
being sent to Abyssinia, andj that, as the whole line will be 
required until the very end’ of the embarkation, when the 
weather will have become extremely hot, the remaining five 
miles of fair rails will probably be left on the ground, and, if 
hereafter considered worth removal, a party will be sent from 
Aden next cold season to take them away. The locomotives 
received from India were old and worn out when landed in 
Abyssinia, and would new be of little value in India, so that 
it may be advisable to abandon them also; they will, how- 
ever, be shipped and sént off to Bombay, if roy ee can 
be made to effect this without interfering with the embarka- 
tion generally, or delaying the departure of troops‘ from the 








country. 





June 26, 1868.] 
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PROPOSED IMPROVEMENT OF PLYMOUTH BREAKWATER FORT. 
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To Tne Eprror oF ENGINEERING. 

Srr,—The above sketch is a proposed improvement of the 
Plymouth Breakwater Fort. The improvement consists in 
separating the plates, a, 5, c, and in introducing between a 
and 6 a compound backing of wood and iron, and between 
6 and ca backing composed of cells filled with an asphalte 
concrete. The king plates, d, e, not being sufficiently 
strong to carry away the frames, F (the support of the whole 
structure), would, opposite the point attacked, be crushed, 
thus bringing the shot to rest gradually. A 600-pounder 
shot, with a velocity of 1158 ft. per second and an energy of 
5294 foot-tons, would, in penetrating the first plate and its 
backing, have its velocity reduced to perhaps 850 ft. per 
second, which would not do more than carry it through the 
second plate, leaving the third plate and frame—the back- 
bone of the fort—uninjured. 

The cost of this improvement would not exceed one half 
the cost of an additional 5 in: plate. 


London, June, 1868. James CHALMERS. 








THE 3 Fr. 6 ly. GAUGE IN CANADA. 
We have been requested by Mr. Charles Douglas Fox to 
ive publicity to the following letter addressed by him to the 
amilton Spectator in reply to the article from that paper 
which we published in our last number. 
To the Editor of the Hamilton Spectator. 

Sir,—My attention has been called to an article in your 
paper of the lst instant, making some comments on my letter 
to you. Ihave neither time nor inclination to complicate a 
~ scientific question by replying to personalities which 

consider unworthy of notice. The question of gauge is one 
which I am ready to discuss, upon a fair field, with any one, 
but I consider the insinuations set forth in your article, as to 
the truthfulness of my evidence, are so unfounded and so 
unfair, that I must decline to enter upon any discussion 
with you. 

I should, however, wish your readers to know that the 
—— containing my remarks, which you quote in your 
article as having been made before the Institution of Civil 
Engineers, was the very first document I produced when 
examined before the Railway Committee, and handed 
to the chairman for his and the committee’s informa- 
tion, and that similar pamphlets were freely circulated 
during my stay in Canada, so that my opinions therein ex- 

ressed were well known. 

I still think that “ the cost of railways through an ordinary 
ous would be found to depend uot so much upon the gauge 
as on the way the lines were constructed.” Iam always an 
advocate for the light system for countries of small traffic, 
and the saving of cost 1s very great, but this is quite con- 
sistent with my statement, that taking two lines, both upon 
the same system, the adoption of a narrower gauge will also 
effect a considerable economy. 

Of course, no engineer would speak of break of gauge as 
an advantage, but the pute a de. pct spoken of by me, of 
a country requiring very sharp curves, 1s fulfilled in the case 
of the Toronto, Grey, and Bruce Railway, and the cireum- 
stances of the traffic from Bruce and Gry, nearly all going 
on from Toronto by water, are also exceptional, and tend to 
do away with the ordinary disadvantages of break of gauge. 

I have read over the whole of my remarks carefully, and 
can still agree with them without in any way altering my 
recommendation as to the gauge of the railways in question. 

I am, Sir, your obedient Servant, 
(Signed) Cuarigs Doveras Fox. 

8, New-street, Spring-gardens, June 18, 1868. 





Socrsty or Enernssrs —The Society of Engineers will 
visit the Chatham Dockyard Extension Works on Friday, the 
3rd of July, 1868, by permission of the Lords Commissioners 
of the Admiralty. A special steamer has been engaged for 
the conveyance of the members and their friends, leaving 
London-bridge (Old Swan Pier) at 9 a,m., and Blackwall at 
10 aM. 
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THE LOCOMOTIVE “PROBLEM.” 
To rue Epitor oF ENGINEERING. 

Srr,—You were kind enough to illustrate in your paper, 
of the 12th instant, the locomotive designed by myself. I 
will, with your permission, make a few remarks on the same, 
as you rather seem to cast a doubt upon much advantage 
being gained by the plan adopted. 

I am fully aware what difficult ground it is to tread upon 
to attempt any improvement or alteration in that splendid 
pe of mechanism, the modern locomotive, as every detail 
nas been so fully and ably worked out, as well as proved by 
years of experience, that any great innovation on present 
practice is naturally looked on with a deal of prejudice and, 
in many cases, with contempt. Still, even the most con- 
servative will allow there are one or two problems in the 
economical working of locomotives yet unsolved, one of which 
is the easy p e of coupled engines round curves—one 
step towards which is to selene the slipping and grinding of 
the wheels on the inner rail, and which would, in my opinion, 
be fully accomplished in the engine illustrated. You ac- 
knowledge that is one step gained. Surely that is worth 
having, even if the difference was only one revolution of 
the wheel in a quarter of a mile. More or less, that differ- 
ence has to be smuggled out of the engine and road some- 
how or other, at the expense of the tyres and rails, and must 
throw a considerable amount of strain and friction on all 
journals and bearings. In fact, I cannot yet see how much 
more can be gained in that direction, without the axles, 
could all be made to radiate to the centre from which the 
curve is struck. With quapied wheels—a problem to my 
mind by no means easy of solution. 

It may, perhaps, be urged that the engine is too compli- 
cated, but it is not more so than Fairlie’s double bogie engine, 
which is said to give good results in practice—not to say any- 
thing of those monsters of foreign extraction, fearfully and 
wonderfully made, and said to possess the virtue of flexi- 
bility. Mine also, being the first drawing made, could be 
much simplified ; in fact, I have a plan in embryo (perhaps 
you may think I ought to have said oblivion) for working 
with two cylinders, with a simple device for pulling her over 
centres should she stop with both cranks on the dead points, 
so that bugbear complication would thus be killed ; and allow 
me to say, Mr. Editor, with all due deference, that I think it 
no argument against the engine that the slip and grinding 
of the rest of the rolling stock would remain the same, as, 
if that evil could be remedied in the engine, how much more 
easily could the plan be carried out in the ordinary carrying 
wheels of wagons and carriages? In conclusion, I wish to 
state that the idea of driving the wheels separately originated 
with Mr. G. Wilkinson, but that the design and working out 
of the engine is entirely my own. 

I remain, Sir, yours truly, 
Lincoln, June 24, 1868. Josgrn J. TYRRELL. 








Bryta Harsour Improvements.— The new single 
dredger set to work last year, for the deepening of Blyth 
Harbour, is at present raising on an average 875 tons of 
material per day of ten hours. At the new loading berths on 
the north side of the harbour, where it was formerly almost 
dry at low water, there is now a depth of 7 ft. at the lowest 
tides, and it is expected that this depth will be still further 
increased, to enable vessels to lie afloat at all times. Pre- 
parations are being made for deepening the bar and entrance 
channel during the summer months, to facilitate the despatch 
of vessels at neap tides. The dredger referred to was designed 
by Mr. Nisbet, C.E., Sunderland, and constructed at a cost 
of less than 4000/., whilst the results expected at the com- 
mencement have been fully realised. 

Tue TELEGRAPH IN AByssInIa.—The telegraph in Abys- 
sinia has lately been working well, and the interruptions in 
the line have been less frequent than heretofore. The whole 
of the — stores forwarded to this country, with the 
exception of the posts, will, as soon as no longer required, be 
sent to Bombay, for use in India, provided carriage is avail- 
able for their conveyance to Zoulla. 





NOTES FROM THE NORTH. 

Giascow, Wednesday. 
State of the Glasgow Pig Iron Market.—There has been 

a further marked improvement in the state of the local pi 
iron market during the past week. Prices have odvensed 
from 3d. to 44d. per ton. Yesterday they ranged from 
62s. 6d. to 52s. 74d. cash, and 52s. 10d. one month was also 
paid. To-day the market has been somewhat quiet, but 
prices have not altered materially. No 1 Coltness has 
advanced 3s. per ton since last report, and No. 1 Gartsherrie 
has advanced 1s. 6d.; they are now selling respectively at 
60s. and 56s. 6d. The exports of pig iron from Scotch = 
are still on the increase. For the week ending 20th June 
they amounted to 13,157 tons, as against 10,544 tons for the 
corresponding week last year. The following are the imports 
of Middlesboro’ pig iron into Grangemouth : 


For week ending June 20, 1868 
June 22, 1867 


Tons. 


” ” 


Increase ... we ese 
Total imports till June 20, 1668 
June 22, 1867 


” ” 


Total increase for 1868... ose 80,897 


State of the Iron Trade in Lanarkshire.—The reports 
from the iron manufacturing districts during the last fort- 
night are not of a se per 4 encouraging nature. In the 
Parkhead, Coatbridge, and Mossend malleable iron works 
business is said to be inactive. At Motherwell and Wishaw 
trade is somewhat better, but almost everywhere there is an 
accumulation of heavy stock. Transactions are on the most 
limited scale. Some of the rolling mills are already on short 
time, and the probability of a further stoppage is spoken of, 
as not the slightest disposition to speculate is manifested in 
any department. The engineering and founding trades have 
been better employed in some instances of late ; in the course 
of the last month a fair number of orders have been executed. 
In the boiler yards and tube works the same state of matters 
prevails. Although in some instances workmen connected 
with the manufacture of railway materials are still in but 
partial employment, rather more is being done than was doing 
amonthago. A fair amount of business is being done at the 
Coatbridge tinplate works, principally for immediate con- 
sumption, but prices lately have slightly given way. 

Callander and Oban Railway.—In consequence of the 
open weather which prevailed during the winter and spring 
months, the works on that portion of the Callander and Oban 
Railway which has been contracted for were pushed forward 
with vigour, and the section from Callander to Glenogle is 
now in an advanced state. It is now expected that the next 
section of the railway, extending from Larakeelie to Tyn- 
drum, will soon be proceeded with. 

Trials with Norton’s American Tube Wells.—A few days 
ago some interesting experiments were made with Norton’s 
tube wells at the new brewery, near Holyrood, Edinburgh. 
In one of the experiments the tube was sunk to a depth of 
8 ft. in twelve minutes, when 2 ft. of water were found. On 
another occasion the tube was sunk in another spot on the 
same premises, the whole operation, including sinking, fixin 
pump, &c., having been concluded in about half an hour, an 
an abundant supply of water obtained. This mode of ob- 
taining water is now in operation in various parts of the 
kingdom. Considering that there is at present a sort of 
“water famine” in Edinburgh, especially at one of the poor- 
houses, a few of these tube wells might be of some practical 
assistance. 

Bridge across the Dee-—The progress which is being made 
with the new iron bridge across the Dee, in Kirkcudbright- 
shire, is very satisfactory. The centre cylinder was recently 
tested, and was found to work well. The bridge is to be 
publicly opened on the 8th proximo. 

Shipbuilding on the Clyde.—Messrs. Caird and Co., 
Greenock, are about to construct two sister steamers to the 
Baltimore and Berlin, lately built by them for the Bremen 
and Baltimore trade. Yesterday, they launched a magnifi- 
cent screw steamer, the Westphalia, a sister vessel to the 
Holsatia, Hammonia, Cimbria, and other celebrated trans- 
atlantic steamers built by the same firm for the Hamburg- 
American Steam Packet amine. The Westphalia is 3200 
tons register, and will be supplied with engines by Messrs. 
Caird and Co., of 600 horse power. Amongst the other 
vessels launched during the week, I may mention the Pert, a 
composite twin-screw gunboat, built to the order and designs 
of the Admiralty, by Messrs. John Reid and Co., Port-Glas- 

ow. She is one of a fleet of eight gunboats of light draught 
or use in the suppression of ea in the China seas. Her 
armament will consist of two 64 ton Armstrong guns and two 
64 pounders. 

The Caledonian Railway Bill.—This Bill has now passed 
the House of Lords. It originally contained powers for 
raising 1,600,000/., but was amended in the Commons’ Com- 
mittee so far as to reduce the amount to be raised to 800,000/. 
only. The Bill so altered came before the Committee of the 
Upper House, but their lordships required, before granting 
the additional powers, that the ctors should insert in the 
schedule a clause stating explicitly the purposes to which the 
money to be raised is to be applied. In accordance with this 
intention, a clause has been inserted prohibiting the directors 
from applying any portion of the new capital to any other 
purpose than that specified in the schedule. A large amount 
of the opposition was given by the Messrs. Baird, of Gart- 
sherrie, and chiefly on atcount of the desire of the Caledonian 
Railway Company to avoid constructing the Muirkirk and 
Douglas line of railway, for which powers were obtained in 
1865. This proposed line is now to be completed within six 
months. Messrs. Baird and Co. have extensive ironworks 
and mineral fields in Ayrshire, and their interests would be 
specially affected were the line not constructed as originally 
intended. One of the witnesses, Mr. Whitelaw, the manag- 
ing ner of the firm, gave some valuable evidence before 
the Lords’ Committee. He said thatthe Muirkirk estate be- 
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